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Foreword
This Technical Specification (TS) has been produced by the 3 Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of this present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where;
x thefirst digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y the second digit isincremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z thethird digit isincremented when editorial only changes have been incorporated in the document.
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1 Scope

The present document specifies and establishes the characteristics of the physicals layer procedures in the FDD and
TDD modes of E-UTRA.

2 References

The following documents contain provisions which, through reference in thistext, constitute provisions of the present
document.

o References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

o For aspecific reference, subsequent revisions do not apply.

e For anon-specific reference, the latest version applies. In the case of areference to a 3GPP document
(including a GSM document), a non-specific reference implicitly refers to the latest version of that document in
the same Release as the present document.

[1] 3GPP TR 21.905: “Vocabulary for 3GPP Specifications’

[2] 3GPP TS 36.201: “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Layer —
Genera Description”

[3] 3GPP TS 36.211: “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and
modulation”

[4] 3GPP TS 36.212: “Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and
channel coding”

[5] 3GPP TS 36.214: “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer —
M easurements’

[6] 3GPP TS 36.101: “Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)

radio transmission and reception”

[7] 3GPP TS 36.104: “Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS)
radio transmission and reception”

[8] 3GPP TS36.321, “Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access
Control (MAC) protocol specification”

[9] 3GPP TS36.423, “Evolved Universal Terrestrial Radio Access (E-UTRA); X2 Application
Protocol (X2AP)”

[10] 3GPP TS36.133, “Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for
support of radio resource management”

[11] 3GPP TS36.331, “Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource
Control (RRC) protocol specification”
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3 Definitions, symbols, and abbreviations
3.1 Symbols
For the purposes of the present document, the following symbols apply:
n; System frame number as defined in [3]
ng Slot number within aradio frame as defined in [3]
NRg Downlink bandwidth configuration, expressed in unitsof NEP as defined in [3]
Nas Uplink bandwidth configuration, expressed in unitsof N2P as defined in [3]
Nsl#nb Number of SC-FDMA symbolsin an uplink slot as defined in [3]
NSFEB Resource block size in the frequency domain, expressed as a number of subcarriers as defined in
(3]
T, Basic time unit as defined in [3]

3.2 Abbreviations

For the purposes of the present document, the following abbreviations apply.

ACK Acknowledgement

BCH Broadcast Channel

CCE Control Channel Element

CIF Carrier Indicator Field.

CQl Channel Quality Indicator

CRC Cyclic Redundancy Check

DAI Downlink Assignment | ndex

DCI Downlink Control Information

DL Downlink

DL-SCH Downlink Shared Channel

DTX Discontinuous Transmission

EPRE Energy Per Resource Element
MCS Modulation and Coding Scheme
NACK Negative Acknowledgement

PBCH Physical Broadcast Channel
PCFICH Physical Control Format Indicator Channel
PDCCH Physical Downlink Control Channel
PDSCH Physical Downlink Shared Channel
PHICH Physical Hybrid ARQ Indicator Channel
PMCH Physical Multicast Channel

PRACH Physical Random Access Channel

PRB Physical Resource Block

PUCCH Physical Uplink Control Channel
PUSCH Physical Uplink Shared Channel
QoS Quality of Service

RBG Resource Block Group

RE Resource Element

RPF Repetition Factor

RS Reference Signal

SIR Signal-to-Interference Ratio

SINR Signal to Interference plus Noise Ratio
SPS C-RNTI Semi-Persistent Scheduling C-RNTI
SR Scheduling Request

SRS Sounding Reference Symbol

TA Time aignment

TTI Transmission Time Interval
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UE User Equipment
UL Uplink
UL-SCH Uplink Shared Channel
VRB Virtual Resource Block
4 Synchronisation procedures

4.1 Cell search

Cell search isthe procedure by which a UE acquires time and frequency synchronization with a cell and detects the
physical layer Cell 1D of that cell. E-UTRA cell search supports a scalable overall transmission bandwidth
corresponding to 6 resource blocks and upwards.

The following signals are transmitted in the downlink to facilitate cell search: the primary and secondary
synchronization signals.

4.2 Timing synchronisation

4.2.1 Radio link monitoring

The downlink radio link quality of the primary cell shall be monitored by the UE for the purpose of indicating out-of -
sync/in-sync status to higher layers.

In non-DRX mode operation, the physical layer in the UE shall every radio frame assess the radio link quality,
evaluated over the previous time period defined in [10], against thresholds (Q,. and Q) defined by relevant testsin
[10].

In DRX mode operation, the physical layer in the UE shall at least once every DRX period assess the radio link quality,
evaluated over the previous time period defined in [10], against thresholds (Q, and Q;,) defined by relevant testsin
[10].

The physical layer in the UE shall in radio frames where the radio link quality is assessed indicate out-of-sync to higher
layers when the radio link quality is worse than the threshold Q.. When the radio link quality is better than the
threshold Q,, the physical layer in the UE shall in radio frames where the radio link quality is assessed indicate in-sync
to higher layers.

4.2.2 Inter-cell synchronisation

No functionality is specified in this section in this release.

4.2.3 Transmission timing adjustments

Upon reception of atiming advance command, the UE shall adjust its uplink transmission timing for
PUCCH/PUSCH/SRS of the primary cell. The timing advance command indicates the change of the uplink timing
relative to the current uplink timing as multiples of 16 T, . The start timing of the random access preamble is specified in

[3]. The UL transmission timing for PUSCH/SRS of a secondary cell isthe same as the primary cell.

In case of random access response, 11-bit timing advance command [8], T, indicates N4 values by index values of
Ta=0,1, 2, ..., 1282, where an amount of the time alignment is given by Nya = Ta x16. Nyaisdefined in [3].

In other cases, 6-bit timing advance command [8], Ta, indicates adjustment of the current Ny value, Nra qq, t0 the new
Nra value, Nranew, Dy index values of To =0, 1, 2,..., 63, where Nra new = Nraoia + (Ta —31)x16. Here, adjustment of Nra
value by a positive or a negative amount indicates advancing or delaying the uplink transmission timing by a given
amount respectively.

For atiming advance command received on subframe n, the corresponding adjustment of the timing shall apply from
the beginning of subframe n+6. When the UE’s uplink PUCCH/PUSCH/SRS transmissions in subframe n and subframe
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n+1 are overlapped due to the timing adjustment, the UE shall transmit complete subframe n and not transmit the
overlapped part of subframe n+1.

If the received downlink timing changes and is not compensated or is only partly compensated by the uplink timing
adjustment without timing advance command as specified in [10], the UE changes N4 accordingly.

4.3 Timing for Secondary Cell Activation / Deactivation

When a UE receives an activation or deactivation command [8] for a secondary cell in subframe n, the corresponding
actionsin [8] shall apply no later than subframe n+[x] .

5 Power control

Downlink power control determines the energy per resource element (EPRE). The term resource element energy
denotes the energy prior to CPinsertion. The term resource element energy a so denotes the average energy taken over
all constellation points for the modulation scheme applied. Uplink power control determines the average power over a
SC-FDMA symbol in which the physical channel is transmitted.

5.1 Uplink power control
Uplink power control controls the transmit power of the different uplink physical channels.

For PUSCH, the transmit power ISPUSCH,C(i) defined in section 5.1.1, isfirst scaled by the ratio of the number of

antennas ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission
scheme. The resulting scaled power isthen split equally across the antenna ports on which the non-zero PUSCH is
transmitted.

For PUCCH or SRS, the transmit power Ppyccr (i) , defined in Section 5.1.2, or Pars o (i) is split equally across
the configured antenna ports for PUCCH or SRS. ISSRS,c(i) isthe linear value of Psrg (i) defined in Section 5.1.3.

A cell wide overload indicator (Ol) and a High Interference Indicator (HI1) to control UL interference are defined in [9].
51.1 Physical uplink shared channel

5.1.1.1 UE behaviour
The setting of the UE Transmit power for a physical uplink shared channel (PUSCH) transmission is defined as follows.

If the UE transmits PUSCH without a simultaneous PUCCH for the serving cell ¢, then the UE transmit power
Prusch ¢ (i) for PUSCH transmission in subframei for the serving cell cisgiven by

Pemax,c (i),
1010910(M pysch,c()) + Po_pusch,c(1) + e (i) - Ple + At o (i) + fe (i)

} [dBm]

Prusch,c(i) = mi n{

If the UE transmits PUSCH simultaneous with PUCCH for the serving cell ¢, then the UE transmit power
Pruschc(i) for the PUSCH transmission in subframei for the serving cell ¢ isgiven by

1O|Oglo(|SCMAX,c(i) — BouceH (i)),
10l0g10(M pysch,c(1)) + Po_puscr,c(1) + @c (i) - Pl + At c(i) + fc (i)

Prusch,c(i) = mi n{ } [dBm]

where,
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Pemax (i) is the configured UE transmit power defined in [6] in subframei for serving cell ¢ and

Povax.c(i) isthelinear value of Peyax c(i) -

ISPUCCH (i) isthelinear value of Ppyccp (i) defined in section 5.1.2.1

M pysch ¢ (i) is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks
valid for subframei and serving cell c.

Po_puscH,c (1) is aparameter composed of the sum of acomponent Po nomiNAL_PuscH,c(]) provided from
higher layersfor j=0 and 1 and acomponent Py yg pusch,c(j) provided by higher layers for j=0and 1 for
serving cell ¢. For PUSCH (re)transmissions corresponding to a semi-persistent grant then j=0, for PUSCH
(re)transmissions corresponding to a dynamic scheduled grant then j=1 and for PUSCH (re)transmissions
corresponding to the random access response grant then j=2. Pg yg_puscH,c(2) =0 and

Po_ NoMINAL_puscH,c(2) = Po pre + APREAMBLE Msg3» Where the parameter

preamblel nitial ReceivedTar getPower [8] ( Py pre) and Appeavipie wsgs @€ signalled from higher layers.

Forj=0or1, a.c{0,04,0506,0.7 08 091} isa3-bit parameter provided by higher layers for serving
cell c.Forj=2, a.(j)=1.

PL. isthe downlink pathloss estimate calculated in the UE for serving cell ¢ indBand PL, =

referenceSignal Power — higher layer filtered RSRP, where referenceSgnal Power is provided by higher layers
and RSRP is defined in [5] for the reference serving cell and the higher layer filter configuration is defined in
[11] for the reference serving cell. The serving cell chosen as the reference serving cell and used for
determining referenceSignal Power and higher layer filtered RSRP is configured by the higher layer parameter
pathlossReferencelLinking.

o Aqpc(i) =10Ioglo((2E§':’RE'KS —1)- (f;fl‘s'gc"' ) for Kg=1.25and 0for Kg=0where Kg isgiven
by the parameter deltaMCS-Enabled provided by higher layers for each serving cell ¢. BPRE and

ﬁOF;%StCH , for each serving cell ¢, are computed asbelow. Kg =0 for transmission mode

Cc-1
2. BPRE = Ocq / Ngg for control data sent via PUSCH without UL-SCH data and Z K, /Nggfor

r=0
other cases.

* where C isthe number of codeblocks, K, isthesizefor codeblock r, Ocq isthe

number of CQI bitsincluding CRC bits and N isthe number of resource elements

. o - PUSCH —initial
determined aSNRE — MSPCUSCH initial ,N;Lﬁl]%CH initial , where C , Kr , M b initi and

N;‘;qf,c”“”‘“d are defined in [4].

o PR = BX for control data sent via PUSCH without UL-SCH dataand 1 for other cases.

offset ~ Foffset

OpuscH,c isacorrection value, aso referred to asa TPC command and isincluded in PDCCH with DCI
format O for serving cell cor jointly coded with other TPC commandsin PDCCH with DCI format 3/3A
whose CRC parity bits are scrambled with TPC-PUSCH-RNTI. The current PUSCH power control adjustment
state for serving cell cisgivenby f.(i) whichisdefined by:
o fo(i)=fe(i-1)+0pyschcli — Kpyscr) if accumulation is enabled based on the parameter
Accumulation-enabled provided by higher layers or if the TPC command Jpyscp ¢ isincludedina

PDCCH with DCI format O for serving cell ¢ where the CRC is scrambled by the Temporary C-
RNTI

* where opysch (i — Kpyscr) was signalled on PDCCH with DCI format 0 or 3/3A on
subframe i — Kpygy - and where f.(0) isthefirst value after reset of accumulation.
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» Thevaueof Kpjgy iS

e For FDD, Kpyeey = 4

e For TDD UL/DL configurations 1-6, Kp,sy isgivenin Table5.1.1.1-1

e For TDD UL/DL configuration O

o If the PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH
of DCI format O in which the LSB of the UL index issetto 1, Kpygey =7

o For al other PUSCH transmissions, Kpuscn isgiveninTable5.1.1.1-1.

=  The UE attemptsto decode a PDCCH of DCI format 0 with the UE’'s C-RNTI or SPS C-
RNTI and a PDCCH of DCI format 3/3A with this UE's TPC-PUSCH-RNTI in every
subframe except when in DRX

= |f DCI format O for serving cell cand DCI format 3/3A are both detected in the same
subframe, then the UE shall usethe dpysc ¢ provided in DCI format O.

*  JpyscH,c = 0dB for asubframe where no TPC command is decoded for serving cell cor
where DRX occursor i isnot an uplink subframein TDD.

* The Jpysch,c dB accumulated values signalled on PDCCH with DCI format O are given in

Table5.1.1.1-2. If the PDCCH with DCI format O is validated as a SPS activation or release
PDCCH, then 5PUSCH,C is0dB.

»  The Jpyscy dB accumulated values signalled on PDCCH with DCI format 3/3A are one of

SET1givenin Table5.1.1.1-2 or SET2 given in Table 5.1.1.1-3 as determined by the
parameter TPC-Index provided by higher layers.

* If UEhasreached Pgyax ¢ for serving cell c, positive TPC commands for serving cell ¢
shall not be accumulated

= |f UE has reached minimum power, negative TPC commands shall not be accumulated
= UE shall reset accumulation

e Forservingcell c,when Py yg puscH,c Valueischanged by higher layers

e  For the primary cell, when the UE receives random access response message

o fe(i) = dpuschc(i — Kpysch) if accumulation is not enabled for serving cell ¢ based on the
parameter Accumulation-enabled provided by higher layers

* where opysch (i — Kpyscr) was signalled on PDCCH with DCI format O for serving cell
¢ onsubframe i — Kpygen

= Thevaueof Kpjgy iS

e For FDD, Kpyey = 4

e For TDD UL/DL configurations 1-6, Kp sy isgiveninTable5.1.1.1-1

e For TDD UL/DL configuration O

o If the PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH
of DCI format 0 in which the LSB of the UL index issetto 1, Kpygy =7

o For all other PUSCH transmissions, Kp,oy isgivenin Table5.1.1.1-1.

* The JpyscH, dB absolute values signalled on PDCCH with DCI format O are given in

Table5.1.1.1-2. If the PDCCH with DCI format 0 is validated as a SPS activation or release
PDCCH, then 5PUSCH,C is0dB.
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v f(i) = f.(i—D for asubframe where no PDCCH with DCI format O is decoded for serving
cell ¢ or where DRX occurs or i isnot an uplink subframein TDD.

o Forbothtypesof f.(*¥) (accumulation or current absolute) the first valueis set as follows:
e If Po uE puscH,c vaueischanged by higher layers and serving cell ¢ isthe
primary cell or, if Po yg pusch,c Valueisreceived by higher layers and serving
cell ¢ isaSecondary cell f,(0)=0

e |fservingcell ¢ istheprimary cell
o f.(0=4AR ampup™ dTBQZ
* where Jpgp, isthe TPC command indicated in the random
access response, see Section 6.2, and

* ARy iSprovided by higher layers and correspondsto the total
power ramp-up from the first to the last preamble

Table 5.1.1.1-1 Keuson for TDD configuration 0-6
TDD UL/DL subframe number i
Configuration

0|1(2|3|4|5|6|7|8|9
0 -l-Tel7]lal-1-16]7]4
1 -1-1elal-1-1-16]4]-
2 S1-Tal-1-1-1-141-71-
3 -l-141414]|-|-1-1-]-
4 Sl -Tatlal-1-1-T-1-71-
5 S1-Tal-1-1-1-1-1-1-
6 -1-1707s5-1-17]7]-

Table 5.1.1.1-2: Mapping of TPC Command Field in DCI format 0/3 to absolute and accumulated
5PUSCH,C values.

Accumulated
TPC Command Field in Seusch Absolute JOpyscH ¢
DCI format 0/3 [dB] © [dB] only DCI format O
0 -1 4
1 0 -1
2 1 1
3 3 4
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Table 5.1.1.1-3: Mapping of TPC Command Field in DCI format 3A to accumulated Jpyscp values.

TPC Command Field in Accumulated dpyscH ¢
DCl format 3A [dB]
0 -1
1 1

If the total transmit power of the UE would exceed Ispowerqass, the UE scales ISPUSCH’c(i) for theserving cell ¢ in
subframe i such that the condition

> W) Peuscrt o (1) < (Prowerciass ~ Fruccn ()

C

is satisfied where ISPUCCH(i) isthelinear value of Poyccn (i) IspUSCH,C(i) isthe linear value of Ppygep (i)
Ispo\,vergasS isthe linear value of Ppyyerclass defined in [6] and w(i) is ascaling factor of ISPUSCH,C(i)for serving

cell ¢ where 0<w(i)<1. IncasethereisnoPUCCH transmission in subframei ISPUCCH(i)=O.

If the UE has PUSCH transmission with UCI on cell j and PUSCH without UCI in the remaining cells, and the total
transmit power of the UE would exceed |spowerc|a$ , the UE scales ISPUSCH,C(i) for the serving cells without UCI in
subframei such that the condition

> i) Pruscrc () < (Prowerctass ~ Pruscr,j ()
C#]j

is satisfied where ISPUSCH’J' (i) isthe PUSCH transmit power for the cell with UCI and w(i) is a scaling factor of
ISPUSCH’C(i)for serving cell ¢ without UCI. Inthiscase, no power scaling is applied to I5PUSCH,J-(i)

unless Zw(i) . ISPUSCH,c(i) =0 and thetotal transmit power of the UE still would exceed ﬁpowaqass. Note
C#]j
that w(i) values are the same across serving cells when w(i) > 0 but for certain serving cells w(i) may be zero.5.1.1.2

511.2 Power headroom

There are two types of UE power headroom reports defined. A UE power headroom PH isvalid for subframei for
serving cell c.

Type 1:

If the UE transmits PUSCH in subframe i for serving cell c, power headroom for a Type 1 report is computed using
PHypet,c(i) = Pomax,c(i)- {10|0910(M puscH,c(1)) + Po_pusch,c(i) + ac(j) - Ple + Atec(i) + fe(i) } [aB]
where, Pomax ¢» Mpusch,c() . Po puschc(i), ac(i)., Ple, Aqp c(i) and fc(i) aredefinedinsection5.1.1.1.

If the UE does not transmit PUSCH in subframe i for serving cell ¢, power headroom for a Type 1 report is
computed using

PHype1,c (i) = Pomax,c(i)- {PO_PUSCH,c(j)+ac(j) -PLg + fe(i) } [dB]

where, Poyax c (i) is computed assuming MPR=0dB, A-MPR=0dB, AT¢ =0dB, MPR , A-MPR, AT which are
defined in [6]. Po puscH,c(), @c(j)-, PLc,and fc(i) aredefinedin section 5.1.1.1.
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Type 2:

If the UE transmits PUSCH simultaneous with PUCCH in subframe i for the primary cell, power headroom for a Type
2 report is computed using

(10|°g1o(M pusch,c (1)) +Po_pusch,c (1) +ac (1) Ple +Aqec (i) + ¢ (i))/lO

[dB]

PH yoe2 (i) = P i)—10l

type2(|) cmaxc(i) %910 n 10<P07PUCCH +PLc+h<nCQIvnHARanS?)+AF7PUCCH (F)+ATXD(F')+g(i))/lO
where, Pemax.c: Mpuschc()) . Po puschc(i), @c(i) Ate c(i) and fc(i) aretheprimary cell parameters as
defined insection5.1.1.1and Py pyccr» Ple, M(NcqrNHARQ NsR) » Ak pucch (F) . Ao (F') and g(i) are
defined in section 5.1.2.1

If the UE transmits PUSCH without PUCCH in subframe i for the primary cell, power headroom for a Type 2 report is
computed using

(10109130 (M pyscrc 1)+ Po_puscr.c (1)+0 (1)-PLe+A7ec i)+ fe (i))/10 .

PH i)=P i) 10l B
type2 (1) = Pomax ¢ (i) —10logyo ) 10(P0_PUCCH +PLo+g())10 [dB]
where, Pemaxc(i)» Mpuschc(): Po puscHc(i): ac(j) Atr (i) and fc(i) arethe primary cell parameters as

defined insection 5.1.1.1, Py pyccy» PLe and g(i) aredefined in section 5.1.2.1.

If the UE transmits PUCCH without PUSCH in subframe i for the primary cell, power headroom for a Type 2 report is
computed using

(PO_PUSCH,c(l)*'U’c (D)-PLc+fe(i ))/10

PH typeo (i) = Pomax ¢ (i) —10l0g;g [dB]

n 10<P07PUCCH +PL¢ +h<nCQI NHARQ rnS?)+AF7PUCCH (F)+Ano (F)+gfi ))/10
where, Po pusch,c(D), (D), Kpyscn and fc(i) aretheprimary cell parameters as defined in section 5.1.1.1,
Pemax,c(1)  Fo pucen » Ples h(nNcor s NHARQNR) »+ A puccr (F), Atxp (F') and g(i) arealso defined in section
5.1.2.1.

If the UE does not transmit PUCCH or PUSCH in subframe i for the primary cell, power headroom for a Type 2 report
is computed using

oPo_puscre (@ +ac (- PLo+ £ (1)/10
[dB]

PH i)=P i)—10I
type2 (1) = Pemax ¢ (i) —10logsg . 10(PO_PUCCH +PLo+gl))10

where, Pcoyax (i) iscomputed assuming MPR=0dB, A-MPR=0dB, AT¢ =0dB, MPR , A-MPR, AT which are

defined in [6], Pomaxc, Po pusch,c(D, (), Kpysch and f(i) aretheprimary cell parameters as defined in

section 5.1.1.1, By pyccn» PLe and g(i) aredefinedinsection5.1.2.1

The power headroom shall be rounded to the closest value in the range [40; -23] dB with steps of 1 dB and is delivered
by the physical layer to higher layers.
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51.2 Physical uplink control channel

5121 UE behaviour

If serving cell cisthe primary cell, the setting of the UE Transmit power Py for the physical uplink control channel
(PUCCH) transmission in subframei is defined by

Pemax,c(i),

R (i)=min oyt [dBm]
PUCCH {PO_pUCCH +PL, + h(nCQ| ' NHARQ, nSR)+ Af pucc (F)+ Ay (F') + g )}

where
e Pcomaxc(i) isthe configured UE transmit power defined in [6] in subframei for serving cell c.

e Theparameter Ag pyccy(F) isprovided by higher layers. Each Ag pyccy (F) Vvalue correspondsto a

PUCCH format (F) relative to PUCCH format 1a, where each PUCCH formeat (F ) isdefined in Table 5.4-1 of
[3].

e |f the UEis configured by higher layers to transmit PUCCH on two antenna ports, the value of Ar,p (F')is
provided by higher layers where each PUCCH format F’ isdefined in [3].

*  h(ncgr,NHARQNsr) isaPUCCH format dependent value, where neg corresponds to the number of

information bits for the channel quality information defined in section 5.2.3.3in[4]. ngy = 1if subframei is
configured for SR for the UE, otherwise ngz =0. If the UE is configured with one serving cell nparg isthe

number of HARQ bhits sent in subframei. In the case of ACK/NACK bundling is not applied, if the UE is
configured with more than one serving cell, and if the UE receives an SPS release PDCCH in one of the
subframes i —ky, where ke K and 0<m<M -1 then nyarg = (number of transport blocks received in

subframes i — k,, )+1, if the UE does not receive an SPS release PDCCH in one of the subframes i —k,,, then

Nuarg = (Number of transport blocks received in subframes i —kp,). For FDD, M =1 and k, = 4. For

TDD, valuesof M, K and K, aregivenin Table10.1-1.
o For PUCCH format 1,1aand 1b h(nCQ| ,nHARQ, nsq)z 0
o For PUCCH format 1b with channel selection, if the UE is configured with more than one serving
(R —1)
2

Ce”, h(nCQ| ,nHARQ, nsq) = s OtherWise, h(nCQ| ,nHARQ, ngQ)= 0

o For PUCCH format 2, 2a, 2b and normal cyclic prefix
Ncql

): 10'0910[ 4Q j if nCQ| >4

0 otherwise

h(nCQI ,NHARQ, NsR

o For PUCCH format 2 and extended cyclic prefix
Ncor + NHARQ

10'0910[ 2 J if nCQ| + nHARQ >4

0 otherwise

h(nCQI ' NHARQ, nSR)=

o For PUCCH format 3
NHARQ T Nsr —1

h(Ncar s NHARQ NSR) = >

* Py puccn isaparameter composed of the sum of aparameter Py nowminal_puccH Provided by higher layers

and aparameter P, e pycey Provided by higher layers.

®  Jpyccn 1Sa@UE specific correction value, also referred to as a TPC command, included in a PDCCH with DCI
format 1A/1B/1D/1/2A/2/2B for the primary cell or sent jointly coded with other UE specific PUCCH
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correction values on a PDCCH with DCI format 3/3A whose CRC parity bits are scrambled with TPC-
PUCCH-RNTI.

o

The UE attempts to decode a PDCCH of DCI format 3/3A with the UE’'s TPC-PUCCH-RNTI and one
or several PDCCHs of DCI format 1A/1B/1D/1/2A/2/2B with the UE's C-RNTI or SPS C-RNTI on
every subframe except whenin DRX.

If the UE decodes a PDCCH with DCI format 1A/1B/1D/1/2A/2/2B for the primary cell and the
corresponding detected RNTI equalsthe C-RNTI or SPS C-RNTI of the UE, the UE shall use the
Opuccy Provided in that PDCCH.

else

= if the UE decodes a PDCCH with DCI format 3/3A, the UE shall usethe &pccy provided
in that PDCCH

elsethe UE shall set Spycey =0 dB.

M-1
gi)=g(-D+ Z Opyucen (i —K,) where g(i) isthe current PUCCH power control adjustment

m=0

state and where g(O) isthefirst value after reset.
* ForFDD, M =1 and k, =4.
* For TDD, valuesof M and k aregivenin Table 10.1-1.

* The Opycey 0B vauessignaled on PDCCH with DCI format 1A/1B/1D/1/2A/2/2B are

givenin Table 5.1.2.1-1. If the PDCCH with DCI format 1/1A/2/2A/2B isvalidated as an
SPS activation PDCCH, or the PDCCH with DCI format 1A isvalidated as an SPS release
PDCCH, then Jpyccy 1S 0dB.

*  The Opycey OB values signalled on PDCCH with DCI format 3/3A are given in Table
5.1.2.1-1orin Table 5.1.2.1-2 as semi-statically configured by higher layers.
* If P5 ue puccn Vaueischanged by higher layers,

e g(0)=0
» Else

e g(0)= AI:)rarrpup + é‘msgz

o where Jy, isthe TPC command indicated in the random access

response, see Section 6.2 and

o ARa,mup isthe total power ramp-up from the first to the last preamble
provided by higher layers

* If UEhasreached Pgyax ¢ for the primary cell, positive TPC commands for the primary
cell shall not be accumulated

= |f UE has reached minimum power, negative TPC commands shall not be accumulated
= UE shall reset accumulation

e when Ry (g puccy Valueischanged by higher layers

e when the UE receives a random access response message

= g(i)=g(@i—-1) if i isnotan uplink subframein TDD.
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Table 5.1.2.1-1: Mapping of TPC Command Field in DCI format 1A/1B/1D/1/2A/2B/2/3t0 Opyccn

values.
TPC Command Field in
DCI format Opyccy [B]
1A/1B/1D/1/2A/2B/2/3
0 -1
1 0
2 1
3 3

Table 5.1.2.1-2: Mapping of TPC Command Field in DCI format 3Ato Jpyccy Vvalues.

TPC Command Field in
DCI format 3A Opuccy [dB]
0 -1
1 1

5.1.3 Sounding Reference Symbol

5.1.3.1 UE behaviour
The setting of the UE Transmit power Pggfor the Sounding Reference Symbol transmitted on subframei for serving

cell ¢ isdefined by

Psrscli) = min{ Pemax.c(): Psrs oFFseT.c +1010g10(Msrsc) + Po_pusch,c(i) + @ (i) Ple + (i) } [dBm]

where
e Pcomaxc(i) istheconfigured UE transmit power defined in [6] in subframei for serving cell c.

*  Psrs orrseTc(M) isad4-bit parameter semi-statically configured by higher layers for m=0 and m=1 for

serving cell c. For SRS transmission given trigger type 0 then m=0 and for SRS transmission given trigger
type 1thenm=1. ForKg =125, Psrs orrseT,c(M) has1dB step sizeintherange[-3, 12] dB. For Kg =0,

Psrs oFrseT,c(M) has 1.5 dB step sizein the range [-10.5, 12] dB.

*  Mggsc isthebandwidth of the SRS transmission in subframei for serving cell ¢ expressed in number of
resource blocks.

o f.(i) isthecurrent PUSCH power control adjustment state for serving cell c, see Section 5.1.1.1.

*  PopuscHc(l) and oc(j) areparametersasdefined in Section 5.1.1.1, where j=1

5.2 Downlink power allocation

The eNodeB determines the downlink transmit energy per resource element.

A UE may assume downlink cell-specific RS EPRE is constant across the downlink system bandwidth and constant
across al subframes until different cell-specific RS power information is received. The downlink reference-signal

EPRE can be derived from the downlink reference-signal transmit power given by the parameter referenceS gnal Power
provided by higher layers. The downlink reference-signal transmit power is defined as the linear average over the power
contributions (in [W]) of all resource elements that carry cell-specific reference signals within the operating system
bandwidth.
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Theratio of PDSCH EPRE to cell-specific RS EPRE among PDSCH REs (not applicable to PDSCH REs with zero
EPRE) for each OFDM symbol is denoted by either p, or pg according to the OFDM symbol index as given by

Table5.2-2 and Table 5.2-3. In addition, p, and pg are UE-specific.

For a UE in transmission mode 8 when UE-specific RSs are not present in the PRBs upon which the corresponding
PDSCH is mapped or in transmission modes 1 — 7, the UE may assume that for 16 QAM, 64 QAM, spatial multiplexing
with more than one layer or for PDSCH transmissions associated with the multi-user MIM O transmission scheme,

" pa isequal t00 e g + Pa +10109,4(2) [dB] when the UE receives a PDSCH data transmission using

precoding for transmit diversity with 4 cell-specific antenna ports according to Section 6.3.4.3 of [3];

" pp isequal 100,y e + Pa [dB] otherwise

where 5p0wer—offset

parameter provided by higher layers.

is0 dB for all PDSCH transmission schemes except multi-user MIMO and where P, is a UE specific

For transmission mode 7, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped,
the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-specific RSs shall be a
constant, and that constant shall be maintained over al the OFDM symbols containing the UE-specific RSsin the
corresponding PRBs. In addition, the UE may assume that for 16QAM or 64QAM, thisratio is 0 dB.

