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Foreword
This Technical Specification has been produced by the 3rd 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 the 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 establishes the minimum RF requirements for NR User Equipment (UE) operating on frequency
Range 2.

2 References

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

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

- For aspecific reference, subsequent revisions do not apply.

- For anon-specific reference, the latest version applies. In the case of areference to a 3GPP document (including
aGSM 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 38.101-1: “NR; User Equipment (UE) radio transmission and reception; Part 1: Range 1
Standalone”

[3] 3GPP TS 38.101-3: “NR; User Equipment (UE) radio transmission and reception; Part 3: Range 1
and Range 2 Interworking operation with other radios”

[4] 3GPP TR 38.810: “Study on test methods for New Radio”

[5] 3GPP TS 38.521-2: “NR; User Equipment (UE) conformance specification; Radio transmission
and reception; Part 2: Range 2 Standalone"

[6] Recommendation ITU-R M.1545:; "Measurement uncertainty asit applies to test limits for the
terrestrial component of International Mobile Telecommunications-2000"

[7] ITU-R Recommendation SM.329-10, "Unwanted emissions in the spurious domain"

[8] 47 CFR Part 30, “UPPER MICROWAVE FLEXIBLE USE SERVICE, §30.202 Power limits’,
FCC.

[9] 3GPP TS 38.211: "NR; Physical channels and modulation”.

[10] 3GPP TS 38.213: "NR; Physical layer procedures for control”.

3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following
apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP
TR 21.905[1].

Aggregated Channel Bandwidth: The RF bandwidth in which a UE transmits and receives multiple contiguously
aggregated carriers.

Carrier aggregation: Aggregation of two or more component carriersin order to support wider transmission
bandwidths.

Carrier aggregation band: A set of one or more operating bands across which multiple carriers are aggregated
with a specific set of technical requirements.
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Carrier aggregation bandwidth class: A class defined by the aggregated transmission bandwidth configuration
and maximum number of component carriers supported by a UE.

Carrier aggregation configuration: A combination of CA operating band(s) and CA bandwidth class(es)
supported by a UE.

NOTE: Carriersaggregated in each band can be contiguous or non-contiguous.

EIRP(Link=Link angle, M eas=Link angle): measurement of the UE such that the link angle is aligned with the
measurement angle. EIRP (indicator to be measured) can be replaced by EIS, Frequency, EVM, carrier Leakage,
In-band eission and OBW. Beam peak search grids, TX beam peak direction, and RX beam peak direction can
be selected to describe Link.

EIRP(Link=Link angle, M eas=beam peak direction): measurement of the EIRP of the UE such that the
measurement angle is aligned with the beam peak direction within an acceptable measurement error uncertainty.

Fallback group: Group of carrier aggregation bandwidth classes for which it is mandatory for a UE to be able to
fallback to lower order CA bandwidth class configuration. It is not mandatory for a UE to be able to fallback to
lower order CA bandwidth class configuration that belong to a different fallback group

Inter-band carrier aggregation: Carrier aggregation of component carriers in different operating bands.

NOTE: Carriers aggregated in each band can be contiguous or non-contiguous.

Intra-band contiguous carrier aggregation: Contiguous carriers aggregated in the same operating band.
Intra-band non-contiguous carrier aggregation: Non-contiguous carriers aggregated in the same operating band.
Link angle: aDL-signal AoA from the view point of the UE, as described in Table C.2-1in[4].

M easurement angle: the angle of measurement of the desired metric from the view point of the UE, as described in
TableC.2-1in[4].

radiated interface boundary: operating band specific radiated requirements reference point where the radiated
reguirements apply

RX beam peak direction: direction where the maximum total component of RSRP and thus best total component of
ElISisfound

Sub-block: Thisis one contiguous allocated block of spectrum for transmission and reception by the same UE.
There may be multiple instances of sub-blocks within an RF bandwidth.

TX beam peak direction: direction where the maximum total component of EIRP isfound

TRP(Link=Link angle): measurement of the TRP of the UE such that the measurement angle is aligned with the
beam peak direction within an acceptable measurement uncertainty. TX beam peak direction and RX beam peak
direction can be selected to describe Link.

NOTE: For requirements based on EIRP/EIS, the radiated interface boundary is associated to the far-field region

3.2 Symbols

For the purposes of the present document, the following symbols apply:

AFGioba Granularity of the global frequency raster

AFRaster Band dependent channel raster granularity

Afoos A Frequency of Out Of Band emission

Ars The starting frequency offset between the allocated RB and the measured non-allocated RB
ARjg Allowed reference sensitivity relaxation due to support for inter-band CA operation
BWechannel Channel bandwidth

BWchame_ca Aggregated channel bandwidth, expressed in MHz

BWinterferer Bandwidth of the interferer

Ceil(x) Rounding upwards; ceil(x) is the smallest integer such that ceil(x) > x

EIRPmax The applicable maximum EIRP as specified in sub-clause 6.2.1

Floor(x) Rounding downwards; floor(x) is the greatest integer such that floor(x) < x
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Fc RF reference frequency for the carrier center on the channel raster, given in table 5.4.2.2-1

Fc block, high Fc of the highest transmitted/received carrier in a sub-block.

Fc block, low Fc of the lowest transmitted/received carrier in a sub-block.

Fc 1ow The Fc of the lowest carrier, expressed in MHz.

Fc nign The Fc of the highest carrier, expressed in MHz.

Fedge 1ow The lower edge of Aggregated BS Channel Bandwidth, expressed in MHZz. Fedge 1ow = Fc_jow -
Foffset_1ow.

Fedge high The upper edge of Aggregated BS Channel Bandwidth, expressed in MHz. Fegge nigh = Fc_high +
Foffset_nigh.

Fedge block low The lower sub-block edge, where Fedge biockjow = Fc plockjow = Foffset_low.

Fedge,block high The upper sub-block edge, where Fedge biockigh = Fc plockhigh + Foffset_high.

Finerterer (Offset)  Frequency offset of the interferer (between the center frequency of the interferer and the carrier
frequency of the carrier measured)

Finterferer Frequency of the interferer

Foffset_ow Frequency offset from Fc jow to the lower Base Station RF Bandwidth edge, or from Fc piock, iow tO
the lower sub-block edge

Foffset_high Frequency offset from Fc nigh to the upper Base Station RF Bandwidth edge, or from F ¢ piock, high tO
the upper sub-block edge

F_center The center frequency of an allocated block of PRBs

FoL_iow The lowest frequency of the downlink operating band

FoL_high The highest frequency of the downlink operating band

FuL_iow The lowest frequency of the uplink operating band

FuL_high The highest frequency of the uplink operating band

Finerterer (Offset)  Frequency offset of the interferer (between the center frequency of the interferer and the carrier
frequency of the carrier measured)

Finterferer Frequency of the interferer

Fioffeet Freguency offset of the interferer (between the center frequency of the interferer and the closest
edge of the carrier measured)

Foos The boundary between the NR out of band emission and spurious emission domains

Frer RF reference frequency

Frer-offs Offset used for calcul ati ng Frer

FuL_meas The sub-carrier frequency for which the equalizer coefficient is evaluated

GBchame Minimum guard band defined in sub-clause 5.3.3

Lcrs Transmission bandwidth which represents the length of a contiguous resource block allocation
expressed in units of resources blocks

L cre Max Maximum number of RB for a given Channel bandwidth and sub-carrier spacing

Max() The largest of given numbers

Min() The smallest of given numbers

MPR ¢ Maximum output power reduction for carrier f of serving cell ¢

MPRnarrow Maximum output power reduction due to narrow PRB allocation

MPRwr Maximum power reduction due to modulation orders, transmit bandwidth configurations,
waveform types

NerB Physical resource block number

NRacLr NRACLR

Nrs Transmission bandwidth configuration, expressed in units of resource blocks

Nrer NR Absolute Radio Frequency Channel Number (NR-ARFCN)

NRer-offs Offset used for calculating Nree

Pcemax The configured maximum UE output power

Pcemax, f, ¢ The configured maximum UE output power for carrier f of serving cell ¢

Prax The maximum UE output power as specified in sub-clause 6.2.1

Prin The minimum UE output power as specified in sub-clause 6.3.1

Pint The intermediate power point as defined in table 6.3.4.2-2

Pinterterer Modulated mean power of the interferer

P-MPR ¢ The Power Management UE Maximum Power Reduction for carrier f of serving cell ¢

ProwerClass Nominal UE power class (i.e., no tolerance) as specified in sub-clause 6.2.1

Prs The transmitted power per alocated RB, measured in dBm

Prmaxf.c The measured total radiated power for carrier f of serving cell ¢

Pumax The measured configured maximum UE output power

Pw Power of awanted DL signal

RBstart Indicates the lowest RB index of transmitted resource blocks

SSrer SS block reference frequency position

T(AP) The tolerance T(AP) for applicable values of AP (valuesin dB)
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TRPmax The maximum TRP for the UE power class as specified in sub-clause 6.2.1

3.3 Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An
abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in
3GPP TR 21.905 [1].

ACLR Adjacent Channel Leakage Ratio

ACS Adjacent Channel Selectivity

A-MPR Additional Maximum Power Reduction

AO0A Angle of Arrival

BPSK Binary Phase-Shift Keying

BS Base Station

BW Bandwidth

BWP Bandwidth Part

CA Carrier aggregation

CA_nX-nY Inter-band CA of component carrier(s) in one sub-block within Band X and component carrier(s)
in one sub-block within Band Y where X and Y are the applicable NR operating band

CC Component carrier

CDF Cumulative Distribution Function

CP-OFDM Cyclic Prefix-OFDM

CW Continuous Wave

DFT-ssOFDM  Discrete Fourier Transform-spread-OFDM

DM-RS Demodulation Reference Signal

DTX Discontinuous Transmission

EIRP Effective | sotropic Radiated Power

EIS Effective | sotropic Sensitivity

EVM Error Vector Magnitude

FR Freguency Range

FWA Fixed Wireless Access

GSCN Global Synchronization Channel Number

IBB In-band Blocking

IDFT Inverse Discrete Fourier Transformation

ITU-R Radiocommunication Sector of the International Telecommunication Union

MBW M easurement bandwidth defined for the protected band

MPR Allowed maximum power reduction

NR New Radio

NR-ARFCN NR Absolute Radio Frequency Channel Number

OCNG OFDMA Channel Noise Generator

OOB Out-of-band

OTA Over The Air

P-MPR Power Management Maximum Power Reduction

PRB Physical Resource Block

QAM Quadrature Amplitude Modulation

RF Radio Frequency

REFSENS Reference Sensitivity

RIB Radiated Interface Boundary

RMS Root Mean Square (value)

RSRP Reference Signal Receiving Power

Rx Receiver

SCS Subcarrier spacing

SEM Spectrum Emission Mask

SRS Sounding Reference Symbol

SS Synchronization Symbol

TPC Transimission Power Control

TRP Total Radiated Power

TX Transmitter

UE User Equipment

UL-MIMO Uplink Multiple Antenna transmission
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4 General

4.1 Relationship between minimum requirements and test
requirements

The present document is a Single-RAT specification for NR UE, covering RF characteristics and minimum
performance reguirements. Conformance to the present specification is demonstrated by fulfilling the test requirements
specified in the conformance specification 3GPP TS 38.521-2 [7].

The Minimum Requirements given in this specification make no allowance for measurement uncertainty. The test
specification TS 38.521-2 [5] defines test tolerances. These test tolerances are individually calculated for each test. The
test tolerances are used to relax the minimum requirements in this specification to create test requirements. For some
requirements, including regulatory requirements, the test tolerance is set to zero.

The measurement results returned by the test system are compared - without any modification - against the test
requirements as defined by the shared risk principle.

The shared risk principle is defined in Recommendation ITU R M.1545 [6].

4.2 Applicability of minimum requirements

a) In this specification the Minimum Reguirements are specified as genera requirements and additional
reguirements. Where the Requirement is specified as a general requirement, the requirement is mandated to be
met in all scenarios

b) For specific scenarios for which an additional requirement is specified, in addition to meeting the general
requirement, the UE is mandated to meet the additional requirements.

¢) The spurious emissions power requirements are for the long-term average of the power. For the purpose of
reducing measurement uncertainty it is acceptable to average the measured power over a period of time
sufficient to reduce the uncertainty due to the statistical nature of the signal

4.3 Specification suffix information

Unless stated otherwise the following suffixes are used for indicating at 2 level subclause, shown in Table 4.3-1.

Table 4.3-1: Definition of suffixes

Clause suffix Variant
None Single Carrier
A Carrier Aggregation (CA)
B Dual-Connectivity (DC)
C Supplement Uplink (SUL)
D UL MIMO

NOTE:  Suffix D in this specification represents either polarized UL MIMO
or spatial UL MIMO. RF requirements are same. If UE supports
both kinds of UL MIMO, then RF requirements only need to be
verified under either polarized or spatial UL MIMO.
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5 Operating bands and channel arrangement

5.1 General

The channel arrangements presented in this clause are based on the operating bands and channel bandwidths defined in
the present release of specifications.

NOTE: Other operating bands and channel bandwidths may be considered in future rel eases.

Requirements throughout the RF specifications are in many cases defined separately for different frequency ranges
(FR). The frequency rangesin which NR can operate according to this version of the specification are identified as
described in Table 5.1-1.

Table 5.1-1: Definition of frequency ranges

Frequency range Corresponding frequency range
designation
FR1 450 MHz — 6000 MHz
FR2 24250 MHz — 52600 MHz

The present specification covers FR2 operating bands.

5.2 Operating bands
NR is designed to operate in the FR2 operating bands defined in Table 5.2-1.

Table 5.2-1: NR operating bands in FR2

Operating Uplink (UL) operating band Downlink (DL) operating band Duplex

Band BS receive BS transmit Mode
UE transmit UE receive
FuL low — FuL high FpL low — FbL high

n257 26500 MHz — 29500 MHz | 26500 MHz — 29500 MHz TDD
n258 24250 MHz - 27500 MHz | 24250 MHz - 27500 MHz TDD
n260 37000 MHz - 40000 MHz | 37000 MHz - 40000 MHz TDD
n261 27500 MHz - 28350 MHz | 27500 MHz - 28350 MHz TDD

5.2A  Operating bands for CA
5.2A.1 Intra-band CA

NR intra-band contiguous carrier aggregation is designed to operate in the operating bands defined in Table 5.2A.1-1,
where all operating bands are within FR2.
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Table 5.2A.1-1: Intra-band contiguous CA operating bands in FR2

NR Band
NR CA Band (Table 5.2-1)
CA_n257B n257
CA_n257D n257
CA_n257E n257
CA_n257F n257
CA_n257G n257
CA_n257H n257
CA_n2571 n257
CA_n257] n257
CA_n257K n257
CA_n257L n257
CA_n257M n257
CA_n260B n260
CA_n260C n260
CA_n260D n260
CA_n260E n260
CA_n260F n260
CA_n260G n260
CA_n260H n260
CA_n260I n260
CA_n260J n260
CA_n260K n260
CA_n260L n260
CA_n260M n260
CA_n2600 n260
CA_n260P n260
CA_n260Q n260
CA_n261B n261
CA_n261C n261
CA_n261D n261
CA_n261E n261
CA_n261F n261
CA_n261G n261
CA _n261H n261
CA _n261l n261
CA n261J n261
CA _n261K n261
CA n261L n261
CA _n261M n261
CA_n2610 n261
CA_n261P n261
CA_n261Q n261

5.2A.2 Inter-band CA

NR inter-band carrier aggregation is designed to operate in the operating bands defined in Table 5.2A.2-1, where all

operating bands are within FR2.

Table 5.2A.2-1: Inter-band CA operating bands involving FR2 (two bands)

NR Band
NR CA Band (Table 5.2-1)
CA_nXnY nX, n¥Y

Editor’s note: The above tables should only cover band combinations where the NR bands are in FR2. More tables
may be added based on the agreed CA band combinations.
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5.2D  Operating bands for UL-MIMO

NR UL-MIMO is designed to operate in the operating bands defined in Table 5.2D-1.
Table 5.2D-1: NR UL-MIMO operating bands

UL-MIMO operating band
(Table 5.2-1)
n257
n258
n260
n261

5.3 UE Channel bandwidth
531 General

The UE channel bandwidth supports asingle NR RF carrier in the uplink or downlink at the UE. From aBS
perspective, different UE channel bandwidths may be supported within the same spectrum for transmitting to and
receiving from UEs connected to the BS. Transmission of multiple carriers to the same UE (CA) or multiple carriersto
different UEs within the BS channel bandwidth can be supported.