For transmission mode 8, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped,
the UE may assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-
specific RSsis 0 dB.

For transmission mode 9, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped,
the UE may assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-
specific RSis 0 dB for number of transmission layers less than or equal to two and -3 dB otherwise.

A UE may assume that downlink positioning reference signal EPRE is constant across the positioning reference signal
bandwidth and across all OFDM symbols that contain positioning reference signalsin a given positioning reference
signal occasion [10].

If CSI-RSis configured in a serving cell then a UE shall assume downlink CSI-RS EPRE is constant across the
downlink system bandwidth and constant across all subframes.

The cell-specific ratio pg/ pa isgiven by Table 5.2-1 according to cell-specific parameter Py signalled by higher
layers and the number of configured eNodeB cell specific antenna ports.

Table 5.2-1: The cell-specific ratio pg/p, for 1, 2, or 4 cell specific antenna ports

PB pB /pA
One Antenna Port Two and Four Antenna Ports
0 1 5/4
1 4/5 1
2 3/5 3/4
3 2/5 1/2

For PMCH with 16QAM or 64QAM, the UE may assume that the ratio of PMCH EPRE to MBSFN RS EPRE is equal

to0dB.

Table 5.2-2: OFDM symbol indices within a slot of a non-MBSFN subframe where the ratio of the
corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by p, or pg

Number of antenna
ports

OFDM symbol indices within a slot where
the ratio of the corresponding PDSCH
EPRE to the cell-specific RS EPRE is

denoted by pp

OFDM symbol indices within a slot where
the ratio of the corresponding PDSCH
EPRE to the cell-specific RS EPRE is

denoted by pg

Normal cyclic prefix

Extended cyclic
prefix

Normal cyclic prefix

Extended cyclic
prefix
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One or two 1,2,3,5,6 1,2,4,5 0,4 0,3
Four 2,3,5,6 2,4,5 0,14 0,1,3

Table 5.2-3: OFDM symbol indices within a slot of an MBSFN subframe where the ratio of the
corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by p, or pg

OFDM symbol indices within a slot where | OFDM symbol indices within a slot where
Number of antenna the ratio of the corresponding PDSCH the ratio of the corresponding PDSCH
ports EPRE to the cell-specific RS EPRE is EPRE to the cell-specific RS EPRE is
denoted by pp denoted by pg
Normal cyclic Extended cyclic Normal cyclic Extended cyclic
prefix prefix prefix prefix
ngmod ngmod ngmod ngmod ngmod ngmod ngmod ngmod
2=0 2=1 2=0 2=1 2=0 2=1 2=0 2=1
One or two [1, 2,3, [0, 1, 2, [1, 2,3, [0, 1,2, [0] - [0] -
4,5, 6] 3, 4,5, 4, 5] 3,4, 5]
6
Four [2, 3,4, [0, 1,2, [2, 4,3, [0, 1,2, [0, 1] - [0, 1] -
5, 6] 3, 4,5, 5] 3,4, 5]
6

521 eNodeB Relative Narrowband TX Power restrictions

The determination of reported Relative Narrowband TX Power indication RNTP(Nrg ) is defined as follows:

0 |f EA(nPRB)

E(p) = RI\I-I-F)threshold
RNTP(Npeg ) = e c
. : . Ners ) -
1 if nopromiseabout theupper limit of %lsmade

where E,(Npgg) isthe maximum intended EPRE of UE-specific PDSCH REsin OFDM symbols not containing RS
in this physical resource block on antenna port p in the considered future time interval; N isthe physical resource
block number Npgg = 0,..., Ngg —1; RNTP, 44 takes on one of the following

valuesRNTP,, . € {~ *0,—11,-10,-9,~8,~7,~6,~5,~4,~3,~2,~1,0,+1,+2,+3}[dB] and

p(p),i

T Af

ErEﬁZ?( nom — /DL nIRB
NG NE

where Pn(;() is the base station maximum output power described in[7], and Af , N2 and N& are defined in [3)].

6 Random access procedure

Prior to initiation of the non-synchronized physical random access procedure, Layer 1 shall receive the following
information from the higher layers:

1. Random access channel parameters (PRACH configuration and frequency position)

2. Parameters for determining the root sequences and their cyclic shiftsin the preamble sequence set for the
primary cell (index to logical root sequence table, cyclic shift ( Ng), and set type (unrestricted or restricted
Set))
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6.1 Physical non-synchronized random access procedure

From the physical layer perspective, the L1 random access procedure encompasses the transmission of random access
preamble and random access response.  The remaining messages are scheduled for transmission by the higher layer on
the shared data channel and are not considered part of the L1 random access procedure. A random access channel
occupies 6 resource blocksin a subframe or set of consecutive subframes reserved for random access preamble
transmissions. The eNodeB is not prohibited from scheduling data in the resource blocks reserved for random access
channel preamble transmission.

The following steps are required for the L1 random access procedure:
1. Layer 1 procedureistriggered upon request of a preamble transmission by higher layers.

2. A preambleindex, atarget preamble received power (PREAMBLE_RECEIVED _TARGET_POWER), a
corresponding RA-RNTI and a PRACH resource are indicated by higher layers as part of the request.

3. A preamble transmission power PpracH IS determined as
Perack = Min{ Pemax (i), PREAMBLE_RECEIVED_TARGET_POWER + PL. }_[dBm], where
Pcmax c (i) isthe configured UE transmit power defined in [6] for subframei of the primary cell and PL. is
the downlink pathloss estimate calculated in the UE for the primary cell.

4. A preamble sequenceis selected from the preamble sequence set using the preamble index.

5. A single preambleis transmitted using the selected preamble sequence with transmission power Pprac ON the
indicated PRACH resource.

6. Detection of aPDCCH with the indicated RA-RNTI is attempted during a window controlled by higher layers
(see[8], clause 5.1.4). If detected, the corresponding DL-SCH transport block is passed to higher layers. The
higher layers parse the transport block and indicate the 20-bit uplink grant to the physical layer, which is
processed according to section 6.2.

6.1.1 Timing

For the L1 random access procedure, UE’s uplink transmission timing after a random access preamble transmission is
asfollows.

a. If aPDCCH with associated RA-RNTI is detected in subframe n, and the corresponding DL-SCH
transport block contains a response to the transmitted preamble sequence, the UE shall, according to
the information in the response, transmit an UL-SCH transport block in the first subframe n+Kk;,

k, =6, if the UL delay field in section 6.2 is set to zero where n+k; isthefirst available UL subframe

for PUSCH transmission. The UE shall postpone the PUSCH transmission to the next available UL
subframe after n+k; if thefield isset to 1.

b. If arandom access response is received in subframe n, and the corresponding DL-SCH transport
block does not contain a response to the transmitted preamble sequence, the UE shall, if requested by
higher layers, be ready to transmit a new preamble sequence no later than in subframe n+5.

c. If norandom access response is received in subframe n, where subframe n is the last subframe of the
random access response window, the UE shall, if requested by higher layers, be ready to transmit a
new preamble sequence no later than in subframe n+4.

In case arandom access procedure is initiated by a PDCCH order in subframe n, the UE shall, if requested by higher
layers, transmit random access preamble in the first subframe n+k,, k, =6, where a PRACH resourceis available.
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6.2 Random Access Response Grant

The higher layers indicate the 20-bit UL Grant to the physical layer, as defined in [8]. Thisisreferred to the Random
Access Response Grant in the physical layer. The content of these 20 bits starting with the MSB and ending with the
LSB areasfollows:

- Hopping flag — 1 bit

- Fixed size resource block assignment — 10 hits

- Truncated modulation and coding scheme — 4 bits
- TPC command for scheduled PUSCH — 3 bits

- UL delay — 1 hit

- CQI request — 1 bit

The UE shall perform PUSCH frequency hopping if the single bit frequency hopping (FH) field in a corresponding
Random Access Response Grant is set as 1 and the uplink resource block assignment is type 0, otherwise no PUSCH
frequency hopping is performed. When the hopping flag is set, the UE shall perform PUSCH hopping as indicated via
the fixed size resource block assignment detailed below,

The fixed size resource block assignment field isinterpreted as follows:
if Ny <44
Truncate the fixed size resource block assignment to its b least significant bits, where

b= (I 0g, (N R (N RS +1)/ 2)-‘ , and interpret the truncated resource block assignment according to the rules for a
regular DCI format O

ese

Insert b most significant bits with value set to ‘0" after the Ny,_no, hopping bits in the fixed size resource block
assignment, where the number of hopping bits Ny, nop iS zero when the hopping flag bit is not set to 1, and is defined

in Table 8.4-1 when the hopping flag bit issetto 1, and b= O_Iog2 (N CR (N oS +1)/ 2)-‘ —10) , and interpret the
expanded resource block assignment according to the rules for aregular DCI format O
end if

The truncated modulation and coding scheme field isinterpreted such that the modulation and coding scheme
corresponding to the Random Access Response grant is determined from MCS indices 0 through 15 in Table 8.6.1-1.

The TPC command &y, shall be used for setting the power of the PUSCH, and isinterpreted according to Table 6.2-
1

Table 6.2-1: TPC Command Jy,, for Scheduled PUSCH

TPC Command Value (in dB)
0 -6
1 -4
2 -2
3 0
4 2
5 4
6 6
7 8

In non-contention based random access procedure, the CQI request field isinterpreted to determine whether an
aperiodic CQI, PMI, and RI report isincluded in the corresponding PUSCH transmission according to section 7.2.1. In
contention based random access procedure, the CQI request field is reserved.
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The UL delay applies for both TDD and FDD and this field can be set to 0 or 1 to indicate whether the delay of PUSCH
isintroduced as shown in section 6.1.1.

7 Physical downlink shared channel related procedures

For FDD, there shall be a maximum of 8 downlink HARQ processes per serving cell.

For TDD, the maximum number of downlink HARQ processes per serving cell shall be determined by the UL/DL
configuration (Table 4.2-2 of [3]), asindicated in Table 7-1.

The dedicated broadcast HARQ process defined in [8] is not counted as part of the maximum number of HARQ
processes for both FDD and TDD.

Table 7-1: Maximum number of DL HARQ processes for TDD

TDD UL/DL Maximum number of HARQ

configuration processes
0 4
1 7
2 10
3 9
4 12
5 15
6 6

7.1 UE procedure for receiving the physical downlink shared

channel

A UE shall upon detection of a PDCCH of a serving cell with DCI format 1, 1A, 1B, 1C, 1D, 2, 2A, 2B or 2C intended
for the UE in a subframe, decode the corresponding PDSCH in the same subframe with the restriction of the number of
transport blocks defined in the higher layers.

A UE may assume that positioning reference signals are not present in resource blocksin which it shall decode PDSCH
according to a detected PDCCH with CRC scrambled by the SI-RNTI or P-RNTI with DCI format 1A or 1C intended
for the UE.

A UE configured with the carrier indicator field for a given serving cell may assume that the carrier indicator field is not
present in any PDCCH of the serving cell with CRC scrambled by SI-RNTI, P-RNTI, RA-RNTI, Temporary C-RNTI,
TPC-RNTI, SPS C-RNTI or by C-RNTI if located in the common search space that is described in section 9.1.
Otherwise, the configured UE shall assume that for the given serving cell the carrier indicator field is present in

PDCCH located in the UE specific search space described in section 9.1 when the PDCCH CRC is scrambled by C-
RNTI or SPS C-RNTI.

If aUE is configured by higher layers to decode PDCCH with CRC scrambled by the SI-RNTI, the UE shall decode the
PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-1. The scrambling
initialization of PDSCH corresponding to these PDCCHsis by SI-RNTI.

Table 7.1-1: PDCCH and PDSCH configured by SI-RNTI

DCI format Search Space Transmission scheme of PDSCH corresponding to PDCCH
DCI format 1C | Common If the number of PBCH antenna ports is one, Single-antenna
port, port 0 is used, otherwise Transmit diversity.
DCI format 1A | Common If the number of PBCH antenna ports is one, Single-antenna
port, port 0 is used, otherwise Transmit diversity
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If aUE is configured by higher layers to decode PDCCH with CRC scrambled by the P-RNTI, the UE shall decode the
PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-2. The scrambling
initialization of PDSCH corresponding to these PDCCHs is by P-RNTI.

Table 7.1-2: PDCCH and PDSCH configured by P-RNTI

DCI format Search Space Transmission scheme of PDSCH corresponding to PDCCH

DCI format 1C | Common If the number of PBCH antenna ports is one, Single-antenna
port, port 0 is used (see subclause 7.1.1), otherwise Transmit
diversity (see subclause 7.1.2)

DCI format 1A | Common If the number of PBCH antenna ports is one, Single-antenna
port, port 0 is used (see subclause 7.1.1), otherwise Transmit
diversity (see subclause 7.1.2)

If aUE is configured by higher layers to decode PDCCH with CRC scrambled by the RA-RNTI, the UE shall decode
the PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-3. The
scrambling initialization of PDSCH corresponding to these PDCCHs is by RA-RNTI.

When RA-RNTI and either C-RNTI or SPS C-RNTI are assigned in the same subframe, UE is not required to decode a
PDSCH indicated by a PDCCH with a CRC scrambled by C-RNTI or SPS C-RNTI.

Table 7.1-3: PDCCH and PDSCH configured by RA-RNTI

DCI format Search Space Transmission scheme of PDSCH corresponding to PDCCH

DCI format 1C | Common If the number of PBCH antenna ports is one, Single-antenna
port, port 0 is used (see subclause 7.1.1), otherwise Transmit
diversity (see subclause 7.1.2)

DCI format 1A | Common If the number of PBCH antenna ports is one, Single-antenna
port, port O is used (see subclause 7.1.1), otherwise Transmit
diversity (see subclause 7.1.2)

The UE is semi-tatically configured via higher layer signalling to receive PDSCH data transmissions signalled via
PDCCH according to one of nine transmission modes, denoted mode 1 to mode 9.

For frame structure type 1,

- the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in any subframein
which the number of OFDM symbols for PDCCH with normal CPis equal to four;

- the UEis not expected to receive PDSCH resource blocks transmitted on antenna port 5, 7, or 8 in the two
PRBs to which a pair of VRBs is mapped if either one of the two PRBs overlapsin frequency with a
transmission of either PBCH or primary or secondary synchronisation signals in the same subframe;

- theUE isnot expected to receive PDSCH resource blocks transmitted on antenna port 7 for which
distributed VRB resource allocation is assigned.

- The UE may skip decoding the transport block(s) if it does not receive all assigned PDSCH resource blocks.
If the UE skips decoding, the physical layer indicatesto higher layer that the transport block(s) are not
successfully decoded.

For frame structure type 2,

- theUE isnot expected to receive PDSCH resource blocks transmitted on antenna port 5 in any subframein
which the number of OFDM symbols for PDCCH with normal CP isequal to four;

- the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in the two PRBs to
which a pair of VRBsis mapped if either one of the two PRBs overlapsin frequency with atransmission of
PBCH in the same subframe;

- theUE isnot expected to receive PDSCH resource blocks transmitted on antenna port 7 or 8 in the two
PRBsto which a pair of VRBs is mapped if either one of the two PRBs overlaps in frequency with a
transmission of primary or secondary synchronisation signals in the same subframe;
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- with normal CP configuration, the UE is not expected to receive PDSCH on antenna port 5 for which
distributed VRB resource allocation is assigned in the special subframe with configuration #1 or #6;

- theUE isnot expected to receive PDSCH on antennaport 7 for which distributed VRB resource alocation
is assigned.

- The UE may skip decoding the transport block(s) if it does not receive all assigned PDSCH resource blocks.
If the UE skips decoding, the physical layer indicatesto higher layer that the transport block(s) are not
successfully decoded.

If aUE is configured by higher layers to decode PDCCH with CRC scrambled by the C-RNTI, the UE shall decode the
PDCCH and any corresponding PDSCH according to the respective combinations defined in Table 7.1-5. The
scrambling initialization of PDSCH corresponding to these PDCCHsisby C-RNTI.

If the UE is configured with the carrier indicator field for a given serving cell and, if the UE is configured by higher
layers to decode PDCCH with CRC scrambled by the C-RNTI, then the UE shall decode PDSCH of the serving cell
indicated by the carrier indicator field value in the decoded PDCCH.

When a UE configured in transmission mode 3, 4 or 8 receives a DCI Format 1A assignment, it shall assume that the
PDSCH transmission is associated with transport block 1 and that transport block 2 is disabled.

When a UE is configured in transmission mode 7, scrambling initialization of UE-specific reference signals
corresponding to these PDCCHs isby C-RNTI.

The UE does not support transmission mode 8 if extended cyclic prefix is used in the downlink.
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Table 7.1-5: PDCCH and PDSCH configured by C-RNTI

Transmission DCI format Search Space Transmission scheme of PDSCH
mode corresponding to PDCCH
Mode 1 DCI format 1A Common and Single-antenna port, port 0 (see subclause
UE specific by C-RNTI 7.1.1)
DCI format 1 UE specific by C-RNTI Single-antenna port, port 0 (see subclause
7.1.1)
Mode 2 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
DCI format 1 UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 3 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
DCI format 2A UE specific by C-RNTI Large delay CDD (see subclause 7.1.3)
or Transmit diversity (see subclause 7.1.2)
Mode 4 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
DCI format 2 UE specific by C-RNTI Closed-loop spatial multiplexing (see
subclause 7.1.4)or Transmit diversity (see
subclause 7.1.2)
Mode 5 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
DCI format 1D UE specific by C-RNTI Multi-user MIMO (see subclause 7.1.5)
Mode 6 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
DCI format 1B UE specific by C-RNTI Closed-loop spatial multiplexing (see
subclause 7.1.4) using a single
transmission layer
Mode 7 DCI format 1A Common and If the number of PBCH antenna ports is
UE specific by C-RNTI one, Single-antenna port, port 0 is used
(see subclause 7.1.1), otherwise Transmit
diversity (see subclause 7.1.2)
DCI format 1 UE specific by C-RNTI Single-antenna port, port 5 (see subclause
7.1.1)
Mode 8 DCI format 1A Common and If the number of PBCH antenna ports is
UE specific by C-RNTI one, Single-antenna port, port 0 is used
(see subclause 7.1.1), otherwise Transmit
diversity (see subclause 7.1.2)
DCI format 2B UE specific by C-RNTI Dual layer transmission, port 7 and 8 (see
subclause 7.1.5A) or single-antenna port,
port 7 or 8 (see subclause 7.1.1)
Mode 9 DCI format 1A Common and Non-MBSFN subframe: If the number of

UE specific by C-RNTI

PBCH antenna ports is one, Single-
antenna port, port O is used (see subclause
7.1.1), otherwise Transmit diversity (see
subclause 7.1.2)

Signaled MBSFN subframe with unicast
allocation: Single-antenna port, port 7 (see
subclause 7.1.1)

DCI format 2C

UE specific by C-RNTI

Up to 8 layer transmission, ports 7-14 (see
subclause 7.1.5B)

If aUE is configured by higher layers to decode PDCCH with CRC scrambled by the SPS C-RNTI, the UE shall
decode the PDCCH on the primary cell and any corresponding PDSCH on the primary cell according to the respective
combinations defined in Table 7.1-6. The same PDSCH related configuration appliesin the case that aPDSCH is

transmitted without a corresponding PDCCH. The scrambling initialization of PDSCH corresponding to these PDCCHs
and PDSCH without a corresponding PDCCH is by SPS C-RNTI.

When a UE is configured in transmission mode 7, scrambling initialization of UE-specific reference signals
corresponding to these PDCCHs is by SPS C-RNTI.
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Table 7.1-6: PDCCH and PDSCH configured by SPS C-RNTI

Transmission DCI format Search Space Transmission scheme of PDSCH
mode corresponding to PDCCH
Mode 1 DCI format 1A Common and Single-antenna port, port O (see
UE specific by C-RNTI subclause 7.1.1)
DCI format 1 UE specific by C-RNTI Single-antenna port, port O (see
subclause 7.1.1)
Mode 2 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
DCI format 1 UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 3 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
DCI format 2A UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 4 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
DCI format 2 UE specific by C-RNTI Transmit diversity (see subclause 7.1.2)
Mode 5 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
Mode 6 DCI format 1A Common and Transmit diversity (see subclause 7.1.2)
UE specific by C-RNTI
Mode 7 DCI format 1A Common and Single-antenna port, port 5 (see
UE specific by C-RNTI subclause 7.1.1)
DCI format 1 UE specific by C-RNTI Single-antenna port, port 5 (see
subclause 7.1.1)
Mode 8 DCI format 1A Common and Single-antenna port, port 7(see
UE specific by C-RNTI subclause 7.1.1)
DCI format 2B UE specific by C-RNTI Single-antenna port, port 7 or 8 (see
subclause 7.1.1)
Mode 9 DCI format 1A Common and Single-antenna port, port 7 (see
UE specific by C-RNTI subclause 7.1.1)
DCI format 2C UE specific by C-RNTI Single-antenna port, port 7 or 8, (see
subclause 7.1.1)

If aUE is configured by higher layersto decode PDCCH with CRC scrambled by the Temporary C-RNTI and is not

configured to decode PDCCH with CRC scrambled by the C-RNTI, the UE shall decode the PDCCH and the

corresponding PDSCH according to the combination defined in Table 7.1-7. The scrambling initialization of PDSCH

corresponding to these PDCCHSs is by Temporary C-RNTI.

Table 7.1-7: PDCCH and PDSCH configured by Temporary C-RNTI

DCI format Search Space Transmission scheme of PDSCH corresponding to PDCCH

DCI format 1A Common and UE specific | If the number of PBCH antenna port is one, Single-antenna
by Temporary C-RNTI port, port 0 is used (see subclause 7.1.1), otherwise Transmit

diversity (see subclause 7.1.2)

DCI format 1 UE specific by

Temporary C-RNTI

If the number of PBCH antenna port is one, Single-antenna
port, port 0 is used (see subclause 7.1.1), otherwise Transmit
diversity (see subclause 7.1.2)

The transmission schemes of the PDSCH are described in the following sub-clauses.

7.1.1

For the single-antenna port transmission schemes (port 0, port 5, port 7 or port 8) of the PDSCH, the UE may assume
that an eNB transmission on the PDSCH would be performed according to Section 6.3.4.1 of [3].

Single-antenna port scheme

In case an antennaport pe{7,8 isused, the UE cannot assume that the other antenna port inthe set {7,8} isnot
associated with transmission of PDSCH to another UE.
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7.1.2 Transmit diversity scheme

For the transmit diversity transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the
PDSCH would be performed according to Section 6.3.4.3 of [3]

7.1.3 Large delay CDD scheme

For the large delay CDD transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the
PDSCH would be performed according to large delay CDD as defined in Section 6.3.4.2.2 of [3].

7.1.4  Closed-loop spatial multiplexing scheme

For the closed-loop spatial multiplexing transmission scheme of the PDSCH, the UE may assume that an eNB
transmission on the PDSCH would be performed according to the applicable number of transmission layers as defined
in Section 6.3.4.2.1 of [3].

7.1.5 Multi-user MIMO scheme

For the multi-user MIMO transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the
PDSCH would be performed on one layer and according to Section 6.3.4.2.1 of [3]. The 0, dB value signalled

power-offset

on PDCCH with DCI format 1D using the downlink power offset field isgiven in Table 7.1.5-1.

Table 7.1.5-1: Mapping of downlink power offset field in DCI format 1D to the 5powe,_offset value.
Downlink power offset field 5power_0ffset [dB]
0 -10l0g10(2)
1 0

7.1.5A Dual layer scheme

For the dual layer transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the PDSCH
would be performed with two transmission layers on antenna ports 7 and 8 as defined in Section 6.3.4.4 of [3].

7.1.5B Up to 8 layer transmission

For the 8 layer transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the PDSCH would
be performed with up to 8 transmission layers on antenna ports 7 - 14 as defined in Section 6.3.4.4 of [3].

7.1.6 Resource allocation

The UE shall interpret the resource allocation field depending on the PDCCH DCI format detected. A resource
alocation field in each PDCCH includes two parts, a resource all ocation header field and information consisting of the
actual resource block assignment. PDCCH DCI formats 1, 2, 2A, 2B and 2C with type 0 and PDCCH DCI formats 1, 2,
2A and 2B with type 1 resource all ocation have the same format and are distinguished from each other via the single bit
resource allocation header field which exists depending on the downlink system bandwidth (section 5.3.3.1 of [4]),
where type 0 isindicated by 0 value and type 1 isindicated otherwise. PDCCH with DCI format 1A, 1B, 1C and 1D
have atype 2 resource allocation while PDCCH with DCI format 1, 2, 2A, 2B and 2C have type 0 or type 1 resource
allocation. PDCCH DCI formats with atype 2 resource allocation do not have a resource allocation header field.

7.16.1 Resource allocation type 0

In resource alocations of type 0, resource block assignment information includes a bitmap indicating the resource block
groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive virtual resource blocks
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(VRBS) of localized type as defined in section 6.2.3.1 of [3]. Resource block group size (P) is afunction of the system
bandwidth as shown in Table 7.1.6.1-1. The total number of RBGs (N ) for downlink system bandwidth of NS§ is

givenby Npgs =’_Ng§/P-‘ where LN% / PJ of the RBGs are of sizePandif N modP >0 then one of the RBGs

isof sizeN2S —P-[NBS /P . Thebitmapisof size N bitswith one bitmap bit per RBG such that each RBG is
addressable. The RBGs shall be indexed in the order of increasing frequency and non-increasing RBG sizes starting at
the lowest frequency. The order of RBG to bitmap bit mapping isin such way that RBG 0to RBG N —1 are

mapped to MSB to LSB of the bitmap. The RBG is allocated to the UE if the corresponding bit value in the bitmap is 1,
the RBG is not alocated to the UE otherwise.

Table 7.1.6.1-1: Type 0 Resource Allocation RBG Size vs. Downlink System Bandwidth

System Bandwidth | RBG Size
NEL P
<10 1
11-26 2
27 -63 3
64— 110 4
7.1.6.2 Resource allocation type 1

In resource allocetions of type 1, aresource block assignment information of size Ngg; indicatesto a scheduled UE

the VRBs from the set of VRBs from one of P RBG subsets. The virtual resource blocks used are of localized type as
defined in section 6.2.3.1 of [3]. Also P isthe RBG size associated with the system bandwidth as shown in Table 7.1.6.1-

1. ARBGsubset p,where 0< p< P, consistsof every P th RBG starting from RBG P . The resource block
assignment information consists of three fields [4].

Thefirst field with ﬂogz(Pﬂ bitsis used to indicate the selected RBG subset among P RBG subsets.

The second field with one bit is used to indicate a shift of the resource allocation span within a subset. A bit value of 1
indicates shift istriggered. Shift is not triggered otherwise.

The third field includes a bitmap, where each bit of the bitmap addresses asingle VRB in the selected RBG subset in
such away that MSB to LSB of the bitmap are mapped to the VRBs in the increasing frequency order. The VRB is
allocated to the UE if the corresponding bit valuein the bit field is 1, the VRB is not allocated to the UE otherwise.

The portion of the bitmap used to address VRBs in a selected RBG subset hassize Ngs™= and is defined as
NEE =[NgS 1P ] ~fiog,(P)] -1

The addressable VRB numbers of a selected RBG subset start from an offset, Ay, (P) to the smallest VRB number

within the selected RBG subset, which is mapped to the MSB of the bitmap. The offset isin terms of the number of
VRBs and is done within the selected RBG subset. If the value of the bit in the second field for shift of the resource

allocation span is set to 0, the offset for RBG subset P isgivenby Ay, (P) = 0. Otherwise, the offset for RBG

subset P isgivenby A (P) = NS (p) — N Y™, where the LSB of the bitmap isjustified with the

highest VRB number within the selected RBG subset. NS¢ (p) isthe number of VRBsin RBG subset p and
can be calculated by the following equation,
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DL DL
Nee —1| b, p p< Nes =11 0dp
p? P
NRBG subset () — Rgz P+(Ngs ~)modP+1 ,p= —R‘; mod P
DL DL
NRB 1 P P> M mod P
p? P

Consequently, when RBG subset p isindicated, bit i for i =0,1,---,Nis"—1 inthe bitmap field indicates VRB
number,

GBS ab ) {—' *AS;;““’)J P2+ p-P+(i+ Agyr (P)od P

7.1.6.3 Resource allocation type 2

In resource allocations of type 2, the resource block assignment information indicates to a scheduled UE a set of
contiguously allocated localized virtual resource blocks or distributed virtual resource blocks. In case of resource
allocation signalled with PDCCH DCI format 1A, 1B or 1D, one bit flag indicates whether localized virtual resource
blocks or distributed virtual resource blocks are assigned (value O indicates Localized and value 1 indicates Distributed
VRB assignment) while distributed virtual resource blocks are always assigned in case of resource allocation signalled
with PDCCH DCI format 1C. Localized VRB allocations for a UE vary from a single VRB up to a maximum number
of VRBs spanning the system bandwidth. For DCI format 1A the distributed VRB alocations for a UE vary from a
singleVRB upto NJ-, VRBs, where NJ-. isdefinedin[3], if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or

SI-RNTI. With PDCCH DCI format 1B, 1D, or 1A with a CRC scrambled with C-RNTI, distributed VRB allocations
foraUE vary fromasingle VRB upto NJ:. VRBs if NIt is6-49 and vary fromasingle VRB upto 16if N2. is
50-110. With PDCCH DCI format 1C, distributed VRB alocations for aUE vary from N3 VRB(s) up to

[NCL, /N |- N2 VRBswith anincrement step of N3, where NS valueis determined depending on the

downlink system bandwidth as shown in Table 7.1.6.3-1.

Table 7.1.6.3-1: N3® values vs. Downlink System Bandwidth

System BW N
(Ngs
DCI format 1C
6-49 2
50-110 4

For PDCCH DCI format 1A, 1B or 1D, atype 2 resource allocation field consists of aresource indication value (RIV)
corresponding to a starting resource block ( RBy, ) and alength in terms of virtually contiguously allocated resource

blocks L g - The resource indication value is defined by
it (Lo D) <|[N2: /2] then

RIV = N2 (Lo —1) + RB

start

else
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RIV = Ngg (Ng — Loras + 1)+ (Ngg —1- RBy()

where L g, > 1 and shall not exceed N — RB

start -

For PDCCH DCI format 1C, atype 2 resource block assignment field consists of a resource indication value (RIV)

corresponding to a starting resource block ( RBgyt =0, N3P, 2N32,..., (\_N\E’;B / Nggpj_l) N2*) and alength in terms
of virtually contiguously allocated resource blocks ( Lopgs = NS, 2N, LN\?EB / N;‘g"j N3®). Theresource

indication value is defined by o
it (L —1) <| N2 /2] then
RIV = Nigs (Lres —1) + RBaan
else
RIV = Nigs (NJrs — Lores +1) + (Nogs —1- RBLy,)

where g, = Lorge / NS, RBY,,, = RBL /N3 and N/t =| N2 / NP | Here,

start

’
start *

L{rss> 1 and shall not exceed Nigs — RB

7.1.6.4 PDSCH starting position

The starting OFDM symbol for the PDSCH of each activated serving cell given by index i, ... inthefirst of the
dotsin asubframeisgiven by

- the higher-layer parameter pdsch-Start for the serving cell on which PDSCH isreceived if the UE is configured
with carrier indicator field for the given serving cell and if PDSCH and the corresponding PDCCH are received
on different serving cells,

— the span of the DCI given by the CFI of the serving cell according to Section 5.3.4 of [4] otherwise.

7.1.6.5 PRB bundling

A UE configured for transmission mode 9 for a given serving cell ¢ may assume that precoding granularity is multiple
resource blocks in the frequency domain when [if] PMI/RI feedback is configured. Fixed system bandwidth dependent
Precoding Resource block Groups (PRGs) of size P’ partition the system bandwidth and each PRG consists of
consecutive PRBs. If NS5 modP’>0 then one of the PRGsisof size N — P’LN DLy P’J. The PRG sizeis non-
increasing starting at the lowest frequency. The UE may always assume that the same precoder applies on all scheduled
PRBs within a PRG.

The PRG size a UE may assume for a given system bandwidth is given by:

Table 7.1.6.5-1
' DL PRG Size (P")
System Bandwidth (Ngg) (PRBS)
<10 1
11-26 2
27 - 63 3
64 — 110 2

7.1.7 Modulation order and transport block size determination

To determine the modulation order and transport block size(s) in the physical downlink shared channel, the UE shall
first
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- read the 5-bit “modulation and coding scheme” field (I ,,.5) in the DCI

and second if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI then
— for DCI format 1A:

o setthe Table7.1.7.2.1-1 column indicator Npgg to NpRg from Section 5.3.3.1.3in [4]
- for DCI format 1C:
o useTable7.1.7.2.3-1 for determining its transport block size.
else
- set Nfgg tothetotal number of allocated PRBs based on the procedure defined in Section 7.1.6.

if the transport block is transmitted in DWPTS of the special subframein frame structure type 2, then

set the Table 7.1.7.2.1-1 column indicator Npgg = max{L Nire ><O.75J, 1} ,

else, set the Table 7.1.7.2.1-1 column indicator N = N7

The UE may skip decoding atransport block in aninitial transmission if the effective channel coderate is higher than
0.930, where the effective channel code rate is defined as the number of downlink information bits (including CRC hits)
divided by the number of physical channel bits on PDSCH. If the UE skips decoding, the physical layer indicates to
higher layer that the transport block is not successfully decoded. For the special subframe configurations 0 and 5 with
normal downlink CP or configurations 0 and 4 with extended downlink CP, shown in Table 4.2-1 of [3], there shall be
no PDSCH transmission in DWPTS of the special subframe.

7171 Modulation order determination

TheUE shall use Q,,=2if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI, otherwise, the UE shall
usel,,.s and Table 7.1.7.1-1 to determine the modulation order (Q,,) used in the physical downlink shared channel.

Table 7.1.7.1-1: Modulation and TBS index table for PDSCH

MCSIndex | Modulation Order | TBSIndex
I MCS Qm I TBS
0 2 0
1 2 1
2 2 2
3 2 3
4 2 4
5 2 5
6 2 6
7 2 7
8 2 8
9 2 9
10 4 9
11 4 10
12 4 11
13 4 12
14 4 13
15 4 14
16 4 15
17 6 15
18 6 16
19 6 17
20 6 18
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21 6 19
22 6 20
23 6 21
24 6 22
25 6 23
26 6 24
27 6 25
28 6 26
29 2
30 4 reserved
31 6

7.1.7.2 Transport block size determination

If the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI then

else

for DCI format 1A:

o theUE shal set the TBSindex (|;z5) equal to |, and determineits TBS by the procedurein
Section 7.1.7.2.1.

for DCI format 1C:

o theUE shall set the TBSindex (| ;55) equal to 1, and determineits TBS from Table 7.1.7.2.3-1.

for0< 1.5 <28, the UE shall first determine the TBSindex ( | 55) using I ,,s and Table 7.1.7.1-1 except if

the transport block is disabled in DCI formats 2, 2A, 2B and 2C as specified below. For atransport block that is
not mapped to more than single-layer spatial multiplexing, the TBSis determined by the procedure in Section
7.1.7.2.1. For atransport block that is mapped to two-layer spatial multiplexing, the TBSis determined by the
procedure in Section 7.1.7.2.2. For atransport block that is mapped to three-layer spatial multiplexing, the TBS
is determined by the procedure in Section 7.1.7.2.4. For atransport block that is mapped to four-layer spatial
multiplexing, the TBS is determined by the procedure in Section 7.1.7.2.5.

for29<1,,.s < 31, the TBSis assumed to be as determined from DCI transported in the latest PDCCH for the

same transport block using 0< 1,5 < 28. If thereisno PDCCH for the same transport block
using0< |, <28, and if theinitial PDSCH for the same transport block is semi-persistently scheduled, the
TBS shall be determined from the most recent semi-persistent scheduling assignment PDCCH.

In DCI formats 2, 2A, 2B and 2C atransport block isdisabled if 1,,.s=0 and if rvig = 1 otherwise the
transport block is enabled.

The NDI and HARQ process ID, as signalled on PDCCH, and the TBS, as determined above, shall be delivered to
higher layers.

7.1.7.2.1 Transport blocks not mapped to two-layer spatial multiplexing

Forl< Npg <110, the TBSisgiven by the (155, Npgg ) entry of Table 7.1.7.2.1-1.

Table 7.1.7.2.1-1: Transport block size table (dimension 27x110)

I TBS N e
1 2 3 4 5 6 7 8 9 10
0 16 32 56 88 120 152 176 208 224 256
1 24 56 88 144 176 208 224 256 328 344
2 32 72 144 176 208 256 296 328 376 424
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40 104 176 208 256 328 392 440 504 568
56 120 208 256 328 408 488 552 632 696
72 144 224 328 424 504 600 680 776 872
328 176 256 392 504 600 712 808 936 | 1032
104 224 328 472 584 712 840 968 | 1096 | 1224
120 256 392 536 680 808 968 | 1096 | 1256 | 1384
136 296 456 616 776 936 | 1096 | 1256 | 1416 | 1544
144 328 504 680 872 1032 | 1224 | 1384 | 1544 | 1736
11 176 376 584 776 | 1000 | 1192 | 1384 | 1608 | 1800 | 2024
12 208 440 680 904 | 1128 | 1352 | 1608 | 1800 | 2024 | 2280
13 224 488 744 | 1000 | 1256 | 1544 | 1800 | 2024 | 2280 | 2536
14 256 552 840 | 1128 | 1416 | 1736 | 1992 | 2280 | 2600 | 2856
15 280 600 904 | 1224 | 1544 | 1800 | 2152 | 2472 | 2728 | 3112
16 328 632 968 | 1288 | 1608 | 1928 | 2280 | 2600 | 2984 | 3240
17 336 696 | 1064 | 1416 | 1800 | 2152 | 2536 | 2856 | 3240 | 3624
18 376 776 | 1160 | 1544 | 1992 | 2344 | 2792 | 3112 | 3624 | 4008
19 408 840 | 1288 | 1736 | 2152 | 2600 | 2984 | 3496 | 3880 | 4264
20 440 904 | 1384 | 1864 | 2344 | 2792 | 3240 | 3752 | 4136 | 4584
21 488 | 1000 | 1480 | 1992 | 2472 | 2984 | 3496 | 4008 | 4584 | 4968
22 520 | 1064 | 1608 | 2152 | 2664 | 3240 | 3752 | 4264 | 4776 | 5352
23 552 1128 | 1736 | 2280 | 2856 | 3496 | 4008 | 4584 | 5160 | 5736
24 584 | 1192 | 1800 | 2408 | 2984 | 3624 | 4264 | 4968 | 5544 | 5992
25 616 | 1256 | 1864 | 2536 | 3112 | 3752 | 4392 | 5160 | 5736 | 6200
26 712 1480 | 2216 | 2984 | 3752 | 4392 | 5160 | 5992 | 6712 | 7480

Slo|o|~Njo|u|s|w

0 288 328 344 376 392 424 456 488 504 536

1 376 424 456 488 520 568 600 632 680 712

2 472 520 568 616 648 696 744 776 840 872

3 616 680 744 808 872 904 968 1032 | 1096 | 1160
4 776 840 904 1000 | 1064 | 1128 | 1192 | 1288 | 1352 | 1416
5 968 1032 | 1128 | 1224 | 1320 | 1384 | 1480 | 1544 | 1672 | 1736
6 1128 | 1224 | 1352 | 1480 | 1544 | 1672 | 1736 | 1864 | 1992 | 2088
7 1320 | 1480 | 1608 | 1672 | 1800 | 1928 | 2088 | 2216 | 2344 | 2472
8 1544 | 1672 | 1800 | 1928 | 2088 | 2216 | 2344 | 2536 | 2664 | 2792
9 1736 | 1864 | 2024 | 2216 | 2344 | 2536 | 2664 | 2856 | 2984 | 3112
10 1928 | 2088 | 2280 | 2472 | 2664 | 2792 | 2984 | 3112 | 3368 | 3496
11 2216 | 2408 | 2600 | 2792 | 2984 | 3240 | 3496 | 3624 | 3880 | 4008
12 2472 | 2728 | 2984 | 3240 | 3368 | 3624 | 3880 | 4136 | 4392 | 4584
13 2856 | 3112 | 3368 | 3624 | 3880 | 4136 | 4392 | 4584 | 4968 | 5160
14 3112 | 3496 | 3752 | 4008 | 4264 | 4584 | 4968 | 5160 | 5544 | 5736
15 3368 | 3624 | 4008 | 4264 | 4584 | 4968 | 5160 | 5544 | 5736 | 6200
16 3624 | 3880 | 4264 | 4584 | 4968 | 5160 | 5544 | 5992 | 6200 | 6456
17 4008 | 4392 | 4776 | 5160 | 5352 | 5736 | 6200 | 6456 | 6712 | 7224
18 4392 | 4776 | 5160 | 5544 | 5992 | 6200 | 6712 | 7224 | 7480 | 7992
19 4776 | 5160 | 5544 | 5992 | 6456 | 6968 | 7224 | 7736 | 8248 | 8504
20 5160 | 5544 | 5992 | 6456 | 6968 | 7480 | 7992 | 8248 | 8760 | 9144
21 5544 | 5992 | 6456 | 6968 | 7480 | 7992 | 8504 | 9144 | 9528 | 9912
22 5992 | 6456 | 6968 | 7480 | 7992 | 8504 | 9144 | 9528 | 10296 | 10680
23 6200 | 6968 | 7480 | 7992 | 8504 | 9144 | 9912 | 10296 | 11064 | 11448
24 6712 | 7224 | 7992 | 8504 | 9144 | 9912 | 10296 | 11064 | 11448 | 12216
25 6968 | 7480 | 8248 | 8760 | 9528 | 10296 | 10680 | 11448 | 12216 | 12576
26 8248 | 8760 | 9528 | 10296 | 11064 | 11832 | 12576 | 13536 | 14112 | 14688

|
Tes 21 22 23 24 25 26 27 28 29 30
0 568 | 600 | 616 | 648 | 680 | 712 | 744 | 776 | 776 | 808
1 744 | 776 | 808 | 872 | 904 | 936 | 968 | 1000 | 1032 | 1064
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2 936 968 | 1000 | 1064 | 1096 | 1160 | 1192 | 1256 | 1288 | 1320
3 1224 | 1256 | 1320 | 1384 | 1416 | 1480 | 1544 | 1608 | 1672 | 1736
4 1480 | 1544 | 1608 | 1736 | 1800 | 1864 | 1928 | 1992 | 2088 | 2152
5 1864 | 1928 | 2024 | 2088 | 2216 | 2280 | 2344 | 2472 | 2536 | 2664
6 2216 | 2280 | 2408 | 2472 | 2600 | 2728 | 2792 | 2984 | 2984 | 3112
7 2536 | 2664 | 2792 | 2984 | 3112 | 3240 | 3368 | 3368 | 3496 | 3624
8 2084 | 3112 | 3240 | 3368 | 3496 | 3624 | 3752 | 3880 | 4008 | 4264
9 3368 | 3496 | 3624 | 3752 | 4008 | 4136 | 4264 | 4392 | 4584 | 4776
10 3752 | 3880 | 4008 | 4264 | 4392 | 4584 | 4776 | 4968 | 5160 | 5352
11 4264 | 4392 | 4584 | 4776 | 4968 | 5352 | 5544 | 5736 | 5992 | 5992
12 4776 | 4968 | 5352 | 5544 | 5736 | 5992 | 6200 | 6456 | 6712 | 6712
13 5352 | 5736 | 5992 | 6200 | 6456 | 6712 | 6968 | 7224 | 7480 | 7736
14 5992 | 6200 | 6456 | 6968 | 7224 | 7480 | 7736 | 7992 | 8248 | 8504
15 6456 | 6712 | 6968 | 7224 | 7736 | 7992 | 8248 | 8504 | 8760 | 9144
16 6712 | 7224 | 7480 | 7736 | 7992 | 8504 | 8760 | 9144 | 9528 | 9912
17 7480 | 7992 | 8248 | 8760 | 9144 | 9528 | 9912 | 10296 | 10296 | 10680
18 8248 | 8760 | 9144 | 9528 | 9912 | 10296 | 10680 | 11064 | 11448 | 11832
19 9144 | 9528 | 9912 | 10296 | 10680 | 11064 | 11448 | 12216 | 12576 | 12960
20 9912 | 10296 | 10680 | 11064 | 11448 | 12216 | 12576 | 12960 | 13536 | 14112
21 10680 | 11064 | 11448 | 12216 | 12576 | 12960 | 13536 | 14112 | 14688 | 15264
22 11448 | 11832 | 12576 | 12960 | 13536 | 14112 | 14688 | 15264 | 15840 | 16416
23 12216 | 12576 | 12960 | 13536 | 14112 | 14688 | 15264 | 15840 | 16416 | 16992
24 | 12960 | 13536 | 14112 | 14688 | 15264 | 15840 | 16416 | 16992 | 17568 | 18336
25 13536 | 14112 | 14688 | 15264 | 15840 | 16416 | 16992 | 17568 | 18336 | 19080

26 15264 | 16416 | 16992 | 17568 | 18336 | 19080 | 19848 | 20616 | 21384 | 22152
e ——

-
ve)
n

31 32 33 34 35 36 37 38 39 40

0 840 872 904 936 968 1000 | 1032 | 1032 | 1064 | 1096
1 1128 | 1160 | 1192 | 1224 | 1256 | 1288 | 1352 | 1384 | 1416 | 1416
2 1384 | 1416 | 1480 | 1544 | 1544 | 1608 | 1672 | 1672 | 1736 | 1800
3 1800 | 1864 | 1928 | 1992 | 2024 | 2088 | 2152 | 2216 | 2280 | 2344
4 2216 | 2280 | 2344 | 2408 | 2472 | 2600 | 2664 | 2728 | 2792 | 2856
5 2728 | 2792 | 2856 | 2984 | 3112 | 3112 | 3240 | 3368 | 3496 | 3496
6 3240 | 3368 | 3496 | 349 | 3624 | 3752 | 3880 | 4008 | 4136 | 4136
7 3752 | 3880 | 4008 | 4136 | 4264 | 4392 | 4584 | 4584 | 4776 | 4968
8 4392 | 4584 | 4584 | 4776 | 4968 | 4968 | 5160 | 5352 | 5544 | 5544
9 4968 | 5160 | 5160 | 5352 | 5544 | 5736 | 5736 | 5992 | 6200 | 6200
10 5544 | 5736 | 5736 | 5992 | 6200 | 6200 | 6456 | 6712 | 6712 | 6968
11 6200 | 6456 | 6712 | 6968 | 6968 | 7224 | 7480 | 7736 | 7736 | 7992
12 6968 | 7224 | 7480 | 7736 | 7992 | 8248 | 8504 | 8760 | 8760 | 9144
13 7992 | 8248 | 8504 | 8760 | 9144 | 9144 | 9528 | 9912 | 9912 | 10296
14 8760 | 9144 | 9528 | 9912 | 9912 | 10296 | 10680 | 11064 | 11064 | 11448
15 9528 | 9912 | 10296 | 10296 | 10680 | 11064 | 11448 | 11832 | 11832 | 12216
16 9912 | 10296 | 10680 | 11064 | 11448 | 11832 | 12216 | 12216 | 12576 | 12960
17 11064 | 11448 | 11832 | 12216 | 12576 | 12960 | 13536 | 13536 | 14112 | 14688
18 12216 | 12576 | 12960 | 13536 | 14112 | 14112 | 14688 | 15264 | 15264 | 15840
19 13536 | 13536 | 14112 | 14688 | 15264 | 15264 | 15840 | 16416 | 16992 | 16992
20 14688 | 14688 | 15264 | 15840 | 16416 | 16992 | 16992 | 17568 | 18336 | 18336
21 15840 | 15840 | 16416 | 16992 | 17568 | 18336 | 18336 | 19080 | 19848 | 19848
22 16992 | 16992 | 17568 | 18336 | 19080 | 19080 | 19848 | 20616 | 21384 | 21384
23 17568 | 18336 | 19080 | 19848 | 19848 | 20616 | 21384 | 22152 | 22152 | 22920
24 19080 | 19848 | 19848 | 20616 | 21384 | 22152 | 22920 | 22920 | 23688 | 24496
25 19848 | 20616 | 20616 | 21384 | 22152 | 22920 | 23688 | 24496 | 24496 | 25456
26 22920 | 23688 | 24496 | 25456 | 25456 | 26416 | 27376 | 28336 | 29296 | 29296

|
Tes 41 a2 43 44 45 46 47 48 49 50
0 1128 | 1160 | 1192 | 1224 | 1256 | 1256 | 1288 | 1320 | 1352 | 1384
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1 1480 | 1544 | 1544 | 1608 | 1608 | 1672 | 1736 | 1736 | 1800 | 1800
2 1800 | 1864 | 1928 | 1992 | 2024 | 2088 | 2088 | 2152 | 2216 | 2216
3 2408 | 2472 | 2536 | 2536 | 2600 | 2664 | 2728 | 2792 | 2856 | 2856
4 2984 | 2984 | 3112 | 3112 | 3240 | 3240 | 3368 | 3496 | 3496 | 3624
5 3624 | 3752 | 3752 | 3880 | 4008 | 4008 | 4136 | 4264 | 4392 | 4392
6 | 4264 | 4392 | 4584 | 4584 | 4776 | 4776 | 4968 | 4968 | 5160 | 5160
7 4968 | 5160 | 5352 | 5352 | 5544 | 5736 | 5736 | 5992 | 5992 | 6200
8 5736 | 5992 | 5992 | 6200 | 6200 | 6456 | 6456 | 6712 | 6968 | 6968
9 6456 | 6712 | 6712 | 6968 | 6968 | 7224 | 7480 | 7480 | 7736 | 7992
10 | 7224 | 7480 | 7480 | 7736 | 7992 | 7992 | 8248 | 8504 | 8504 | 8760
11 | 8248 | 8504 | 8760 | 8760 | 9144 | 9144 | 9528 | 9528 | 9912 | 9912
12 | 9528 | 9528 | 9912 | 9912 | 10296 | 10680 | 10680 | 11064 | 11064 | 11448
13 | 10680 | 10680 | 11064 | 11448 | 11448 | 11832 | 12216 | 12216 | 12576 | 12960
14 | 11832 | 12216 | 12216 | 12576 | 12960 | 12960 | 13536 | 13536 | 14112 | 14112
15 | 12576 | 12960 | 12960 | 13536 | 13536 | 14112 | 14688 | 14688 | 15264 | 15264
16 | 13536 | 13536 | 14112 | 14112 | 14688 | 14688 | 15264 | 15840 | 15840 | 16416
17 | 14688 | 15264 | 15264 | 15840 | 16416 | 16416 | 16992 | 17568 | 17568 | 18336
18 | 16416 | 16416 | 16992 | 17568 | 17568 | 18336 | 18336 | 19080 | 19080 | 19848
19 | 17568 | 18336 | 18336 | 19080 | 19080 | 19848 | 20616 | 20616 | 21384 | 21384
20 | 19080 | 19848 | 19848 | 20616 | 20616 | 21384 | 22152 | 22152 | 22920 | 22920
21 | 20616 | 21384 | 21384 | 22152 | 22920 | 22920 | 23688 | 24496 | 24496 | 25456
22 | 22152 | 22920 | 22920 | 23688 | 24496 | 24496 | 25456 | 25456 | 26416 | 27376
23 | 23688 | 24496 | 24496 | 25456 | 25456 | 26416 | 27376 | 27376 | 28336 | 28336
24 | 25456 | 25456 | 26416 | 26416 | 27376 | 28336 | 28336 | 29296 | 29296 | 30576
25 | 26416 | 26416 | 27376 | 28336 | 28336 | 29296 | 29296 | 30576 | 31704 | 31704
26 | 30576 | 30576 | 31704 | 32856 | 32856 | 34008 | 35160 | 35160 | 36696 | 36696
| N PRB
el A 52 53 54 55 56 57 58 59 60
0 1416 | 1416 | 1480 | 1480 | 1544 | 1544 | 1608 | 1608 | 1608 | 1672
1 1864 | 1864 | 1928 | 1992 | 1992 | 2024 | 2088 | 2088 | 2152 | 2152
2 2280 | 2344 | 2344 | 2408 | 2472 | 2536 | 2536 | 2600 | 2664 | 2664
3 2084 | 2984 | 3112 | 3112 | 3240 | 3240 | 3368 | 3368 | 3496 | 3496
4 3624 | 3752 | 3752 | 3880 | 4008 | 4008 | 4136 | 4136 | 4264 | 4264
5 | 4584 | 4584 | 4776 | 4776 | 4776 | 4968 | 4968 | 5160 | 5160 | 5352
6 5352 | 5352 | 5544 | 5736 | 5736 | 5992 | 5992 | 5992 | 6200 | 6200
7 6200 | 6456 | 6456 | 6712 | 6712 | 6712 | 6968 | 6968 | 7224 | 7224
8 7224 | 7224 | 7480 | 7480 | 7736 | 7736 | 7992 | 7992 | 8248 | 8504
9 7992 | 8248 | 8248 | 8504 | 8760 | 8760 | 9144 | 9144 | 9144 | 9528
10 | 9144 | 9144 | 9144 | 9528 | 9528 | 9912 | 9912 | 10296 | 10296 | 10680
11 | 10296 | 10680 | 10680 | 11064 | 11064 | 11448 | 11448 | 11832 | 11832 | 12216
12 | 11832 | 11832 | 12216 | 12216 | 12576 | 12576 | 12960 | 12960 | 13536 | 13536
13 | 12960 | 13536 | 13536 | 14112 | 14112 | 14688 | 14688 | 14688 | 15264 | 15264
14 | 14688 | 14688 | 15264 | 15264 | 15840 | 15840 | 16416 | 16416 | 16992 | 16992
15 | 15840 | 15840 | 16416 | 16416 | 16992 | 16992 | 17568 | 17568 | 18336 | 18336
16 | 16416 | 16992 | 16992 | 17568 | 17568 | 18336 | 18336 | 19080 | 19080 | 19848
17 | 18336 | 19080 | 19080 | 19848 | 19848 | 20616 | 20616 | 20616 | 21384 | 21384
18 | 19848 | 20616 | 21384 | 21384 | 22152 | 22152 | 22920 | 22920 | 23688 | 23688
19 | 22152 | 22152 | 22920 | 22920 | 23688 | 24496 | 24496 | 25456 | 25456 | 25456
20 | 23688 | 24496 | 24496 | 25456 | 25456 | 26416 | 26416 | 27376 | 27376 | 28336
21 | 25456 | 26416 | 26416 | 27376 | 27376 | 28336 | 28336 | 29296 | 29296 | 30576
22 | 27376 | 28336 | 28336 | 29296 | 29296 | 30576 | 30576 | 31704 | 31704 | 32856
23 | 29296 | 29296 | 30576 | 30576 | 31704 | 31704 | 32856 | 32856 | 34008 | 34008
24 | 31704 | 31704 | 32856 | 32856 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696
25 | 32856 | 32856 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696 | 37888 | 37888
26 | 37888 | 37888 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368 | 43816 | 43816
N
I TBS e
61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70
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1672 | 1736 | 1736 | 1800 | 1800 | 1800 | 1864 | 1864 | 1928 | 1928
2216 | 2280 | 2280 | 2344 | 2344 | 2408 | 2472 | 2472 | 2536 | 2536
2728 | 2792 | 2856 | 2856 | 2856 | 2984 | 2984 | 3112 | 3112 | 3112
3624 | 3624 | 3624 | 3752 | 3752 | 3880 | 3880 | 4008 | 4008 | 4136
4302 | 4392 | 4584 | 4584 | 4584 | 4776 | 4776 | 4968 | 4968 | 4968
5352 | 5544 | 5544 | 5736 | 5736 | 5736 | 5992 | 5992 | 5992 | 6200
6456 | 6456 | 6456 | 6712 | 6712 | 6968 | 6968 | 6968 | 7224 | 7224
7480 | 7480 | 7736 | 7736 | 7992 | 7992 | 8248 | 8248 | 8504 | 8504
8504 | 8760 | 8760 | 9144 | 9144 | 9144 | 9528 | 9528 | 9528 | 9912
9528 | 9912 | 9912 | 10296 | 10296 | 10296 | 10680 | 10680 | 11064 | 11064
10 | 10680 | 11064 | 11064 | 11448 | 11448 | 11448 | 11832 | 11832 | 12216 | 12216
11 | 12216 | 12576 | 12576 | 12960 | 12960 | 13536 | 13536 | 13536 | 14112 | 14112
12 | 14112 | 14112 | 14112 | 14688 | 14688 | 15264 | 15264 | 15264 | 15840 | 15840
13 | 15840 | 15840 | 16416 | 16416 | 16992 | 16992 | 16992 | 17568 | 17568 | 18336
14 | 17568 | 17568 | 18336 | 18336 | 18336 | 19080 | 19080 | 19848 | 19848 | 19848
15 | 18336 | 19080 | 19080 | 19848 | 19848 | 20616 | 20616 | 20616 | 21384 | 21384
16 | 19848 | 19848 | 20616 | 20616 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920
17 | 22152 | 22152 | 22920 | 22920 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456
18 | 24496 | 24496 | 24496 | 25456 | 25456 | 26416 | 26416 | 27376 | 27376 | 27376
19 | 26416 | 26416 | 27376 | 27376 | 28336 | 28336 | 29296 | 29296 | 29296 | 30576
20 | 28336 | 29296 | 29296 | 29296 | 30576 | 30576 | 31704 | 31704 | 31704 | 32856
21 | 30576 | 31704 | 31704 | 31704 | 32856 | 32856 | 34008 | 34008 | 35160 | 35160
22 | 32856 | 34008 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696 | 36696 | 37888
23 | 35160 | 35160 | 36696 | 36696 | 37888 | 37888 | 37888 | 39232 | 39232 | 40576
24 | 36696 | 37888 | 37888 | 39232 | 39232 | 40576 | 40576 | 42368 | 42368 | 42368
25 | 39232 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 43816
26 | 45352 | 45352 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 52752

OO|IN[O|(OAWIN|F|O

res 71 72 73 74 75 76 77 78 79 80
19092 | 1992 | 2024 | 2088 | 2088 | 2088 | 2152 | 2152 | 2216 | 2216
1 | 2600 | 2600 | 2664 | 2728 | 2728 | 2792 | 2792 | 2856 | 2856 | 2856
2 | 3240 | 3240 | 3240 | 3368 | 3368 | 3368 | 3496 | 3496 | 3496 | 3624
3 | 4136 | 4264 | 4264 | 4392 | 4392 | 4392 | 4584 | 4584 | 4584 | 4776
4 | 5160 | 5160 | 5160 | 5352 | 5352 | 5544 | 5544 | 5544 | 5736 | 5736
5 | 6200 | 6200 | 6456 | 6456 | 6712 | 6712 | 6712 | 6968 | 6968 | 6968
6

7

8

9

7480 | 7480 | 7736 | 7736 | 7736 | 7992 | 7992 | 8248 | 8248 | 8248
8760 | 8760 | 8760 | 9144 | 9144 | 9144 | 9528 | 9528 | 9528 | 9912
9912 | 9912 | 10296 | 10296 | 10680 | 10680 | 10680 | 11064 | 11064 | 11064
11064 | 11448 | 11448 | 11832 | 11832 | 11832 | 12216 | 12216 | 12576 | 12576
10 | 12576 | 12576 | 12960 | 12960 | 12960 | 13536 | 13536 | 13536 | 14112 | 14112
11 | 14112 | 14688 | 14688 | 14688 | 15264 | 15264 | 15840 | 15840 | 15840 | 16416
12 | 16416 | 16416 | 16416 | 16992 | 16992 | 17568 | 17568 | 17568 | 18336 | 18336
13 | 18336 | 18336 | 19080 | 19080 | 19080 | 19848 | 19848 | 19848 | 20616 | 20616
14 | 20616 | 20616 | 20616 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920 | 22920
15 | 22152 | 22152 | 22152 | 22920 | 22920 | 23688 | 23688 | 23688 | 24496 | 24496
16 | 22920 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456 | 25456 | 25456 | 26416
17 | 25456 | 26416 | 26416 | 26416 | 27376 | 27376 | 27376 | 28336 | 28336 | 29296
18 | 28336 | 28336 | 29296 | 29296 | 29296 | 30576 | 30576 | 30576 | 31704 | 31704
19 | 30576 | 30576 | 31704 | 31704 | 32856 | 32856 | 32856 | 34008 | 34008 | 34008
20 | 32856 | 34008 | 34008 | 34008 | 35160 | 35160 | 35160 | 36696 | 36696 | 36696
21 | 35160 | 36696 | 36696 | 36696 | 37888 | 37888 | 39232 | 39232 | 39232 | 40576
22 | 37888 | 39232 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368 | 42368 | 43816
23 | 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 43816 | 45352 | 45352 | 45352
24 | 43816 | 43816 | 45352 | 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936
25 | 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024
26 | 52752 | 52752 | 55056 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336 | 59256
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81 82 83 84 85 86 87 88 89 90
2280 | 2280 | 2280 | 2344 | 2344 | 2408 | 2408 | 2472 | 2472 | 2536
2084 | 2984 | 2984 | 3112 | 3112 | 3112 | 3240 | 3240 | 3240 | 3240
3624 | 3624 | 3752 | 3752 | 3880 | 3880 | 3880 | 4008 | 4008 | 4008
4776 | 4776 | 4776 | 4968 | 4968 | 4968 | 5160 | 5160 | 5160 | 5352
5736 | 5992 | 5992 | 5992 | 5992 | 6200 | 6200 | 6200 | 6456 | 6456
7224 | 7224 | 7224 | 7480 | 7480 | 7480 | 7736 | 7736 | 7736 | 7992
8504 | 8504 | 8760 | 8760 | 8760 | 9144 | 9144 | 9144 | 9144 | 9528
9912 | 9912 | 10296 | 10296 | 10296 | 10680 | 10680 | 10680 | 11064 | 11064
11448 | 11448 | 11448 | 11832 | 11832 | 12216 | 12216 | 12216 | 12576 | 12576
12960 | 12960 | 12960 | 13536 | 13536 | 13536 | 13536 | 14112 | 14112 | 14112
10 | 14112 | 14688 | 14688 | 14688 | 14688 | 15264 | 15264 | 15264 | 15840 | 15840
11 | 16416 | 16416 | 16992 | 16992 | 16992 | 17568 | 17568 | 17568 | 18336 | 18336
12 | 18336 | 19080 | 19080 | 19080 | 19080 | 19848 | 19848 | 19848 | 20616 | 20616
13 | 20616 | 21384 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920 | 22920 | 22920
14 | 22920 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456 | 25456 | 25456 | 25456
15 | 24496 | 25456 | 25456 | 25456 | 26416 | 26416 | 26416 | 27376 | 27376 | 27376
16 | 26416 | 26416 | 27376 | 27376 | 27376 | 28336 | 28336 | 28336 | 29296 | 29296
17 | 29296 | 29296 | 30576 | 30576 | 30576 | 30576 | 31704 | 31704 | 31704 | 32856
18 | 31704 | 32856 | 32856 | 32856 | 34008 | 34008 | 34008 | 35160 | 35160 | 35160
19 | 35160 | 35160 | 35160 | 36696 | 36696 | 36696 | 37888 | 37888 | 37888 | 39232
20 | 37888 | 37888 | 39232 | 39232 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368
21 | 40576 | 40576 | 42368 | 42368 | 42368 | 43816 | 43816 | 43816 | 45352 | 45352
22 | 43816 | 43816 | 45352 | 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936
23 | 46888 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 51024 | 51024
24 | 48936 | 51024 | 51024 | 51024 | 52752 | 52752 | 52752 | 52752 | 55056 | 55056
25 | 51024 | 52752 | 52752 | 52752 | 55056 | 55056 | 55056 | 55056 | 57336 | 57336
26 | 59256 | 59256 | 61664 | 61664 | 61664 | 63776 | 63776 | 63776 | 66592 | 66592