From a UE perspective, the UE is configured with one or more BWP / carriers, each with its own UE channel
bandwidth. The UE does not need to be aware of the BS channel bandwidth or how the BS all ocates bandwidth to
different UEs.

The placement of the UE channel bandwidth for each UE carrier is flexible but can only be completely within the BS
channel bandwidth.

The relationship between the channel bandwidth, the guardband and the transmission bandwidth configuration is shown
in Figure 5.3.1-1.

Channel Bandwidth [MHz]

Transmission Bandwidth Configuration Ngg [RB]

I I
I I
N L,
= I T fed I =
3 | ransmission I g
3 | | Bandwidth [RB]| | 3
= - =
Sl g |
| | |
| § : |
all >
Tl — I f'
___________________ i I

W

Guardband, can be asymmetric

Figure 5.3.1-1: Definition of channel bandwidth and transmission bandwidth configuration for one NR
channel

5.3.2 Maximum transmission bandwidth configuration

The maximum transmission bandwidth configuration Ngg for each UE channel bandwidth and subcarrier spacing is
specified in Table 5.3.2-1
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Table 5.3.2-1: Maximum transmission bandwidth configuration Ngrs

SCS (kHz) 50MHz 100MHz 200MHz 400 MHz
NRrs NRrs Nrs Nrs
60 66 132 264 N.A
120 32 66 132 264

5.3.3 Minimum guardband and transmission bandwidth configuration
The minimum guardband for each UE channel bandwidth and SCSis specified in Table 5.3.3-1

Table 5.3.3-1: Minimum guardband for each UE channel bandwidth and SCS (kHz)

SCS (kHz) 50MHz 100MHz 200MHz 400 MHz
60 1210 2450 4930 N. A
120 1900 2420 4900 9860

NOTE:  The minimum guardbands have been calculated using the following equation: (CHBW x 1000 (kHz) - RB

value x SCSx 12) / 2 - SCS/2, where RB values are from Table 5.3.2-1.

The minimum guardband of receiving BS SCS 240 kHz SS/PBCH block for each UE channel bandwidth is specified in
table 5.3.3-2 for FR2.

Table: 5.3.3-2: Minimum guardband (kHz) of SCS 240 kHz SS/PBCH block

100 MHz
3800

SCS (kHz)
240

200 MHz
7720

400 MHz
15560

NOTE: The minimum guardband in Table 5.3.3-2 is applicable only when the SCS 240 kHz SS/PBCH block is

received adjacent to the edge of the UE channel bandwidth within which the SS/PBCH block is located.

Figure 5.3.3-1: Void

The number of RBs configured in any channel bandwidth shall ensure that the minimum guardband specified in this
clause is met.

.~ Minimum guard band

A

UE channel BW

All PRBs falling within UE
channel bandwidth not covering
the minimum guard band can be
used

Figure 5.3.3-2 UE PRB utilization

In the case that multiple numerologies are multiplexed in the same symbol due to BS transmission of SSB, the
minimum guardband on each side of the carrier is the guardband applied at the configured channel bandwidth for the
numerology that is transmitted immediately adjacent to the guard band.
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If multiple numerologies are multiplexed in the same symbol and the UE channel bandwidth is> 200 MHz, the
minimum guardband applied adjacent to 60 kHz SCS shall be the same as the minimum guardband defined for 120 kHz
SCS for the same UE channel bandwidth.

UE channel bandwidth

A

N :
1
i Numerology X Numerology Y
| I [ ———
# N
Guard defined for Guard defined for
numerology X numerology Y
when transmitted when transmitted
across full UE across full UE
channel BW channel BW

Figure 5.3.3-3 Guard band definition when transmitting multiple numerologies

Note: Figure 5.3.3-3 is not intended to imply the size of any guard between the two numerologies. Inter-
numerology guard band within the carrier isimplementation dependent.

5.34 RB alignment with different numerologies

For each numerology, its common resource blocks are specified in Section 4.4.4.3 in [9], and the starting point of its
transmission bandwidth configuration on the common resource block grid for a given channel bandwidth isindicated by
an offset to “Reference point A” in the unit of the numerology. The indicated transmission bandwidth configuration
must fulfil the minimum guardband requirement specified in Section 5.3.3.

5.3.5  Channel bandwidth per operating band

The requirements in this specification apply to the combination of channel bandwidths, SCS and operating bands shown
in Table 5.3.5-1. The transmission bandwidth configuration in Table 5.3.2-1 shall be supported for each of the specified
channel bandwidths. The channel bandwidths are specified for both the Tx and Rx path.

Table 5.3.5-1: Channel bandwidths for each NR band

Operating band / SCS / UE channel bandwidth

Operating SCS 50 100 200 400

band kHz MHz MHz MHz MHz
60 Yes Yes Yes

n2s7 120 | Yes | Yes | Yes | Yes
60 Yes Yes Yes

n258 120 Yes Yes Yes Yes
60 Yes Yes Yes

n260 120 Yes Yes Yes Yes
60 Yes Yes Yes

n261 120 | Yes | Yes | Yes | Yes
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5.3A  UE channel bandwidth
5.3A.1 General

5.3A.2 Minimum guardband and transmission bandwidth configuration for
CA

5.3A.3 RB alignment with different numerologies for CA
5.3A.4 UE channel bandwidth per operating band for CA

For intra-band contiguous carrier aggregation, a carrier aggregation configuration is a single operating band supporting
acarrier aggregation bandwidth class with associated bandwidth combination sets specified in clause 5.5A.1. For each
carrier aggregation configuration, requirements are specified for all aggregated channel bandwidths contained in a
bandwidth combination set, UE can indicate support of several bandwidth combination sets per carrier aggregation
configuration.

For intra-band non-contiguous carrier aggregation, a carrier aggregation configuration is a single operating band
supporting two or more sub-blocks, each supporting a carrier aggregation bandwidth class.

For inter-band carrier aggregation, a carrier aggregation configuration is a combination of operating bands, each
supporting a carrier aggregation bandwidth class.

Table 5.3A.4-1: CA bandwidth classes

NR CA bandwidth Aggregated channel bandwidth Number of contiguous Fallback group
class CC
A BW channel < 400 MHz 1
B 400 MHz < BWchannel ca < 800 MHz 2 1
C 800 MHz < BW channel_ca < 1200 MHz 3
D 200 MHz < BW channel ca < 400 MHz 2
E 400 MHz < BW channel_ca < 600 MHz 3 2
F 600 MHz < BWchannel_ca < 800 MHz 4
G 100 MHz < BW channel_ca = 200 MHz 2
H 200 MHz < BW channel_ca = 300 MHz 3
[ 300 MHz < BWchannel ca < 400 MHz 4
J 400 MHz < BW hannel_ca = 500 MHz 5 3
K 500 MHz < BWchannel_ca < 600 MHz 6
L 600 MHz < BW channel_ca < 700 MHz 7
M 700 MHz < BW channel_ca < 800 MHz 8
O 100 MHz = BWchannel ca < 200 MHz 2
P 150 MHz < BWchannel_ca < 300 MHz 3 4
Q 200 MHz = BWchannel ca = 400 MHz 4
NOTE 1: Maximum supported component carrier bandwidths for fallback groups 1, 2, 3 and 4 are 400 MHz, 200
MHz, 100 MHz and 100 MHz respectively.
NOTE 2: It is mandatory for a UE to be able to fallback to lower order CA bandwidth class configuration within a
fallback group. It is not mandatory for a UE to be able to fallback to lower order CA bandwidth class
configuration that belong to a different fallback group.

5.3D Channel bandwidth for UL-MIMO

The requirements specified in subclause 5.3 are applicable to UE supporting UL-MIMO.
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54 Channel arrangement

54.1 Channel spacing

5411 Channel spacing for adjacent NR carriers

The spacing between carriers will depend on the deployment scenario, the size of the frequency block available and the
channel bandwidths. The nominal channel spacing between two adjacent NR carriersis defined as following:

For NR operating bands with 60 kHz channel raster,
Nominal Channel spacing = (BWchannei(1) + BWchane(2))/2 + {-20kHz, OkHz, 20kHZz}

where BW channei(y 8nd BW channel(2) are the channel bandwidths of the two respective NR carriers. The channel spacing
can be adjusted depending on the channel raster to optimize performance in a particular deployment scenario.

54.2 Channel raster
542.1 NR-ARFCN and channel raster

The global frequency raster defines a set of RF reference frequencies Frer. The RF reference frequency isused in
signalling to identify the position of RF channels, SS blocks and other elements.

The global frequency raster is defined for all frequencies from 0 to 100 GHz. The granularity of the global frequency
raster is AFgiobal.

RF reference frequency is designated by an NR Absolute Radio Frequency Channel Number (NR-ARFCN) in the range
[2016667...3279165] on the global frequency raster. The relation between the NR-ARFCN and the RF reference
frequency Frer in MHz is given by the following equation, where Frer.orts and Nrer-otts are given in table 5.4.2.1-1 and
Ngrer isthe NR-ARFCN

Frer = Frer-ofts + AFcioba (Nrer — NRrer-offs)

Table 5.4.2.1-1: NR-ARFCN parameters for the global frequency raster

Frequency range (MHz) | AFaiobal (kHZz) Frer-ofts [MHZ] NREeF-offs Range of Nrer
24250 — 100000 60 24250.08 2016667 2016667 — 3279165

The channel raster defines a subset of RF reference frequencies that can be used to identify the RF channel position in
the uplink and downlink. The RF reference frequency for an RF channel maps to a resource element on the carrier. For
each operating band, a subset of frequencies from the global frequency raster are applicable for that band and forms a
channel raster with a granularity AFraster, Which may be equal to or larger than AFgigba.

NOTE: The position of an RF channel can be identified through other reference points than the channel raster,
such as “point A” defined in TR 38.211 [9].

The mapping between the channel raster and corresponding resource element is given in Section 5.4.2.2. The applicable
entries for each operating band are defined in subclause 5.4.2.3

5.4.2.2 Channel raster to resource element mapping

The mapping between the RF reference frequency on channel raster and the corresponding resource element isgivenin
Table 5.4.2.2-1 and can be used to identify the RF channel position. The mapping depends on the total number of RBs
that are alocated in the channel and applies to both UL and DL. The mapping must apply to at least one numerology
supported by the UE.
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Table 5.4.2.2-1: Channel raster to resource element mapping

Ngz mod 2 =0

Ng; mod 2=1

Resource element index K

0

6

Physical resource block number Npgg

N
Npge =\‘ ZRBJ

N
Npge =\‘ ZRBJ

K, Nprg » N areasdefined in TS38.211[9].

5.4.2.3

Channel raster entries for each operating band

The RF channel positions on the channel raster in each NR operating band are given through the applicable NR-
ARFCN in Table 5.4.2.3-1, using the channel raster to resource element mapping in subclause 5.4.2.2.

- For NR operating bands with 60 kHz channel raster above 24 GHz, AFraster = | XAFgioba , Where | ¢ {1,2}. Every
I'" NR-ARFCN within the operating band are applicable for the channel raster within the operating band and the
step size for the channel raster intable 5.4.2.3-1 is given as <I>.

- Infrequency bands with two AFgaser, the higher AFraster @pplies to channels using only the SCS that equal s the

higher AFrager.
Table 5.4.2.3-1: Applicable NR-ARFCN per operating band
Operating AFRaster Uplink and Downlink
Band (kHz) Range of Nrer
(First — <Step size> — Last)
n257 60 2054166 — <1>— 2104165
120 2054167 — <2>— 2104165
n258 60 2016667 — <1> — 2070832
120 2016667 — <2> - 2070831
n260 60 2229166 — <1> — 2279165
120 2229167 — <2>— 2279165
n261 60 2070833 — <1>— 2084999
120 2070833 — <2> — 2084999
5.4.3 Synchronization raster

5431

The synchronization raster indicates the frequency positions of the synchronization block that can be used by the UE for

Synchronization raster and numbering

system acquisition when explicit signalling of the synchronization block position is not present.

A global synchronization raster is defined for al frequencies. The frequency position of the SS block is defined as

SSrer With corresponding number GSCN. The parameters defining the SSger and GSCN for al the frequency ranges are

inTable 5.4.3.1-1.

The resource element corresponding to the SS block reference frequency SSrer is given in subclause 5.4.3.2. The
synchronization raster and the subcarrier spacing of the synchronization block is defined separately for each band.

Table 5.4.3.1-1: GSCN parameters for the global frequency raster

Frequency range SS block frequency position SSrer GSCN Range of GSCN
*
24250 — 100000 MHz 24250.08 '\ﬁl“:zg, gsgﬂ.zs MHz, 22256 + N [22256 — 26639
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5.4.3.2 Synchronization raster to synchronization block resource element mapping

The mapping between the synchronization raster and the corresponding resource element of the SS block isgivenin
Table 5.4.3.2-1. The mapping depends on the total number of RBs that are allocated in the channel and applies to both
UL and DL.

Table 5.4.3.2-1: Synchronization raster to SS block resource element mapping

Resource element index k 0

Physical resource block number ners of the SS block nere = 10

K, Npre, are asdefined in TS 38.211 [9].

5.4.3.3 Synchronization raster entries for each operating band

The synchronization raster for each band is give in Table 5.4.3.3-1. The distance between applicable GSCN entriesis
given by the <Step size> indicated in Table 5.4.3.3-1.

Table 5.4.3.3-1: Applicable SS raster entries per operating band

NR Operating Band SS Block SCS SS Block pattern? Range of GSCN
(First — <Step size>— Last)
n257 120 kHz Case D 22388 - <1>- 22558
240 kHz Case E 22390 - <2> - 22556
n258 120 kHz Case D 22257 - <1> - 22443
240 kHz Case E 22258 - <2> - 22442
260 120 kHz Case D 22995 - <1> - 23166
240 kHz Case E 22996 - <2> - 23164
n261 120 kHz Case D 22446 - <1> - 22492
240 kHz Case E 22446 - <2> - 22490
NOTE 1: SS Block pattern is defined in subclause 4.1 in TS 38.213 [10].

5.4A  Channel arrangement for CA
5.4A.1 Channel spacing for CA

<Editor’s note: Table and chapter number to be updated>

For intra-band contiguous carrier aggregation with two or more component carriers, the nominal channel spacing
between two adjacent NR component carriersis defined as the following unless stated otherwise:

For NR operating bands with 60kHz channel raster:

BWChanne! &) + BWChannel(Z) - 2GBChanne4 [N GBChannel(Z)‘

Nominal channel spacing = 0.06* 2"

0.06* 2" [MHZ]

with

nN=maxfs, ) —2

where BW chame (1) and BWcrannel(2) are the channel bandwidths of the two respective NR component carriers according to
Table 5.3.2-1 with valuesin MHz. and the GB channel() 1S the minimum guard band defined in sub-clause 5.3.3, while py
and |1, are the subcarrier spacing configurations of the component carriers as defined in TS 38.211 [9]. The channel
spacing for intra-band contiguous carrier aggregation can be adjusted to any multiple of sub-carrier spacing less than the
nominal channel spacing to optimize performance in a particular deployment scenario.