OO|IN[O|(OAWIN|F|O

res 91 92 93 94 95 96 97 98 99 100
2536 | 2536 | 2600 | 2600 | 2664 | 2664 | 2728 | 2728 | 2728 | 2792
1 | 3368 | 3368 | 3368 | 3496 | 3496 | 3496 | 3496 | 3624 | 3624 | 3624
2 | 4136 | 4136 | 4136 | 4264 | 4264 | 4264 | 4392 | 4392 | 4392 | 4584
3 | 5352 | 5352 | 5352 | 5544 | 5544 | 5544 | 5736 | 5736 | 5736 | 5736
4 | 6456 | 6456 | 6712 | 6712 | 6712 | 6968 | 6968 | 6968 | 6968 | 7224
5 | 7992 | 7992 | 8248 | 8248 | 8248 | 8504 | 8504 | 8760 | 8760 | 8760
6
7
8
9

9528 | 9528 | 9528 | 9912 | 9912 | 9912 | 10296 | 10296 | 10296 | 10296
11064 | 11448 | 11448 | 11448 | 11448 | 11832 | 11832 | 11832 | 12216 | 12216
12576 | 12960 | 12960 | 12960 | 13536 | 13536 | 13536 | 13536 | 14112 | 14112
14112 | 14688 | 14688 | 14688 | 15264 | 15264 | 15264 | 15264 | 15840 | 15840
10 | 15840 | 16416 | 16416 | 16416 | 16992 | 16992 | 16992 | 16992 | 17568 | 17568
11 | 18336 | 18336 | 19080 | 19080 | 19080 | 19080 | 19848 | 19848 | 19848 | 19848
12 | 20616 | 21384 | 21384 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920 | 22920
13 | 23688 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456 | 25456 | 25456 | 25456
14 | 26416 | 26416 | 26416 | 27376 | 27376 | 27376 | 28336 | 28336 | 28336 | 28336
15 | 28336 | 28336 | 28336 | 29296 | 29296 | 29296 | 29296 | 30576 | 30576 | 30576
16 | 29296 | 30576 | 30576 | 30576 | 30576 | 31704 | 31704 | 31704 | 31704 | 32856
17 | 32856 | 32856 | 34008 | 34008 | 34008 | 35160 | 35160 | 35160 | 35160 | 36696
18 | 36696 | 36696 | 36696 | 37888 | 37888 | 37888 | 37888 | 39232 | 39232 | 39232
19 | 39232 | 39232 | 40576 | 40576 | 40576 | 40576 | 42368 | 42368 | 42368 | 43816
20 | 42368 | 42368 | 43816 | 43816 | 43816 | 45352 | 45352 | 45352 | 46888 | 46888
21 | 45352 | 46888 | 46888 | 46888 | 46888 | 48936 | 48936 | 48936 | 48936 | 51024
22 | 48936 | 48936 | 51024 | 51024 | 51024 | 51024 | 52752 | 52752 | 52752 | 55056
23 | 52752 | 52752 | 52752 | 55056 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336
24 | 55056 | 57336 | 57336 | 57336 | 57336 | 59256 | 59256 | 59256 | 61664 | 61664
25 | 57336 | 59256 | 59256 | 59256 | 61664 | 61664 | 61664 | 61664 | 63776 | 63776
26 | 66592 | 68808 | 68808 | 68808 | 71112 | 71112 | 71112 | 73712 | 73712 | 75376

ETSI



3GPP TS 36.213 version 10.0.1 Release 10 38 ETSI TS 136 213 V10.0.1 (2011-01)

NPRB
res 101 | 102 | 103 | 104 | 105 | 106 | 107 | 108 | 109 | 110
0 | 2792 | 2856 | 2856 | 2856 | 2984 | 2984 | 2984 | 2984 | 2984 | 3112
1 | 3752 | 3752 | 3752 | 3752 | 3880 | 3880 | 3880 | 4008 | 4008 | 4008
2 | 4584 | 4584 | 4584 | 4584 | 4776 | 4776 | 4776 | 4776 | 4968 | 4968
3 | 5992 | 5992 | 5992 | 5992 | 6200 | 6200 | 6200 | 6200 | 6456 | 6456
4 | 7224 | 7224 | 7480 | 7480 | 7480 | 7480 | 7736 | 7736 | 7736 | 7992
5 | 8760 | 9144 | 9144 | 9144 | 9144 | 9528 | 9528 | 9528 | 9528 | 9528
6 | 10680 | 10680 | 10680 | 10680 | 11064 | 11064 | 11064 | 11448 | 11448 | 11448
7 | 12216 | 12576 | 12576 | 12576 | 12960 | 12960 | 12960 | 12960 | 13536 | 13536
8 | 14112 | 14112 | 14688 | 14688 | 14688 | 14688 | 15264 | 15264 | 15264 | 15264
9 | 15840 | 16416 | 16416 | 16416 | 16416 | 16992 | 16992 | 16992 | 16992 | 17568
10 | 17568 | 18336 | 18336 | 18336 | 18336 | 18336 | 19080 | 10080 | 19080 | 19080
11 | 20616 | 20616 | 20616 | 21384 | 21384 | 21384 | 21384 | 22152 | 22152 | 22152
12 | 22920 | 23688 | 23688 | 23688 | 23688 | 24496 | 24496 | 24496 | 24496 | 25456
13 | 26416 | 26416 | 26416 | 26416 | 27376 | 27376 | 27376 | 27376 | 28336 | 28336
14 | 29296 | 29296 | 29296 | 29296 | 30576 | 30576 | 30576 | 30576 | 31704 | 31704
15 | 30576 | 31704 | 31704 | 31704 | 31704 | 32856 | 32856 | 32856 | 34008 | 34008
16 | 32856 | 32856 | 34008 | 34008 | 34008 | 34008 | 35160 | 35160 | 35160 | 35160
17 | 36696 | 36696 | 36696 | 37888 | 37888 | 37888 | 39232 | 39232 | 39232 | 39232
18 | 40576 | 40576 | 40576 | 40576 | 42368 | 42368 | 42368 | 42368 | 43816 | 43816
19 | 43816 | 43816 | 43816 | 45352 | 45352 | 45352 | 46888 | 46838 | 46888 | 46838
20 | 46883 | 46888 | 48936 | 48936 | 48936 | 48936 | 48936 | 51024 | 51024 | 51024
21 | 51024 | 51024 | 51024 | 52752 | 52752 | 52752 | 52752 | 55056 | 55056 | 55056
22 | 55056 | 55056 | 55056 | 57336 | 57336 | 57336 | 57336 | 59256 | 59256 | 59256
23 | 57336 | 59256 | 59256 | 59256 | 59256 | 61664 | 61664 | 61664 | 61664 | 63776
24 | 61664 | 61664 | 63776 | 63776 | 63776 | 63776 | 66592 | 66592 | 66592 | 66592
25 | 63776 | 63776 | 66592 | 66592 | 66592 | 66592 | 68808 | 68308 | 68808 | 71112
26 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376

7.1.7.2.2 Transport blocks mapped to two-layer spatial multiplexing

For1< Nogs <55, the TBSisgiven by the (155,2- Npgg ) entry of Table 7.1.7.2.1-1.

For56 < Nrs <110, abaseline TBS_L1 istaken fromthe (|55, Npgg ) €ntry of Table 7.1.7.2.1-1, which is then
trandlated into TBS L2 using the mapping rule shown in Table 7.1.7.2.2-1. The TBSisgiven by TBS L2.

Table 7.1.7.2.2-1: One-layer to two-layer TBS translation table

TBS L1 | TBS L2 TBS 1] TBSL2 | TBS L1 | TBS L2 | TBS L1 | TBS L2
1544 3112 3752 7480 | 10296 | 20616 | 28336 | 57336
1608 3240 3880 7736 | 10680 | 21384 | 29296 | 59256
1672 3368 4008 7992 | 11064 | 22152 | 30576 | 61664
1736 3496 4136 8248 | 11448 | 22920 | 31704 | 63776
1800 3624 4264 8504 | 11832 | 23688 | 32856 | 66592
1864 3752 4392 8760 | 12216 | 24496 | 34008 | 68808
1928 3880 4584 9144 | 12576 | 25456 | 35160 | 71112
1992 4008 4776 9528 | 12960 | 25456 | 36696 | 73712
2024 4008 4968 9912 | 13536 | 27376 | 37888 | 76208
2088 4136 5160 | 10296 | 14112 | 28336 | 39232 | 78704
2152 4264 5352 | 10680 | 14688 | 29296 | 40576 | 81176
2216 4392 5544 | 11064 | 15264 | 30576 | 42368 | 84760
2280 4584 5736 | 11448 | 15840 | 31704 | 43816 | 87936
2344 4776 5992 | 11832 | 16416 | 32856 | 45352 | 90816
2408 4776 6200 | 12576 | 16992 | 34008 | 46888 | 93800

ETSI



3GPP TS 36.213 version 10.0.1 Release 10 39 ETSI TS 136 213 V10.0.1 (2011-01)

2472 4968 6456 12960 17568 35160 48936 97896

2536 5160 6712 13536 18336 36696 51024 101840
2600 5160 6968 14112 19080 37888 52752 105528
2664 5352 7224 14688 19848 39232 55056 110136
2728 5544 7480 14688 20616 40576 57336 115040
2792 5544 7736 15264 21384 42368 59256 119816
2856 5736 7992 15840 22152 43816 61664 124464
2984 5992 8248 16416 22920 45352 63776 128496
3112 6200 8504 16992 23688 46888 66592 133208
3240 6456 8760 17568 24496 48936 68808 137792
3368 6712 9144 18336 25456 51024 71112 142248
3496 6968 9528 19080 26416 52752 73712 146856
3624 7224 9912 19848 27376 55056 75376 149776

7.1.7.2.3 Transport blocks mapped for DCI Format 1C

The TBSisgiven by the | ;¢ entry of Table 7.1.7.2.3-1.

Table 7.1.7.2.3-1: Transport Block Size Table for DCI format 1C

| 1as o | 1|2 |3 |4 |5 |6 |7 |8 |9 |10]|11]|12)|13] 14|15

TBS 40 56 72 | 120 | 136 | 144 | 176 | 208 | 224 | 256 | 280 | 296 | 328 | 336 | 392 | 488

I 1gs 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

TBS 552 | 600 | 632 | 696 | 776 | 840 | 904 | 1000|1064 1128|1224 |1288 1384|1480 |1608 | 1736

7.1.7.2.4 Transport blocks mapped to three-layer spatial multiplexing

For1< Npgg <36, the TBSisgiven by the (1 55,3 Npgg ) entry of Table 7.1.7.2.1-1.

For 37 < Nppg <110, abaseline TBS_L 1 istaken fromthe (155, Npgg ) entry of Table 7.1.7.2.1-1, which isthen
trandlated into TBS L3 using the mapping rule shown in Table 7.1.7.2.4-1. The TBSisgiven by TBS L3.

Table 7.7.2.4-1: One-layer to three-layer TBS translation table

TBS L1 | TBSL3 || TBSL1 | TBSL3 || TBSL1 | TBSL3 || TBSL1 | TBS L3
1032 3112 2664 7992 8248 24496 26416 78704
1064 3240 2728 8248 8504 25456 27376 81176
1096 3240 2792 8248 8760 26416 28336 84760
1128 3368 2856 8504 9144 27376 29296 87936
1160 3496 2984 8760 9528 28336 30576 90816
1192 3624 3112 9144 9912 29296 31704 93800
1224 3624 3240 9528 10296 30576 32856 97896
1256 3752 3368 9912 10680 31704 34008 101840
1288 3880 3496 10296 11064 32856 35160 105528
1320 4008 3624 10680 11448 34008 36696 110136
1352 4008 3752 11064 11832 35160 37888 115040
1384 4136 3880 11448 12216 36696 39232 119816
1416 4264 4008 11832 12576 37888 40576 119816
1480 4392 4136 12576 12960 39232 42368 128496
1544 4584 4264 12960 13536 40576 43816 133208
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1608 4776 4392 12960 14112 42368 45352 137792
1672 4968 4584 13536 14688 43816 46888 142248
1736 5160 4776 14112 15264 45352 48936 146856
1800 5352 4968 14688 15840 46888 51024 152976
1864 5544 5160 15264 16416 48936 52752 157432
1928 5736 5352 15840 16992 51024 55056 165216
1992 5992 5544 16416 17568 52752 57336 171888
2024 5992 5736 16992 18336 55056 59256 177816
2088 6200 5992 18336 19080 57336 61664 185728
2152 6456 6200 18336 19848 59256 63776 191720
2216 6712 6456 19080 20616 61664 66592 199824
2280 6712 6712 19848 21384 63776 68808 205880
2344 6968 6968 20616 22152 66592 71112 214176
2408 7224 7224 21384 22920 68808 73712 221680
2472 7480 7480 22152 23688 71112 75376 226416
2536 7480 7736 22920 24496 73712
2600 7736 7992 23688 25456 76208

7.1.7.25 Transport blocks mapped to four-layer spatial multiplexing

For1< Npgg <27, the TBSisgiven by the (1 55,4 Npgg) entry of Table 7.1.7.2.1-1.

For 28 < Npgg <110, abaseline TBS_L1istaken fromthe (155, Npgg ) entry of Table7.1.7.2.1-1, which isthen
trandated into TBS L4 using the mapping rule shown in Table 7.1.7.2.5-1. The TBSisgiven by TBS L4.

Table 7.1.7.2.5-1: One-layer to four-layer TBS translation table

TBS L1 | TBSL4 | TBSL1 | TBSL4 | TBS L1 | TBS L4 | TBS L1 | TBS L4

776 3112 2280 9144 7224 29296 24496 97896

808 3240 2344 9528 7480 29296 25456 101840
840 3368 2408 9528 7736 30576 26416 105528
872 3496 2472 9912 7992 31704 27376 110136
904 3624 2536 10296 8248 32856 28336 115040
936 3752 2600 10296 8504 34008 29296 115040
968 3880 2664 10680 8760 35160 30576 124464

1000 4008 2728 11064 9144 36696 31704 128496
1032 4136 2792 11064 9528 37888 32856 133208
1064 4264 2856 11448 9912 39232 34008 137792
1096 4392 2984 11832 10296 40576 35160 142248
1128 4584 3112 12576 10680 42368 36696 146856
1160 4584 3240 12960 11064 43816 37888 151376
1192 4776 3368 13536 11448 45352 39232 157432
1224 4968 3496 14112 11832 46888 40576 161760
1256 4968 3624 14688 12216 48936 42368 169544
1288 5160 3752 15264 12576 51024 43816 175600
1320 5352 3880 15264 12960 51024 45352 181656
1352 5352 4008 15840 13536 55056 46888 187712
1384 5544 4136 16416 14112 57336 48936 195816
1416 5736 4264 16992 14688 59256 51024 203704
1480 5992 4392 17568 15264 61664 52752 211936
1544 6200 4584 18336 15840 63776 55056 220296
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1608 6456 4776 19080 16416 66592 57336 230104
1672 6712 4968 19848 16992 68808 59256 236160
1736 6968 5160 20616 17568 71112 61664 245648
1800 7224 5352 21384 18336 73712 63776 254328
1864 7480 5544 22152 19080 76208 66592 266440
1928 7736 5736 22920 19848 78704 68808 275376
1992 7992 5992 23688 20616 81176 71112 284608
2024 7992 6200 24496 21384 84760 73712 293736
2088 8248 6456 25456 22152 87936 75376 299856
2152 8504 6712 26416 22920 90816
2216 8760 6968 28336 23688 93800

7.1.7.3 Redundancy Version determination for Format 1C
If the DCI Format 1C CRC is scrambled by P-RNTI or RA-RNTI, then

— the UE shall set the Redundancy Versionto O
Elseif the DCI Format 1C CRC is scrambled by SI-RNTI, then

— the UE shall set the Redundancy Version as defined in [8].

7.2 UE procedure for reporting channel quality indication (CQI),
precoding matrix indicator (PMI) and rank indication (RI)

The time and frequency resources that can be used by the UE to report CQI, PMI, and RI are controlled by the eNB. For
spatial multiplexing, as given in [3], the UE shall determine a RI corresponding to the number of useful transmission
layers. For transmit diversity asgivenin [3], Rl isequal to one.

A UE in transmission mode 8 [or 9] is configured with PMI/RI reporting if the parameter pmi-RI-Report is configured
by higher layer signalling; otherwise, it is configured without PMI/RI reporting.

CQI, PMI, and RI reporting is periodic or aperiodic.

A UE shall transmit periodic CQI/PMI, or RI reporting on PUCCH as defined hereafter in subframes with no PUSCH
alocation. A UE shall transmit periodic CQI/PMI or RI reporting on PUSCH as defined hereafter in subframes with
PUSCH allocation, where the UE shall use the same PUCCH-based periodic CQI/PMI or RI reporting format on
PUSCH.

A UE shall transmit aperiodic CQI/PMI, and RI reporting on PUSCH if the conditions specified hereafter are met. For
aperiodic CQI reporting, RI reporting is transmitted only if configured CQI/PMI/RI feedback type supports RI
reporting.

The CQI transmissions on PUCCH and PUSCH for various scheduling modes are summarized in the following table:

Table 7.2-1: Physical Channels for Aperiodic or Periodic CQI reporting

Scheduling Mode Periodic CQI reporting channels Aperiodic CQI reporting channel
Frequency non-selective PUCCH
Frequency selective PUCCH PUSCH

In case both periodic and aperiodic reporting would occur in the same subframe, the UE shall only transmit the
aperiodic report in that subframe.

When reporting RI the UE reports a single instance of the number of useful transmission layers. For each RI reporting
interval when the UE is configured in transmission modes 4 or 9 or when the UE is configured in transmission mode 8

ETSI




3GPP TS 36.213 version 10.0.1 Release 10 42 ETSI TS 136 213 V10.0.1 (2011-01)

with PMI/RI reporting, a UE shall determine a Rl from the supported set of RI values for the corresponding eNodeB
antenna configuration and UE category and report the number in each RI report. For each RI reporting interval when the
UE is configured in transmission mode 3, a UE shall determine RI for the corresponding eNodeB antenna configuration
and UE category in each reporting interval and report the detected number in each RI report to support selection
between transmit diversity and large delay CDD.

When reporting PMI the UE reports either asingle or amultiple PMI report.  The number of RBs represented by a
single UE PMI report canbe NRg or asmaller subset of RBs. The number of RBs represented by a single PMI report

is semi-statically configured by higher layer signalling. A UE isrestricted to report PMI and RI within a precoder
codebook subset specified by a bitmap parameter codebookSubsetRestriction configured by higher layer signalling. For
a specific precoder codebook and associated transmission mode, the bitmap can specify all possible precoder codebook
subsets from which the UE can assume the eNB may be using when the UE is configured in the relevant transmission
mode. Codebook subset restriction is supported for transmission modes 3, 4, 5, 6, 8 and for transmission mode 9 if the
UE is configured with PMI/RI reporting. The resulting number of bits for each transmission mode is given in Table 7.2-

1b. The bitmap forms the bit sequence a, _;,...,83,8,, 8,8, where 8, istheLSB and a, _, isthe MSB and where

ahit value of zero indicates that the PMI and RI reporting is not allowed to correspond to precoder(s) associated with
the bit. The association of bitsto precoders for the relevant transmission modes are given as follows:

1. Transmission mode 3

a 2antennaports: bit a, ;, U = 2isassociated with the precoder in Table 6.3.4.2.3-1 of [3]

correspondingto v layersand codebook index O while bit &, isassociated with the precoder for 2
antenna ports in Section 6.3.4.3 of [3].

b. 4 antennaports: bit @, ;, U = 2,3,4isassociated with the precodersin Table 6.3.4.2.3-2 of [3]

correspondingto v layersand codebook indices 12, 13, 14, and 15 while bit @, is associated with
the precoder for 4 antenna portsin Section 6.3.4.3 of [3].

2. Transmission mode 4
a 2 antennaports: see Table 7.2-1c
b. 4 antennaports: bit aug,y),; Isassociated with the precoder for v layers and with codebook index
i.in Table 6.3.4.2.3-2 of [3].

3. Transmission modes 5 and 6

a2 antennaports: bit a is associated with the precoder for v =1 layer with codebook index ic in
Table 6.3.4.2.3-1 of [3].

b. 4 antennaports: bit a is associated with the precoder for v =1 layer with codebook index iC in
Table6.3.4.2.3-2 of [3].

4. Transmission mode 8
a 2 antennaports: see Table 7.2-1c
b. 4 antennaports: bit aug,y).; s associated with the precoder for v layers and with codebook index
i,inTable6.3.4.2.3-20of [3], v=12.
5. Transmission mode 9
a 2 antennaports: see Table 7.2-1c

b. 4 antennaports: bit a;5(,-1)+i, isassociated with the precoder for v layers and with second
component codebook index i.in Table 6.3.4.2.3-2 of [3].
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c. 8antennaports: bit af g, 1y4i_, iSassociated with the precoder for v layers (ve{1234,56,7.8 ) and
codebook index i¢; where f1(-) ={0,16,32,36,40,44,4852 } and bit ass, g1(-1)+i, IS 8SS0ciated
with the precoder for v layers (ve{12,34 ) and codebook index i, where gi(-)={016,32,48}.

Codebook indices i.; and i, aregivenin Table6.3.4.2.3-3, 6.3.4.2.3-4, 6.3.4.2.3-5, 6.3.4.2.3-6,
6.3.4.2.3-7, 6.3.4.2.3-8, 6.3.4.2.3-9, or 6.3.4.2.3-10 of [3] for v=1,2,3,4,5,6,7, or 8 respectively.

Table 7.2-1b: Number of bits in codebook subset restriction bitmap for applicable transmission

modes.
Number of bits A,
2 antenna 4 antenna 8 antenna

ports ports ports
Transmission mode 3 2 4
Transmission mode 4 6 64
Transmission mode 5 4 16
Transmission mode 6 4 16
Transmission mode 8 6 32
Transmission mode 9 6 64 109

Table 7.2-1c: Association of bits in codebookSubSetRestriction bitmap to precoders in the 2 antenna

port codebook of Table 6.3.4.2.3-1in [3].

Codebook Number of layers v
index i
1 2
0 ao
1 ap a
2 az as
3 as -

The set of subbands (S) a UE shall evaluate for CQI reporting spans the entire downlink system bandwidth. A subband
isaset of k contiguous PRBs where k is a function of system bandwidth. Note the last subband in set Smay have

fewer than k contiguous PRBs depending on N5 . The number of subbands for system bandwidth given by NRg is

defined by N = (N Re /k-‘ . The subbands shall be indexed in the order of increasing frequency and non-increasing
sizes starting at the lowest frequency.

For transmission modes 1, 2, 3 and 5, as well as transmission mode 8 if the UE is configured without PMI/RI
reporting, transmission mode 4 and 9 with RI=1, and transmission mode 8 with PMI/RI reporting and RI=1, a
single 4-bit wideband CQI isreported according to Table 7.2.3-1.

For transmission modes 3, 4 and 9, as well as transmission mode 8 if the UE is configured with PMI/RI
reporting, CQI is calculated assuming transmission of one codeword for RI=1 and two codewords for RI > 1.
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=  For RI > 1 with transmission mode 4, 8, or 9, if the UE is configured with PMI/RI reporting, PUSCH based
triggered reporting includes reporting a wideband CQI which comprises:
o A 4-bit wideband CQI for codeword 0 according to Table 7.2.3-1
o A 4-hit wideband CQI for codeword 1 according to Table 7.2.3-1

=  For RI > 1 with transmission mode 4, 8, or 9, if the UE is configured with PMI/RI reporting, PUCCH based
reporting includes reporting a 4-bit wideband CQI for codeword 0 according to Table 7.2.3-1 and a wideband
spatial differential CQI. The wideband spatial differential CQI value comprises:

o A 3-bit wideband spatia differential CQI value for codeword 1 offset level

= Codeword 1 offset level = wideband CQI index for codeword 0 — wideband CQI index for
codeword 1.

o The mapping from the 3-bit wideband spatial differential CQI value to the offset level is shown in
Table 7.2-2.

Table 7.2-2 Mapping spatial differential CQI value to offset level

Spatia differential CQI Offset level
value
0 0
1 1
2 2
3 >3
4 <-4
5 -3
6 -2
7 -1

7.2.1  Aperiodic CQI/PMI/RI Reporting using PUSCH

A UE shall perform aperiodic CQI, PMI and RI reporting using the PUSCH in subframe n+k on the serving cell of the
corresponding PUSCH transmission, upon decoding in subframe n either:

= anuplink DCI format, or
= aRandom Access Response Grant,

on serving cell c¢ if the respective CQI request field is set to trigger areport and is not reserved. If the CQI request
field is 1 bit [4], areport istriggered if the CQI request field issetto *1’. If the CQI request field sizeis 2 bits[4], a
report istriggered according to the valuein Table 7.1.1-1A corresponding to aperiodic CSI reporting.

Table 7.2.1-1A: CSI Request field for PDCCH with uplink DCI format in UE specific search space

Value of CSlrequest field Description
00 No aperiodic CSI report is triggered
‘o1 Aperiodic CSlI report triggered for serving cell ¢

Aperiodic CSI report is triggered for a 1% set of
serving cells configured by higher layers
Aperiodic CSlI report is triggered for a 2™ set of
serving cells configured by higher layers

10

7

Note: PDCCH with DCI formats used to grant PUSCH transmissions as given by DCI format 0 and DCI format 4 are
herein referred to as uplink DCI format when common behaviour is addressed.
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When the CQI request field from an uplink DCI format is set to trigger a report, for FDD k=4, and for TDD UL/DL
configuration 1-6, kis givenin Table 8-2. For TDD UL/DL configuration O, if the MSB of the UL index is set to 1 and
LSB of the UL index issetto O, kisgivenin Table 8-2; or if MSB of the UL index is set to 0 and LSB of the UL index
issetto 1, kisequal to 7; or if both MSB and LSB of the UL index isset to 1, kisgivenin Table 8-2.

When the CQI request field from a Random Access Response Grant is set to trigger areport and is not reserved, kis
equal to k1 if the UL delay field in section 6.2 is set to zero, where k1 isgivenin section 6.1.1. The UE shall
postpone aperiodic CQI, PMI and RI reporting to the next available UL subframe if the UL delay field is set to 1.

The minimum reporting interval for aperiodic reporting of CQI and PMI and Rl is 1 subframe. The subband size for
CQI shall be the same for transmitter-receiver configurations with and without precoding.

When aperiodic CQI/PMI/RI report with no transport block associated as defined in section 8.6.2 and positive SR is
transmitted in the same subframe, the UE shall transmit SR, and, if applicable, ACK/NAK, on PUCCH resources as
described in Section 10.1

A UE is semi-statically configured by higher layers to feed back CQI and PMI and corresponding Rl on the same
PUSCH using one of the following reporting modes given in Table 7.2.1-1 and described below.

Table 7.2.1-1: CQIl and PMI Feedback Types for PUSCH reporting Modes

PMI Feedback Type

No PMI Single PMI Multiple PMI

Wideband Mode 1-2
o (wideband CQI)
ge
5 _Z:é UE Selected Mode 2-0 Mode 2-2
% g (subband CQI)
o (]
(]
L

Higher Layer-
configured Mode 3-0 Mode 3-1

(subband CQI)

For each of the transmission modes defined in Section 7.1, the following reporting modes are supported on PUSCH:

Transmission mode 1 : Modes 2-0, 3-0

Transmission mode2 : Modes 2-0, 3-0

Transmission mode 3 : Modes 2-0, 3-0

Transmission mode4 : Modes 1-2, 2-2, 3-1

Transmission mode5 : Mode 3-1

Transmisson mode 6 : Modes1-2, 2-2, 3-1

Transmission mode 7 : Modes 2-0, 3-0

Transmission mode 8 : Modes 1-2, 2-2, 3-1 if the UE is configured with PMI/RI reporting; modes 2-0, 3-0 if the
UE is configured without PMI/RI reporting

Transmission mode 9 : Modes 1-2, 2-2, 3-1 [if the UE is configured with PMI/RI reporting; modes 2-0, 3-0 if the
UE is configured without PMI/RI reporting]

The aperiodic CQI reporting mode is given by the parameter cqi-ReportModeAperiodic which is configured by higher-
layer signalling.

For N 5 < 7, PUSCH reporting modes are not supported.
Rlis only reported for transmission modes 3, 4, 8 and 9 if the UE is configured with PMI/RI reporting.

A RI report on an aperiodic reporting mode is valid only for CQI/PMI report on that aperiodic reporting mode

e  Wideband feedback
o Mode 1-2 description:
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For each subband a preferred precoding matrix is selected from the codebook subset
assuming transmission only in the subband

A UE shall report one wideband CQI value per codeword which is calculated assuming
the use of the corresponding selected precoding matrix in each subband and
transmission on set S subbands.

The UE shall report the selected precoding matrix indicator for each set S subband
except for transmission mode 9 with 8 CSI-RS ports configured in which case afirst
precoding matrix indicator i is reported for the set S subbands and a second precoding

matrix indicator i, isreported for each set Ssubband, where the mapping from the first
precoding matrix indicator i, with each second precoding matrix indicator i,to the

corresponding selected precoding matrix per set Ssubband is determined by Table
6.3.4.2.3-3,6.3.4.2.3-4, 6.3.4.2.3-5, 6.3.4.2.3-6, 6.3.4.2.3-7, 6.3.4.2.3-8, 6.3.4.2.3-9, or
6.3.4.2.3-10 for rank 1,2,3,4,5,6,7, or 8 respectively givenin [3].