For intra-band non-contiguous carrier aggregation, the channel spacing between two NR component carriersin different
sub-blocks shall be larger than the nominal channel spacing defined in this subclause.
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5.5 Configurations
5.5A  Configurations for CA

5.5A.1 Configurations for intra-band contiguous CA

Table 5.5A.1-2: NR CA configurations and bandwidth combination sets defined for intra-band contiguous CA

NR CA configuration / Bandwidth combination set
. Component carriers in order of increasing carrier frequency
n’F:R (;,Atl n U]E“nk ?-A CBW CBW CBW CBW CBW CBW CBW Ag\%/re'\gﬂz;ted BCS Fallback
contiguratio configurations | - CBW (MHz) (MHZ) | (MHZ) | (MHZ) | (MHZ) | MH2) | (MHZ) | (MH2) (MHz) group

50 400 450
100 400 500

CA_n257B 0 1
200 400 600
400 400 800
50 200 250

CA_n257D 100 200 300 0 2
200 200 400
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NR CA configuration / Bandwidth combination set

Component carriers in order of increasing carrier frequency

I\!R CA_ Uplink QA CBW CBW CBW CBW CBW CBW CBW Aggregated BCS Fallback
configuration configurations CBW (MHz) (MH2) (MH2) (MH2) (MH2) (MH2) (MH2) (MH2) BW (MHz) group
50 200 200 450
CA_n257E 100 200 200 500 0
200 200 200 600
50 200 200 200 650
CA_n257F 100 200 200 200 700 0
200 200 200 200 800
CA_n257G 100 100 200 0
CA_n257H 100 100 100 300 0
CA_n257I 100 100 100 100 400 0
CA_n257J 100 100 100 100 100 500 0 3
CA_n257K 100 100 100 100 100 100 600 0
CA_n257L 100 100 100 100 100 100 100 700 0
CA_n257M 100 100 100 100 100 100 100 100 800 0
CA_n260B 50, 100, 200, 400 400 800 0
CA_n260C 50, 100, 200, 400 400 400 1200 0 !
CA_n260D 50, 100, 200 200 400 0
CA_n260E 50, 100, 200 200 200 600 0 2
CA_n260F 50, 100, 200 200 200 200 800 0
CA_n260G 100 50, 100 200 0
CA_n260H 100 100 50, 100 300 0
CA_n260I 100 100 100 50, 100 400 0
CA_n260J 100 100 100 100 50, 100 500 0 3
CA_n260K 100 100 100 100 100 50, 100 600 0
CA_n260L 100 100 100 100 100 100 50, 100 700 0
CA_n260M 100 100 100 100 100 100 100 50, 100 800 0
CA_n2600 50, 100 50, 100 200 0 4
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NR CA configuration / Bandwidth combination set

Component carriers in order of increasing carrier frequency

I\!R CA_ Uplink QA CBW CBW CBW CBW CBW CBW CBW Aggregated BCS Fallback
configuration configurations CBW (MHz) (MH2) (MH2) (MH2) (MH2) (MH2) (MH2) (MH2) BW (MHz) group
CA_n260P 50, 100 50, 100 50, 100 300 0
CA_n260Q 50, 100 50, 100, | 50, 100 50, 100 400 0
CA_n261B 50, 100, 200, 400 400 800 0
CA_n261C 50, 100, 200, 400 400 400 8501 0 !
CA_n261D 50, 100, 200 200 400 0
CA_n261E 50, 100, 200 200 200 600 0 2
CA_n261F 50, 100, 200 200 200 200 800 0
CA_n261G 100 50, 100 200 0
CA_n261H 100 100 50, 100 300 0
CA_n261l 100 100 100 50, 100 400 0
CA_n261J 100 100 100 100 50, 100 500 0 3
CA_n261K 100 100 100 100 100 50, 100 600 0
CA_n261L 100 100 100 100 100 100 50, 100 700 0
CA_n261M 100 100 100 100 100 100 100 50, 100 800 0
CA_n2610 50, 100 50, 100 200 0
CA_n261P 50, 100 50,100 | 50, 100 300 0 4
CA_n261Q 50, 100 50, 100, | 50, 100 50, 100 400 0

NOTE 1: The maximum bandwidth of band n261 is 850MHz
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Table 5.5A.2-1: NR CA configurations and bandwidth combination sets defined for intra-band non-contiguous CA

NR CA configuration / Bandwidth combination set

Component carriers in order of increasing carrier frequency

NR Uplink CA Channel Channel Channel Channel Channel aMa)r(ém:tr:d Fa"j::l:(b
configuration configuratio | SCS | bandwidths | bandwidths | bandwidths | bandwidths | bandwidths b%%dv%idth rou
9 ns for carrier for carrier for carrier for carrier for carrier (MH2) 9
(MHz) (MHz) (MHz) (MHz) (MHz) P
60 | 50, 100, 200 | 50, 100, 200 400
CA_n257(2A) ;
120 | 50,100, 50, 100, 800
200, 400 200, 400
; 60 | 50, 100, 200 | 50, 100, 200 400
CA_n260(2A) 120 | 50, 100, 50, 100, 800
200, 400 200, 400
; 60 | 50, 100, 200 | 50, 100, 200 | 50, 100, 200 600
CA_n260(3A) 120 | 50, 100, 50, 100, | 50, 100, 200, 1200
200, 400 200, 400 400
; 60 | 50, 100, 200 | 50, 100, 200 | 50, 100, 200 | 50, 100, 200 800
CA_n260(4A) 120 | 50, 100, 50,100, | 50, 100, 200, | 50, 100, 1600
200, 400 200, 400 400 200, 400
- 60 | 50, 100, 200 | 50, 100, 200 400
CA_n261(2A) 120 | 50, 100, 50, 100, 800
200, 400 200, 400
; 60 | 50, 100, 200 | 50, 100, 200 | 50, 100, 200 600
CA_n261(3A) 120 | 50, 100, 50, 100, | 50, 100, 200, 00
200, 400 200, 400 400
; 60 | 50, 100, 200 | 50, 100, 200 | 50, 100, 200 | 50, 100, 200 700!
CA_n261(4A) 120 | 50, 100, 50,100, | 50, 100, 200, | 50, 100, ~00t
200, 400 200, 400 400 200, 400

NOTE 1: The maximum bandwidth of band n261 is 850MHz and a non-contiguous gap is in between NR component carriers
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Table 5.5A.2-2: NR CA configurations and bandwidth combination fallback group defined for non-contiguous intra-band CA
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NR CA configuration / Bandwidth combination set
Component carriers in order of increasing carrier frequency Maximum
Channel Channel Channel Channel Channel agareqated
CA configuration | configurations | bandwidths | bandwidths | bandwidths | bandwidths | bandwidths b%%dv%idth
for carrier for carrier for carrier for carrier for carrier (MHz)
(MHz) (MHz) (MHz) (MHz) (MHz)
Segfﬁf‘agigg? ':B;}E)ivg:?th See CA n260G Bandwidth Combination
. Fallback group 3 in Table 5.5A.1-2
group 2 in Table 5.5A.1-2
CA_Nn260(D-G) See CA_n260D Bandwidth 600
See CA_n260G Bandwidth Combination Combination Eallback arou
Fallback group 3 in Table 5.5A.1-2 D e Table B.EA 1_g P
Seg§£&22385 E;lrg;v(\:/:(dth See CA _n260H Bandwidth Combination
. Fallback group 3 in Table 5.5A.1-2
group 2 in Table 5.5A.1-2
CA_Nn260(D-H) See CA_n260D Bandwidth 700
See CA _n260H Bandwidth Combination Combination Eallback arou
Fallback group 3 in Table 5.5A.1-2 D Table B.EA l_g P
Se¢ CA_n200D Bandwidih | see CA_n2601 Bandwidih Combination
. Fallback group 3 in Table 5.5A.1-2
group 2 in Table 5.5A.1-2
CA_Nn260(D-) See CA_n260D Bandwidth 800
See CA_n260I Bandwidth Combination =
Fallback group 3 in Table 5.5A.1-2 Combination Fallback group
T 2in Table 5.5A.1-2
Segfﬁagiggg E;E)‘;"(‘:’fth See CA_n2600 Bandwidth Combination
. Fallback group 4 in Table 5.5A.1-2
group 2 in Table 5.5A.1-2
CA_Nn260(D-0) See CA_n260D Bandwidth 600
See CA _n2600 Bandwidth Combination Combination Eallback arou
Fallback group 4 in Table 5.5A.1-2 2 in Table 5.5A 1-2 P
See CA__n26_OD Bandwidih See CA_n260P Bandwidth Combination
Combination Fallback -
. Fallback group 4 in Table 5.5A.1-2
group 2 in Table 5.5A.1-2
CA_n260(D-P) See CA_n260D Bandwidth 700
See CA _n260P Bandwidth Combination Combination Eallback arou
Fallback group 4 in Table 5.5A.1-2 2 in Table 5.5A 1_2 P
See CA_n200D Bandwidih | see CA_n260Q Bandwidth Combination
. Fallback group 4 in Table 5.5A.1-2
group 2 in Table 5.5A.1-2
CA_Nn260(D-Q) See CA_n260D Bandwidth 800
See CA _n260Q Bandwidth Combination Combination Eallback arou
Fallback group 4 in Table 5.5A.1-2 2 in Table 5.5A 1-2 P
See CA_n260E Bandwidth . s
CA_n260(E-O) Combination Fallback See CA_N2600 Bandwldih Compination 800
group 2 in Table 5.5A.1-2 group T
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See CA _n2600 Bandwidth

Fallback group 4 in Table 5.5A.1-2

See CA_n260E Bandwidth
Combination Fallback group
2in Table 5.5A.1-2

Combination

CA_n260(E-P)

See CA _n260E Bandwidth
Combination Fallback
group 2 in Table 5.5A.1-2

See CA_n260P Bandwidth Combination
Fallback group 4 in Table 5.5A.1-2

800!

See CA _n260P Bandwidth

Fallback group 4 in Table 5.5A.1-2

See CA _n260E Bandwidth
Combination Fallback group
2in Table 5.5A.1-2

Combination

CA_n260(E-Q)

See CA_n260E Bandwidth
Combination Fallback
group 2 in Table 5.5A.1-2

See CA n260Q Bandwidth Combination
Fallback group 4 in Table 5.5A.1-2

See CA_n260Q Bandwidth

Fallback group 4 in Table 5.5A.1-2

See CA _n260E Bandwidth
Combination Fallback group
2in Table 5.5A.1-2

Combination

1000

CA_n261(D-G)

See CA_n261D Bandwidth
Combination Fallback
group 2 in Table 5.5A.1-2

See CA n261G Bandwidth Combination
Fallback group 3 in Table 5.5A.1-2

See CA_n261G Bandwidth

Fallback group 3 in Table 5.5A.1-2

See CA _n261D Bandwidth
Combination Fallback group
2in Table 5.5A.1-2

Combination

600

CA_n261(D-H)

See CA_n261D Bandwidth
Combination Fallback
group 2 in Table 5.5A.1-2

See CA n261H Bandwidth Combination
Fallback group 3 in Table 5.5A.1-2

See CA_n261H Bandwidth

Fallback group 3 in Table 5.5A.1-2

See CA _n261D Bandwidth
Combination Fallback group
2in Table 5.5A.1-2

Combination

700

CA_n261(D-)

See CA_n261D Bandwidth
Combination Fallback
group 2 in Table 5.5A.1-2

See CA _n261l Bandwidth Combination
Fallback group 3 in Table 5.5A.1-2

See CA_n261I Bandwidth Combination
Fallback group 3 in Table 5.5A.1-2

See CA n261D Bandwidth
Combination Fallback group
2in Table 5.5A.1-2

800

CA_n261(D-0)

See CA_n261D Bandwidth
Combination Fallback
group 2 in Table 5.5A.1-2

See CA n2610 Bandwidth Combination
Fallback group 4 in Table 5.5A.1-2

See CA_n2610 Bandwidth

Fallback group 4 in Table 5.5A.1-2

See CA_n261D Bandwidth
Combination Fallback group
2in Table 5.5A.1-2

Combination

600

CA n261(D-P)

See CA n261D Bandwidth
Combination Fallback
group 2 in Table 5.5A.1-2

See CA_n261P Bandwidth Combination
Fallback group 4 in Table 5.5A.1-2

See CA _n261P Bandwidth Combination
Fallback group 4 in Table 5.5A.1-2

See CA_n261D Bandwidth
Combination Fallback group
2in Table 5.5A.1-2

700
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CA _n261(D-Q)

See CA_n261D Bandwidth
Combination Fallback
group 2 in Table 5.5A.1-2

See CA n261Q Bandwidth Combination
Fallback group 4 in Table 5.5A.1-2

See CA_n261Q Bandwidth

Fallback group 4 in Table 5.5A.1-2

See CA _n261D Bandwidth
Combination Fallback group
2in Table 5.5A.1-2

Combination

800

CA_n261(E-O)

See CA _n261E Bandwidth
Combination Fallback
group 2 in Table 5.5A.1-2

See CA n2610 Bandwidth Combination
Fallback group 4 in Table 5.5A.1-2

See CA _n2610 Bandwidth

Fallback group 4 in Table 5.5A.1-2

See CA_n261E Bandwidth
Combination Fallback group
2in Table 5.5A.1-2

Combination

800

CA_n261(E-P)

See CA _n261E Bandwidth
Combination Fallback
group 2 in Table 5.5A.1-2

See CA_n261P Bandwidth Combination
Fallback group 4 in Table 5.5A.1-2

See CA n261P Bandwidth Combination
Fallback group 4 in Table 5.5A.1-2

See CA_n261E Bandwidth
Combination Fallback group
2in Table 5.5A.1-2

900

CA _n261(E-Q)

See CA _n261E Bandwidth
Combination Fallback
group 2 in Table 5.5A.1-2

See CA_n261Q Bandwidth Combination
Fallback group 4 in Table 5.5A.1-2

See CA n261Q Bandwidth

Fallback group 4 in Table 5.5A.1-2

See CA_n261E Bandwidth
Combination Fallback group
2in Table 5.5A.1-2

Combination

800!

NOTE 1: The maximum bandwidth of band n261 is 850MHz and a non-contiguous gap is in between NR component carriers

5.5D Configurations for UL-MIMO

The requirements specified in subclause 5.5 are applicable to UE supporting UL-MIMO.
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6 Transmitter characteristics

6.1 General

Unless otherwise stated, the transmitter characteristics are specified over the air (OTA) with asingle or multiple
transmit chains.

6.2 Transmitter power

6.2.1 UE maximum output power

6.2.1.1 UE maximum output power for power class 1

The following requirements define the maximum output power radiated by the UE for any transmission bandwidth
within the channel bandwidth for non-CA configuration, unless otherwise stated. The period of measurement shall be at
least one sub frame (1ms). The requirement is verified with the test metric of EIRP (Link=Beam peak search grids,
Meas=Link angle). Power class 1 UE is used for fixed wireless access (FWA).

Table 6.2.1.1-1: UE minimum peak EIRP for power class 1

Operating band Min peak EIRP (dBm)
n257 40.0
n258 40.0
n260 38.0
n261 40.0
NOTE 1: Minimum peak EIRP is defined as the lower limit without tolerance

The maximum output power values for TRP and EIRP are found in Table 6.2.1.1-2 below. The maximum allowed EIRP
is derived from regulatory requirements [8]. The requirements are verified with the test metrics of TRP (Link=TX beam
peak direction) in beam locked mode and EIRP (Link=TX beam pesk direction, Meas=Link angle).

Table 6.2.1.1-2: UE maximum output power limits for power class 1

Operating band Max TRP (dBm) Max EIRP (dBm)
n257 35 55
n258 35 55
n260 35 55
n261 35 55

The minimum EIRP at the 85" percentile of the distribution of radiated power measured over the full sphere around the
UE is defined as the spherical coverage requirement and isfound in Table 6.2.1.1-3 below. The requirement is verified
with the test metric of EIRP (Link=Beam peak search grids, Meas=Link angle).

Table 6.2.1.1-3: UE spherical coverage for power class 1

Operating band Min EIRP at 85%-tile CDF (dBm)
n257 32.0
n258 32.0
n260 30.0
n261 32.0

NOTE 1: Minimum EIRP at 85%-tile CDF is defined as
the lower limit without tolerance

6.2.1.2 UE maximum output power for power class 2

The following requirements define the maximum output power radiated by the UE for any transmission bandwidth
within the channel bandwidth for non-CA configuration, unless otherwise stated. The period of measurement shall be at
least one sub frame (1ms). The requirement is verified with the test metric of EIRP (Link=Beam peak search grids,
Meas=Link angle).
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Table 6.2.1.2-1: UE minimum peak EIRP for power class 2

Operating band

Min peak EIRP (dBm)

n257 29
n258 29
n260

n261 29

NOTE 1: Minimum peak EIRP is defined as the lower limit without tolerance

The maximum output power values for TRP and EIRP are found in Table 6.2.1.2-2 below. The maximum allowed EIRP
is derived from regulatory requirements [8]. The requirements are verified with the test metrics of TRP (Link=TX beam
peak direction) in beam locked mode and EIRP (Link=TX beam pesk direction, Meas=Link angle).

Table 6.2.1.2-2: UE maximum output power limits for power class 2

Operating band Max TRP (dBm) Max EIRP (dBm)
n257 23 43
n258 23 43
n260
n261 23 43

The minimum EIRP at the 60" percentile of the distribution of radiated power measured over the full sphere around the
UE is defined as the spherical coverage requirement and isfound in Table 6.2.1.2-3 below. The requirement is verified
with the test metric of EIRP (Link=Beam peak search grids, Meas=Link angle).

Table 6.2.1.2-3: UE spherical coverage for power class 2

Operating band Min EIRP at 60%-tile CDF (dBm)
n257 18.0
n258 18.0
n260
n261 18.0

NOTE 1: Minimum EIRP at 60%-tile CDF is defined as
the lower limit without tolerance

6.2.1.3 UE maximum output power for power class 3

The following requirements define the maximum output power radiated by the UE for any transmission bandwidth
within the channel bandwidth for non-CA configuration, unless otherwise stated. The period of measurement shall be at
least one sub frame (1ms). The values listed on the table below are for handheld UE, defined as minimum peak EIRP.
The reguirement is verified with the test metric of EIRP (Link=Beam peak search grids, Meas=Link angle).

Table 6.2.1.3-1: UE minimum peak EIRP for power class 3

Operating band Min peak EIRP (dBm)
n257 22.4
n258 22.4
n260 20.6
n261 224

NOTE 1: Minimum peak EIRP is defined as the
lower limit without tolerance

The maximum output power values for TRP and EIRP are found on the Table6.2.1.3-2. The max allowed EIRP is
derived from regulatory requirements [8]. The requirements are verified with the test metrics of TRP (Link=TX beam
peak direction) in beam locked mode and EIRP (Link=TX beam peak direction, Meas=Link angle).
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Table 6.2.1-2: UE maximum output power limits for power class 3

Operating band | Max TRP (dBm) | Max EIRP (dBm)
n257 23 43
n258 23 43
n260 23 43
n261 23 43

The minimum EIRP at the 50" percentile of the distribution of radiated power measured over the full sphere around the
UE is defined as the spherical coverage requirement and isfound in Table 6.2.1.3-3 below. The requirement is verified
with the test metric of EIRP (Link=Beam peak search grids, Meas=Link angle).

Table 6.2.1.3-3: UE spherical coverage for power class 3

- o
Operating band Min EIRP gj[BS%)AJ tile CDF
n257 11.5
n258 11.5
n260 8
n261 11.5
NOTE 1: Minimum EIRP at 50 %-tile CDF is defined as the
lower limit without tolerance
NOTE 2: The requirements in this table are only applicable for

UE which supports single band in FR2

6.2.1.4 UE maximum output power for power class 4

The following requirements define the maximum output power radiated by the UE for any transmission bandwidth
within the channel bandwidth for non-CA configuration, unless otherwise stated. The period of measurement shall be at
least one sub frame (1ms). The requirement is verified with the test metric of EIRP (Link=Beam peak search grids,
Meas=Link angle).

Table 6.2.1.4-1: UE minimum peak EIRP for power class 4

Operating band Min peak EIRP (dBm)
n257 34
n258 34
n260 31
n261 34

NOTE 1: Minimum peak EIRP is defined as the
lower limit without tolerance

The maximum output power values for TRP and EIRP are found in Table 6.2.1.2-2 below. The maximum allowed EIRP
is derived from regulatory requirements [8]. The requirements are verified with the test metrics of TRP (Link=TX beam
peak direction) in beam locked mode and EIRP (Link=TX beam pesk direction, Meas=Link angle).

Table 6.2.1.4-2: UE maximum output power limits for power class 4

Operating band | Max TRP (dBm) | Max EIRP (dBm)
n257 23 43
n258 23 43
n260 23 43
n261 23 43

The minimum EIRP at the 20" percentile of the distribution of radiated power measured over the full sphere around the
UE is defined as the spherical coverage requirement and isfound in Table 6.2.1.4-3 below. The requirement is verified
with the test metric of EIRP (Link=Beam peak search grids, Meas=Link angle).
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Table 6.2.1.4-3: UE spherical coverage for power class 4

Operating band Min EIRP at 20%-tile CDF (dBm)
n257 25
n258 25
n260 19
n261 25

NOTE 1: Minimum EIRP at 20%-tile CDF is defined as
the lower limit without tolerance

6.2.2 UE maximum output power reduction
6.2.2.0 General

The requirements in section 6.2.2 only apply when both UL and DL of a UE are configured for single CC operation,
and they are of the same bandwidth. A UE may reduce its maximum output power due to modulation orders, transmit
bandwidth configurations, waveform types and narrow allocations. This Maximum Power Reduction (MPR) is defined
in subsections below. When the maximum output power of a UE is modified by MPR, the power limits specified in
subclause 6.2.4 apply.

For aUE that is configured for single CC operation with different channel bandwidthsin UL and DL, the requirements
in section 6.2A.2 apply.

6.2.2.1 UE maximum output power reduction for power class 1
For power class 1, MPR for contiguous allocationsis defined as:
MPR = max(MPRwt, MPRnaron)
Where,
M PRnarow = 10 dB, when aggregated bandwidth is less than or equal to 10.08 MHz

MPRwr is the maximum power reduction due to modulation orders, transmit bandwidth configurationslisted in
table 5.3.5-1, and waveform types. MPRwr isdefined in Table 6.2.2.1-1.

Table 6.2.2.1-1 MPRwr for power class 1

Modulation MPRwr (dB)
Outer RB allocations, | Inner RB allocations, | Inner RB allocations,
50M, 100M, 200M, < 200M 400M
400M

DFT-s-OFDM P1/2 BPSK < [5.5] < [2.5] <3.0
DFT-s-OFDM QPSK <[6.5] <[3.0] <35
DFT-s-OFDM 16 QAM <[6.5] < [4.0] <45
DFT-s-OFDM 64 QAM <[6.5] <[4.5] <6.5
CP-OFDM QPSK < [6.5] < [4.5] <5.0
CP-OFDM 16 QAM < [6.5] < [5.5] <6.5

CP-OFDM 64 QAM <[7.5] <[7.5] <9

Where the following parameters are defined to specify valid RB allocation ranges for Outer and Inner RB allocations:

Nrs is the maximum number of RBs for a given Channel bandwidth and sub-carrier spacing defined in Table 5.3.2-1.
RBsart,Low = Max(1, floor(Lcre/2))

where max() indicates the largest value of all arguments and floor(x) is the greatest integer less than or equal to x.
RBsartHigh= Nre — RBsiartLow — Lcre

The RB allocation isan Inner RB allocation if the following conditions are met

RBStart,Low < RBStart < RBStart,High,
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and
Lcre < ceil(Nre/2)
where ceil(x) isthe smallest integer greater than or equal to x.
The RB allocation is an Outer RB allocation for al other allocations which are not an Inner RB allocation.

The waveform defined by BW = 100 MHz, SCS = 60 kHz, DFT-S-OFDM QPSK, 128RBO0 is the reference waveform
with 0 dB MPR and is used for the power class definition.

UE requirements for the waveform defined by BW = 100 MHz, SCS = 60 kHz, DFT-S-OFDM pi/2 BPSK, 128RB0
shall be set to 0 dB MPR.

For the UE maximum output power modified by MPR, the power limits specified in subclause 6.2.4 apply.
6.2.2.2 UE maximum output power reduction for power class 2

6.2.2.3 UE maximum output power reduction for power class 3

For power class 3 the MPR is defined in Table 6.2.2.3-1.

Table 6.2.2.3-1 MPR for power class 3

Channel Bandwidth / MPR
50 /100 /200 MHz 400 MHz
Pi/2 BPSK 1.5 3.0
QPSK 1.5 3.0
DFT-s-OFDM 160AM 3 45
640QAM 5 6.5
QPSK 3.5 5.0
CP-OFDM 16QAM 5 6.5
64QAM 7.5 9.0

The waveform defined by BW = 100MHz, SCS=60KHz, DFT-S-OFDM QPSK, 128RBO0 is the reference waveform
with 0 dB MPR and is used for the power class definition.

UE requirements for the waveform defined by BW = 100MHz, SCS=60KHz, DFT-S-OFDM pi/2 BPSK, 128RB0is0
dB MPR.

6.2.2.4 UE maximum output power reduction for power class 4

6.2.3 UE maximum output power with additional requirements
6.2.3.1 General

Additional emission requirements can be signalled by the network with network signalling value indicated by the field
additional SpectrumEmission. To meet these additional requirements, additional maximum power reduction (A-MPR) is
allowed for the maximum output power as specified in Table 6.2.1-1. Unless stated otherwise, an A-MPR of 0 dB shall
be used.

Table 6.2.3.1-1 specifies the additional requirements and allowed A-MPR with corresponding network signalling label
and operating band. The mapping between network signalling labels and the additional SpectrumEmission | E defined in
38.331 is specified in Table 6.2.3.1-1A. Unless otherwise stated, the allowed A-MPR isin addition to the allowed MPR
specified in subclause 6.2.2.
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Table 6.2.3.1-1: Additional maximum power reduction (A-MPR)

Network Requirements NR Band Channel Resources A-MPR
Signalling (subclause) bandwidth | Blocks (Nrs) (dB)
value (MHz)
NS_200 N/A
NS_201 6.5.3.2.2 n258

Table 6.2.3.1-1A: Value of additionalSpectrumEmission

NR Band Value of additionalSpectrumEmission / NS number
0 1 2 3 4 5 6 7
n257 NS_200
n258 NS_200 | NS_201
n260 NS_200
n261 NS_200
NOTE: additionalSpectrumEmission corresponds to an information element of the same name defined in
sub-clause 6.3.2 of 38.331.

6.2.3.2 A-MPR for NS_201
A-MPR requirement for NS_201 is FSS.

6.2.4  Configured transmitted power

The UE can configure its maximum output power. The configured UE maximum output power Pcumax i.c for carrier f of
aserving cell cisdefined asthat available to the reference point of a given transmitter branch that corresponds to the
reference point of the higher-layer filtered RSRP measurement in each receiver branch as specified in 38.215.

The configured UE maximum output power Pcwax i.c for carrier f of aserving cell ¢ shall be set such that the
corresponding measured peak EIRP Puwmax 1.c is within the following bounds

Prowerdass — MAX(MPRs ¢, P-MPRt ) — MAX{T(MPRs¢), T(P-MPRs )} <Pumax.f.c < EIRPmax
while the corresponding measured total radiated power Prvax f.c IS bounded by
PTMAX,f,c < TRPmax

With Ppowerdass the UE power class as specified in sub-clause 6.2.1, EIRPyax the applicable maximum EIRP as specified
in sub-clause 6.2.1, MPRk ¢ as specified in sub-clause 6.2.2, P-M PR . the power management term for the UE and
TRPma the maximum TRP for the UE power class as specified in sub-clause 6.2.1. The tolerance T(AP) for applicable
values of AP (valuesin dB) is specified in Table 6.2.4-1.
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Table 6.2.4-1: Pywmax.ctolerance

Operating Band AP (dB) Toleretg%e) T(aP)
AP =0 0
0<AP<2 [1.5]
2<AP=3 [2]
n257, n258, n260, 3<AP =4 [3]
n261 4<AP<5 [4]
5<AP =10 [5]
10<AP =15 [7]
15<AP =X [8]
NOTE:  Xis the value such that Pumax,c lower bound, Ppowerclass -
AP — T(AP) = minimum output power specified in
subclause 6.3.1

6.2A  Transmitter power for CA
6.2A.1 UE maximum output power for CA

For downlink intra-band contiguous and non-contiguous carrier aggregation with a single uplink component carrier
configured in the NR band, the maximum output power is specified in Table 6.2.1-1.

For uplink intra-band contiguous carrier aggregation for any CA bandwidth class, the maximum output power is
specified in Table 6.2.1-1

6.2A.2 UE maximum output power reduction for CA

For intra-band contiguous carrier aggregation, UE is allowed to reduce the maximum output power due to higher order
modulations and transmit bandwidth configurations for aggregated bandwidth less than 400 MHz. The allowed
maximum power reduction (MPR) is defined in Table 6.2A.2-1. The requirement is defined for 2 equal, contiguous
CCs, with a single contiguous RB allocation that encloses the inter-CC gap, and with the same type of waveformin
both CCs.

Table 6.2A.2-1 Maximum power reduction (MPR) for UE

Aggregated channel

bandwidth

< 400MHz
Pi/2 BPSK [5.0]
QPSK [5.0]
DFT-s-OFDM 16 OAM [6.0]
64 QAM [8.5]
QPSK [5.0]
CP-OFDM 16 QAM [6.0]
64 QAM [8.5]

For the UE maximum output power modified by MPR, the power limits specified in subclause 6.2A.4 apply.

6.2D  Transmitter power for UL-MIMO

6.2D.1 UE maximum output power for UL-MIMO

6.2D.1.2 UE maximum output power for UL-MIMO for power class 2

The following requirements define the maximum output power radiated by the UE with UL-MIMO for any
transmission bandwidth within the channel bandwidth for non-CA configuration, unless otherwise stated. Requirements
in Table 6.2D.1.2-1 shall be met with the UL-MIMO configurations specified in Table 6.2D.1.2-3. The period of
measurement shall be at least one sub frame (1ms). The requirement is verified with the test metric of EIRP
(Link=Beam peak search grids, Meas=Link angle).
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Table 6.2D.1.2-1: UE minimum peak EIRP for UL-MIMO for power class 2

Operating band Min peak EIRP (dBm) Mamm_;ggwpetlé%v:ne)d total

n257 29 23
NOTE 1: Minimum peak EIRP is defined as the lower limit without tolerance.
NOTE 2: Min Peak EIRP refers to the total EIRP for the UL beams peaks.

The maximum output power values for TRP and EIRP are found in Table 6.2D.1.2-2 below. The maximum allowed
EIRP is derived from regulatory requirements [8]. The requirements are verified with the test metrics of TRP (Link=TX
beam peak direction) in beam locked mode and EIRP (Link=TX beam peak direction, Meas=Link angle).

Table 6.2D.1.2-2: UE maximum output power limits for UL-MIMO for power class 2

Operating band Max TRP (dBm) Max EIRP (dBm)
n257 23 43

Table 6.2D.1.2-3: UL-MIMO configuration

Transmission DCI format Codebook Index
scheme
Codebook based DCI format 0_1 Codebook index 0
uplink

6.2D.1.3 UE maximum output power for UL-MIMO for power class 3

The following requirements define the maximum output power radiated by the UE with UL-MIMO for any
transmission bandwidth within the channel bandwidth for non-CA configuration, unless otherwise stated. Requirements
in Table 6.2D.1.3-1 shall be met with the UL-MIMO configurations specified in Table 6.2D.1.3-3. The period of
measurement shall be at least one sub frame (1ms). The requirement is verified with the test metric of EIRP

(Link=Beam peak search grids, Meas=Link angle).
Table 6.2D.1.3-1: UE minimum peak EIRP for UL-MIMO for power class 3

Operating band Min peak EIRP (dBm)

n257 22.4
n258 22.4
n260 20.6
n261 22.4

NOTE 1: Minimum peak EIRP is defined as the lower limit without
tolerance.

NOTE 2: Min Peak EIRP refers to the total EIRP for the UL beams
peaks.

The maximum output power values for TRP and EIRP are found in Table 6.2D.1.3-2 below. The maximum allowed
EIRP is derived from regulatory requirements [8]. The requirements are verified with the test metrics of TRP (Link=TX
beam peak direction) in beam locked mode and EIRP (Link=TX beam peak direction, Meas=Link angle).

Table 6.2D.1.3-2: UE maximum output power limits for UL-MIMO for power class 3

Operating band Max TRP (dBm) Max EIRP (dBm)
n257 23 43
n258 23 43
n260 23 43
n261 23 43
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Table 6.2D.1.3-3: UL-MIMO configuration

Transmission DCI format Codebook Index
scheme
Codebook based DCI format 0_1 Codebook index 0
uplink

6.2D.2 UE maximum output power for modulation / channel bandwidth for
UL-MIMO

6.2D.2.2 UE maximum output power for modulation / channel bandwidth for UL-MIMO
for power class 2

For UE with UL-MIMO, the allowed Maximum Power Reduction (MPR) for the maximum output power in Table
6.2D.1.2-1 is specified in Table 6.2.2.2-1. The requirements shall be met with UL-MIMO configurations specified in
Table 6.2D.1.2-3.