Subband sizeis given by Table 7.2.1-3.

For transmission mode 4 and transmission mode 8, the reported PMI and CQI values
are calculated conditioned on the reported RI. For other transmission modes they are
reported conditioned on rank 1.

o Higher Layer-configured subband feedback

o Mode 3-0 description:

A UE shall report a wideband CQI value which is cal culated assuming transmission on
set Ssubbands

The UE shall also report one subband CQI value for each set S subband. The subband
CQI vaueis calculated assuming transmission only in the subband

Both the wideband and subband CQI represent channel quality for the first codeword,
even when RI>1.

For transmission mode 3 the reported CQI values are calcul ated conditioned on the
reported RI. For other transmission modes they are reported conditioned on rank 1.

o Mode 3-1 description:

A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

A UE shall report one subband CQI value per codeword for each set S subband which
are calculated assuming the use of the single precoding matrix in all subbands and
assuming transmission in the corresponding subband.

A UE shall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in all subbands and transmission on set S
subbands

The UE shall report the single selected precoding matrix indicator except for
transmission mode 9 in which case afirst and second precoding matrix indicator are
reported corresponding to the single selected precoding matrix.

For transmission modes 4, 8 and 9, the reported PMI and CQI values are calculated
conditioned on the reported RI. For other transmission modes they are reported
conditioned on rank 1.

o Subband CQI value for each codeword are encoded differentially with respect to their respective
wideband CQI using 2-bits as defined by

Subband differential CQI offset level = subband CQI index —wideband CQI index. The
mapping from the 2-bit subband differential CQI value to the offset level isshown in
Table 7.2.1-2.
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Table 7.2.1-2: Mapping subband differential CQI value to offset level

Subband differential CQI Offset level
value
0 0
1 1
2 >2
3 <1

o Supported subband size (k) isgivenin Table 7.2.1-3.

Table 7.2.1-3: Subband Size (k) vs. System Bandwidth

System Bandwidth | Subband Size
NG ®
6-7 NA
8-10 4
11-26 4
27 - 63 6
64 -110 8

o UE-selected subband feedback

o Mode 2-0 description:

The UE shall select a set of M preferred subbands of size k (where k and M are givenin
Table 7.2.1-5 for each system bandwidth range) within the set of subbands S.

The UE shall aso report one CQI value reflecting transmission only over the M selected
subbands determined in the previous step. The CQI represents channel quality for the
first codeword, even when RI>1.

Additionally, the UE shall also report one wideband CQI value whichis calculated
assuming transmission on set S subbands. The wideband CQI represents channel quality
for the first codeword, even when RI>1.

For transmission mode 3 the reported CQI values are cal culated conditioned on the
reported RI. For other transmission modes they are reported conditioned on rank 1.

o Mode 2-2 description:

The UE shall perform joint selection of the set of M preferred subbands of size k within
the set of subbands Sand a preferred single precoding matrix selected from the
codebook subset that is preferred to be used for transmission over the M selected
subbands.

The UE shall report one CQI value per codeword reflecting transmission only over the
selected M preferred subbands and using the same selected single precoding matrix in
each of the M subbands.

Except for transmission mode 9, the UE shall also report the single selected precoding
meatrix indicator preferred for the M selected subbands. . A UE shall also report the
selected single precoding matrix indicator for al set S subbands.

For transmission mode 9, a UE shall report afirst precoding matrix indicator for all set
Ssubbands. A UE shall aso report a second precoding matrix indicator for all set S
subbands and another second precoding matrix indicator for the M selected subbands
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= A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

= A UE shal report awideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in all subbands and transmission on set S
subbands

= For transmission modes 4, 8 and 9, the reported PMI and CQI values are cal culated
conditioned on the reported RI. For other transmission modes they are reported
conditioned on rank 1.

o For al UE-selected subband feedback modes the UE shall report the positions of the M selected
subbands using a combinatorial index r defined as

M -1 N_a
] r=
£
*  where the set {s}zgl (1<s <N, s<s,,) contains the M sorted subband indices

X
and <X> = {yj X2y is the extended binomial coefficient, resulting in unique label
4 0 x<y

o The CQI value for the M selected subbands for each codeword is encoded differentially using 2-bits
relative to its respective wideband CQI as defined by

= Differentia CQI offset level = M selected subbands CQI index — wideband CQI index

= The mapping from the 2-bit differential CQI value to the offset level is shown in Table
7.2.1-4.

Table 7.2.1-4: Mapping differential CQI value to offset level

Differential CQI value Offset level
0 <1
1 2
2 3
3 >4

o  Supported subband size k and M vaues include those shown in Table 7.2.1-5. In Table 7.2.1-5 the k
and M values are a function of system bandwidth.

N
o Thenumber of hits to denote the position of the M selected subbandsis L = POQZ(M ﬂ .
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Table 7.2.1-5: Subband Size (k) and Number of Subbands (M) in S vs. Downlink System Bandwidth

System Bandwidth

DL
N RB

Subband Size k (RBs)

6-7

8-10

11-26

27 - 63

64 — 110

P
-l>()\)l\)l\):(>

oW

7.2.2 Periodic CQI/PMI/RI Reporting using PUCCH

A UE is semi-statically configured by higher layers to periodically feed back different CQI, PMI, and Rl on the PUCCH
using the reporting modes given in Table 7.2.2-1 and described below.

Table 7.2.2-1: CQIl and PMI Feedback Types for PUCCH reporting Modes

PMI Feedback Type
No PMI Single PMI
e
g‘ > Wideband Mode 1-0 Mode 1-1
T % (wideband CQI)
O ®
(S =}
-]
o UE Selected Mode 2-0 Mode 2-1
LL
(subband CQI)

For each of the transmission modes defined in Section 7.1, the following reporting modes are supported on PUCCH:

Transmission mode 1
Transmission mode 2
Transmission mode 3
Transmission mode 4
Transmission mode 5
Transmission mode 6
Transmission mode 7
Transmission mode 8

Transmission mode 9

: Modes 1-0, 2-0
: Modes 1-0, 2-0
: Modes 1-0, 2-0
:Modes 1-1, 2-1
:Modes 1-1, 2-1
:Modes 1-1, 2-1
: Modes 1-0, 2-0

:Modes 1-1, 2-1if the UE is configured with PMI/RI reporting; modes 1-0, 2-0if the UE is

;:onfigured without PMI/RI reporting

: Modes 1-1, 2-1 [if the UE is configured with PMI/RI reporting; modes 1-0, 2-0 if the UE
is configured without PMI/RI reporting]

The periodic CQI reporting mode is given by the parameter cqi-FormatlndicatorPeriodic which is configured by
higher-layer signalling. Mode 1-1 is configured to be either submode 1 or submode 2 via higher-layer signaling using

the parameter PUCCH_format1-1 CS_reporting_mode.

For the UE-selected subband CQI, a CQI report in a certain subframe describes the channel quality in a particular part
or in particular parts of the bandwidth described subsequently as bandwidth part (BP) or parts. The bandwidth parts
shall be indexed in the order of increasing frequency and non-increasing sizes starting at the lowest frequency.

e Thereareatotal of N subbands for a system bandwidth given by NR; where LN rs ! kJ subbands are of size k.

If (N%/k-‘ —\_N%/kj>0 then one of the subbands s of size NS5 —k - NS5 7k .
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e A bandwidth part j is frequency-consecutive and consistsof N j subbands where J bandwidth parts span Sor
Ngg asgiveninTable7.22-2.1f J=1 then N, is(NF?BL /k/ﬂ 1f3>1then N; iseither (Ngg /k/ﬂ

r ’_N% /k/J-‘ —1, depending on NS5, k and J.
e Each bandwidth part j, where 0 <j < J-1, is scanned in sequentia order according to increasing frequency.
e  For UE selected subband feedback a single subband out of N J- subbands of a bandwidth part is selected
along with a corresponding L-bit label indexed in the order of increasing frequency,

WhereL:{IogJN,% /k/J—H .

The CQI and PMI payload sizes of each PUCCH reporting mode are given in Table 7.2.2-3.

The following CQI/PMI and RI reporting types with distinct periods and offsets are supported for the PUCCH reporting
modes givenin Table 7.2.2-3;
e Type 1 report supports CQI feedback for the UE selected sub-bands
Type lareport supports subband CQI and second PMI feedback
Type 2, Type 2b, and Type 2c report supports wideband CQI and PMI feedback
Type 2areport supports wideband PM| feedback
Type 3 report supports RI feedback
Type 4 report supports wideband CQI
Type 5 report supports Rl and wideband PMI feedback
Type 6 report supports Rl and PTI feedback

The periodicity Npg (in subframes) and offset Noppger o (in subframes) for CQI/PMI reporting are determined based on
the parameter cqi-pmi-Configindex (1 g /pv ) givenin Table 7.2.2-1A for FDD and Table 7.2.2-1C for TDD. The periodicity

Mg andrelativeoffset Noppger g fOr RI reporting are determined based on the parameter ri-Configindex (1 ) givenin

Table 7.2.2-1B. Both cqi-pmi-Configlndex and ri-Configlndex are configured by higher layer signalling. Therelative
reporting offset for Rl Noppger r takesvaluesfromthe set {0,-1,...,—(Npg — 1)}

In the case where wideband CQI/PMI reporting is configured:
e Thereporting instances for wideband CQI/PMI are subframes satisfying

(t0xn¢ +[ng/ 2]~ Norrser o Jmod(N g )=0.
e IncaseRl reporting is configured, the reporting interval of the RI reporting is an integer multiple Mg, of
period Npq (in subframes).

o Thereporting instances for RI are subframes satisfying
(Loxn¢ +|ns /2]~ Noprser col — Norrser, mi Jmod(N pd MR )=0.

In the case where both wideband CQI/PMI and subband CQI reporting are configured:
e The reporting instances for wideband CQI/PMI and subband CQI are subframes satisfying
(Loxn¢ +[ns/2]~ Noprser coi Jmod N pg =0.

= When PTI is not transmitted or the most recently transmitted PT1 was equal to 1:

* Thewideband CQI/PMI report has period H - N4, and isreported on the
subframes satisfying  (L0xn¢ +|ns/2]~ Noprser cor Jmod(H - Njpg )= 0. The
integer H isdefinedas H =J-K+1, where J isthe number of bandwidth
parts.

= Between every two consecutive wideband CQI/PMI reports, theremaining J-K
reporting instances are used in sequence for subband CQI reportson K full cycles
of bandwidth parts except when the gap between two consecutive wideband
CQI/PMI reports contains lessthan J - K reporting instances due to a system
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frame number transition to O, in which case the UE shall not transmit the remainder
of the subband CQI reports which have not been transmitted before the second of
the two wideband CQI/PMI reports. Each full cycle of bandwidth parts shall bein
increasing order starting from bandwidth part 0 to bandwidth part J—1. The
parameter K is configured by higher-layer signalling.
= When the most recently transmitted PTI isO:
= Thewideband CQI/PMI report has period H’- N pd » and is reported on the
subframes satisfying (10>< ng + Lns / ZJ— NorFseT,cal )mod(H "N ): 0, where
H’issignalled by higher layers.

= Between every two consecutive wideband CQI/PMI reports, the remaining
reporting instances are used for a second precoding matrix indicator with wideband

CQI as described below

In case RI reporting is configured, the reporting interval of Rl is My, times the wideband CQI/PMI period
H - Npq , and Rl isreported on the same PUCCH cyclic shift resource as both the wideband CQI/PMI and

subband CQI reports.
= Thereporting instances for RI are subframes satisfying
(Loxn¢ +[ns/2]- Norrser col — Norrser,mi Jmod(H - N pd MR )=0

In case of collision of PUCCH reporting type 3, 5, or 6 with 1, 1a, 2, 2a, 2b, 2c, or 4 the latter PUCCH reporting types (1, 1a,
2, 2a, 2b, 2c, or 4) have lower priority and are dropped. See section 10.1 regarding UE behaviour for collision between

CQI/PMI/RI and ACK/NACK and the corresponding PUCCH format assignment.
(2,p)

The CQI/PMI or RI report shall be transmitted on the PUCCH resource ”|(:>2L)8)CH asdefined in [3], where ny(jcey is

UE specific and configured by higher layers.
In case of callision between CQI/PMI/RI and positive SR in a same subframe, CQI/PMI/RI is dropped.

Table 7.2.2-1A: Mapping of Icopmi t0 Npg and Negeger cq for FDD.

ICQI /PMI Value of N pd Value of NO,:,:SET‘CQl
0< legipm <1 2 lcqiremi
2< leqpm <6 5 lequpm —2
7< legipm <16 10 leqipm —7
17 < lequpm <36 20 lequpm — 17
37< lecqupm <76 40 leqipm — 37
77< leqpm <156 80 leqipm — 77
157 < oo pwi <316 160 lcqi/pm — 157
lcoipm =317 Reserved
318 < lcqpw <349 32 lcqi/pm — 318
350 < lcq/pw <413 64 lcqi/pmi — 350
414 < oo pw <541 128 lcqpm —414
542 < lcqpw <1023 Reserved
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Table 7.2.2-1B: Mapping of Iy to Mg and Nogpgr g -

ln Value of Mg, Value of NOFFSETH

0< Iy <160 1 ~Ig

161< Iy <321 2 -(lg -—161)
322< | <482 4 -(lg —322)
483< | <643 8 - (lg —483)
644 < | <804 16 - (lg —644)
805< lg <965 32 - (lg —805)
966 < | <1023 Reserved

Table 7.2.2-1C: Mapping of Icgpm t0 Npg and Nogeser cq for TDD.

lcoirpmi Value of Npq Value of Noppeer con
lcoipm =0 1 lcorremi

1< leqipm <5 5 leqipm —1

6< lcqpm <15 10 lcqipm —6
16 < lcqpm <35 20 lcqipm — 16
36< lcqpm <75 40 lcqi/pmi —36
76 < lcqipm <155 80 leqipm — 76
156 < legpm <315 160 lcqiem — 156
316 < lcqpw <1023 Reserved

For TDD periodic CQI/PMI reporting, the following periodicity values apply depending on the TDD UL/DL
configuration [3]:
o Thereporting period of Npq =1 isonly applicableto TDD UL/DL configurations0, 1, 3, 4, and 6,

where all UL subframesin aradio frame are used for CQI/PMI reporting.
o Thereporting period of Ny =5 isonly applicableto TDD UL/DL configurations 0, 1, 2, and 6.

o Thereporting periodsof N4 ={10,20,40,80,160} are applicableto all TDD UL/DL configurations.
For Nnas <7, Mode 2-0 and Mode 2-1 are not supported.

The sub-sampled code book for PUCCH 1-1 submode 2 is defined in Table 7.2.2-1D for first and second precoding
matrix indicator i; and i,. Joint encoding of rank and first precoding matrix indicator i; for PUCCH 1-1 submode 1

isdefined in Table 7.2.2-1E.
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Table 7.2.2-1D: PUCCH 1-1 submode 2 code book subsampling.

Iy i total
RI #bits values #bits values #bits
1 3 {0, 2, 4,6, 8, 10, 12, 14}, 1 {0, 2} 4
2 3 {0, 2, 4,6, 8,10, 12, 14} 1 {0, 1} 4
3 1 {0, 2} 3 {0,1, 2,3, 8,9,10, 11} 4
4 1 {0, 1} 3 {0,1,2,3,4,5,6, 7} 4
5 2 {0,1, 2,3} 0 {0} 2
6 2 {0,1, 2, 3} 0 {0} 2
7 2 {0,1, 2,3} 0 {0} 2
8 0 {0} 0 {0} 0

Table 7.2.2-1E: Joint encoding of Rl and i; for PUCCH 1-1 submode 1.

hypotheses RI .
values

0-7 1 {0,2,4,6,8,12,14}
8-15 2 {0,2,4,6,8,12,14}
16-17 3 {0,2}
18-19 4 {0,2}
20-21 5 {0,2}
22-23 6 {0,2}
24-25 7 {0,2}

26 8 {0}
27-31 reserved NA

A RI report in a periodic reporting mode is valid only for CQI/PMI report on that periodic reporting mode.

For the calculation of CQI/PMI conditioned on the last reported RI, in the absence of alast reported RI the UE shall
conduct the CQI/PMI calculation conditioned on the lowest possible RI as given by the bitmap parameter
codebookSubsetRestriction .

e Wideband feedback
o Mode 1-0 description:

= Inthe subframe where RI isreported (only for transmission mode 3):
e A UE shal determine a Rl assuming transmission on set S subbands.
e TheUE shall report atype 3 report consisting of one RI.

= Inthe subframe where CQI is reported:

e A UE shal report atype 4 report consisting of one wideband CQI value which
is calculated assuming transmission on set S subbands. The wideband CQI
represents channel quality for the first codeword, even when RI>1.

e  For transmission mode 3 the CQI is calculated conditioned on the last reported
periodic RI. For other transmission modesit is cal culated conditioned on
transmission rank 1

o Mode 1-1 description:
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= |nthe subframe where RI isreported (only for transmission mode 4 and transmission
mode 8 and transmission mode 9):

e A UE shall determine a Rl assuming transmission on set S subbands.
e The UE shal report atype 3 report consisting of one RI

= Inthe subframe where Rl and afirst precoding matrix indicator are reported (only for
transmission mode 9 with submode 1 and the number of ports configured for CSI
reporting exceeds 4)

e A UE shal determine a Rl assuming transmission on set S subbands

e The UE shal report atype 5 report consisting of jointly coded RI and afirst
precoding matrix indicator corresponding to a single precoding matrix selected
from the codebook subset assuming transmission on set S subbands

= |nthe subframe where CQI/PMI is reported:

e A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands

e A UE shal report atype 2/2b/2c report on each respective successive reporting
opportunity consisting of

o A single wideband CQI value which is calculated assuming the use of
asingle precoding matrix in all subbands and transmission on set S
subbands.

o For transmission mode 4 and 8 only: atype 2 report composed of the
selected single second precoding matrix indicator (wideband PMI).

o For transmission mode 9 configured to submode 1 only: atype 2b
report composed of the selected single second precoding matrix
indicator (wideband PMI) as defined in Section 7.2.4.

o For transmission mode 9 configured to submode 2 only: atype 2¢
report composed of afirst and a second precoding matrix indicator
corresponding to the single selected precoding matrix as defined in
Section 7.2.4.

o When RI>1, a3-bit wideband spatial differential CQI, which is shown
inTable 7.2-2.

e  For transmission mode 4, 8 and 9, the PMI and CQI are calculated conditioned
on the last reported periodic RI. For other transmission modes they are
calculated conditioned on transmission rank 1.
e UE Selected subband feedback
o Mode 2-0 description:
= |nthe subframe where RI isreported (only for transmission mode 3):
e A UE shal determine a Rl assuming transmission on set S subbands.
e TheUE shall report atype 3 report consisting of one RI.
= |nthe subframe where wideband CQI is reported:

e The UE shal report atype 4 report on each respective successive reporting
opportunity consisting of one wideband CQI value which is calculated
assuming transmission on set S subbands. The wideband CQI represents
channel quality for the first codeword, even when RI>1.

e  For transmission mode 3 the CQI is calculated conditioned on the last reported

periodic RI. For other transmission modesit is cal culated conditioned on
transmission rank 1.
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= |nthe subframe where CQI for the selected subbands is reported:

e The UE shall select the preferred subband within the set of Nj subbandsin
each of the J bandwidth partswhere Jisgivenin Table 7.2.2-2.

e TheUE shall report atype 1 report consisting of one CQI value reflecting
transmission only over the sel ected subband of a bandwidth part determined in
the previous step along with the corresponding preferred subband L-bit label.
A type 1 report for each bandwidth part will in turn be reported in respective
successive reporting opportunities. The CQI represents channel quality for the
first codeword, even when RI>1.

e  For transmission mode 3 the preferred subband selection and CQI values are
calculated conditioned on the last reported periodic RI. For other transmission
modes they are calculated conditioned on transmission rank 1.

o Mode 2-1 description:

= Inthe subframe where RI isreported (only for transmission mode 4, 8 and 9 if the
number of ports configured for CSl reporting is 2 or 4):

e A UE shall determine a Rl assuming transmission on set S subbands.
e TheUE shall report atype 3 report consisting of one RI.

= |nthe subframe where RI isreported and if the number ports configured for CSI
reporting exceeds 4 then for transmission mode 9:

e A UE shall determine a Rl assuming transmission on set S subbands.

e A UE shal determine a precoder type indication (PTI).

e TheUE shall report atype 6 report consisting of one Rl and the PTI.
=  Inthe subframe where wideband CQI/PMI is reported:

e A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

e Except for transmission mode 9, a UE shall report atype 2 report on each
respective successive reporting opportunity consisting of:

o A wideband CQI value which is calculated assuming the use of a
single precoding matrix in all subbands and transmission on set S
subbands.

o Thesingle selected precoding matrix indicator (wideband PMI).

o When RI>1, and additional 3-bit wideband spatial differential CQI,
whichisshownin Table 7.2-2.

e For transmission mode 9, a UE shall report atype 2areport if PTI=0 or atype
2b report if either PT1=1 or the the number of ports configured for CSI
reporting is 2 or 4, on each respective successive reporting opportunity
consisting of:

o Incaseof PTI=1, awideband CQI value which is calculated assuming
the use of asingle precoding matrix in all subbands and transmission
on set Ssubbands.

o Incaseof PTI=0, thefirst precoding matrix indicator is reported
corresponding to the single selected precoding matrix

o Incaseof PTI=1, the second precoding matrix indicator is reported
corresponding to the single selected precoding matrix

o Incaseof PTI=1, when RI>1, and additional 3-bit wideband spatial
differential CQI, whichisshownin Table 7.2-2.
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For transmission mode 4, 8 and 9, the PMI and CQI values are calculated
conditioned on the last reported periodic RI. For other transmission modes they
are calculated conditioned on transmission rank 1.

= Inthe subframe where CQI for the selected subbands is reported:

The UE shall select the preferred subband within the set of N; subbandsin each
of the J bandwidth partswhere Jisgivenin Table 7.2.2-2.

Except for transmission mode 9 with 8 ports configured for CSI reporting, the
UE shall report atype 1 report per bandwidth part on each respective
successive reporting opportunity consisting of:

o CQI valuefor codeword O reflecting transmission only over the
selected subband of a bandwidth part determined in the previous step
along with the corresponding preferred subband L-bit label.

o When RI>1, an additional 3-bit subband spatial differential CQI value
for codeword 1 offset level

= Codeword 1 offset level = subband CQI index for codeword O
—subband CQI index for codeword 1.

= Assuming the use of the most recently reported single
precoding matrix in all subbands and transmission on set S
subbands.

o The mapping from the 3-bit subband spatial differential CQI value to
the offset level is shown in Table 7.2-2.

For transmission mode 9 with 8 ports configured for CSI reporting, if PTI1=0
the UE shall report atype 2b report on each respective successive reporting
opportunity consisting of:

o A wideband CQI value which is calculated assuming the use of a
single selected precoding matrix in al subbands and transmission on
set Ssubbands.

o A second precoding matrix indicator of the preferred precoding
matrix selected from the codebook subset assuming transmission on
set Ssubbands.

o When RI>1, an additional 3-bit subband spatial differential CQI value
for codeword 1 offset level

= Codeword 1 offset level = subband CQI index for codeword O
—subband CQI index for codeword 1.

= Assuming the use of the most recently reported single
precoding matrix in all subbands and transmission on set S
subbands.

o  The mapping from the 3-bit subband spatial differential CQI value to
the offset level isshown in Table 7.2-2.

For transmission mode 9, if PT1=1, the UE shall report a type 1lareport per
bandwidth part on each respective successive reporting opportunity consisting
of:

o CQI vauefor codeword O reflecting transmission only over the
selected subband of a bandwidth part determined in the previous step
along with the corresponding preferred subband L-bit label.

o When RI>1, an additional 3-bit subband spatia differential CQI value
for codeword 1 offset level
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= Codeword 1 offset level = subband CQI index for codeword O
— subband CQI index for codeword 1.

= Assuming the use of the most recently reported single
precoding matrix in all subbands and transmission on set S
subbands.

o  The mapping from the 3-bit subband spatial differential CQI valueto
the offset level isshownin Table 7.2-2.

o A second precoding matrix indicator of the preferred precoding
matrix selected from the codebook subset assuming transmission only
over the selected subband of a bandwidth part determined in the
previous step.

e  For transmission mode 4, 8 and 9, the subband selection and CQI values are
calculated conditioned on the last reported periodic wideband PMI and RI. For
other transmission modes they are calculated conditioned on the |ast reported
PMI and transmission rank 1.

Table 7.2.2-2: Subband Size (k) and Bandwidth Parts (J) vs. Downlink System Bandwidth

System Bandwidth Subband Size k Bandwidth Parts
NRg (RBs) )
6-7 NA NA
8-10 4 1
11-26 4 2
27 - 63 6 3
64 — 110 8 4

If parameter ttiBundling provided by higher layersis set to TRUE and if an UL-SCH in subframe bundling operation
collides with a periodic CQI/PMI/RI reporting instance, then the UE shall drop the periodic CQI/PMI/RI report in that
subframe and shall not multiplex periodic CQI/PMI and/or rank indicator in the PUSCH transmission in that subframe.

Table 7.2.2-3: PUCCH Report Type Payload size per Reporting Mode

PUCCH Reporting Modes
FF’QL;S;T Reported Mode State Mode 1-1 | Mode2-1 | Mode 1-0 | Mode 2-0
Type (bits/BP) | (bits/BP) (bits/BP) | (bits/BP)
1 Sub-band RI=1 NA 4+L NA 4+L
cal RI> 1 NA 7+L NA 4+L
8 antenna ports RI = 1 NA 8+L NA NA
1a | Subband COITT g ts1<RI<5 NA 9+L NA NA
second PMI antenna ports
8 antenna ports Rl > 4 NA 7+L NA NA
2 antenna ports RI =1 6 6 NA NA
Wideband 4 antenna ports RI =1 8 8 NA NA
2
CQl/PMI 2 antenna ports RI > 1 8 8 NA NA
4 antenna ports RI > 1 11 11 NA NA
. ) 8 antenna ports RI < 3 NA 4 NA NA
2a Wldel;?\;lld first 8 antenna ports 2 <RI < 8 NA 2 NA NA
8 antenna ports RI = 8 NA 0 NA NA
8 antenna ports Rl = 1 8 8 NA NA
2b Wideband CQI | 8 antenna ports 1 <RI<4 11 11 NA NA
/ second PMI 8 antenna ports Rl = 4 10 10 NA NA
8 antenna ports Rl > 4 7 7 NA NA
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) 8 antenna ports RI =1 8 - NA NA
Wideband CQI' | g antenna ports 1 < RI < 4 11 - NA NA
2b [first PMI / 8 antenna ports 4 < Rl < 4 9 NA NA
second PMI
8 antenna ports Rl = 8 7 - NA NA
2-layer spatial multiplexing 1 1 1 1
3 RI 4-layer spatial multiplexing 2 2 2 2
8-layer spatial multiplexing 3 3 NA NA
4 Wideband CQI RI=1orRI>1 NA NA 4 4
8 antenna ports, 2-layer 4
5 RI/ first PMI spatial multiplexing NA NA NA
8 antenna ports, 4 and 8- 5
layer spatial multiplexing
8 anterjna por.ts, 2-.Iayer NA 2 NA NA
spatial multiplexing
6
RI/PTI 8 antenna ports, 4-layer NA 3 NA NA
spatial multiplexing
8 anter_ma por_ts, 8-_Iayer NA 4 NA NA
spatial multiplexing

7.2.3 Channel quality indicator (CQI) definition

The CQI indices and their interpretations are givenin Table 7.2.3-1.

Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in
uplink subframe n the highest CQI index between 1 and 15 in Table 7.2.3-1 which satisfies the following condition, or
CQI index 0 if CQI index 1 does not satisfy the condition:

- A single PDSCH transport block with a combination of modulation scheme and transport block size
corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CQI
reference resource, could be received with atransport block error probability not exceeding 0.1.

For transmission mode 9 and feedback reporting modes the UE shall derive the channel measurements for computing
the CQI value reported in uplink subframe n based on only the Channel-State | nformation (CSl) reference signals
definedin[3]. For other transmission modes and their respective reporting modes the UE shall derive the channel
measurements for computing CQI based on CRS.

A combination of modulation scheme and transport block size corresponds to a CQI index if:

- the combination could be signalled for transmission on the PDSCH in the CQI reference resource according to
the relevant Transport Block Size table, and

- the modulation scheme isindicated by the CQI index, and

- the combination of transport block size and modulation scheme when applied to the reference resource results
in the effective channel code rate which is the closest possible to the code rate indicated by the CQI index. If
more than one combination of transport block size and modulation scheme results in an effective channel code
rate equally close to the code rate indicated by the CQI index, only the combination with the smallest of such
transport block sizesisrelevant.

The CQI reference resource is defined as follows:

- Inthe frequency domain, the CQI reference resource is defined by the group of downlink physical resource
blocks corresponding to the band to which the derived CQI value relates.

- Inthetime domain, the CQI reference resource is defined by a single downlink subframe n-ncq rer,

o wherefor periodic CQI reporting Ncg e 1S the smallest value greater than or equal to 4, such that it
corresponds to avalid downlink subframe;

ETSI



3GPP TS 36.213 version 10.0.1 Release 10 59 ETSI TS 136 213 V10.0.1 (2011-01)

o wherefor aperiodic CQI reporting ncq e IS such that the reference resource isin the same valid
downlink subframe as the corresponding CQI request in an uplink DCI format.

o wherefor aperiodic CQI reporting g e isequal to 4 and downlink subframe n-ngq; e COrresponds
to avalid downlink subframe, where downlink subframe n-ncq; ¢ iS received after the subframe with
the corresponding CQI request in a Random Access Response Grant.

A downlink subframe shall be considered to be valid if:
= jtisconfigured as adownlink subframe for that UE, and
= except for transmission mode 9, it is not an MBSFN subframe, and

= it doesnot contain a DWPTSfield in case the length of DWPTSis 7680-T, and less, and

= it doesnot fall within a configured measurement gap for that UE.

If thereis no valid downlink subframe for the CQI reference resource, CQI reporting is omitted in uplink
subframe n.

- Inthelayer domain, the CQI reference resource is defined by any RI and PMI on which the CQI is
conditioned.

In the CQI reference resource, the UE shall assume the following for the purpose of deriving the CQI index:
e Thefirst 3 OFDM symbols are occupied by control signalling

No resource elements used by primary or secondary synchronisation signals or PBCH

CP length of the non-MBSFN subframes

Redundancy Version 0

If CSI-RSis used for channel measurements, the ratio of PDSCH EPRE to CSI-RS EPRE isasgivenin

Section 7.2.5

e The PDSCH transmission scheme given by Table 7.2.3-0 depending on the transmission mode currently
configured for the UE (which may be the default mode).

e |f CRSisused for channel measurements, the ratio of PDSCH EPRE to cell-specific RSEPRE isasgivenin

Section 5.2 with the exception of p 5 which shall be assumed to be
o pp=Py+Au +10l0g,,(2) [dB] for any modulation scheme, if the UE is configured with

transmission mode 2 with 4 cell-specific antenna ports, or transmission mode 3 with 4 cell-specific
antenna ports and the associated Rl is equal to one;

o P = Pa+ Agset [dB] for any modulation scheme and any number of layers, otherwise.

The shift A et iS given by the parameter nomPDSCH-RS-EPRE-Offset which is configured by higher-layer
signalling.
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Table 7.2.3-0: PDSCH transmission scheme assumed for CQI reference resource

Transmission mode Transmission scheme of PDSCH

1 Single-antenna port, port O

2 Transmit diversity

3 Transmit diversity if the associated
rank indicator is 1, otherwise large
delay CDD

4 Closed-loop spatial multiplexing

5 Multi-user MIMO

6 Closed-loop spatial multiplexing with
asingle transmission layer

7 If the number of PBCH antenna ports

is one, Single-antenna port, port 0;
otherwise Transmit diversity

8 If the UE is configured without
PMI/RI reporting: if the number of
PBCH antenna portsis one, single-
antenna port, port O; otherwise
transmit diversity

If the UE is configured with PMI/RI
reporting: closed-loop spatial
multiplexing

9 Closed-loop spatial multiplexing with
up to 8 layer transmission, ports 7-14
(see subclause 7.1.5B)

Table 7.2.3-1: 4-bit CQI Table

CQlindex | modulation | code rate x 1024 | efficiency

0 out of range

1 QPSK 78 0.1523
2 QPSK 120 0.2344
3 QPSK 193 0.3770
4 QPSK 308 0.6016
5 QPSK 449 0.8770
6 QPSK 602 1.1758
7 16QAM 378 1.4766
8 16QAM 490 1.9141
9 16QAM 616 2.4063
10 64QAM 466 2.7305
11 640QAM 567 3.3223
12 640QAM 666 3.9023
13 640QAM 772 4.5234
14 640QAM 873 5.1152
15 64QAM 948 5.5547

7.2.4 Precoding Matrix Indicator (PMI) definition

For transmission modes 4, 5, 6 and 9, precoding feedback is used for channel dependent codebook based precoding and
relies on UES reporting precoding matrix indicator (PMI). For transmission mode 8, the UE shall report PMI if
configured with PMI/RI reporting. A UE shall report PMI based on the feedback modes described in 7.2.1 and 7.2.2.

For 2 and 4 antenna ports, each PMI value corresponds to a codebook index given in Table 6.3.4.2.3-1 or Table
6.3.4.2.3-2 of [3] asfollows:
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»  For 2 antennaports {01} and an associated Rl value of 1, aPMI valueof ne {0,1,2,3} correspondsto the
codebook index N givenin Table 6.3.4.2.3-1 of [3] with v =1.

»  For 2 antennaports {01} and an associated RI value of 2, aPMI value of Ne {O,l} corresponds to the
codebook index N+ lgivenin Table6.3.4.2.3-1 of [3] with v = 2.

=  For 4 antennaports {0,1,2,3}, aPMI valueof ne {O,l,~ . ,15} corresponds to the codebook index N given
inTable 6.3.4.2.3-2 of [3] with v equal to the associated RI value.

For 8 antenna ports, each PM| value corresponds to a pair of codebook indices givenin Table 6.3.4.2.3-3, 6.3.4.2.3-4,
6.3.4.2.3-5, 6.3.4.2.3-6, 6.3.4.2.3-7, 6.3.4.2.3-8, 6.3.4.2.3-9, or 6.3.4.2.3-10 of [3] asfollows:

= For 8 antennaports {1516,17,1819,20,21,22 }, afirst PMI value of n; e {01,---, f (v)—1} and asecond PMI
valueof n,e{0,,---,g(v) -1} corresponds to the codebook indices iy and n, givenin Table 6.3.4.2.3-j of
[3] with v equal to the associated Rl value and wherej = 2+v, f(v)={16164,4,4,4,41} and
g(v) ={1616,16,81111}.

For other transmission modes, PMI reporting is not supported.

7.2.5 Channel-State Information — Reference Symbol (CSI-RS) definition

The following parameters for CSI-RS are cell specific and are configured via higher layer signaling:
¢ Number of CSI-RS ports. The allowable values and port mapping are given in Section 6.10.5 of [3].
¢ CSl RS Configuration (see Table 6.10.5.2-1 and Table 6.10.5.2-2 in [3])
e CSl RS subframe configuration |~ _grs. Thealowable values are given in Section 6.10.5.3 of [3].
*  Subframe configuration period Tq.rs. The alowable values are given in Section 6.10.5.3 of [3].
e Subframeoffset Arq.grs- Thealowablevaluesare givenin Section 6.10.5.3 of [3].

»  UE assumption on reference PDSCH transmitted power for CSI feedback P, . P, isthe assumed ratio of

PDSCH EPRE to CSI-RS EPRE when UE derives CSl feedback and takes values in the range of [-8, 15] dB
with 1 dB step size.

7.3 UE procedure for reporting ACK/NACK

For FDD, when both ACK/NACK and SR are transmitted in the same sub-frame a UE shall transmit the ACK/NACK
on its assigned ACK/NACK PUCCH resource for a negative SR transmission and transmit the ACK/NACK onits
assigned SR PUCCH resource for a positive SR transmission.

For TDD and all UL-DL configurations except configuration 5, two ACK/NACK feedback modes are supported by
higher layer configuration.

- ACK/NACK bundling, and
- ACK/NACK multiplexing
For TDD UL-DL configuration 5, only ACK/NACK bundling is supported.

For TDD, the UE shall upon detection of a PDSCH transmission or a PDCCH indicating downlink SPS rel ease (defined
in section 9.2) within subframe(s) n—k, where ke K and K isdefined in Table 10.1-1 intended for the UE and for
which ACK/NACK response shall be provided, transmit the ACK/NACK responsein UL subframe n.

For TDD UL-DL configurations 1-6, the value of the Downlink Assignment Index (DAI) in DCI format O, VDU,L" ,

detected by the UE according to Table 7.3-X in subframe N—K', where K' isdefined in Table 7.3-Y, represents the
total number of subframes with PDSCH transmissions and with PDCCH indicating downlink SPS release to the

corresponding UE within all the subframe(s) n—k , wherek e K . The value VDU,L" includes all PDSCH transmission
with and without corresponding PDCCH within all the subframe(s) n—k . In case neither PDSCH transmission, nor
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PDCCH indicating the downlink SPS resource release is intended to the UE, the UE can expect that the value of the
DAI in DCI format 0, Vg, , if transmitted, is set to 4.

For TDD UL-DL configurations 1-6, the value of the DAI in DCI format 1/1A/1B/1D/2/2A/2B/2C denotes the
accumulative number of PDCCH(s) with assigned PDSCH transmission(s) and PDCCH indicating downlink SPS
release up to the present subframe within subframe(s) n—k, where ke K , and shall be updated from subframe to

subframe. Denote VDDA'] asthe value of the DAl in PDCCH with DCI format 1/1A/1B/1D/2/2A/2B/2C detected by the

UE according to Table 7.3-X in subframen— K., where K . isthe smallest valueintheset K (defined in Table
10.1-1) such that the UE detects a DCI format 1/1A/1B/1D/2/2A/2B/2C.

For all TDD UL-DL configurations, denote U, asthetotal number of PDCCH(s) with assigned PDSCH
transmission(s) and PDCCH indicating downlink SPS release detected by the UE within the subframe(s) n—k , where
ke K . Denote Ng, which can be zero or one, as the number of PDSCH transmissions without a corresponding
PDCCH within the subframe(s) n—k, where ke K.

For TDD ACK/NACK bundling or ACK/NACK multiplexing and asubframe n with M =1, the UE shall generate
one or two ACK/NACK bits by performing alogical AND operation per codeword across M DL subframes

associated with asingle UL subframe, of all the corresponding U, + N individual PDSCH transmission

ACK/NACKsand individual ACK in response to received PDCCH indicating downlink SPSrelease, where M isthe
number of elementsintheset K defined in Table 10.1-1. The UE shall detect if at least one downlink assignment has

been missed, and for the case that the UE is transmitting on PUSCH the UE shall also determine the parameter N eq -
For TDD UL-DL configuration 0, N, 4. Shal be 1if UE detects the PDSCH transmission with or without
corresponding PDCCH within the subframe n—k, where ke K .

- For the case that the UE is not transmitting on PUSCH in subframe n and TDD UL-DL configurations 1-6, if
Upy >0 and VS # (U, —1)mod4+1, the UE detects that at least one downlink assignment has been
missed.

- For the case that the UE is transmitting on PUSCH and the PUSCH transmission is adjusted based on a detected
PDCCH with DCI format 0 intended for the UE and TDD UL-DL configurations 1-6, if

VI # (Ugy + Ngg —1)mod4 +1 the UE detects that at least one downlink assignment has been missed
and the UE shall generate NACK for all codewords where N, o4 iSdetermined by the UE as
Noyaes = Vou + 2. If the UE does not detect any downlink assignment missing, N, iSdetermined by

theUE as N,y = Von - UE shall not transmit ACK/NACK if U, + Ngg = 0and Vy = 4.

- For the case that the UE is transmitting on PUSCH, and the PUSCH transmission is not based on a detected
PDCCH with DCI format 0 intended for the UE and TDD UL-DL configurations 1-6, if U, >0 and

Ve # (Upy —1)mod4+1, the UE detectsthat at least one downlink assignment has been missed and the
UE shall generate NACK for all codewords. The UE determines N, qeq = Upa + Neps) asthe number of
assigned subframes. The UE shall not transmit ACK/NACK if Uy, + Ngg =0.
For TDD ACK/NACK bundling, when the UE is configured by transmission mode 3, 4 or 8 defined in Section 7.1 and
ACK/NACK bits are transmitted on PUSCH, the UE shall always generate 2 ACK/NACK bits assuming both codeword

0 and 1 are enabled. For the case that the UE detects only the PDSCH transmission associated with codeword 0 within
the bundled subframes, the UE shall generate NACK for codeword 1.
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Table 7.3-X: Value of Downlink Assignment Index

Number of subframes with
DAI A \/ DL PDSCH transmission and with
MSB, LSB pa O Voa PDCCH indicating DL SPS
release
0,0 1 lor5o0r9
0,1 2 20r6
1,0 3 3or7
1,1 4 Oor4or8

Table 7.3-Y: Uplink association index k’ for TDD

TDD UL/DL subframe number n
Configuration
0|1|2 |3 |4|5|6|] 7 (8|9

1 6 4 6 |4

2 4 4

3 4 | 4| 4

4 4 4

5 4

6 7 7 5 7 |7

For TDD ACK/NACK multiplexing and a subframe nwith M >1, spatial ACK/NACK bundling across multiple
codewords within a DL subframeis performed by alogical AND operation of all the corresponding individual
ACK/NACKS. In case the UE is transmitting on PUSCH, the UE shall determine the number of ACK/NAK feedback

bits O*™ and the ACK/NACK feedback bits 0°““ , n=0,...,0"* —1 to be transmitted in subframen in
case the UE is transmitting on PUSCH.

If the PUSCH transmission is adjusted based on a detected PDCCH with DCI format O intended for the UE,
then 0" =V unless Vi =4 and Uy, + Ngg =0 inwhich case the UE shall not transmit
ACK/NACK. The gpatially bundled ACK/NACK for a PDSCH transmission with a corresponding PDCCH or
for aPDCCH indicating downlink SPSrelease in subframe n—k is associated with Oéf\lK(k)_l where DAI(K) is
the value of DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C detected in subframe n—k . For the case with

Ngs > 0, the ACK/NACK associated with a PDSCH transmission without a corresponding PDCCH is

mapped to ngc'i Iy The ACK/NACK feedback bits without any detected PDSCH transmission or without

detected PDCCH indicating downlink SPS release are set to NACK.
If the PUSCH transmission is not adjusted based on a detected PDCCH with DCI format O intended for the UE,
O =M ,and 0°" isassociated with the spatially bundied ACK/NACK for DL subframe n—Kk. ,

wherek, € K. The ACK/NACK feedback bits without any detected PDSCH transmission or without detected

PDCCH indicating downlink SPS release are set to NACK. The UE shall not transmit ACK/NACK if
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For TDD when both ACK/NACK and SR are transmitted in the same sub-frame, a UE shall transmit the bundled
ACK/NACK or the multiple ACK/NAK responses (according to section 10.1) on its assigned ACK/NACK PUCCH
resources for a negative SR transmission. For apositive SR, the UE shall transmit b(0),b(1) onits assigned SR

PUCCH resource using PUCCH format 1b according to section 5.4.1in[3]. Thevalue of b(0),b(1) are generated
according to Table 7.3-1 fromthe U, + Ngg ACK/NACK responsesincluding ACK in response to PDCCH
indicating downlink SPS release by spatial ACK/NAK bundling across multiple codewords within each PDSCH
transmission. For TDD UL-DL configurations 1-6, if U, >0 and V3x # (Upy —1)mod4+1, the UE detects that at
least one downlink assignment has been missed.

Table 7.3-1: Mapping between multiple ACK/NACK responses and p(0),b(1)

Number of ACK among multiple (U, + Ngg) ACK/NACK b(0), b(1)
responses
0 or None (UE detect at least one DL assignment is missed) 0,0
1 1,1
2 1,0
3 0,1
4 1,1
5 1,0
6 0,1
7 1,1
8 1,0
9 0,1

For TDD when both ACK/NACK and CQI/PMI or RI are configured to be transmitted in the same sub-frame on the
PUCCH, a UE shall transmit CQI/PMI or Rl and b(0),b(1) using PUCCH format 2b for normal CP or PUCCH format

2 for extended CP, according to section 5.2.3.4in [4] with ag,a; replaced by b(0),b(1) . Thevalueof b(0),b(1) are
generated according to Table 7.3-1 fromthe U, + Ngg ACK/NACK responsesincluding ACK in response to
PDCCH indicating downlink SPS release by spatial ACK/NACK bundling across multiple codewords within each
PDSCH transmission. For TDD UL-DL configurations 1-6, if U, >0 and V5x #(Upy —1)mod4+1, the UE
detects that at least one downlink assignment has been missed.

When only ACK/NACK or only apositive SR is transmitted a UE shall use PUCCH Format 1a or 1b for the
ACK/NACK resource and PUCCH Format 1 for the SR resource as defined in section 5.4.1in [3].

8 Physical uplink shared channel related procedures

For FDD, there shall be 8 uplink HARQ processes per serving cell for non-subframe bundling operation, i.e. normal
HARQ operation, and 4 uplink HARQ processes for subframe bundling operation. The subframe bundling operation is
configured by the parameter ttiBundling provided by higher layers.

In case higher layers configure the use of subframe bundling for FDD and TDD, the subframe bundling operation is
only applied to UL-SCH, such that four consecutive uplink subframes are used.
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8.0 UE procedure for transmitting the physical uplink shared
channel

For FDD and norma HARQ operation, the UE shall upon detection on a given serving cell of aPDCCH with uplink
DCI format and/or a PHICH transmission in subframe n intended for the UE, adjust the corresponding PUSCH
transmission in subframe n+4 according to the PDCCH and PHICH information.

For FDD and normal HARQ operation, in case of uplink spatial multiplexing, if the UE detects a PHICH transmission
and the UE does not detect a PDCCH with DCI format 4 in subframe n intended for the UE, the UE shall adjust the
corresponding PUSCH retransmission in subframe n+4 according to the PHICH information, and using the number of
transmission layers and precoding matrix according to the most recent PDCCH, if the number of negatively
acknowledged transport blocks is equal to the number of transport blocks indicated in the most recent PDCCH
associated with the corresponding PUSCH.

For FDD and normal HARQ operation, in case of uplink spatial multiplexing, if the UE detects a PHICH transmission
and the UE does not detect a PDCCH with DCI format 4 in subframe n intended for the UE, and if the number of
negatively acknowledged transport blocks is not equal to the number of transport blocks indicated in the most recent
PDCCH associated with the corresponding PUSCH then the UE shall adjust the corresponding PUSCH retransmission
in subframe n+4 according to the PHICH information, using the precoding matrix with code book index 0 and the
number of transmission layers equal to number of layers corresponding for the negatively acknowledged transport block
from the most recent PDCCH.

If aUE is configured with the carrier indicator field for agiven serving cell, the UE shall use the carrier indicator field
value from the detected PDCCH with uplink DCI format to determine the serving cell for the corresponding PUSCH
transmission.

For FDD and normal HARQ operation, if a PDCCH with CS| request field set to trigger an aperiodic CSl report as
describe in section 7.2.1 is detected by a UE on subframe n, then on subframe n+4 UCI is mapped on the corresponding
PUSCH transmission.

For FDD and subframe bundling operation, the UE shall upon detection of a PDCCH with uplink DCI format in
subframe n intended for the UE, and/or a PHICH transmission in subframe n-5 intended for the UE, adjust the
corresponding first PUSCH transmission in the bundle in subframe n+4 according to the PDCCH and PHICH
information.

For FDD and TDD, the NDI as signalled on PDCCH, the RV as determined in section 8.6.1, and the TBS as determined
in section 8.6.2, shall be delivered to higher layers.

For TDD, the number of HARQ processes shall be determined by the DL/UL configuration (Table 4.2-2 of [3]), as
indicated in Table 8-1.

Table 8-1: Number of synchronous UL HARQ processes for TDD

TDD UL/DL Number of HARQ processes for | Number of HARQ processes for
configuration normal HARQ operation subframe bundling operation
0 7 3
1 4 2
2 2 N/A
3 3 N/A
4 2 N/A
5 1 N/A
6 6 3

For TDD UL/DL configurations 1-6 and normal HARQ operation, the UE shall upon detection of a PDCCH with uplink
DCI format and/or a PHICH transmission in subframe n intended for the UE, adjust the corresponding PUSCH
transmission in subframe n+k, with k given in Table 8-2, according to the PDCCH and PHICH information.

For TDD UL/DL configuration 0 and normal HARQ operation the UE shall upon detection of a PDCCH with uplink
DCI format and/or a PHICH transmission in subframe n intended for the UE, adjust the corresponding PUSCH
transmission in subframe n+k if the MSB of the UL index in the PDCCH with uplink DCI format is set to 1 or PHICH
is received in subframe n=0 or 5 in the resource corresponding to |py,cy =0, asdefined in Section 9.1.2, with k given

in Table 8-2. If, for TDD UL/DL configuration 0 and normal HARQ operation, the LSB of the UL index in the DCI
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format Oisset to 1 in subframen or aPHICH is received in subframe n=0 or 5 in the resource corresponding to

I picy =1, asdefined in Section 9.1.2, or PHICH is received in subframe n=1 or 6, the UE shall adjust the
corresponding PUSCH transmission in subframe n+7. If, for TDD UL/DL configuration O, both the MSB and L SB of
the UL index in the PDCCH with uplink DCI format are set in subframe n, the UE shall adjust the corresponding
PUSCH transmission in both subframes n+ k and n+7, with k given in Table 8-2

For TDD UL/DL configurations 1 and 6 and subframe bundling operation, the UE shall upon detection of a PDCCH
with uplink DCI format in subframe n intended for the UE, and/or a PHICH transmission intended for the UE in
subframe n-l with | given in Table 8-2a, adjust the corresponding first PUSCH transmission in the bundle in subframe
n+k, with k givenin Table 8-2, according to the PDCCH and PHICH information.

For TDD UL/DL configuration 0 and subframe bundling operation, the UE shall upon detection of a PDCCH with
uplink DCI format in subframe n intended for the UE, and/or a PHICH transmission intended for the UE in subframe n-|
with | given in Table 8-2a, adjust the corresponding first PUSCH transmission in the bundle in subframe n+k, if the
MSB of the UL index in the DCI format O issetto 1 or if |pycy =0, asdefined in Section 9.1.2, with k givenin Table
8-2, according to the PDCCH and PHICH information. If, for TDD UL/DL configuration 0 and subframe bundling
operation, the LSB of the UL index in the PDCCH with uplink DCI format isset to 1 in subframen or if |pycy =1, 8
defined in Section 9.1.2, the UE shall adjust the corresponding first PUSCH transmission in the bundle in subframe
n+7, according to the PDCCH and PHICH information.

Table 8-2 k for TDD configurations 0-6

TDD UL/DL subframe number n
Configuration
0|{1|2|3|4|5|6|7|8]|9
0 416 416
1 6 4 6 4
2 4 4
3 4 4| 4
4 4 | 4
5 4
6 717 717 5

Table 8-2a | for TDD configurations 0, 1 and 6

TDD UL/DL subframe number n
Configuration

0(1(2|3|4|5|6|7|8]9

0 9|6 9|6
1 2 3 2 3
6 5|5 6|6 8

A UE is semi-statically configured via higher layer signalling to transmit PUSCH transmissions signalled via PDCCH
according to one of two uplink transmission modes, denoted mode 1 - 2 as defined in Table 8-3.If a UE is configured by
higher layers to decode PDCCHSs with the CRC scrambled by the C-RNTI, the UE shall decode the PDCCH according
to the combination defined in Table 8-3 and transmit the corresponding PUSCH. The scrambling initialization of this
PUSCH corresponding to these PDCCHs and the PUSCH retransmission for the same transport block isby C-RNTI.
Transmission mode 1 is the default uplink transmission mode for a UE until the UE is assigned an uplink transmission
mode by higher layer signalling.
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Table 8-3: PDCCH and PUSCH configured by C-RNTI

Transmission DCI format Search Space Transmission scheme of PUSCH
mode corresponding to PDCCH
Mode 1 DCI format O Common and Single-antenna port, port 10 (see
UE specific by C-RNTI subclause 8.0.1)
Mode 2 DCI format 0 Common and Single-antenna port, port 10 (see
UE specific by C-RNTI subclause 8.0.1)
DCI format 4 UE specific by C-RNTI Closed-loop spatial multiplexing (see

subclause 8.0.2)

If aUE is configured by higher layers to decode PDCCHs with the CRC scrambled by the C-RNTI and isalso
configured to receive random access procedures initiated by PDCCH orders, the UE shall decode the PDCCH according

to the combination defined in Table 8-4.

Table 8-4: PDCCH configured as PDCCH order to initiate random access procedure

DCI format

Search Space

DCI format 1A

Common and

UE specific by C-RNTI

If aUE is configured by higher layers to decode PDCCHs with the CRC scrambled by the SPS C-RNTI, the UE shall
decode the PDCCH according to the combination defined in Table 8-5 and transmit the corresponding PUSCH. The
scrambling initialization of this PUSCH corresponding to these PDCCHs and PUSCH retransmission for the same
transport block is by SPS C-RNTI. The scrambling initialization of initial transmission of this PUSCH without a
corresponding PDCCH and the PUSCH retransmission for the same transport block is by SPS C-RNTI.

Table 8-5: PDCCH and PUSCH configured by SPS C-RNTI

Transmission DCI format Search Space Transmission scheme of PUSCH
mode corresponding to PDCCH
Mode 1 DCI format 0 Common and Single-antenna port, port 10 (see
UE specific by C-RNTI subclause 8.0.1)
Mode 2 DCI format 0 Common and Single-antenna port, port 10 (see

UE specific by C-RNTI

subclause 8.0.1)

If aUE is configured by higher layers to decode PDCCHs with the CRC scrambled by the Temporary C-RNTI
regardless of whether UE is configured or not configured to decode PDCCHs with the CRC scrambled by the C-RNTI,
the UE shall decode the PDCCH according to the combination defined in Table 8-6 and transmit the corresponding
PUSCH. The scrambling initialization of PUSCH corresponding to these PDCCH is by Temporary C-RNTI.

If a Temporary C-RNTI is set by higher layers, the scrambling of PUSCH corresponding to the Random Access

Response Grant in Section 6.2 and the PUSCH retransmission for the same transport block is by Temporary C-RNTI.
Else, the scrambling of PUSCH corresponding to the Random Access Response Grant in Section 6.2 and the PUSCH
retransmission for the same transport block is by C-RNTI.

Table 8-6: PDCCH configured by Temporary C-RNTI

DCI format

Search Space

DCI format O

Common

If aUE is configured by higher layers to decode PDCCHs with the CRC scrambled by the TPC-PUCCH-RNTI, the UE
shall decode the PDCCH according to the combination defined in table 8-7. The notation 3/3A implies that the UE shall
receive either DCI format 3 or DCI format 3A depending on the configuration.
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Table 8-7: PDCCH configured by TPC-PUCCH-RNTI

DCI format Search Space

DCI format 3/3A Common

If aUE is configured by higher layersto decode PDCCHs with the CRC scrambled by the TPC-PUSCH-RNTI, the UE
shall decode the PDCCH according to the combination defined in table 8.8. The notation 3/3A implies that the UE shall
receive either DCI format 3 or DCI format 3A depending on the configuration.

Table 8-8: PDCCH configured by TPC-PUSCH-RNTI

DCI format Search Space

DCI format 3/3A Common

8.0.1 Single-antenna port scheme

For the single-antenna port transmission schemes (port 10) of the PUSCH, the UE transmission on the PUSCH is
performed according to Section 5.3.2A.1 of [3].

8.0.2 Closed-loop spatial multiplexing scheme

For the closed-loop spatial multiplexing transmission scheme of the PUSCH, the UE transmission on the PUSCH is
performed according to the applicable number of transmission layers as defined in Section 5.3.2A.2 of [3].

8.1 Resource Allocation for PDCCH with uplink DCI Format

Two resource allocation schemes Type 0 and Type 1 are supported for PDCCH with uplink DCI format where the
selected resource allocation type for a decoded PDCCH isindicated by aresource allocation type bit where type O is
indicated by O value and type 1 isindicated otherwise. The UE shall interpret the resource allocation field depending on
the resource allocation type bit in the uplink PDCCH DCI format detected.

8.1.1 Uplink Resource allocation type 0

The resource allocation information for uplink resource allocation type O indicates to a scheduled UE a set of
contiguously allocated virtual resource block indices denoted by nygg . A resource allocation field in the scheduling

grant consists of aresource indication value (RIV) corresponding to a starting resource block ( RBgrart ) @d alengthin
terms of contiguously allocated resource blocks ( Legrgs > 1). Theresourceindication value is defined by
if (Leras —1) < LNFL;g /2J then
RIV = ngé (Lcres =1 + RBsrarr
else

RIV = ngé (Ngé_ —Lergs +D + (Ngé_ —1-RBgrarr)

8.1.2 Uplink Resource allocation type 1
The resource allocation information for uplink resource allocation type 1 indicates to a scheduled UE two sets of
resource blocks with each set including one or more consecutive resource block groups of size P asgiven in table
7.1.6.1-1 for uplink system bandwidth N% . A resource allocation field in the scheduling grant consists of a
combinatorial index r corresponding to a starting and ending RBG index of resource block set 1, spand s;—1, and

M-1 N —
resource block set 2, s,and s;—1 respectively, wherer is given by equation r = Z< 3 > defined in section 7.2.1

i=0 =1
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withM=4and N = ’_N % / P-‘ +1. Secton 7.2.1 also defines ordering properties and range of valuesthat 5 (RBG

indices) map to. Only asingle RBG is allocated for a set at the starting RBG index if the corresponding ending RBG
index equal s the starting RBG index.

8.2 UE sounding procedure

A UE shall transmit Sounding Reference Symbol (SRS) on per serving cell SRS resources based on two trigger types:
- trigger type O: higher layer signalling
- trigger type 1: UL DCI formats.

A UE may be configured with SRS parameters for trigger type 0 and trigger type 1 on each serving cell. The following

SRS parameters are serving cell specific and semi-statically configurable by higher layers for trigger type 0 and for
trigger type 1.

e Transmission comb K, asdefined in Section 5.5.3.2 of [3]

e  Starting physical resource block assignment N, asdefined in Section 5.5.3.2 of [3]
e duration: single or indefinite (until disabled), as defined in [11] for trigger type O

e srs-Configindex | s for SRS periodicity and SRS subframe offset T . , as defined in Table 8.2-1 and Table
8.2-2

e SRSbhandwidth By, asdefined in Section 5.5.3.2 of [3]

e Frequency hopping bandwidth, b, asdefined in Section 5.5.3.2 of [3] for trigger type O

hop !
e Cyclic shift n;is, as defined in Section 5.5.3.1 of [3]

e Number of antenna ports

For trigger type 1 and DCI format 4 three sets of SRS parameters are configured by higher layer signalling. The SRS
request field in DCI format 4 indicates the SRS parameter set given in Table 8.1-1. For trigger type 1 and DCI format O
asingle set of SRS parametersis configured by higher layer signalling.

Table 8.1-1: SRS request value for trigger type 1 in DCI format 4

Value of SRS request field Description

'00' No type 1 SRS trigger

‘o1 The 1° SRS parameter set
configured by higher layers

‘10 The 2™ SRS parameter set
configured by higher layers

17 The 3" SRS parameter set
configured by higher layers

The serving cell specific SRS transmission bandwidths Cg¢ are configured by higher layers. The allowable values are
givenin Section 5.5.3.2 of [3].

The serving cell specific SRS transmission sub-frames are configured by higher layers. The alowable values are given
in Section 5.5.3.3 of [3].

When antenna selection is enabled for a given serving cell for a UE that supports transmit antenna selection, the index
a(ngss ) , Of the UE antenna that transmits the SRS at time e is given by
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a(Ngzs )= Ngrg Mod 2, for both partial and full sounding bandwidth, and when frequency hopping is disabled (i.e.,
bhop 2 BS?S)'

a(nee) = (Nsrs *+| Nsrs/ 2|+ B-| ners/ K Jmod2 whenK iseven - 1 whereK mod4=0
F 7 | ngrg Mod2 whenK isodd 7710 otherwise
when frequency hopping isenabled (i.e., bhop < Bgs),
BS?S
where values Bgs, bnop, Nb, and nszs are given in Section 5.5.3.2 of [3], and K = HNb. (where N%p =1
bl:bhop

regardless of the N, value), except when asingle SRS transmission is configured for the UE.

A UE may be configured to transmit SRSon N, antenna ports of aserving cell where N, may be configured by

higher layer signalling independently for type 0 and type 1 triggering with cell specific parameters defined in [3].  For
PUSCH transmissionmode 1 N, €{0,1,2,4} and for PUSCH transmission mode2 N, e{012 withtwo antenna

ports configured for PUSCH and N, €{0,1,4} with 4 antenna ports configured for PUSCH. A UE configured for

SRS transmission on multiple antenna ports of a serving cell shall transmit SRS for all the configured transmit antenna
ports within one SC-FDMA symbol of the same subframe of the serving cell. The SRS transmission bandwidth and
starting physical resource block assignment are the same for al the configured antenna ports of a given serving cell.

A UE shall not transmit both PUSCH and SRS in the same symbol of a subframe for a given serving cell.

For TDD, when one SC-FDMA symbol exists in UpPTS of a given serving cdll, it can be used for SRS transmission.
When two SC-FDMA symbols exist in UpPTS of a given serving cell, both can be used for SRS transmission and both
can be assigned to the same UE.

A UE shall not transmit SRS whenever SRS and PUCCH format 2/2a/2b transmissions happen to coincide in the same
subframe.

A UE shall not transmit SRS whenever SRS transmission and PUCCH transmission carrying ACK/NACK and/or
positive SR happen to coincide in the same subframe if the parameter ackNackSRS-SmultaneousTransmission is
FALSE. A UE shall transmit SRS whenever SRS transmission and PUCCH transmission carrying ACK/NACK and/or
positive SR happen to coincide in the same subframe if the parameter ackNackSRS-SimultaneousTransmission is TRUE.