For the UE maximum output power modified by MPR, the power limits specified in subclause 6.2D.4 apply.

6.2D.2.3 UE maximum output power for modulation / channel bandwidth for UL-MIMO
for power class 3

For UE with UL-MIMO, the allowed Maximum Power Reduction (MPR) for the maximum output power in Table
6.2D.1.3-1 is specified in Table 6.2.2-1. The requirements shall be met with UL-MIMO configurations specified in
Table6.2D.1.3-3.

For the UE maximum output power modified by MPR, the power limits specified in subclause 6.2D.4 apply.

6.2D.3 UE maximum output power with additional requirements for UL-
MIMO

6.2D.3.2 UE maximum output power with additional requirements for UL-MIMO for
power class 2

For UE with UL-MIMO, the A-MPR values specified in subclause 6.2.3 shall apply to the maximum output power
specified in Table 6.2D.1.2-1. The requirements shall be met with the UL-MIMO configurations specified in Table
6.2D.1.2-3.

For the UE maximum output power modified by A-MPR, the power limits specified in subclause 6.2D.4 apply.

6.2D.3.3 UE maximum output power with additional requirements for UL-MIMO for
power class 3

For UE with UL-MIMO, the A-MPR values specified in subclause 6.2.3 shall apply to the maximum output power
specified in Table 6.2D.1.3-1. The requirements shall be met with the UL-MIMO configurations specified in Table
6.2D.1.3-3.

For the UE maximum output power modified by A-MPR, the power limits specified in subclause 6.2D.4 apply.

6.2D.4 Configured transmitted power for UL-MIMO

For configured with ULMIMO either in polarization MIMO or in spatial MIMO scheme, the configured maximum
output power Pcvax ¢ for serving cell ¢ is defined as sum of all streams and is bound by limits set in section 6.2.4.
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6.3 Output power dynamics
6.3.1

The minimum controlled output power of the UE is defined as the EIRP in the channel bandwidth for all transmit
bandwidth configurations (resource blocks) when the power is set to a minimum value.

Minimum output power

6.3.1.1 Minimum output power for power class 1

For power class 1 UE, the minimum output power shall not exceed the values specified in Table 6.3.1.1-1 for each
operating band supported. The minimum power is verified in beam locked mode with the test metric of EIRP (Link=TX
beam peak direction, Meas=Link angle).

Table 6.3.1.1-1: Minimum output power for power class 1

Operating band Channel bandwidth Minimum output power Measurement bandwidth
(MHz) (dBm) (MHz)
n257, n258, n260, n261 50 4 47.52
100 4 95.04
200 4 190.08
400 4 380.16

6.3.1.2

Minimum output power for power class 2, 3, and 4

The minimum output power shall not exceed the values specified in Table 6.3.1.2-1 for each operating band supported.
The minimum power is verified in beam locked mode with the test metric of EIRP (Link=TX beam peak direction,

Meas=Link angle).

Table 6.3.2-1: Minimum output power for power class 2, 3, and 4

Operating band Channel bandwidth Minimum output power Measurement bandwidth
(MHz) (dBm) (MHz)
n257, n258, n260, n261 50 -13 47.52
100 -13 95.04
200 -13 190.08
400 -13 380.16

6.3.2

Transmit OFF power

The transmit OFF power is defined as the TRP in the channel bandwidth when the transmitter is OFF. The transmitter is
considered OFF when the UE is not allowed to transmit or during periods when the UE is not transmitting a sub-frame.
During DTX and measurements gaps, the transmitter is not considered OFF.

The transmit OFF power shall not exceed the values specified in Table 6.3.2-1 for each operating band supported. The
requirement is verified with the test metric of TRP (Link=TX beam peak direction).

Table 6.3.2-1: Transmit OFF power

Operating band Channel bandwidth / Transmit OFF power (dBm) / measurement
bandwidth
50 MHz 100 MHz 200 MHz 400 MHz
n257, n258, n260, n261 -35 -35 -35 -35
47.52 MHz 95.04 MHz 190.08 MHz 380.16 MHz
6.3.3 Transmit ON/OFF time mask
6.3.3.1 General

The transmit ON/OFF time mask defines the transient period(s) allowed
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- between transmit OFF power and transmit ON power symbols (transmit ON/OFF)

- between continuous ON-power transmissions when power change or RB hopping is applied.
In case of RB hopping, transition period is shared symmetrically.
Unless otherwise stated the minimum requirementsin clause 6.5 apply also in transient periods.

The transmit ON/OFF time mask is defined as a directional requirement. The requirement is verified in beam locked
mode at beam peak direction. The maximum allowed EIRP OFF power level is-30dBm at beam peak direction. The
requirement is verified with the test metric of EIRP (Link=TX beam peak direction, Meas=Link angle).

In the following sub-clauses, following definitions apply:
- A dlot transmission isa Type A transmission.
- A long subslot transmission is a Type B transmission with more than 2 symbols.

- A short subglot transmission is a Type B transmission with 1 or 2 symbols.

6.3.3.2 General ON/OFF time mask

The general ON/OFF time mask defines the observation period allowed between transmit OFF and ON power.
ON/OFF scenarios include: the beginning or end of DTX, measurement gap, contiguous, and non-contiguous
transmission, etc

The OFF power measurement period is defined in a duration of at least one slot excluding any transient periods. The
ON power is defined as the mean power over one slot excluding any transient period.

| Start of ON power End of ON power 3
| requirement requirement | Start of OFF power
End of OFF power ! Iy g 1 : . P
- ; . requirement
requirement ; 1 |
: | * | :
' i 5us !
Sus (<> The OFF power requirements does not Hs <>

I,
Transient period
Transient period apply for DTX and measurement gaps p

Figure 6.3.3.2-1: General ON/OFF time mask for NR UL transmission in FR2

6.3.3.3 Transmit power time mask for slot and short or long subslot boundaries

The transmit power time mask for slot and along subslot transmission boundaries defines the transient periods allowed
between slot and long subslot PUSCH transmissions. For PUSCH-PUCCH and PUSCH-SRS transitions and
multiplexing the time masksin sub-clause 6.3.3.7 apply.

The transmit power time mask for slot or long subslot and short subslot transmission boundaries defines the transient
periods allowed between slot or long subslot and short subslot transmissions. The time masks in sub-clause 6.3.3.8

apply.

The transmit power time mask for short subslot transmissiona boundaries defines the transient periods allowed between
short subslot transmissions. The time masks in sub-clause 6.3.3.9 apply.

6.3.34 PRACH time mask

The PRACH ON power is specified as the mean power over the PRACH measurement period excluding any transient
periods as shown in Figure 6.3.3.4-1. The measurement period for different PRACH preamble format is specified in
Table 6.3.3.4-1.
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Table 6.3.3.4-1: PRACH ON power measurement period

PRACH preamble format Measurement period (ms)
TBD TBD
TBD TBD
TBD TBD
TBD TBD
TBD TBD

]
j Start of ON power End of ON power I
f requirement requirement > Start of OFF power
! le 1\
End gf OFF power: Iq ! requirement
requirement I I | <
/o 1.
! S5us <>
Sus (<> oy

. . Transient period
Transient period

Figure 6.3.3.4-1: PRACH ON/OFF time mask

6.3.3.5 Void
6.3.3.6 SRS time mask

In the case a single SRS transmission, the ON power is defined as the mean power over the symbol duration excluding

any transient period; Figure 6.3.3.6-1.

[ |

1

SRS ON power | ‘

requirement - Start of OFF power
VI i _requirement

I

; [
End of OFF power ! Le
requirement ; I

i 1
Sps <> ?us <> ;
Transient period ransient perio

Figure 6.3.3.6-1: Single SRS time mask for NR UL transmission

In the case multiple consecutive SRS transmission, the ON power is defined as the mean power for each symbol
duration excluding any transient period. See Figure 7.7.4-2

SRS SRS SRS SRS

SRS ON power requirement on consecutive NR symbols

Start of OFF power

! requirement
—

End of OFF power
requirement
| |

Sps <1 SHs <>
Transient period

r
I
I

.

Transient period

Figure 6.3.3.6-2: Consecutive SRS time mask for the case when no power change is required
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When power change between consecutive SRS transmissionsis required, then Figure 6.3.3.6-3 and Figure 6.3.3.6-4
apply.

| SRSONpower | | SRSONpowerl | sRsONpowerl | srsONpower !

| | fequirement ;) requirement | | requirement | I requirement I

: > . Start of OFF power
End of OFF power | | 11 o1 P r requirement
requirement | | | | | | | | —

| I 1 I 1 (I | |

Sus <=1 Sps ;<> S5us ;<=4 SUs ;<> SHs <>
Transient period Transient period Transient period Transient period

Transient period

Figure 6.3.3.6-3: Consecutive SRS time mask for the case when power change is required and when
60kHz SCS is used in FR2

8.93us
I SRS ON power Sus SRS ON power Sps 1
‘ | requirement Transient requirement Transignt :
Endof OFF power | periodwillbe “ " periodwilbe Startof OFF power
requirement i | taken in the taken in the ! requirement
I blanked SRS blanked SRS
Sus @, symbol symbol

Transient period

Figure 6.3.3.6-4: Consecutive SRS time mask for the case when power change is required and when
120kHz SCS is used in FR2

6.3.3.7 PUSCH-PUCCH and PUSCH-SRS time masks

The PUCCH/PUSCH/SRS time mask defines the observation period between sounding reference symbol (SRS) and an
adjacent PUSCH/PUCCH symbol and subsequent UL transmissions. The time masks apply for all types of frame
structures and their allowed PUCCH/PUSCH/SRS transmissions unless otherwise stated.

Noslot N-1slot SRS N2 slot
| Start of N+ power I I
f i PUSCH/PUCCH 3
N / ‘ 1 | ! Start of N+2 power
L End of Nu1 power| I I - PUSCH/PUCCH
o PUSCH/PUCCH| | |
o . I les |
‘as sus <7, .63 Sus
Sps <> . . . .
Transient period Transient period

Transient period

Figure 6.3.3.7-1: PUCCH/PUSCH/SRS time mask when there is a transmission before or after or both
before and after SRS

When there is no transmission preceding SRS transmission or succeeding SRS transmission, then the same time mask
applies as shown in Figure 6.3.3.7-1.

6.3.3.8 Transmit power time mask for consecutive slot or long subslot transmission
and short subslot transmission boundaries

The transmit power time mask for consecutive slot or long subslot transmission and short subslot transmission
boundaries defines the transient periods allowed between such transmissions.
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Long sublot N Short subslot N+1 Long subslot N+2

I I l |
(I (I
Endofpower | | Start of power End of power | i Start of power
g T "o
I 1
Spus Sus KA
Transient period Transient period

Figure 6.3.3.8-1: Consecutive slot or long subslot transmission and short subslot transmission time
mask

6.3.3.9 Transmit power time mask for consecutive short subslot transmissions
boundaries

The transmit power time mask for consecutive short subslot transmission boundaries defines the transient periods
allowed between short subslot transmissions.

The transient period shall be equally shared as shown on Figure 6.3.3.9-2.

Figure 6.3.3.9-1: Void

Short subslot N Short subslot N+1

End of power I 1 startof power
: »l l¢
i1
(I
SHs
Transient period

Figure 6.3.3.9-2: Consecutive short subslot transmissions time mask where DMRS is not the first
symbol in the adjacent short subslot transmission

8.93us

Short subslot

ON power

O
.| requirement ‘5"15 ) requirement .5“5 .
I ~———»  Transientperiod « » | Transient period Start of OFF power
End 9f OFF power: I will be taken : will be taken requirement
requirement : inthe inthe o —
I blanked symbol ! . blanked symbol
Sus < ‘ '

Transient period

Figure 6.3.3.9-3: Consecutive short subslot (1 symbol gap) time mask for the case when transient
period is required on both sides of the symbol and when 120kHz SCS is used in FR2
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6.3.4 Power control
6.34.1 General

The requirements on power control accuracy apply under normal conditions and are defined as a directional
requirement. The requirements are verified in beam locked mode on beam peak direction.

6.3.4.2 Absolute power tolerance

The absolute power tolerance is the ability of the UE transmitter to set itsinitial output power to a specific value for the
first sub-frame at the start of a contiguous transmission or non-contiguous transmission with a transmission gap larger
than 20 ms. The tolerance includes the channel estimation error RSRP estimate.

The minimum reguirements specified in Table 6.3.4.2-1 apply in the power range bounded by the minimum output
power as specified in sub-clause 6.3.1 (‘Pmin’) and the maximum output power as specified in sub-clause 6.2.1 as
minimum peak EIRP (‘Pma’). The intermediate power point ‘Piy’ is defined in table 6.3.4.2-2

Table 6.3.4.2-1: Absolute power tolerance

Power Range Tolerance
Pint 2 P 2 Pmin + [140] dB
Pmax 2 P > Pint +[12.0] dB

Table 6.3.4.2-2: Intermediate power point

Power Parameter Value
Pint Pmax —-12.0 dB
6.3.4.3 Relative power tolerance

The relative power tolerance isthe ability of the UE transmitter to set its output power in atarget sub-frame relatively to
the power of the most recently transmitted reference sub-frame if the transmission gap between these sub-framesis 20
ms.

The minimum requirements specified in Table 6.3.4.3-1 apply when the power of the target and reference sub-frames
are within the power range bounded by the minimum output power as defined in sub-clause 6.3.1 and Pint as defined in
sub-clause 6.3.4.2. The minimum requirements specified in Table 6.3.4.3-2 apply when the power of the target and
reference sub-frames are within the power range bounded by Pint as defined in sub-clause 6.3.4.2 and the measured
Pumax as defined in sub-clause 6.2.4.

Table 6.3.4.3-1: Relative power tolerance, Pint 2 P 2 Pmin

Power step AP (Up All combinations of PUSCH and
or down) PUCCH, EQSCH/PUCCH and
(dB) SRS transitions between sub-
frames, PRACH (dB)
AP <2 [+5.0]
2<AP<3 [+6.0]
3sAP<4 [£7.0]
4<AP <10 [+8.0]
10 AP <15 [+10.0]
15 < AP [+11.0]
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Table 6.3.4.3-2: Relative power tolerance, Pymax 2 P > Pint

Power step AP (Up All combinations of PUSCH and
or down) PUCCH, P_L_JSCH/PUCCH and
(dB) SRS transitions between sub-
frames, PRACH (dB)
AP <2 [£3.0]
2<AP<3 [+4.0]
3sAP<4 [+5.0]
4< AP <10 [+6.0]
10< AP < 15 [+8.0]
15 < AP [+9.0]

6.3.4.4 Aggregate power tolerance

The aggregate power control tolerance is the ability of the UE transmitter to maintain its power during non-contiguous
transmissions within 21msin response to 0 dB TPC commands with respect to the first UE transmission and all other
power control parameters as specified in 38.213 kept constant.

The minimum requirements specified in Table 6.3.4.4-1 apply when the power of the target and reference sub-frames
are within the power range bounded by the minimum output power as defined in sub-clause 6.3.1 and Pi: as defined in
sub-clause 6.3.4.2. The minimum requirements specified in Table 6.3.4.4-2 apply when the power of the target and
reference sub-frames are within the power range bounded by Pint as defined in sub-clause 6.3.4.2 and the maximum
output power as specified in sub-clause 6.2.1.

Table 6.3.4.4-1: Aggregate power tolerance, Pint 2 P 2 Pnin

TPC command UL channel Aggregate power tolerance
within 21ms
0dB PUCCH +[5.5]dB
0dB PUSCH +[5.5] dB

Table 6.3.4.4-2: Aggregate power tolerance, Pmax2 P 2 Pint

TPC command UL channel Aggregate power tolerance
within 21ms
0dB PUCCH +[3.5]dB
0dB PUSCH +[3.5]dB

6.3A  Output power dynamics for CA
6.3A.1 Minimum output power for CA

For intra-band contiguous carrier aggregation, the minimum controlled output power of the UE is defined as the
transmit power of the UE per component carrier, i.e., EIRP in the channel bandwidth of each component carrier for all
transmit bandwidth configurations (resource blocks), when the power on both component carriers are set to a minimum
value.