In UpPTS, whenever SRS transmission instance overlaps with the PRACH region for preamble format 4 or exceeds the
range of uplink system bandwidth configured in the serving cell, the UE shall not transmit SRS.

The parameter ackNackSRS-SmultaneousTransmission provided by higher layers determinesif a UE is configured to
support the transmission of ACK/NACK on PUCCH and SRS in one subframe. If it is configured to support the
transmission of ACK/NACK on PUCCH and SRS in one subframe, then in the cell specific SRS subframes UE shall
transmit ACK/NACK and SR using the shortened PUCCH format as defined in Section 5.4.1 of [3], where the
ACK/NACK or the SR symbol corresponding to the SRS location is punctured. This shortened PUCCH format shall be
used in a cell specific SRS subframe even if the UE does not transmit SRS in that subframe. The cell specific SRS
subframes are defined in Section 5.5.3.3 of [3]. Otherwise, the UE shall use the normal PUCCH format 1/1a/1b as
defined in Section 5.4.1 of [3] for the transmission of ACK/NACK and SR.

SRS configuration of a UE in aserving cell for SRS periodicity, T, and SRS subframe offset, T g , is defined in

Table 8.2-1 and Table 8.2-2, for FDD and TDD, respectively. The periodicity Ty of the SRS transmission is serving
cell specific and is selected from the set { 2, 5, 10, 20, 40, 80, 160, 320} ms or subframes. For the SRS periodicity Tgg
of 2msin TDD, two SRS resources are configured in a half frame containing UL subframe(s) of a given serving cell.

Type 0 triggered SRS transmission instances in a given serving cell for TDD with Ty, >2 and for FDD arethe
subframes satisfying (10N + kggs — Tteee ) MO Tgs = 0, Where for FDD kg ={0,1,...,9} is the subframe index
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within the frame, for TDD Kgg isdefined in Table 8.2-3. The SRS transmission instances for TDD with Tgg =2 are
the subframes satisfying (Kgsg — Toprer ) M0d5=0.

A UE configured for type 1 triggered SRS transmission on serving cell ¢ upon detection of a positive SRS request in
subframe n of serving cell ¢ shall commence SRS transmission in the first subframe satisfying [ n+k, k>4 ] and

(10-n¢ +kgrg — Toftset)M0dTerg =0 for TDD with Tg >2 and for FDD,

(Ksrs — Tofis )Mod5=0 for TDD with T =2

wherefor FDD kg ={0,1...,9} isthe subframeindex within the frame n; , for TDD Kgg isdefinedin Table 8.2-3.

A UE shall not transmit SRS whenever SRS and a PUSCH transmission corresponding to a Random Access Response
Grant or aretransmission of the same transport block as part of the contention based random access procedure coincide
in the same subframe.

Table 8.2-1: UE Specific SRS Periodicity Tgs and Subframe Offset Configuration Ty, , FDD

SRS Configuration Index Iszs | SRS Periodicity Tgg (M) SRS Subframe Offset T o
0-1 2 Isrs

2-6 5 lsrs— 2
7-16 10 lsrs— 7
17-36 20 lsrs — 17
37-76 40 lsrs — 37
77-156 80 lsrs— 77

157 -316 160 lsrs — 157

317 -636 320 ls— 317
637 —1023 reserved reserved

Table 8.2-2: UE Specific SRS Periodicity Ty and Subframe Offset Configuration T , TDD

SRS Configuration Index lszs | SRS Periodicity Tgg (MS) SRS Subframe Offset T
0 2 0,1
1 2 0,2
2 2 1,2
3 2 03
4 2 13
5 2 0,4
6 2 1,4
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7 2 2,3
8 2 2,4
9 2 3,4
10-14 5 lsrs— 10
15-24 10 lsrs—15
25-44 20 lsrs— 25
45-84 40 lsrs—45
85-164 80 lsrs— 85
165-324 160 lsrs— 165
325 -644 320 lsrs— 325
645 — 1023 reserved reserved
Table 8.2-3: Kgg for TDD
subframe index n
0 1 21 3|4|5 6 71819
1st symbol | 2nd symbol 1st symbol 2nd
of UpPTS of UpPTS of UpPTS | symboal of
UpPTS
UpPTS length
of 2 symbols
UpPTS length
of 1 symbol

8.3 UE ACK/NACK procedure

For Frame Structure type 1, an ACK/NACK received on the PHICH assigned to a UE in subframei is associated with
the PUSCH transmission in subframe i-4.

For Frame Structure type 2 UL/DL configuration 1-6, an ACK/NACK received on the PHICH assigned to aUE in
subframei is associated with the PUSCH transmission in the subframei-k as indicated by the following table 8.3-1.

For Frame Structure type 2 UL/DL configuration 0, an ACK/NACK received on the PHICH in the resource
corresponding to |y cy =0, asdefined in Section 9.1.2, assigned to a UE in subframei is associated with the PUSCH

transmission in the subframe i-k as indicated by the following table 8.3-1. If, for Frame Structure type 2 UL/DL
configuration 0, an ACK/NACK received on the PHICH in the resource corresponding to | gy oy =1, asdefined in
Section 9.1.2, assigned to a UE in subframeii is associated with the PUSCH transmission in the subframei-6.

Table 8.3-1 k for TDD configurations 0-6

TDD UL/DL subframe number i
Configuration

0(1|2|3|4|5|6|7|8|9
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0 704 7|4

1 4 6 4 6
2 6 6

3 6 6|6
4 6|6
5 6

6 6|4 714 6

The physical layer in the UE shall deliver indications to the higher layers as follows:
For downlink subframe i, if atransport block was transmitted in the associated PUSCH subframe then:

- if ACK isdecoded on the PHICH corresponding to the transport block in subframe i, ACK for that
transport block shall be delivered to the higher layers;

- else NACK for that transport block shall be delivered to the higher layers.

For downlink subframe i, in case of aretransmission in the associated PUSCH subframe, if a transport block was
disabled in the associated PUSCH subframe then ACK for that transport block shall be delivered to the higher layers.

8.4 UE PUSCH Hopping procedure

The UE shall perform PUSCH frequency hopping if the single bit frequency hopping (FH) field in a corresponding
PDCCH with DCI format 0 is set to 1 and the uplink resource block assignment is type O otherwise no PUSCH
frequency hopping is performed.

A UE performing PUSCH fregquency hopping shall determine its PUSCH resource allocation (RA) for the first dot of a
subframe (SL) including the lowest index PRB ( nSsg (n) ) in subframe n from the resource allocation field in the |atest

PDCCH with DCI format 0 for the same transport block. If thereis no PDCCH for the same transport block, the UE
shall determine its hopping type based on

- the hopping information in the most recent semi-persistent scheduling assignment PDCCH, when the initial
PUSCH for the same transport block is semi-persistently scheduled or

- therandom access response grant for the same transport block, when the PUSCH is initiated by the random
access response grant.

Theresource alocation field in DCI format 0 excludes either 1 or 2 bits used for hopping information as indicated by
Table 8.4-1 below where the number of PUSCH resource blocks is defined as

NY - NHO — (Ngg mod 2) Type 1PUSCH hopping
NS = Nps Type 2N, =1 PUSCH hopping
NY — NFHO Type 2 N, >1PUSCH hopping

For type 1 and type 2 PUSCH hopping, NES =NAQ +1 if NEO isan odd number where NAS definedin[3].

NHO = NHO in other cases. The size of the resource allocation field in DCI format O after excluding either 1 or 2 bits
shal be y= [I 09, (Nns (Nas +1)/ 2)—‘ — Ny hop » Where Nug_nop = 1 0r 2 bits. The number of contiguous RBs
that can be assigned to atype-1 hopping user is limited to LZV / Ngg J The number of contiguous RBs that can be
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assigned to atype-2 hopping user is limited to min \_ZV / NFL{J;J,LN;;JSCH / NsbJ ), where the number of sub-bands

(
Ng, isgiven by higher layers.

A UE performing PUSCH frequency hopping shall use one of two possible PUSCH frequency hopping types based on
the hopping information. PUSCH hopping type 1 is described in section 8.4.1 and type 2 is described in section 8.4.2.

Table 8.4-1: Number of Hopping Bits Ny nop VS. System Bandwidth

System BW #Hopping bits for
N% 2nd slot RA
(NUL hop)
6-49 1
50-110 2

The parameter Hopping-mode provided by higher layers determines if PUSCH frequency hopping is “inter-subframe”
or “intraand inter-subframe’”.

8.4.1  Type 1 PUSCH Hopping

For PUSCH hopping type 1 the hopping bit or bitsindicated in Table 8.4-1 determinenpgg (i) as defined in Table 8.4-2.
The lowest index PRB (nSks (i) ) of the 1% slot RA in subframei is defined as npmg (i) = figsg (i) + Nps / 2, where

Norg (1) = RBgrar » ad  RBgragr is obtained from the uplink scheduling grant asin Section 8.4 and Section 8.1.

The lowest index PRB (npgg (i) ) of the 2™ slot RA in subframe i is defined as Npgg (i) = fipgg (i) + NS / 2.

The set of physical resource blocks to be used for PUSCH transmission are Lgg contiguously allocated resource

blocks from PRB index nFS,%zB (i) for the 1% dlot, and from PRB index npgg (i) for the 2" dlot, respectively, where
Lcres iS Obtained from the uplink scheduling grant as in Section 8.4 and Section 8.1.

If the Hopping-mode is "inter-subframe”, the 1% slot RA is applied to even CURRENT_TX_NB, and the 2™ dot RA is
applied to odd CURRENT_TX_NB, where CURRENT_TX_NB isdefined in [8].

8.4.2 Type 2 PUSCH Hopping

In PUSCH hopping type 2 the set of physical resource blocks to be used for transmissionin slot ng is given by the

scheduling grant together with a predefined pattern according to [3] section 5.3.4. If the system frame number is not
acquired by the UE yet, the UE shall not transmit PUSCH with type-2 hopping and Ny, >1 for TDD, where Ng is

defined in [3].
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Table 8.4-2: PDCCH DCI Format 0 Hopping Bit Definition

System BW Number of Information in =
UL : . o Nprg (1)
Ngs Hopping bits hopping bits
6 — 49 . 0 @N FScH /2J +Aos (i)j mod NEYSCH |
1 Type 2 PUSCH Hopping
00 ON FPoscH /4J + A5 (i)) mod N 5 =H
50— 110 ) 01 (— LNFF;;’SCH /4j + A5 (i )) mod N5 ="
10 O_N%JSCH /2j + Nipng (i)) mod N5 <+
11 Type 2 PUSCH Hopping

8.5 UE Reference Symbol procedure

If UL sequence hopping is configured in the cell, it appliesto all reference symbols (SRS, PUSCH and PUCCH RS).

8.6 Modulation order, redundancy version and transport block
size determination

To determine the modulation order, redundancy version and transport block size for the physical uplink shared channel,
the UE shall first

- read the “modulation and coding scheme and redundancy version” field (1,,.5), and

check the “CQI request” bit field, and

compute the total number of allocated PRBs ( N 5, ) based on the procedure defined in Section 8.1, and

compute the number of coded symbols for control information.

8.6.1 Modulation order and redundancy version determination

ForO<1,,.s <28, the modulation order (Q,,) is determined as follows:

- If the UE is capable of supporting 64QAM in PUSCH and has not been configured by higher layers to transmit
only QPSK and 16QAM, the modulation order isgiven by Q. in Table 8.6.1-1.

— If the UE is not capable of supporting 64QAM in PUSCH or has been configured by higher layers to transmit
only QPSK and 16QAM, Q,, isfirst read from Table 8.6.1-1. The modulation order issetto Q,, = min(4,Q,,) .

— If the parameter ttiBundling provided by higher layersis set to TRUE, then the resource allocation size is
restricted to N,z <3 and the modulation order issetto Q,, =2.

For29< I, <31, if s =29, the “CQI request” bit field in an uplink DCI format is set to trigger areport and
Nprs <4, the modulation order isset to Q,, = 2. Otherwise, the modulation order shall be determined from the DCI
transported in the latest PDCCH with DCI format O for the same transport block using 0< I,,. < 28. If thereisno

PDCCH with DCI format O for the same transport block using 0< 1, < 28, the modulation order shall be determined
from
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— the most recent semi-persistent scheduling assignment PDCCH, when the initial PUSCH for the same transport
block is semi-persistently scheduled, or,

— the random access response grant for the same transport block, when the PUSCH isinitiated by the random
access response grant.

The UE shall usel ,,.s and Table 8.6.1-1 to determine the redundancy version (rvig,) to use in the physical uplink shared
channel.

Table 8.6.1-1: Modulation, TBS index and redundancy version table for PUSCH

MCS Index M odulation TBS Redundancy

| es Order Index Version
Qm I 1es MViax
0 2 0 0
1 2 1 0
2 2 2 0
3 2 3 0
4 2 4 0
5 2 5 0
6 2 6 0
7 2 7 0
8 2 8 0
9 2 9 0
10 2 10 0
11 4 10 0
12 4 11 0
13 4 12 0
14 4 13 0
15 4 14 0
16 4 15 0
17 4 16 0
18 4 17 0
19 4 18 0
20 4 19 0
21 6 19 0
22 6 20 0
23 6 21 0
24 6 22 0
25 6 23 0
26 6 24 0
27 6 25 0
28 6 26 0
29 1
30 reserved 2
31 3

8.6.2 Transport block size determination

ForO<1,,.s <28, the UE shdll first determinethe TBSindex (155) using | ,,cs ad Table 8.6.1-1 except if the

transport block isdisabled in DCI format 4 as specified below. For atransport block that is not mapped to two-layer
spatial multiplexing, the TBSis determined by the procedure in Section 7.1.7.2.1. For atransport block that is mapped
to two-layer spatial multiplexing, the TBSis determined by the procedure in Section 7.17.2.2.

For29<1,,cs <31, if I, =29, the “CQI request” bit in an uplink DCI format is set to trigger areport and Npgg < 4,

then thereis no transport block for the UL-SCH and only the control information feedback for the current PUSCH
reporting mode is transmitted by the UE. Otherwise, the transport block size shall be determined from the initial
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PDCCH for the same transport block using 0< 1, < 28. If thereisno initial PDCCH with an uplink DCI format for
the same transport block using 0< I, < 28, the transport block size shall be determined from

— the most recent semi-persistent scheduling assignment PDCCH, when the initial PUSCH for the same transport
block is semi-persistently scheduled, or,

— the random access response grant for the same transport block, when the PUSCH isinitiated by the random
access response grant.

In DCI format 4 atransport block is disabled if either the combination of I,.s=0 and Npgzg >1 or the combination
of Iycs=28 and Npgg =1 issignaled, otherwise the transport block is enabled.

8.6.3 Control information MCS offset determination

Offset values are defined for single codeword PUSCH transmission and multiple codeword PUSCH transmission.

Single codeword PUSCH transmission offsets B2 *“ | A% and BS2.  shall be configured to values

O
according to Table 8.6.3-1,2,3 with the higher layer signalled indexes | Ao 11X and 152, , respectively.

Table 8.6.3-1: Mapping of HARQ-ACK offset values and the index signalled by higher layers

I HARQ-ACK ﬂHARQ—ACK
offset offset

2.000
2.500
3.125
4.000
5.000
6.250

8.000

10.000

12.625

Ol | N|]ojlO]| | W|IDN]FL]|O

15.875

20.000

=
o

31.000

=
-

50.000

=
N

80.000

=
w

126.000

[y
~

reserved

=
o1

Table 8.6.3-2: Mapping of Rl offset values and the index signalled by higher layers

RI RI
l offset ﬁ offset
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0 1.250
1 1.625
2 2.000
3 2.500
4 3.125
5 4.000
6 5.000
7 6.250
8 8.000
9 10.000
10 12.625
11 15.875
12 20.000
13 reserved
14 reserved
15 reserved

Table 8.6.3-3: Mapping of CQI offset values and the index signalled by higher layers

| e Pt
0 reserved
1 reserved
2 1.125
3 1.250
4 1.375
5 1.625
6 1.750
7 2.000
8 2.250
9 2.500
10 2.875
11 3.125
12 3.500
13 4.000
14 5.000
15 6.250
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8.7 UE Transmit Antenna Selection
UE transmit antenna selection is configured by higher layers.
If UE transmit antenna selection is disabled or not supported by the UE, the UE shall transmit from UE port O.

If closed-loop UE transmit antenna selection is enabled by higher layers the UE shall perform transmit antenna selection
in response to the most recent command received via DCI Format O in section 5.3.3.2 of [4].

If open-loop UE transmit antenna selection is enabled by higher layers, the transmit antenna to be selected by the UE is
not specified.

9 Physical downlink control channel procedures

9.1 UE procedure for determining physical downlink control
channel assignment

9.1.1 PDCCH Assignment Procedure

The control region of each serving cell consists of aset of CCEs, numbered from0to Nccg —1 according to Section
6.8.1in[3], where Nccg )y isthetotal number of CCEsin the control region of subframe k. The UE shall monitor a

set of PDCCH candidates on one or more activated serving cells as configured by higher layer signalling for control
information in every non-DRX subframe, where monitoring implies attempting to decode each of the PDCCHs in the
set according to al the monitored DCI formats.

The set of PDCCH candidates to monitor are defined in terms of search spaces, where a search space SEL) a
aggregation level Le {1,2,4,8} isdefined by aset of PDCCH candidates. For each serving cell on which PDCCH is

monitored, the CCEs corresponding to PDCCH candidate m of the search space SE") are given by

L {(Yk +m’)mod \_NCCE,k / LJ }+i

whereY, isdefined below, i =0,---,L—1. For the common search space m’=m. For the UE specific search space, for
the serving cell on which PDCCH is monitored, if the monitoring UE is configured with carrier indicator field then
m=m+M®L). Nncy where ng, isthe carrier indicator field value, elseif the monitoring UE is not configured with

carrier indicator field then m'=m, where m=0,---,M® -1. M isthe number of PDCCH candidates to monitor
in the given search space.

Note that the carrier indicator field is the same as cellindex givenin [11].
The UE shall monitor one common search space at each of the aggregation levels 4 and 8 on the primary cell.

A UE not configured with a carrier indicator field shall monitor one UE-specific search space at each of the aggregation
levels 1, 2, 4, 8 on each activated serving cell. A UE configured with a carrier indicator field shall monitor one or
more UE-specific search spaces at each of the aggregation levels 1, 2, 4, 8 on one or more activated serving cells as
configured by higher layer signalling.

The common and UE-specific search spaces on the primary cell may overlap.

A UE configured with the carrier indicator field associated with monitoring PDCCH on serving cell ¢ shall monitor
PDCCH configured with carrier indicator field and with CRC scrambled by C-RNTI in the UE specific search space of
serving cell c.

ETSI



3GPP TS 36.213 version 10.0.1 Release 10 80 ETSI TS 136 213 V10.0.1 (2011-01)

A UE configured with the carrier indicator field associated with monitoring PDCCH on the primary cell shall monitor
PDCCH configured with carrier indicator field and with CRC scrambled by SPS C-RNTI in the UE specific search
space of the primary cell.

The UE shall monitor the common search space for PDCCH without carrier indicator field.

For the serving cell on which PDCCH is monitored, if the UE is not configured with a carrier indicator field, it shall
monitor the UE specific search space for PDCCH without carrier indicator field, if the UE is configured with a carrier
indicator field it shall monitor the UE specific search space for PDCCH with carrier indicator field.

A UE is not expected to monitor the PDCCH of a secondary cell if it is configured to monitor PDCCH with carrier
indicator field corresponding to that secondary cell in another serving cell. For the serving cell on which PDCCH is
monitored, the UE shall monitor PDCCH candidates at |east for the same serving cell.

A UE configured with carrier indicator field for agiven serving cell and configured to monitor PDCCH candidates with
CRC scrambled by C-RNTI with a common payload size and with the same first CCE index necg (asdescribed in
section 10.1) inthe

- common search space
- UE specific search space
may assume that only the PDCCH in the common search space is transmitted by the primary cell.

A UE configured to monitor PDCCH candidates in a given serving cell with agiven DCI format size with CIF, and
CRC scrambled by C- RNTI, where the PDCCH candidates may have one or more possible values of CIF for the given
DCI format size, shall assume that a PDCCH candidate with the given DCI format size may be transmitted in the given
serving cell in any UE specific search space corresponding to any of the possible values of CIF for the given DCI
format size.

The aggregation levels defining the search spaces are listed in Table 9.1.1-1. The DCI formats that the UE shall monitor
depend on the configured transmission mode per each serving cell as defined in Section 7.1.

Table 9.1.1-1: PDCCH candidates monitored by a UE.

Search space SEL) Number of PDC(CE‘;-I

Type Aggregation level L Size [in CCEs] candidates M
1 6 6
UE- 2 12 6
specific 4 8 2
8 16 2
Common 4 16 4
8 16 2

For the common search spaces, Y, is set to O for the two aggregation levels L=4 and L=8.
For the UE-specific search space SE"’ at aggregation level L , the variable Y, is defined by
Y, =(A-Y,_;)modD

where Y, =ngyp #0, A=39827, D=65537 and k=| /2], n istheslot number within aradio frame. The

RNTI value used for Ngyq, isdefinedin section 7.1 in downlink and section 8 in uplink.

9.1.2 PHICH Assignment Procedure

For PUSCH transmissions scheduled from serving cell cin subframe n, a UE shall determine the corresponding PHICH
resource of serving cell ¢ insubframe n+Kpy oy » Where Kpy oy isaways4 for FDD and isgivenintable 9.1.2-1
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for TDD. For subframe bundling operation, the corresponding PHICH resource is associated with the last subframein
the bundle.

Table 9.1.2-1: kpycy for TDD

TDD UL/DL subframe index n
Configuration
0|{1|2|3|4|5|6|7|8]|9

0 417 |6 41716

1 4|6 416

2 6 6

3 6|6|6

4 6|6

5 6

6 4166 4|7

The PHICH resource isidentified by the index pair (n3& Npmicn ) Where nSo&, isthe PHICH group number and
Nplch 1S the orthogonal sequence index within the group as defined by:

group _ group group
NeHicH = (Ipre ra+ NbMRrs) MOANE & + 1 prich NpHICH

seq _ \_ group J PHICH
NeHicH = (Uprs_ra’/ NpHicH I+ Nomrs) mod 2N g
where

*  Npurs IS Mapped from the cyclic shift for DMRS field (according to Table 9.1.2-2) in the most recent
PDCCH with uplink DCI format [4] for the transport block(s) associated with the corresponding
PUSCH transmission. npyrg Shall be set to zero, if there is no PDCCH with uplink DCI format for
the same transport block, and

e if theinitiadl PUSCH for the same transport block is semi-persistently scheduled, or

e if theinitial PUSCH for the same transport block is scheduled by the random access response
grant .

NS is the spreading factor size used for PHICH modulation as described in section 6.9.1in [3].
for thefirst TB of a PUSCH with associated PDCCH or for the case of
no associated PDCCH when the number of negatively acknowledged

I I :D"Q’{V;ﬁﬁgndex TBsisnot equal to the number of TBsindicated in the most recent

PRB_RA ™ PDCCH associated with the corresponding PUSCH

I E&VB&“ﬁL”dex +1 forasecond TB of a PUSCH with associated PDCCH

where | [9West_IndeX s the |owest PRB index in the first slot of the corresponding PUSCH
transmission

*  Npgj&, isthe number of PHICH groups configured by higher layers as described in section 6.9 of

(31,
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I {1 for TDD UL/DL configuration O with PUSCH transmission in subframen=4or 9
¢ PHICH

- 0 otherwise

Table 9.1.2-2: Mapping between npyrs and the cyclic shift for DMRS field in PDCCH with uplink DCI
format in [4]

Cyclic Shift for DMRSField in PDCCH n
with uplink DCI format in [4] DMRS

000 0
001
010
011
100
101
110
111

NO|OA~|WIN|F-

9.1.3 Control Format Indicator assignment procedure

PHICH duration is signalled by higher layers according to Table 6.9.3-1in[3]. The duration signalled puts a lower
limit on the size of the control region determined from the control format indicator (CFI). When N % >10, if
extended PHICH duration isindicated by higher layers then the UE shall assume that CFl is equal to PHICH duration.

9.2 PDCCH validation for semi-persistent scheduling
A UE shall validate a Semi-Persistent Scheduling assignment PDCCH only if al the following conditions are met:

- the CRC parity bits obtained for the PDCCH payload are scrambled with the Semi-Persistent Scheduling C-
RNTI

- the new dataindicator field isset to ‘0’. In case of DCI formats 2, 2A, 2B and 2C, the new dataindicator field
refers to the one for the enabled transport block.

Validation is achieved if all the fields for the respective used DCI format are set according to Table 9.2-1 or Table 9.2-
1A.

If validation is achieved, the UE shall consider the received DCI information accordingly as a valid semi-persistent
activation or release.

If validation is not achieved, the received DCI format shall be considered by the UE as having been received with a
non-matching CRC.

Table 9.2-1: Special fields for Semi-Persistent Scheduling Activation PDCCH Validation

DClI format 0 DCI format 1/1A DCI format
2/2A/2B/2C

TPC command for set to ‘00’ N/A N/A
scheduled PUSCH
Cyclic shift DM RS set to 000’ N/A N/A
Modulation and coding MSB issetto 'O’ N/A N/A
scheme and
redundancy version

ETSI



3GPP TS 36.213 version 10.0.1 Release 10 83 ETSI TS 136 213 V10.0.1 (2011-01)

HARQ process N/A FDD: set to ‘000’ FDD: set to ‘000’
number
TDD: set to *0000’ TDD: set to *0000’

Modulation and coding N/A MSBissetto ‘0’ For the enabled
scheme transport block:

MSB issetto ‘0’
Redundancy version N/A set to ‘00’ For the enabled

transport block:

set to ‘00°

Table 9.2-1A: Special fields for Semi-Persistent Scheduling Release PDCCH Validation

DCI format 0 DCI format 1A
TPC command for scheduled set to ‘00’ N/A
PUSCH
Cyclic shift DM RS et to ‘000 N/A
Modulation and coding scheme and setto ‘11111 N/A
redundancy version
Resource block assignment and Settodl ‘1's N/A
hopping resource alocation
HARQ process number N/A FDD: set to ‘000’

TDD: set to ‘0000°

Modulation and coding scheme N/A setto ‘11111
Redundancy version N/A set to ' 00°
Resource block assignment N/A Settoal ‘1l's

For the case that the DCI format indicates a semi-persistent downlink scheduling activation, the TPC command for
PUCCH field shall be used as an index to one of the four PUCCH resource indices configured by higher layers, with the
mapping defined in Table 9.2-2

Table 9.2-2: PUCCH Resource Index for Downlink Semi-Persistent Scheduling

Value of ‘TPC command for (Lp)
PUCCH? fPUCCH
00 The first PUCCH resource index

configured by the higher layers
The second PUCCH resource index

01 configured by the higher layers

‘10 The _thi rd PUCCH resource index
configured by the higher layers

‘17 The fourth PUCCH resource index

configured by the higher layers

9.3 PDCCH control information procedure

A UE shall discard the PDCCH if consistent control information is not detected.
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10 Physical uplink control channel procedures

10.1  UE procedure for determining physical uplink control
channel assignment

If the UE is configured for asingle serving cell and is not configured for simultaneous PUSCH and PUCCH
transmission, then in subframen uplink control information (UCI) shall be transmitted

- onPUCCH using format 1/1a/1b or 2/2a/2b if the UE is not transmitting on PUSCH in subframe n

- on PUSCH if the UE is transmitting on PUSCH in subframe n unlessthe PUSCH transmission corresponds to
a Random Access Response Grant or a retransmission of the same transport block as part of the contention
based random access procedure, in which case UCI is not transmitted

If the UE is configured for a single serving cell and simultaneous PUSCH and PUCCH transmission, then in
subframen uplink control information shall be transmitted

- onPUCCH using format 1/1a/1b if the uplink control information consists only of HARQ-ACK/SR
- on PUCCH using format 2/2a/2b if the uplink control information consists only of CQI/PMI/RI.

- on[PUCCH using format 1/1a/1b ... if the UCI consists of HARQ-ACK and CQI/PMI/RI] <editors note: not
yet decided>

If the UE is configured with more than one serving cell and is not configured for simultaneous PUSCH and PUCCH
transmission, then in subframen UCI [from a chosen DL serving cell] shall be transmitted

- on PUCCH if the UE is not transmitting on any PUSCH in subframen if the UCI consists only of periodic
CQI/PMI/RI

- onprimary cell PUSCH if the UCI consists of periodic CQI/PMI/RI and/or HARQ-ACK and if the UE is
transmitting on the primary cell PUSCH in subframe n unless the primary cell PUSCH transmission
corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the
contention based random access procedure, in which case UCI is not transmitted.

- <editor’s note: which Scell chosenis for discussion in RAN1#63bis> on secondary cell PUSCH if the UCI
consists of only periodic CQI/PMI/RI and if the UE is not transmitting on primary cell PUSCH but is
transmitting on at least one secondary cell PUSCH in subframen. In case of more than one secondary cell
PUSCH transmission in subframen the UE shall transmit the periodic UCI on the secondary cell PUSCH
[“that has highest priority PUCCH reporting type” -or- “with lowest cell index”].

- [wherethe chosen DL serving cell is the one with the highest priority based on [TBD]].

- wherereporting prioritization of colliding PUCCH reporting types [of the chosen DL serving cell] isgivenin
Section 7.2.2.

If the UE is configured with more than one serving cell and simultaneous PUSCH and PUCCH transmission, then in
subframen uplink control information shall be transmitted

- onPUCCH using format 1/1a/1b/3 if the uplink control information consists only of HARQ-ACK/SR
- on PUCCH if the uplink control information consists only of CQI/PMI/RI and is periodic.

- on[PUCCH using format 1/1a/1b/3 ... if the UCI consists of HARQ-ACK and CQI/PMI/RI] <editors note: —
not yet decided >

UE transmits PUCCH only on the primary cell.

Throughout this section, subframes are numbered in monotonically increasing order; if the last subframe of aradio
frameisdenoted as k, the first subframe of the next radio frameis denoted as k+1.
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Using the PUCCH formats defined in section 5.4.1 and 5.4.2 in [3], the following combinations of uplink control
information on PUCCH are supported:

- Format lafor 1-bit HARQ-ACK or in case of FDD for 1-bit HARQ-ACK with positive SR

- Format 1b for 2-bit HARQ-ACK or for 2-bit HARQ-ACK with positive SR

- Format 1b for up to 4-bit HARQ-ACK with channel selection when UE is configured with more than one serving
cell or inthe case for TDD when UE is configured with asingle serving cell

- Format 1 for positive SR

- Format 2 for aCQI/PMI or aRI report when not multiplexed with HARQ-ACK

- Format 2afor aCQI/PMI or aRI report multiplexed with 1-bit HARQ-ACK for normal cyclic prefix
- Format 2b for a CQI/PMI or aRI report multiplexed with 2-bit HARQ-ACK for normal cyclic prefix
- Format 2 for aCQI/PMI or aRI report multiplexed with HARQ-ACK for extended cyclic prefix

- Format 3 for up to 10-bit HARQ-ACK for FDD and for up to 20-bit HARQ-ACK for TDD

- Format 3 for up to 11-hit corresponding to 10-bit HARQ-ACK and 1-bit positive/negative SR for FDD and for up to
21-bit corresponding to 20-bit HARQ-ACK and 1-bit positive/negative SR for TDD.

A UE that supports up to 4 ACK/NACK bits shall use PUCCH format 1b with channel selection for transmission of
HARQ-ACK when configured with more than one serving cell.

A UE that supports more than 4 ACK/NACK bitsis configured by higher layer signalling to use either PUCCH format
1b with channel selection or PUCCH format 3 for transmission of HARQ-ACK when configured with more than one
serving cell.

For FDD, a UE shall determine the number of HARQ-ACK bits, 0, based on the number configured serving cells and
the downlink transmission modes configured for each serving cell. A UE shall use two HARQ-ACK bits for a serving
cell configured with a downlink transmission mode that support up to two transport blocks, and one HARQ-ACK hit
otherwise.

For PUCCH format 3, a UE shall generate aNACK for aDTX HARQ-ACK response for a transport block associated
with a configured serving cell.

The scrambling initialization of PUCCH format 2, 2aand 2b isby C-RNTI.

In case of collision between a CQI/PMI/RI and an HARQ-ACK in a same subframe without PUSCH and the UE is configured
with a single serving cell, the CQI/PMI/RI is multiplexed with HARQ-ACK on PUCCH if the parameter
simultaneousAckNackAndCQI provided by higher layers is set TRUE, otherwise the CQI/PMI/RI is dropped.

In case of collision between a periodic CQI/PMI/RI and an HARQ-ACK in a same subframe with PUSCH, the periodic
CQI/PMI/RI is multiplexed with the HARQ-ACK in the PUSCH transmission in that subframe.

For TDD and one configured serving cell, two ACK/NACK feedback modes are supported by higher layer
configuration.

- ACK/NACK bundling and
- ACK/NACK multiplexing
For TDD UL-DL configuration 5 and one configured serving cell, only ACK/NACK bundling is supported.

TDD ACK/NACK bundling is performed per codeword across M multiple DL subframes associated with asingle UL
subframe n, where M isthe number of elementsintheset K defined in Table 10.1-1, by alogical AND operation of
all the individual PDSCH transmission (with and without corresponding PDCCH) ACK/NACKs and ACK in response
to PDCCH indicating downlink SPS release. For one configured serving cell the bundled 1 or 2 ACK/NACK bits are
transmitted using PUCCH format 1aor PUCCH format 1b, respectively.

For TDD ACK/NACK multiplexing and a subframe n withM >1, where M isthe number of elementsintheset K
defined in Table 10.1-1, spatial ACK/NACK bundling across multiple codewords within a DL subframeis performed
by alogical AND operation of all the corresponding individual ACK/NACKs. PUCCH format 1b with channel
selection is used in case of one configured serving cell. For TDD ACK/NACK multiplexing and a subframe n with
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M =1, spatial ACK/NACK bundling across multiple codewords within a DL subframeis not performed, 1 or 2
ACK/NACK bhits are transmitted using PUCCH format 1aor PUCCH format 1b, respectively for one configured
serving cell.

In the case of TDD and more than one configured serving cell with PUCCH format 1b with channel selection and more
than 4 ACK/NACK bits for the configured serving cells, ACK/NACK bundling across multiple codewords within a DL
subframe and across M multiple DL subframes associated with asingle UL subframe n is performed for each serving
cell by alogical AND operation of [all or some of] the individual PDSCH transmission (with and without
corresponding PDCCH) ACK/NACKs and ACK in response to PDCCH indicating downlink SPS release. The bundled
[X] ACK/NACK hit[s] for each configured serving cell is transmitted using PUCCH format 1b with channel selection.
For TDD and more than one configured serving cell with PUCCH format 1b with channel selection and up to 4
ACK/NACK bitsfor the configured serving cells, ACK/NACK bundling is not performed and the ACK/NACK hits are
transmitted using PUCCH format 1b with channel selection.

In the case of TDD and more than one configured serving cell with PUCCH format 3 and more than 20 ACK/NACK
bits for the configured serving cells, spatial ACK/NACK bundling across multiple codewords within aDL subframeis
performed for each serving cell by alogical AND operation of [all or some of] the corresponding individual
ACK/NACKsand PUCCH format 3 isused. For TDD and more than one configured serving cell with PUCCH format 3
and up to 20 ACK/NACK hits for the configured serving cells, spatial ACK/NACK bundling is not performed and the
ACK/NACK bits transmitted using PUCCH format 3.

A UE is configured by higher layersto transmit HARQ-ACK on one antennaport (p= pg) or two antenna ports
(Pe[Pg, Pul) -

For FDD and one configured serving cell, the UE shall use PUCCH resource n,(jll'JpC)CH for transmission of HARQ-
ACK insubframe n on antenna port p for PUCCH format 1a/1b, where

- for aPDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n—4 onthe
primary cell, or for aPDCCH indicating downlink SPS release (defined in section 9.2) in subframe n—4 on

the primary cell, the UE shall use né,llj%zcﬁ’f;) =Nccg + N&BCCH , where nccg isthe number of the first CCE
(i.e. lowest CCE index used to construct the PDCCH) used for transmission of the corresponding DCI
assignment and N&}CCH is configured by higher layers. For two antenna port transmission the PUCCH

resourcefor p=p, isgivenby n,(;,][,%zcﬁ) =ncce + 1+ NSeen -

- for aPDSCH transmission on the primary cell where there is not a corresponding PDCCH detected in subframe
n-4, the value of ”QDDC)CH is determined according to higher layer configuration and Table 9.2-2.

< e editors note: CA=2 below; for FDD ------------ >

For FDD with more than one configured serving cell and PUCCH format 1b with channel selection, the UE shall
transmit p(o)b(y) on PUCCH resource nI(DJEJFgCH selected from A PUCCH resources, ngupc)CH’i whereo<i<A-1
and Ae [2,3/4] , according to Table 10.1-1a, Table 10.1-1b, Table 10.1-1c in subframe n on antenna port p using

PUCCH format 1b. HARQ-ACK(j) denote the ACK/NACK/DTX response for atransport block or SPS release PDCCH
associated with serving cell, ¢ where the transport block and serving cell denoted by HARQ-ACK(j) for A PUCCH

L . . 1,
resourcesis given by Table 10.1.0. In Tables 10.1-1a, 10.1-1b, and 10.1-1c the superscript p termin né,U%)CH’X has

been dropped for convenience.

Table 10.1-0: Mapping of Transport Block and Serving Cell to HARQ-ACK(j) for PUCCH format 1b
ACK/NACK channel selection

A HARQ-ACK(j)

HARQ-ACK(0)

HARQ-ACK(1)

HARQ-ACK(2)

HARQ-ACK(3)

2 TB1 Primary cell TB2 Secondary cell NA NA
3 TB1 Serving celll TB2 Serving celll TB3 Serving cell2 NA
4 TB1 Primary cell TB2 Primary cell TB3 Secondary cell | TB4 Secondary cell
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The UE shall determinethe A PUCCH resources, ”QU%)CHJ where 0<i < A-1, according to <editor’s note:
PUCCH resources with channel selection and transmit diversity to be decided>

<editor’s note: the following sub bullet is only aworking assumption [for a PDSCH transmission indicated by
the detection of a corresponding PDCCH in subframe n— 4 on the primary cell, or for aPDCCH indicating

downlink SPSrelease (defined in section 9.2) in subframe n—4 onthe primary cell, the PUCCH resource
[NSE® = f (Neee, NS)ocn) 1, where ngee is the number of the first CCE (<editor's note: exact function f,
and CCE index used to construct the PDCCH to be decided>) used for transmission of the corresponding DCI

assignment and N&}CCH is configured by higher layers. |>

<editor’s note: the following sub bullet is only a working assumption [for a PDSCH transmission on the
primary cell where thereis not a corresponding PDCCH detected in subframe n—4, the value of né,t‘(’;ﬁ? is

determined according to higher layer configuration and Table 9.2-2.]>

for aPDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n—4 onthe
secondary cell, the value of né,t‘(’;ﬁ? is determined according to higher layer configuration. <editor’s note:

ARI (refered to herein as ACK/NACK Resource for PUCCH) for Channel Selection case isFFS ... then add
“and Table 10.1-1d” similar to Table 9.2-2>

Table 10.1-1a: Transmission of Format 1b ACK/NACK channel selection for A=2

HARQ-ACK(0) | HARQ-ACK(L) | nSfloy; b(0)b(2)
ACK ACK nYecht 11
ACK NACK/DTX nYccro 11

NACK/DTX ACK nYecht 0,0
NACK NACK/DTX nYccro 0,0
DTX NACK/DTX No Transmission

Table 10.1-1b: Transmission of Format 1b ACK/NACK channel selection for A=3

HARQ-ACK(0) | HARQ-ACK(1) | HARQ-ACK(2) | n&fluy; b(0)b(2)
ACK ACK ACK nYccrt 11
ACK NACK/DTX ACK nYecht 1,0

NACK/DTX ACK ACK nYccrt 01
NACK/DTX NACK/DTX ACK NYoch.2 11
ACK ACK NACK/DTX nYecho 11
ACK NACK/DTX NACK/DTX nYccro 1,0
NACK/DTX ACK NACK/DTX nYecho 01
NACK/DTX NACK/DTX NACK nYccr2 0,0
NACK NACK/DTX DTX nYecho 0,0
NACK/DTX NACK DTX nYccro 0,0
DTX DTX DTX No Transmission
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Table 10.1-1c: Transmission of Format 1b ACK/NACK channel selection for A=4

HARQ-ACK(0) | HARQ-ACK(1) | HARQ-ACK(2) | HARQ-ACK(3) né,];f’c)CH’i b(0)b(D)
ACK ACK ACK ACK n&)JCCH’l 1,1
ACK NACK/DTX ACK ACK nS&CCHZ 0,1

NACK/DTX ACK ACK ACK n&)JCCH’l 0,1
NACK/DTX NACK/DTX ACK ACK né,ll)JCC,JL3 1,1
ACK ACK ACK NACK/DTX nl(Dll)JCCH,l 1,0
ACK NACK/DTX ACK NACK/DTX n&)JCCH’Z 0,0
NACK/DTX ACK ACK NACK/DTX nl(Dll)JCCH,l 0,0
NACK/DTX NACK/DTX ACK NACK/DTX né,ll)JCCFL3 1,0
ACK ACK NACK/DTX ACK nS&CCHZ 1,1
ACK NACK/DTX NACK/DTX ACK nQJCCHZ 1,0
NACK/DTX ACK NACK/DTX ACK né,ll)JCC,JL3 0,1
NACK/DTX NACK/DTX NACK/DTX ACK nS&CCH’3 0,0
ACK ACK NACK/DTX NACK/DTX nS&CCHD 1,1
ACK NACK/DTX NACK/DTX NACK/DTX nS&CCHD 1,0
NACK/DTX ACK NACK/DTX NACK/DTX nS&CCHD 0,1
NACK/DTX NACK NACK/DTX NACK/DTX n&)JCCHD 0,0
NACK NACK/DTX NACK/DTX NACK/DTX nS&CCHD 0,0
DTX DTX NACK/DTX NACK/DTX No Transmission

For FDD with more than one configured serving cell and PUCCH format 3, the UE shall use PUCCH resource

n%@CH or né,t?CH for transmission of HARQ-ACK in subframe n on antenna port p where

- for aPDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH in
subframe n—4, or for aPDCCH indicating downlink SPS release (defined in section 9.2) in subframe n—4
on the primary cell, the UE shall use PUCCH format 1a/1b and PUCCH resource né,t?CH with

nG2Pe) = noce + N§ ooy » where neee isthe number of the first CCE (i.e. lowest CCE index used to

construct the PDCCH) used for transmission of the corresponding DCI assignment and N}, is configured
by higher layers. For two antenna port transmission the PUCCH resourcefor p=p; isgiven

(Lp=py) _ 1
by nfeal = nece +1+ N&een

- for aPDSCH transmission only on the primary cell where thereis not a corresponding PDCCH detected in

subframe n—4, the UE shall use PUCCH format 1a/1b and PUCCH resource nélL’,E)CH with the value of

né,t?CH is determined according to higher layer configuration and Table 9.2-2.

- for aPDSCH transmission on the secondary cell indicated by the detection of a corresponding PDCCH in
subframe n-—4, the UE shall use PUCCH format 3 and PUCCH resource ng’j@CH with the value of ”%F&H

is determined according to higher layer configuration and Table 10.1-1d. The TPC command for PUCCH field
in the DCI format of the corresponding PDCCH shall be used to determine the PUCCH resource values from
one of the four resource values configured by higher layers, with the mapping defined in Table 10.1-1d. A
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UE shall assume that the same HARQ-ACK PUCCH resource value is transmitted on all PDCCH assignments
corresponding to secondary cells.

Table 10.1-1d: PUCCH Resource Value for HARQ-ACK Resource for PUCCH

Value of ‘"HARQ-ACK Resource n(3p)
for PUCCH’ PUCCH
00’ The 1st PUCCH resource value

configured by the higher layers
The 2™ PUCCH resource value

01 configured by the higher layers
‘10 The 3" PUCCH resource value

configured by the higher layers
7 The 4™ PUCCH resource value

configured by the higher layers

<editor’s note: updatesto TDD ACK/NACK for more than one configured cell after significant agreements have been
reached >

For TDD ACK/NACK bundling or TDD ACK/NACK multiplexing and a subframe n with M =1 where M isthe
number of elementsintheset K definedin Table 10.1-1, the UE shall use PUCCH resource nI(DJEJFgCH for
transmission of HARQ-ACK in subframe n on antennaport p for PUCCH format 1a/1b, where

If there is PDSCH transmission on the primary cell indicated by the detection of corresponding PDCCH or there
is PDCCH indicating downlink SPS release within subframe(s) n—k, where ke K and K (definedin Table
10.1-1) isaset of M elements {ko, Kioe e K _l} depending on the subframe n and the UL-DL configuration

(defined in Table 4.2-2in[3]), the UE first selectsa ¢ value out of {0, 1, 2, 3} which makes

N <Ncce < Neyq and shall use nGP2Pe) — (M —m—1)- Ng +m- Neyq +nece + NS ooy » where NS o,
is configured by higher layers, N, = max{o, L[N% -(Ns'iB -c—4)]/36 J} ,and ngee  isthe number of the
first CCE used for transmission of the corresponding PDCCH in subframe n—k_, and the corresponding m,

where k,, isthesmallest valueinset K such that UE detects a PDCCH in subframe n—Kk;,. For two antenna
port transmission the PUCCH resource for ACK/NACK bundling p= p; isgivenby

1p= 1
NSHRch) = (M —m=1)- Ng +m- N,y +nece +1+ N§oe -

If thereisonly a PDSCH transmission on the primary cell where there is not a corresponding PDCCH detected
within subframe(s) n—k, where ke K and K isdefined in Table 10.1-1, thevalue of n§)..,, isdetermined
according to higher layer configuration and Table 9.2-2.

Table 10.1-1: Downlink association set index K : {ky,k;,---ky_,} for TDD

UL-DL Subframe n
Configuration

01 2 3 4 |56 7 819
0 - 6 - 4 | - 6 -1 4
1 - - 7,6 4 - - - 7,6 4| -
2 - |- 8,7,4,6 - - |-]-[8746]-]-
3 - |- 7,6,11 6,5 54| -] - - - |-
4 - |- 12,8,7,11 6,547 - |-]- - - |-
5 -[-113,12,9,8,7,5,4,11,6 - - [-]- - - |-
6 - |- 7 7 5 [ -[- 7 7] -
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For TDD ACK/NACK multiplexing and sub-frame n with M >1, where M isthe number of elementsintheset K
defined in Table 10.1-1, denote ;@ the PUCCH resource derived from sub-frame n—k; and HARQ-ACK (i)
asthe ACK/NACK/DTX response from sub-frame n—k; , where k € K (defined in Table 10.1-1) and 0<i<M -1.

- For aPDSCH transmission or a PDCCH indicating downlink SPS release in sub-frame n—k; where k € K,

the PUCCH resource né,lupczc’,)_lo} =(M —i—1)-Ng+i-Ngy1+nccgj + N%CCH , where ¢ issdlected from {0,

1,2,3} suchthat Ng<nccgj <Ngyp, Neg= max{O,L[N% -(NSFéB-c—4)]/36J} » N isthe number of

the first CCE used for transmission of the corresponding PDCCH in subframe n—k; , and N$ccy is
configured by higher layers. <editor’s note: p=p_1 case to be decided>

- For aPDSCH transmission where there is not a corresponding PDCCH detected in subframe n—k; , the value

of ngu%)CH’i is determined according to higher layer configuration and Table 9.2-2.

The UE shall transmit b(0),b(1) on PUCCH resource nSprC)CH in sub-frame n using PUCCH format 1b according to

section 5.4.1in[3]. The value of b(0),b(1) and the PUCCH resource n,(}opC)CH are generated by channel selection
according to Table 10.1-2, 10.1-3, and 10.1-4 for M = 2, 3, and 4, respectively where the superscript p termin

n&JpC)CH,X has been dropped for convenience. In case b(0),b(1) are mapped to “N/A,” then the UE shall not transmit
ACK/NACK responsein sub-framen.

Table 10.1-2: Transmission of ACK/NACK multiplexing for M = 2

HARQ-ACK(0), HARQ-ACK (1) n® con b(0),b())

)

ACK, ACK NScera 1,1

ACK, NACK/DTX NSccro 0,1

NACK/DTX, ACK NScera 0,0

NACK/DTX, NACK NScera 1,0
M

NACK, DTX NSccno 1,0

DTX, DTX N/A N/A

Table 10.1-3: Transmission of ACK/NACK multiplexing for M = 3

HARQ-ACK (0), HARQ-ACK (1), HARQ-ACK (2) D cer b(0),b(1)
ACK, ACK, ACK NSccH2 1,1
ACK, ACK, NACK/DTX NScera 1,1
ACK, NACK/DTX, ACK NSccro 1,1
ACK, NACK/DTX, NACK/DTX IS 01
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NACK/DTX, ACK, ACK NSccnz 1,0
NACK/DTX, ACK, NACK/DTX NScera 0,0
NACK/DTX, NACK/DTX, ACK NSccH2 0,0

DTX, DTX, NACK NSccH2 01

DTX, NACK, NACK/DTX NScera 1,0
NACK, NACK/DTX, NACK/DTX NSccro 1,0
DTX, DTX, DTX N/A N/A

Table 10.1-4: Transmission of ACK/NACK multiplexing for M = 4

HARQ-ACK (0), HARQ-ACK (1), HARQ-ACK(2), HARQ-ACK(3) N e b(0),b(2)
ACK, ACK, ACK, ACK NSccna 1,1
ACK, ACK, ACK, NACK/DTX NSccna 1,0
NACK/DTX,NACK/DTX,NACK,DTX NS)ccn 2 1,1
ACK, ACK, NACK/DTX, ACK NSccna 1,0
NACK, DTX, DTX, DTX NSceno 1,0
ACK, ACK, NACK/DTX, NACK/DTX NSccna 1,0
ACK, NACK/DTX, ACK, ACK NSecna 0,1
NACK/DTX, NACK/DTX, NACK/DTX, NACK NSecna 1,1
ACK, NACK/DTX, ACK, NACK/DTX NSccnz 0,1
ACK, NACK/DTX, NACK/DTX, ACK NSecno 0,1
ACK, NACK/DTX, NACK/DTX, NACK/DTX NSecno 1,1
NACK/DTX, ACK, ACK, ACK NS)cen s 01
NACK/DTX, NACK, DTX, DTX NSccna 0,0
NACK/DTX, ACK, ACK, NACK/DTX NS)ccn 2 1,0
NACK/DTX, ACK, NACK/DTX, ACK NS)cen s 1,0
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NACK/DTX, ACK, NACK/DTX, NACK/DTX NSecna 0,1
NACK/DTX, NACK/DTX, ACK, ACK NScen s 01
NACK/DTX, NACK/DTX, ACK, NACK/DTX NS)ccn 2 0,0
NACK/DTX, NACK/DTX, NACK/DTX, ACK NScen s 0,0
DTX, DTX, DTX, DTX N/A N/A

ACK/NACK repetition is enabled or disabled by a UE specific parameter ackNackRepetition configured by higher
layers. Once enabled, the UE shall repeat any ACK/NACK transmission with arepetition factor N g, Where
NANRep is provided by higher layers and includs the initial ACK/NACK transmission, until ACK/NACK repetition
is disabled by higher layers. For aPDSCH transmission without a corresponding PDCCH detected, the UE shall
transmit the corresponding ACK/NACK response N ANRep times using PUCCH resource n,(;,LUF(’:)CH configured by

higher layers. For aPDSCH transmission with a corresponding PDCCH detected, or for a PDCCH indicating
downlink SPS release, the UE shall first transmit the corresponding ACK/NACK response once using PUCCH
resource derived from the corresponding PDCCH CCE index (as described in Section 10.1), and repeat the

transmission of the corresponding ACK/NACK response Nyge, =1 times always using PUCCH resource
nQUpC)CH, ANRep * where nQUpC)CH, ANRep is configured by higher layers.

For TDD, ACK/NACK repetition is only applicable for ACK/NACK bundling and is not applicable for
ACK/NACK multiplexing. <editor’s note: To be determined whether the configured resource that is used for
ACK/NACK repetition isonly for antennaport p= pg.>

A UE is configured by higher layers to transmit the scheduling request (SR) on one antenna port or two antenna
ports. The scheduling request shall be transmitted on the PUCCH resource(s) nS;JpC)CH = ”|(:>]DF<):)CH,SR| for antenna

port p as defined in [3], where nl(:’ll’JpC)CH,SRI is configured by higher layers. The SR configuration for SR
transmission periodicity SReegopicity @d SR subframe offset Noprger s IS defined in Table 10.1-5 by the
parameter sr-Configindex |, given by higher layers.

SR transmission instances are the uplink subframes satisfying
(10X ng + Lns / ZJ — Norrser sr ) mod SReeriopicity =0

Table 10.1-5: UE-specific SR periodicity and subframe offset configuration

SR configuration Index |, SR periodicity (ms) SR subframe offset Ngprser or
SReeriopiciTy ’
0-4 5 |
5-14 10 l&«-5
15-34 20 l&—15
35-74 40 lx—35
75-154 80 =75
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155 — 156 2 | & —155

157 1 | & —157

10.2  Uplink ACK/NACK timing

For FDD, the UE shall upon detection of a PDSCH transmission in subframe n-4 intended for the UE and for which an

ACK/NACK shall be provided, transmit the ACK/NACK responsein subframe n. If ACK/NACK repetition is enabled,

upon detection of a PDSCH transmission in subframe n-4 intended for the UE and for which ACK/NACK response

shall be provided, and if the UE is not repeating the transmission of any ACK/NACK in subframe n corresponding to a

PDSCH transmission in subframes n - Nanrep =3+ -+ N=5, the UE:

e shal transmit only the ACK/NACK response (corresponding to the detected PDSCH transmission in
subframe n—4) on PUCCH in subframes n, n+1, ..., n+ N e — 1

e shall not transmit any other signal in subframes n, n+1, ..., N+ Njyee,—1; @d

e shal not transmit any ACK/NACK response repetitions corresponding to any detected PDSCH transmission
insubframes n-3, ..., n+ Nanre =5+

For TDD, the UE shall upon detection of a PDSCH transmission within subframe(s) n—k, where ke K and K is
defined in Table 10.1-1 intended for the UE and for which ACK/NACK response shall be provided, transmit the
ACK/NACK responsein UL subframen. If ACK/NACK repetition is enabled, upon detection of a PDSCH
transmission within subframe(s) n—k, where ke K and K isdefined in Table 10.1-1 intended for the UE and for
which ACK/NACK response shall be provided, and if the UE is not repeating the transmission of any ACK/NACK in
subframe n corresponding to a PDSCH transmission in aDL subframe earlier than subframe n—k, the UE:

e shal transmit only the ACK/NACK response (corresponding to the detected PDSCH transmission in

subframen—k) on PUCCH in UL subframen and thenext N, —1UL subframes denoted as N,

S Y

e shall not transmit any other signal in UL subframe N, n;,...,N and

Nanrep —1*

e shal not transmit any ACK/NACK response repetitions corresponding to any detected PDSCH transmission
insubframes N —K, where ke K;, K isthe set defined in Table 10.1-1 corresponding to UL subframe
n,and 1<i< NANRep -1.

For TDD, ACK/NACK bundling, if the UE detects that at |east one downlink assignment has been missed as described
in Section 7.3, the UE shall not transmit ACK/NACK in case the UE is not transmitting on PUSCH.

The uplink timing for the ACK corresponding to a detected PDCCH indicating downlink SPS release shall be the same
as the uplink timing for the ACK/NACK corresponding to a detected PDSCH, as defined above.

11 Physical multicast channel related procedures

11.1  UE procedure for receiving the physical multicast channel

The UE shall decode the PM CH when configured by higher layers. The UE may assume that an eNB transmission on
the PMCH is performed according to Section 6.5 of [3].
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Thel s for the PMCH is configured by higher layers. The UE shall usel s for the PMCH and Table 7.1.7.1-1 to
determine the modulation order (Q,,) and TBSindex (|155) used inthe PMCH. The UE shall then follow the
procedure in Section 7.1.7.2.1 to determine the transport block size, assuming N ., isequal to NR; .

11.2  UE procedure for receiving MCCH change notification

If aUE is configured by higher layersto decode PDCCHs with the CRC scrambled by the M-RNTI, the UE shall
decode the PDCCH according to the combination defined in table 11.2-1.

Table 11.2-1: PDCCH configured by M-RNTI

DCI format Search Space

DCI format 1C Common

The 8-bit information for MCCH change notification [11], as signalled on the PDCCH, shall be delivered to higher
layers.
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04/03/09 | RAN 43 |RP-090236( 227 - | Clarifying error handling of PDSCH and PUSCH assignments 8.5.0 [8.6.0
04/03/09 | RAN_43 |RP-090236( 228 - |Clarify PHICH index mapping 8.5.0 [8.6.0
04/03/09 | RAN_43 |RP-090236| 229 - [Correction of CQI timing 8.5.0 |8.6.0
04/03/09 | RAN_43 |RP-090236( 230 - |Alignment of CQI parameter names with RRC 8.5.0 [8.6.0
04/03/09 | RAN_43 |RP-090236( 231 1 [Removal of ‘Off’ values for periodic reporting in L1 8.5.0 [8.6.0
04/03/09 | RAN 43 |RP-090236( 232 - | Default value of RI 8.5.0 [8.6.0
04/03/09 | RAN_43 |RP-090236( 233 1 [Clarification of uplink timing adjustments 8.5.0 [8.6.0
04/03/09 | RAN_43 |RP-090236( 234 - |Clarification on ACK/NAK repetition 8.5.0 [8.6.0
27/05/09 | RAN_44 RP-090529 235 1 Correctt'ion to the condition of resetting accumulated uplink power [8.6.0 |8.7.0
correction
27/05/09 | RAN_44 236 - | Correction to the random access channel parameters received from|8.6.0 (8.7.0
RP-090529 hi
igher layer
27/05/09 [ RAN_ 44 |RP-090529( 237 - | Correction on TDD ACKNACK 8.6.0 [8.7.0
27/05/09 | RAN_44 |RP-090529( 238 1 [Correction on CQI reporting 8.6.0 [8.7.0
27/05/09 | RAN 44 |RP-090529( 239 - | Correction on the HARQ process number 8.6.0 [8.7.0
27/05/09 | RAN_44 |RP-090529( 241 1 [CR correction of the description on TTI-bundling 8.6.0 [8.7.0
27/05/09 | RAN_44 242 1 |Clarify latest and initial PDCCH for PDSCH and PUSCH 8.6.0 |8.7.0
RP-090529 e L
transmisisons, and NDI for SPS activation
27/05/09 | RAN 44 |RP-090529( 243 - | Clarify DRS EPRE 8.6.0 [8.7.0
27/05/09 [ RAN 44 |RP-090529( 244 1 |Clarification on TPC commands for SPS 8.6.0 [8.7.0
15/09/09 | RAN_45 |RP-090888| 245 1 [Correction to PUSCH hopping and PHICH mapping procedures 8.7.0 [8.8.0
15/09/09 | RAN_45 |RP-090888| 246 - _|Clarification on subband indexing in periodic CQI reporting 8.7.0 [8.8.0
15/09/09 | RAN_45 |RP-090888| 247 2 |Correction to DVRB operation in TDD transmission mode 7 8.7.0 [8.8.0
15/09/09 | RAN_45 RP-090888 249 - |Clarification of concurrent ACKNACK and periodic PMI/RI 8.7.0 |8.8.0
transmission on PUCCH for TDD
15/09/09 | RAN_45 [RP-090888| 250 - | Clarify Inter-cell synchronization text 8.7.0 [8.8.0
01/12/09 | RAN_46 |RP-091172( 248 1 [Introduction of LTE positioning 8.8.0 [9.0.0
01/12/09 | RAN 46 |RP-091172( 254 - | Clarification of PDSCH and PRS in combination for LTE positioning |8.8.0 [9.0.0
01/12/09 | RAN 46 |RP-091177( 255 5 |Editorial corrections to 36.213 8.8.0 [9.0.0
01/12/09 | RAN_46 |RP-091257( 256 1 [Introduction of enhanced dual layer transmission 8.8.0 [9.0.0
01/12/09 | RAN_46 |RP-091177( 257 1 |Add shorter SR periodicity 8.8.0 [9.0.0
01/12/09 | RAN 46 |RP-091256( 258 - |Introduction of LTE MBMS 8.8.0 [9.0.0
17/12/09 | RAN_46 RP-091257 256 1 |Correction by MCC due to wrong implementation of CR0256r1 — 9.0.0 |9.0.1
) Sentence is added to Single-antenna port scheme section 7.1.1
16/03/10 | RAN_47 RP-100211 259 3 |UE behavior when collision of antenna port 7/8 with PBCH or SCH [9.0.1 [9.1.0
happened and when distributed VRB is used with antenna port 7
16/03/10 | RAN_47 |RP-100210| 260 1 [MCCH change natification using DCI format 1C 9.0.1 [9.1.0
16/03/10 | RAN_47 263 - |Correction on PDSCH EPRE and UE-specific RS EPRE for Rel-9 9.0.1 (9.1.0
RP-100211 .
enhanced DL transmissions
01/06/10 | RAN_48 RP-100589 265 - |Clarification for TDD when multiplexing ACK/NACK with SR of 9.1.0 |9.2.0
ACK/NACK with CQI/PMI or RI
01/06/10 | RAN 48 |RP-100590( 268 1 |Clarification of PRS EPRE 9.1.0 [9.2.0
14/09/10 | RAN_49 |RP-100900| 269 - |Clarification on Extended CP support with Transmission Mode 8 9.2.0 [9.3.0
07/12/10 | RAN 50 |RP-101320( 270 - |Introduction of Rel-10 LTE-Advanced features in 36.213 9.3.0 [10.0.0
27/12/10 - - - - | Editorial change to correct a copy/past error in section 7.2.2 10.0.0 {10.0.1
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