The minimum output power shall not exceed the values specified in Table 6.3A.1-1 for each operating band supported.
The minimum power is verified in beam locked mode with the test metric of EIRP (Link=TX beam peak direction,
Meas=Link angle).

Table 6.3A.1-1: Minimum output power for CA

Operating band Channel bandwidth Minimum output power Measurement bandwidth
(MHz) (dBm) (MHz)
n257, n258, n260, n261 50 -13 47.52
100 -13 95.04
200 -13 190.08
400 -13 380.16
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6.3A.2 Transmit OFF power for CA

For intra-band contiguous carrier aggregation, the transmit OFF power is defined as the TRP in the channel bandwidth
per component carrier when the transmitter is OFF. The transmitter is considered OFF when the UE is not allowed to
transmit or during periods when the UE is not transmitting a sub-frame. During DTX and measurements gaps, the
transmitter is not considered OFF.

The transmit OFF power shall not exceed the values specified in Table 6.3A.2-1 for each operating band supported.
Table 6.3A.2-1: Transmit OFF power for CA

Operating band Channel bandwidth / Transmit OFF power (dBm) / measurement
bandwidth
50 MHz 100 MHz 200 MHz 400 MHz
n257, n258, n260, n261 -35 -35 -35 -35
47.52 MHz 95.04 MHz 190.08 MHz 380.16 MHz

6.3A.3 Transmit ON/OFF time mask for CA

For intra-band contiguous carrier aggregation, the general output power ON/OFF time mask specified in subclause
6.3.3.2 is applicable for each component carrier during the ON power period and the transient periods. The OFF period
as specified in subclause 6.3.3.2 shall only be applicable for each component carrier when all the component carriers are
OFF.

6.3A.4 Power control for CA

No requirements unique to CA operation are defined.

6.3D  Output power dynamics for UL-MIMO

6.3D.1  Minimum output power for UL-MIMO

6.3D.1.2 Minimum output power for UL-MIMO for power class 2, 3 and 4

For UE supporting UL-MIMO, the minimum controlled output power is defined asthe EIRP, i.e. the sum of the power
in the channel bandwidth for al transmit bandwidth configurations (resource blocks), when the UE power is set to a
minimum value. The minimum output power shall not exceed the values specified in Table 6.3.2-1. The minimum
power is verified in beam locked mode with the test metric of EIRP (Link=TX beam peak direction, Meas=Link angle).

6.3D.2 Transmit OFF power for UL-MIMO

For UE supporting UL-MIMO, the transmit OFF power is defined as the TRP in the channel bandwidth when the
transmitter is OFF. The transmitter is considered OFF when the UE is not allowed to transmit or during periods when
the UE is not transmitting a sub-frame. During DT X and measurements gaps, the transmitter is not considered OFF. The
minimum output power shall not exceed the values specified in Table 6.3.2-1. The requirement is verified with the test
metric of TRP (Link=TX beam pesk direction).

6.3D.3 Transmit ON/OFF time mask for UL-MIMO

For UE supporting UL-MIMO, the ON/OFF time mask requirementsin subclause 6.3.3 apply. The requirements shall
be met with the UL-MIMO configurations specified in Table 6.2D.1.3-3.

6.4 Transmit signal quality
6.4.1 Frequency Error

The UE modulated carrier frequency shall be accurate to within £0.1 PPM observed over a period of 1 msec compared
to the carrier frequency received from the NR gNB.

The frequency error is defined as adirectional requirement. The requirement is verified in beam locked mode with the
test metric of Frequency (Link=TX beam peak direction, Meas=Link angle).
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6.4.2
6.4.2.0

Transmit modulation quality

General

Transmit modulation quality defines the modulation quality for expected in-channel RF transmissions from the UE. The
transmit modulation quality is specified in terms of:

- Error Vector Magnitude (EVM) for the allocated resource blocks (RBS)

- EVM equalizer spectrum flatness derived from the equalizer coefficients generated by the EVM measurement
process

- Carrier leakage
- In-band emissions for the non-allocated RB
All the parameters defined in subclause 6.4.2 are defined using the measurement methodology specified in Annex F.

All the requirementsin 6.4.2 are defined as directional requirement. The requirements are verified in beam locked mode
on beam peak direction, with parameter maxRank (as defined in TS38.331) set to 1. The requirements are applicable to
UL transmission from each configurable antenna port (as defined in TS38.331) of UE, enabled one at atime.

6.4.2.1 Error vector magnitude

The Error Vector Magnitude is a measure of the difference between the reference waveform and the measured
waveform. This differenceis called the error vector. Before calculating the EVM, the measured waveform is corrected
by the sample timing offset and RF frequency offset. Then the carrier leakage shall be removed from the measured
waveform before calculating the EVM.

The measured waveform is further equalised using the channel estimates subjected to the EVM equaliser spectrum
flatness requirement specified in sub-clauses 6.4.2.4 and 6.4.2.5. For DFT-ss=OFDM waveforms, the EVM result is
defined after the front-end FFT and IDFT as the square root of the ratio of the mean error vector power to the mean
reference power expressed as a %. For CP-OFDM waveforms, the EVM result is defined after the front-end FFT asthe
square root of the ratio of the mean error vector power to the mean reference power expressed as a %.

The basic EVM measurement interval in the time domain is one preamble sequence for the PRACH and the duration of
PUCCH/PUSCH channel, or one hop, if frequency hopping is enabled for PUCCH and PUSCH in the time domain. The
EVM measurement interval is reduced by any symbols that contains an allowable power transient as defined in
subclause 6.3.3.

The RMS average of the basic EVM measurements for the average EVM case, and for the reference signal EVM case,
for the different modulations schemes shall not exceed the values specified in Table 6.4.2.1-1 for the parameters defined
inTable 6.4.2.1-2 or Table 6.4.2.1-3 depending on UE power class. The measurement interval for the EVM
determination is 10 subframes. The requirement is verified with the test metric of EVM (Link=TX beam peak direction,
Meas=Link angle).

Table 6.4.2.1-1: Minimum requirements for error vector magnitude

Parameter Unit Average EVM level Reference signal EVM
level
Pi/2 BPSK % 30.0 30.0
QPSK % 17.5 17.5
16 QAM % 12.5 12.5
64 QAM % 8.0 8.0

Table 6.4.2.1-2: Parameters for Error Vector Magnitude for power class 1

Parameter Unit Level
UE EIRP dBm >4
UE EIRP for UL 16QAM dBm >7
UE EIRP for UL 64QAM dBm >11
Operating conditions Normal conditions
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Table 6.4.2.1-3: Parameters for Error Vector Magnitude for power class 2, 3, and 4

Parameter Unit Level
UE EIRP dBm >-13
UE EIRP for UL 16QAM dBm >-10
UE EIRP for UL 64QAM dBm > -6
Operating conditions Normal conditions

Carrier leakage

General

Carrier leakage is an additive sinusoid waveform. The carrier leakage requirement is defined for each component
carrier. The measurement interval is one slot in the time domain. The relative carrier |eakage power is a power ratio of
the additive sinusoid waveform to the power in the modulated waveform.

The requirement is verified with the test metric of Carrier Leakage (Link=TX beam peak direction, Meas=Link angle).
6.4.2.2.2 Carrier leakage for power class 1

When carrier leakage is contained inside the spectrum confined within the configured UL and DL CCs, the relative
carrier leakage power shall not exceed the values specified in Table 6.4.2.2.2-1 for power class 1 UEs.

Table 6.4.2.2.2-1: Minimum requirements for relative carrier leakage power for power class 1

Parameters Relative Limit (dBc)
EIRP > 17 dBm -25
4dBm < EIRP <17 dBm -20

Carrier leakage for power class 2

Carrier leakage for power class 3

When carrier leakage is contained inside the spectrum occupied by the configured UL CCs and DL CCs, the relative
carrier leakage power shall not exceed the values specified in Table 6.4.2.2.4-1 for power class 3 UEs.

Table 6.4.2.2.4-1: Minimum requirements for relative carrier leakage power for power class 3

Parameters Relative Limit (dBc)
EIRP > 0 dBm -25
-13 dBm £ EIRP = 0dBm -20

6.4.2.2.5 Carrier leakage for power class 4
6.4.2.3 In-band emissions
6.4.2.3.1 General

The in-band emission is defined as the average across 12 sub-carriers and as a function of the RB offset from the edge
of the allocated UL transmission bandwidth. The in-band emission is measured as the ratio of the UE output power in a
non—allocated RB to the UE output power in an allocated RB.

The basic in-band emissions measurement interval isidentical to that of the EVM test.

The reguirement is verified with the test metric of In-band emission (Link=TX beam peak direction, Meas=Link angle).
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6.4.2.3.2 In-band emissions for power class 1

The relative in-band emission shall not exceed the values specified in Table 6.4.2.3.2-1 for power class 1 UEs.

Table 6.4.2.3.2-1: Requirements for in-band emissions for power class 1

Parameter . L Applicable
description Unit Limit (NOTE 1) Frequencies
[ —25 —10. logm( ) ]
LCRB |
max | (IARBI D | Any non-allocated
| —55.1dBm — Pgg ]
-25 Output power > 27 dBm Image frequencies
IQImage | dB 20 Output power < 27 dBm (NOTES 2, 3)
Carrier dBc -25 Output power > 17 dBm Carrier frequency
leakage -20 4 dBm < Output power < 17 dBm (NOTES 4, 5)
NOTE 1: An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum

requirement is calculated as the higher of (P, - 25 dB) and the power sum of all limit values (General, IQ Image or
Carrier leakage) that apply. P is defined in NOTE 10.

NOTE 2: The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated
RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs. For
pi/2 BPSK with Spectrum Shaping, the limit is expressed as a ratio of measured power in one non-allocated RB to
the measured power in the allocated RB with highest PSD

NOTE 3: The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth,
based on symmetry with respect to the carrier frequency, but excluding any allocated RBs.

NOTE 4: The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated
RB to the measured total power in all allocated RBs.

NOTE 5: The applicable frequencies for this limit are those that are enclosed in the RBs containing the DC frequency if N,
is odd, or in the two RBs immediately adjacent to the DC frequency if N, is even but excluding any allocated RB.

NOTE 6: L g is the Transmission Bandwidth (see Figure 5.3.3-1).

NOTE 7: Ngg is the Transmission Bandwidth Configuration (see Figure 5.3.3-1).

NOTE 8: EVM s the limit for the modulation format used in the allocated RBs.

NOTE 9: Agg is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. A,,= 1 or

rs= -1 for the first adjacent RB outside of the allocated bandwidth).

NOTE 10: P is the transmitted power per allocated RB, measured in dBm.

NOTE 11: All powers are EIRP in beam peak direction.

6.4.2.3.3 In-band emissions for power class 2
6.4.2.3.4 In-band emissions for power class 3

The relative in-band emission shall not exceed the values specified in Table 6.4.2.3.4-1 for power class 3 UEs.
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Table 6.4.2.3.4-1: Requirements for in-band emissions for power class 3

Parameter |, ., Limit (NOTE 1) Applicable
description Frequencies
N
I[ ~25 —10.logy, (ﬂ) 1|
I LCRB |
max (|Aggl—-1) Any non-allocated
General | dB |20-10g10(EVM) - 5-L—,| (NOTE 2)
CRB
| —55.1dBm — Pyg |
-25 Output power > 10 dBm Image frequencies
IQImage | dB 20 Output power < 10 dBm (NOTES 2, 3)
Carrier dBc -25 Output power > 0 dBm Carrier frequency
leakage -20 -13 dBm < Output power < 0 dBm (NOTES 4, 5)

NOTE 1: An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum
requirement is calculated as the higher of (P, - 25 dB) and the power sum of all limit values (General, 1Q Image or
Carrier leakage) that apply. P is defined in NOTE 10.

NOTE 2: The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated
RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs. For
pi/2 BPSK with Spectrum Shaping, the limit is expressed as a ratio of measured power in one non-allocated RB to
the measured power in the allocated RB with highest PSD

NOTE 3: The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth,
based on symmetry with respect to the carrier frequency, but excluding any allocated RBs.

NOTE 4: The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated
RB to the measured total power in all allocated RBs.

NOTE 5: The applicable frequencies for this limit are those that are enclosed in the RBs containing the DC frequency if N,
is odd, or in the two RBs immediately adjacent to the DC frequency if N, is even but excluding any allocated RB.

NOTE 6: L gg is the Transmission Bandwidth (see Figure 5.3.3-1).

NOTE 7: Ngg is the Transmission Bandwidth Configuration (see Figure 5.3.3-1).

NOTE 8: EVM s the limit for the modulation format used in the allocated RBs.

NOTE 9: Agg is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. A,,= 1 or
Agg= -1 for the first adjacent RB outside of the allocated bandwidth).

NOTE 10: Py is the transmitted power per allocated RB, measured in dBm.

NOTE 11: All powers are EIRP in beam peak direction.

6.4.2.3.5 In-band emissions for power class 4

6.4.2.4 EVM equalizer spectrum flatness

The EVM measurement process (as described in Annex F) entails generation of a zero-forcing equalizer. The EVM
equalizer spectrum flatnessis defined in terms of the maximum peak-to-peak ripple of the equalizer coefficients (dB)
across the allocated uplink block. The basic measurement interval isthe same as for EVM.

For BPSK modulation waveforms, the minimum requirements are defined in Clause 6.4.2.5.

The peak-to-peak variation of the EVM equalizer coefficients contained within the frequency range of the uplink
alocation shall not exceed the maximum ripple specified in Table 6.4.2.4-1 for normal conditions. For uplink
alocations contained within both Range 1 and Range 2, the coefficients eval uated within each of these frequency
ranges shall meet the corresponding ripple requirement and the following additional requirements: the relative
difference between the maximum coefficient in Range 1 and the minimum coefficient in Range 2 (Table 6.4.2.4-1) must
not be larger than 7 dB, and the relative difference between the maximum coefficient in Range 2 and the minimum
coefficient in Range 1 must not be larger than 8 dB (see Figure 6.4.2.4-1).

The requirement is verified with the test metric of EVM SF (Link=TX beam peak direction, Meas=Link angle).
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Table 6.4.2.4-1: Minimum requirements for EVM equalizer spectrum flatness (normal conditions)

Frequency range Maximum ripple (dB)
FuL_Meas — FuL_Low2 X MHz and FuL_nigh— FuL_meas 2 X MHz 6 (p-p)
(Range 1)
FuL_meas — FuL_Low < X MHz or FuL_nigh — FuL_meas < X MHz 9 (p-p)
(Range 2)
NOTE 1: FuL_meas refers to the sub-carrier frequency for which the equalizer coefficient is
evaluated
NOTE 2: FuL_Low and FuL_nigh refer to channel edges
NOTE 3: X, in MHz, is equal to 20% of the CC bandwidth

Table 6.4.2.4-2: (Void)
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»
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Figure 6.4.2.4-1: The limits for EVM equalizer spectral flatness with the maximum allowed variation of
the coefficients indicated under normal conditions

6.4.2.5 EVM spectral flatness for pi/2 BPSK modulation with spectrum shaping

These requirements are defined for pi/2 BPSK modulation. The EVM equalizer coefficients across the allocated uplink
block shall be modified to fit inside the mask specified in Table 6.4.2.5-1 for normal conditions, prior to the calculation
of EVM. The limiting mask shall be placed to minimize the change in equalizer coefficients in a sum of squares sense.

Table 6.4.2.5-1: Mask for EVM equalizer coefficients for pi/2 BPSK with spectrum shaping, normal

conditions
Frequency range Parameter Maximum ripple (dB)
F_meas — F_center £ X MHz or F_center — F_meas < X MHz X1 6 (p-p)
(Range 1)
F_meas — F_center > X MHz or F_center — F_meas < X MHz X2 14 (p-p)
(Range 2)

NOTE 1: F_meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated
NOTE 2: F_center refers to the center frequency of an allocated block of PRBs

NOTE 3: X, in MHz, is equal to 25% of the bandwidth of the PRB allocation

NOTE 4: See Figure 6.4.2.5-1 for description of X1, X2 and X3
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Figure 6.4.2.5-1: The limits for EVM equalizer spectral flatness with the maximum allowed variation.
F_center denotes the center frequency of the allocated block of PRBs. F_alloc denotes the
bandwidth of the PRB allocation.

This requirement does not apply to other modulation types. The UE shall be allowed to employ spectral shaping for pi/2
BPSK. The shaping filter shall be restricted so that the impul se response of the transmit chain shall meet

|ato)| = |at )| vi#0
20logio | &(t,r) | <-15dB 1<7<M -1,
Where:
| &(t7) | =IDFT{ | &(tf) | €20},
f isthe frequency of the M allocated subcarriers,
a(t,f) and o(t,f) are the amplitude and phase response, respectively of the transmit chain

0dB reference is defined as 20loguo | &(t,0) |

6.4A  Transmit signal quality for CA

The requirements in this section apply if the UE has at least one of UL or DL configured for CA.

6.4A.1 Frequency error

The requirements in this subsection apply to UEs of all power classes. For inter-band carrier aggregation with uplink
assigned to two NR bands, the frequency error requirements defined in subclause 6.4.1 shall apply on each component
carrier with all component carriers active.

For intra-band contiguous carrier aggregation, the UE modulated carrier frequencies per band shall be accurate to within
+0.1 PPM observed over aperiod of 1ms compared to the carrier frequency of primary component carrier received from
the gNB.

For intra-band non-contiguous carrier aggregation, the requirementsin Section 6.4.1 applies per component carrier.

The frequency error is defined as a directional requirement. The requirement is verified in beam locked mode on beam
peak direction.
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6.4A.2 Transmit modulation quality
6.4A.2.0 General

For inter-band carrier aggregation with uplink assigned to two NR bands, the requirements shall apply on each
component carrier as defined in clause 6.4.2 with all component carriers active. If multiple component carriers are
assigned to one NR band, the requirementsin subclauses 6.4A.2.1, 6.4A.2.2, and 6.4A.2.3 apply for those component
carriers.

All the parameters defined in subclause 6.4A.2 are defined using the measurement methodology specified in Annex F.

All the requirementsin 6.4A.2 are defined as directional requirement. The requirements are verified in beam locked
mode on beam peak direction, with both UL polarizations active.

6.4A.2.1 Error Vector magnitude

The requirements in this subsection apply to UEs of all power classes. For intra-band contiguous and non-contiguous
carrier aggregation, the Error Vector Magnitude requirement of section 6.4.2.2 is defined for each component carrier.
Requirements only apply with PRB allocation in one of the component carriers. Similar transmitter impairment removal
procedures are applied for CA waveform before EVM calculation asis specified for non-CA waveform.

6.4A.2.2 Carrier leakage
6.4A.2.2.1 General

Carrier leakage is an additive sinusoid waveform. The carrier leakage requirement is defined for each component carrier
and is measured on the component carrier with PRBs all ocated. The measurement interval is one slot in the time
domain.

Note: When UE has at least one of UL or DL configured for non-contiguous CA, carrier leakage may land
outside the spectrum occupied by all configured UL and DL CC.

The relative carrier |leakage power is a power ratio of the additive sinusoid waveform and the modulated waveform..
The requirement is verified with the test metric of Carrier Leakage (Link=TX beam peak direction, Meas=Link angle).

6.4A.2.2.2 Carrier leakage for power class 1

When carrier leakage is contained inside the spectrum occupied by all configured UL and DL CCs, the relative carrier
leakage power shall not exceed the values specified in Table 6.4A.2.2.2-1 for power class 1 UEs.

Table 6.4A.2.2.2-1: Minimum requirements for relative carrier leakage for power class 1

Parameters Relative Limit (dBc)
EIRP > 17 dBm -25
4 dBm < EIRP <17 dBm -20
6.4A.2.2.3 Carrier leakage for power class 2
6.4A.2.2.4 Carrier leakage for power class 3

When carrier leakage is contained inside the spectrum occupied by all configured UL and DL CCs, the relative carrier
leakage power shall not exceed the values specified in Table 6.4A.2.2.4-1 for power class 3 UEs.

Table 6.4A.2.4-1: Minimum requirements for relative carrier leakage power class 3

Parameters Relative limit (dBc)

Output power >0 dBm -25

-13 dBm < Output

power EIRP <0 dBm -20
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6.4A.2.2.5 Carrier leakage for power class 4
6.4A.2.3 Inband emissions
6.4A.2.3.1 General

Inband emission requirement is defined over the spectrum occupied by all configured UL and DL CCs. The
measurement interval is as defined in section 6.4.2.4. The requirement is verified with the test metric of In-band
emission (Link=TX beam peak direction, Meas=Link angle).

6.4A.2.3.2 Inband emissions for power class 1
The relative in-band emission shall not exceed the values specified in Table 6.4A.2.3.2-1 for power class 1 UEs.

Table 6.4A.2.3.2-1: Requirements for 1Q image for power class 1

Parameter . o Applicable
description Unit Limit (NOTE 1) Frequencies
-25 Output power > 27 dBm Image
IQ Image dB frequencies
-20 Output power < 27 dBm (NOTE 3)

NOTE 1: The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power outside the
UL allocated RBs to the measured average power per allocated RB, where the averaging is done across
all allocated RBs. For pi/2 BPSK, the limit is expressed as a ratio of measured power outside the UL
allocated RBs to the measured power in the allocated RB with highest PSD

NOTE 2: All powers are EIRP along beam peak direction.

NOTE 3: Image frequencies for UL CA are specified in relation to either UL or DL carrier frequency

6.4A.2.3.3 Inband emissions for power class 2
6.4A.2.34 Inband emissions for power class 3
The relative in-band emission shall not exceed the values specified in Table 6.4A.2.3.4-1 for power class 3 UEs.

Table 6.4A.2..4-1: Requirements for IQ Image for power class 3

Parameter Unit Limit (NOTE 1) Applicable
description Frequencies
-25 Output power > 10 dBm Image
IQ Image dB frequencies
-20 Output power < 10 dBm (NOTE 3)

NOTE 1: The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power outside the
UL allocated RBs to the measured average power per allocated RB, where the averaging is done across
all allocated RBs. For pi/2 BPSK, the limit is expressed as a ratio of measured power outside the UL
allocated RBs to the measured power in the allocated RB with highest PSD

NOTE 2: All powers are EIRP along beam peak direction.

NOTE 3: Image frequencies for UL CA are specified in relation to either UL or DL carrier frequency.

6.4A.2.3.5 Inband emissions for power class 4

6.4A.2.4 EVM equalizer spectrum flatness

6.4D  Transmit signal quality for UL-MIMO
6.4D.0 General

For UE(s) supporting UL-MIMO, the transmit modulation quality requirements in subclause 6.4 apply. The
requirements shall be met with the UL-MIMO configurations specified in Table 6.2D.1.3-3. Each polarization could be
verified separately in accordance with the test procedure specified in TS 38.521-2.
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6.4D.1 Frequency error for UL-MIMO

For UE(s) supporting UL-MIMO, the UE modulated carrier frequency at each polarization shall be accurate to within +
0.1 PPM observed over a period of one sub-frame (1 ms) compared to the carrier frequency received from the NR Node
B.

6.4D.2 Transmit modulation quality for UL-MIMO

For UE supporting UL-MIMO, the transmit modulation quality requirements are specified at polarization separately.
The transmit modulation quality is specified in terms of:
Error Vector Magnitude (EVM) for the allocated resource blocks (RBS)

EVM equalizer spectrum flatness derived from the equalizer coefficients generated by the EVM measurement
process

Carrier leakage (caused by 1Q offset)

In-band emissions for the non-allocated RB

6.4D.3 Time alignment error for UL-MIMO

For UE(s) with multiple physical antenna ports supporting UL-MIMO, this requirement applies to frame timing
differences between transmissions on multiple physical antenna ports in the codebook transmission scheme.

The time aignment error (TAE) is defined as the average frame timing difference between any two transmissions on
different physical antenna ports.

For UE(s) with multiple physical antenna ports, the Time Alignment Error (TAE) shall not exceed 130 ns.
6.4D.4 Requirements for coherent UL MIMO

For coherent UL MIMO, Table 6.4D.4-1 lists the maximum allowabl e difference between the measured rel ative power
and phase errors between different physical antenna portsin any slot within the specified time window from the last
transmitted SRS on the same antenna ports, for the purpose of uplink transmission (codebook or non-codebook usage)
and those measured at that last SRS. The requirementsin Table 6.4D.4-1 apply when the UL transmission power at
each physical antenna port islarger than TBD dBm for SRS transmission and for the duration of time window. The
requirement is verified with the test metric of EIRP (Link=Beam peak search grids, Meas=Link angle).

Table 6.4D.4-1: Maximum allowable difference of relative phase and power errors in a given slot
compared to those measured at last SRS transmitted

Difference of relative power
error

Difference of relative phase error Time window

TBD degrees TDB dB 20 msec

The above requirements apply when all of the following conditions are met within the specified time window:
- UE is not signaled with a change in number of SRS portsin SRS-config, or a change in PUSCH-config
- UE remainsin DRX active time (UE does not enter DRX OFF time)
- No measurement gap occurs
- No instance of SRS transmission with the usage antenna switching occurs
- Active BWP remains the same

- EN-DC and CA configuration is not changed for the UE (UE is not configured or de-configured with PScell or
SCell(s))
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6.5 Output RF spectrum emissions
6.5.1 Occupied bandwidth

Occupied bandwidth is defined as the bandwidth containing 99 % of the total integrated mean power of the transmitted
spectrum on the assigned channel. The occupied bandwidth for all transmission bandwidth configurations (Resources
Blocks) shall be less than the channel bandwidth specified in Table 6.6.1-1.

The occupied bandwidth is defined as a directional requirement. The requirement is verified in beam locked mode with
the test metric of OBW (Link=TX beam peak direction, Meas=Link angle).

Table 6.6.1-1: Occupied channel bandwidth

Occupied channel bandwidth / Channel bandwidth
50 100 200 400
MHz MHz MHz MHz
Channel bandwidth
(MHz) 50 100 200 400

6.5.2 Out of band emissions
6.5.2.0 General

The Out of band emissions are unwanted emissions immediately outside the assigned channel bandwidth resulting from
the modulation process and non-linearity in the transmitter but excluding spurious emissions. This out of band emission
limit is specified in terms of a spectrum emission mask and an adjacent channel leakage power ratio. Additional
requirements to protect specific bands are also considered.

The requirements in section 6.5.2.1 only apply when both UL and DL of a UE are configured for single CC operation,
and they are of the same bandwidth. For a UE that is configured for single CC operation with different channel
bandwidthsin UL and DL, the requirementsin section 6.5A.2.1 apply.

All out of band emissions for frequency range 2 are TRP.
6.5.2.1 Spectrum emission mask

The spectrum emission mask of the UE applies to frequencies (Afoos) starting from the + edge of the assigned NR
channel bandwidth. For frequencies offset greater than Foog as specified in Table 6.5.2.1-1 the spurious requirementsin
subclause 6.5.3 are applicable.

The power of any UE emission shall not exceed the levels specified in Table 6.5.2.1-1 for the specified channel
bandwidth. The requirement is verified in beam locked mode with the test metric of TRP (Link=TX beam peak
direction).

Table 6.5.2.1-1: General NR spectrum emission mask for frequency range 2.

Spectrum emission limit (dBm)/ Channel bandwidth
Afoos 50 100 200 400 Measurement
(MHz) MHz MHz MHz MHz bandwidth
+0-5 -5 -5 -5 -5 1 MHz
+5-10 -13 -5 -5 -5 1 MHz
+10-20 -13 -13 -5 -5 1 MHz
+ 20-40 -13 -13 -13 -5 1 MHz
+ 40-100 -13 -13 -13 -13 1 MHz
+ 100-200 -13 -13 -13 1 MHz
+ 200-400 -13 -13 1 MHz
+ 400-800 -13 1 MHz
NOTE 1: Void
6.5.2.2 Additional spectrum emissions mask

Detailed structure of the subclause is TBD.
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6.5.2.3 Adjacent channel leakage ratio

Adjacent Channel Leakage power Ratio (ACLR) isthe ratio of the filtered mean power centred on the assigned channel
frequency to the filtered mean power centred on an adjacent channel frequency. ACLR requirement is specified for a
scenario in which adjacent carrier is another NR channel.

NR Adjacent Channel Leakage power Ratio (NRacir) is the ratio of the filtered mean power centred on the assigned
channel frequency to the filtered mean power centred on an adjacent channel frequency at nominal channel spacing. The
assigned NR channel power and adjacent NR channel power are measured with rectangular filters with measurement
bandwidths specified in Table 6.5.2.3-1.

If the measured adjacent channel power is greater than —35 dBm then the NRacir shall be higher than the value specified
in Table 6.5.2.3-1. The requirement is verified in beam locked mode with the test metric of TRP (Link=TX beam peak
direction).

Table 6.5.2.3-1: General requirements for NRacLr

Channel bandwidth / NRacLr/ Measurement bandwidth
50 100 200 400
MHz MHz MHz MHz
NRacLr for band n257,
n258, N261 17 dB 17 dB 17 dB 17 dB
NRacLr for band n260 16 dB 16 dB 16 dB 16 dB
NR channel measurement | 7 55\, | 95.04 MHz | 190.08 MHz | 380.16 MHz
bandwidth
Adjacent channel centre +E/30 +130'0 +2/00 +4/00
frequency offset (MHz) 50 -100.0 200 -400

6.5.3  Spurious emissions

Spurious emissions are emissions which are caused by unwanted transmitter effects such as harmonics emission,
parasitic emissions, intermodulation products and frequency conversion products, but exclude out of band emissions
unless otherwise stated. The spurious emission limits are specified in terms of general requirementsin line with SM.329
[7] and NR operating band requirement to address UE co-existence. Spurious emissions are measured as TRP.

To improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth may be smaller than the
measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should
be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement
bandwidth.

Unless otherwise stated, the spurious emission limits apply for the frequency ranges that are more than Foog (MHZ) in
Table 6.5.3-1 starting from the edge of the assigned NR channel bandwidth. The spurious emission limitsin Table
6.5.3-2 apply for al transmitter band configurations (NRB) and channel bandwidths. The requirement is verified in
beam locked mode with the test metric of TRP (Link=TX beam peak direction).

NOTE: For measurement conditions at the edge of each frequency range, the lowest frequency of the
measurement position in each frequency range should be set at the lowest boundary of the frequency
range plus MBW/2. The highest frequency of the measurement position in each frequency range should
be set at the highest boundary of the frequency range minus MBW/2. MBW denotes the measurement
bandwidth defined for the protected band.

Table 6.5.3-1: Boundary between NR out of band and spurious emission domain

Channel 50 100 200 400
bandwidth MHz MHz MHz MHz
ooB
boundary 100 200 400 800
Foos (MHZz)
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Table 6.5.3-2: Spurious emissions limits

Frequency Range Maximum Measurement NOTE
Level bandwidth
30 MHz < f < 1000 MHz -36 dBm 100 kHz
1GHz<f=<12.75 GHz -30 dBm 1 MHz

12.75 GHz < f < 2nd
harmonic of the upper

frequency edge of the -13 dBm 1 MHz
UL operating band in
GHz
6.5.3.1 Spurious emission band UE co-existence

This clause specifies the requirements for the specified NR band, for coexistence with protected bands.

NOTE: For measurement conditions at the edge of each frequency range, the lowest frequency of the
measurement position in each frequency range should be set at the lowest boundary of the frequency
range plus MBW/2. The highest frequency of the measurement position in each frequency range should
be set at the highest boundary of the frequency range minus MBW/2. MBW denotes the measurement
bandwidth defined for the protected band.

Table 6.5.3.1-1: Requirements

Spurious emission
NR Protected band/frequency range Frequency range Maximum MBW NOTE
Band (MHz) Level (MHz)
(dBm)
n257 NR Band n260 FoL low | - | FoL high -2 100
Frequency range 57000 | - [ 66000 2 100
n258 Frequency range 57000 | - [ 66000 2 100
NR Band 257 FoL low | - | FoL_nigh -5 100
n260 NR Band 261 FoL low | - | FoL high -5 100
Frequency range 57000 | - [ 66000 2 100
n261 NR Band 260 FoL low | - | FoL_nigh -2 100
Frequency range 57000 | - [ 66000 2 100
NOTE 1: FoL_ow and FpL_nigh refer to each NR frequency band specified in Table 5.2-1
NOTE 2: Void
6.5.3.2 Additional spurious emissions
6.5.3.2.1 General

These requirements are specified in terms of an additional spectrum emission requirement. Additional spurious
emission requirements are signalled by the network to indicate that the UE shall meet an additional requirement for
a specific deployment scenario as part of the cell handover/broadcast message.

6.5.3.2.2 Additional spurious emission requirements for NS_201

When "NS_201" isindicated in the cell, the power of any UE emission shall not exceed the levels specified in Table
6.5.3.2.2-1. Thisrequirement also applies for the frequency ranges that are less than Foog (MHZz) in Table 6.5.3-1 from
the edge of the channel bandwidth.

Table 6.5.3.2.2-1: Additional requirements (NS_201)

Frequency band Channel bandwidth / Spectrum emission limit Measurement NOTE
(GHz) (dBm) bandwidth
50 100 200 400
MHz MHz MHz MHz
23.6<f<24 -8 -8 -8 -8 200MHz 1
NOTE 1: The protection of frequency range 23600-24000MHz is meant for protection of satellite passive services.
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6.5A  Output RF spectrum emissions for CA
6.5A.1 Occupied bandwidth for CA

For intra-band contiguous carrier aggregation, the occupied bandwidth is a measure of the bandwidth containing 99 %
of the total integrated power of the transmitted spectrum. The occupied bandwidth for CA shall be less than the
aggregated channel bandwidth defined in subclause 5.5A.

The occupied bandwidth for CA is defined as adirectional requirement. The requirement is verified in beam locked
mode on beam peak direction.

6.5A.2 Out of band emissions

6.5A.2.1 Spectrum emission mask for CA

The requirement specified in this section shall apply if the UE has at |east one of UL or DL configured for CA or if the
UE is configured for single CC operation with different channel bandwidthsin UL and DL carriers.

For inter-band carrier aggregation with one component carrier per operating band and the uplink active in two NR
bands, the spectrum emission mask of the UE is defined per component carrier while both component carriers are
active, and the requirements are specified in subclauses 6.5.2.1. If for some frequency spectrum emission masks of
component carriers overlap, then spectrum emission mask allowing higher power spectral density applies for that
frequency. If for some frequency a component carrier spectrum emission mask overlaps with the channel bandwidth of
another component carrier, then the emission mask does not apply for that frequency.

For intra-band contiguous carrier aggregation, the spectrum emission mask of the UE applies to frequencies (Afoog)
starting from the + edge of the aggregated channel bandwidth (Table 5.3A.5-1). For any bandwidth class defined in
Table 5.3A.5-1, the UE emission shall not exceed the levels specified in Table 6.5A.2.1-1. The requirement is verified
in beam locked mode with the test metric of TRP (Link=TX beam peak direction).

Table 6.5A.2.1-1: General NR spectrum emission mask for intra-band contiguous CA in frequency

range 2
Afoos Any carrier aggregation Measurement
(MHz) bandwidth class bandwidth
+ 0-0.1*BW channel_ca -5 1 MHz
+ 0.1*BWchannel_ca - -13 1 MHz
Z*BWChanneI_CA

NOTE 1: If carrier leakage lands inside the spectrum occupied by the configured UL and DL
CCs, exception to the general spectrum emission mask limit applies. For carrier
leakage the requirements specified in section 6.4A.2.2 shall apply.

For intra-band non-contiguous carrier aggregation transmission, the spectrum emission mask requirement is defined as a
composite spectrum emissions mask. Composite spectrum emission mask applies to frequencies up to + Foos starting
from the edges of the sub-blocks. Composite spectrum emission mask is defined as follows

a) Composite spectrum emission mask is a combination of individual sub-block spectrum emissions masks

b) In case the sub-block consists of one component carrier the sub-lock general spectrum emission mask is defined
in subclause 6.5.2.1

c) If for some frequency sub-block spectrum emission masks overlap then spectrum emission mask allowing higher
power spectral density applies for that frequency

d) If for some frequency a sub-block spectrum emission mask overlaps with the sub-block bandwidth of another
sub-block, then the emission mask does not apply for that frequency.

For combinations of intra-band and inter-band carrier aggregation with three uplink component carriers (up to two
contiguously aggregated carriers per band), the spectrum emission mask of the UE is defined per NR band while all
component carriers are active. For the NR band supporting one component carrier the requirements in subclauses
6.6.2.1 applies. For the NR band supporting two contiguous component carriers the requirements specified in subclause
6.6A.2.1 apply. If for some frequency spectrum emission masks of single component carrier and two contiguous
component carriers overlap, then spectrum emission mask allowing higher power spectral density applies for that
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frequency. If for some frequency spectrum emission masks of single component carrier or two contiguous component
carriers overlap, then the emission mask does not apply for that frequency.

6.5A.2.3 Adjacent channel leakage ratio for CA

For intra-band contiguous carrier aggregation, the carrier aggregation NR adjacent channel leakage power ratio (CA
NRacLr) istheratio of the filtered mean power centred on the aggregated channel bandwidth to the filtered mean power
centred on an adjacent aggregated channel bandwidth at nominal channel spacing. The assigned aggregated channel
bandwidth power and adjacent aggregated channel bandwidth power are measured with rectangular filters with
measurement bandwidths specified in 6.5A.2.3-1. If the measured adjacent channel power is greater than -35 dBm then
the NRacLr shall be higher than the value specified in Table 6.5A.2.3-1.

Table 6.5A.2.3-1: General requirements for CA NRacLr

CA bandwidth class / CA NRacLr /
Measurement bandwidth
Any CA bandwidth class

CA NRactr for band n257, n258, n261 17 dB
CA NRacLr for band n260 16 dB
NR channel measurement bandwidth BW channel_ca * 0.9504

6.5.3A Spurious emissions for CA
This clause specifies the spurious emission requirements for carrier aggregation.

NOTE: For measurement conditions at the edge of each frequency range, the lowest frequency of the
measurement position in each frequency range should be set at the lowest boundary of the frequency
range plus MBW/2. The highest frequency of the measurement position in each frequency range should
be set at the highest boundary of the frequency range minus MBW/2. MBW denotes the measurement
bandwidth defined for the protected band.

For intra-band contiguous carrier aggregation the spurious emission limits apply for the frequency ranges that are more
than FOOB (MHz) from the edge of the aggregated channel bandwidth, where FOOB is defined as the twice the
aggregated channel bandwidth. For frequencies AfOOB greater than FOOB, the spurious emission requirementsin
Table 6.5.3-2 are applicable.

6.5.3A.1 Spurious emission band UE co-existence for CA

This clause specifies the requirements for the specified carrier aggregation configurations for coexistence with protected
bands.

NOTE: For measurement conditions at the edge of each frequency range, the lowest frequency of the
measurement position in each frequency range should be set at the lowest boundary of the frequency
range plus MBW/2. The highest frequency of the measurement position in each frequency range should
be set at the highest boundary of the frequency range minus MBW/2. MBW denotes the measurement
bandwidth defined for the protected band.

For intra-band contiguous carrier aggregation, the requirementsin Table 6.5.3A-1 apply.
Table 6.5.3A-1: Requirements for CA

UL CA for Spurious emission
any CA Protected band/frequency Frequency range Maximum MBW NOTE
bandwidth range (MHz) Level (MHz)
class (dBm)
NR Band n260 FoL low | - | FoL high -2 100
CA_n257 Frequency range 23600 | - | 24000 TBD 200 2
Frequency range 57000 | - | 66000 2 100
CA n258 Frequency range 23600 | - | 24000 TBD 200 2
- Frequency range 57000 | - | 66000 2 100
NR Band 257 FoL low | - | FoL high -5 100
CA n260 NR Band 261 FoL low | - | FpL high -5 100
- Frequency range 23600 | - | 24000 TBD 200 2
Frequency range 57000 | - | 66000 2 100
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NR Band 260 FoL low | - [ FbL_high -2 100
CA_n261 Frequency range 23600 | - | 24000 TBD 200 2
Frequency range 57000 66000 2 100

NOTE 1: FoL_ow and FpL_nigh refer to each NR frequency band specified in Table 5.2-1
NOTE 2: The protection of frequency range 23600-2400MHz is meant for protection of satellite passive
services.

6.5D  Output RF spectrum emissions for UL-MIMO
6.5D.1 Occupied bandwidth for UL-MIMO

For UE(s) supporting UL-MIMO, the occupied bandwidth requirement in subclause 6.5.1 apply. The requirements shall
be met with the UL-MIMO configurations specified in Table 6.2D.1.3-3.

6.5D.2 Out of band emissions for UL-MIMO

For UE(s) supporting UL-MIMO, the out of band emissions requirements in subclause 6.5.2 apply. The requirements
shall be met with the UL-MIMO configurations specified in Table 6.2D.1.3-3.

6.5D.3 Spurious emissions for UL-MIMO

For UE(s) supporting UL-MIMO, the spurious emissions requirements in subclause 6.5.3 apply. The requirements shall
be met with the UL-MIMO configurations specified in Table 6.2D.1.3-3.
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7 Receiver characteristics

7.1 General

Unless otherwise stated, the receiver characteristics are specified over the air (OTA).

7.2 Diversity characteristics

The minimum requirements on effective isotropic sensitivity (EIS) are defined with two orthogonal polarizations.
7.3 Reference sensitivity

7.3.1
The reference sensitivity power level REFSENS isthe EIS level (total component) at the centre of the quiet zone in the

RX beam peak direction, at which the throughput shall meet or exceed the requirements for the specified reference
measurement channel.

7.3.2
7321

General

Reference sensitivity power level

Reference sensitivity power level for power class 1

The throughput shall be > 95 % of the maximum throughput of the reference measurement channels as specified in
Annex A] (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal) with peak reference sensitivity
specified in Table 7.3.2.1-1. The requirement is verified with the test metric of EIS (Link=Beam peak search grids,
Meas=Link Angle).

Table 7.3.2.1-1: Reference sensitivity for power class 1

Operating REFSENS (dBm) / Channel bandwidth
band 50 MHz 100 MHz 200 MHz 400 MHz
n257 -97.51 -94.51 -91.51 -88.51
n258 -97.51 -94.51 -91.51 -88.51
n260 -94.51 -91.51 -88.51 -85.51
n261 -97.51 -94.51 -91.51 -88.51

7.3.2.2

Reference sensitivity power level for power class 2

The throughput shall be > 95% of the maximum throughput of the reference measurement channels as specified in
Annex A (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal) with peak reference sensitivity
specified in Table 7.3.2.2-1. The requirement is verified with the test metric of EIS (Link=Beam peak search grids,
Meas=Link Angle).

Table 7.3.2.2-1: Reference sensitivity for power class 2

Operating band REFSENS (dBm) / Channel bandwidth
50 MHz 100 MHz 200 MHz 400 MHz
n257 -94.5 -91.5 -88.5 -85.5
n258 -94.5 -915 -88.5 -85.5
n260
n261 -94.5 -91.5 -88.5 -85.5

7.3.2.3

Reference sensitivity power level for power class 3

The throughput shall be > 95% of the maximum throughput of the reference measurement channels as specified in
Annex A (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal) with peak reference sensitivity
specified in Table 7.3.2.3-1. The requirement is verified with the test metric of EIS (Link=Beam peak search grids,
Meas=Link Angle).
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Table 7.3.2.3-1: Reference sensitivity

Operating band REFSENS (dBm) / Channel bandwidth
50 MHz 100 MHz 200 MHz 400 MHz
n257 -88.3 -85.3 -82.3 -79.3
n258 -88.3 -85.3 -82.3 -79.3
n260 -85.7 -82.7 -79.7 -76.7
n261 -88.3 -85.3 -82.3 -79.3

Reference sensitivity power level for power class 4

The throughput shall be > 95% of the maximum throughput of the reference measurement channels as specified in
Annex A (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal) with peak reference sensitivity
specified in Table 7.3.2.4-1. The requirement is verified with the test metric of EIS (Link=Beam peak search grids,
Meas=Link Angle).

Table 7.3.2.4-1: Reference sensitivity for power class 4

Operating band REFSENS (dBm) / Channel bandwidth
50 MHz 100 MHz 200 MHz 400 MHz
n257 -97 -94 -91 -88
n258 -97 -94 -91 -88
n260 -95 -92 -89 -86
n261 -97 -94 -91 -88

7.3A  Reference sensitivity for CA

7.3A.1 General

7.3A.2 Reference sensitivity power level for CA
7.3A.2.1 Intra-band contiguous CA

For intra-band contiguous and non-contiguous carrier aggregation the throughput in QPSK R=1/3 of each component
carrier shall be > 95% of the maximum throughput of the reference measurement channels as specified in Annex A
(with one sided dynamic OCNG Pattern OP.1 TDD for the DL-signal) with peak reference sensitivity degradation,
relative to values determined from section 7.3.2, as specified in Table 7.3A.2.1-1.

Table 7.3A.2.1-1: ARz EIS Relaxation for CA operation by aggregated channel bandwidth

Aggregated Channel BW ‘BWchannel_ca’ (MHZ) AR (dB)
BWChanneI_CA < 800 0.0
800< BWChanneI_CA <1200 0.5

7.3D Reference sensitivity for UL-MIMO

For UL-MIMO, the reference sensitivity requirements in subclause 7.3 apply. The requirements shall be met with the
UL-MIMO configurations specified in Table 6.2D.1.3-3.

7.4 Maximum input level

The maximum input level is defined as the maximum mean power, for which the throughput shall meet or exceed the
minimum requirements for the specified reference measurement channel.

The maximum input level isdefined as adirectional requirement. The requirement is verified in beam locked mode in the
direction where peak gain is achieved.

The throughput shall be> 95% of the maximum throughput of the reference measurement channels as specified in Annex
A (with one sided dynamic OCNG Pattern OP.1 TDD for the DL-signal) with parameters specified in Table 7.4.-1. The
requirement is verified with the test metric of EIS (Link=RX beam peak direction, Meas=Link angle).
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Table 7.4-1: Maximum input level

Channel bandwidth
Rx Parameter Units 50 100 200 400
MHz MHz MHz MHz
Power in transmission
bandwidth configuration dBm TBD (NOTE 2)

NOTE 1: Void

NOTE 2: Reference measurement channel is specified in Annex A.3.2: [64QAM MCS details]
variant with one sided dynamic OCNG Pattern as described in Annex A.

This requirement may be fulfilled by atest using an aternative reference measurement channel with parameters specified

in Table 7.4-2.

Table 7.4-2: Maximum input level

Channel bandwidth
Rx Parameter Units 50 100 200 400
MHz MHz MHz MHz
Power in transmission
bandwidth configuration dBm -25(NOTE 2)

NOTE 1: Void

NOTE 2: Reference measurement channel is specified in Annex A.3.2: QPSK, R=1/3 variant with
one sided dynamic OCNG Pattern as described in Annex A.

7.4A Maximum input level for CA

For carrier aggregation the input level is defined as the cumulative received power, summed over the transmission
bandwidth configurations of each active DL CC. All DL CCs shall be active throughout the test. Theinput level shall be
distributed over each of the active DL CCs, so their PSDs are within TBD dB of each other. At the maximum input

level the specified relative throughput shall meet or exceed the minimum requirements for the specified reference
measurement channel over each component carrier. The minimum requirement is specified in Table 7.4A-1.

The maximum input level is defined as a directional requirement. The requirement is verified in beam locked modein
the direction where peak gain is achieved. The requirement is verified with the test metric of EI'S (Link=RX beam peak

direction, Meas=Link angle).

Table 7.4A-1: Maximum input level

Channel bandwidth
Rx Parameter Units 50 100 200 400
MHz MHz MHz MHz
Power in transmission
bandwidth configuration dBm TBD (NOTE 2)

NOTE 1: Void

NOTE 2: Reference measurement channel is specified in Annex A.3.2: [64QAM MCS details]
variant with one sided dynamic OCNG Pattern as described in Annex A.

This requirement may be fulfilled by atest using an alternative reference measurement channel with parameters specified

in Table 7.4A-2.

Table 7.4A-2: Maximum input level for CA

Rx Parameter

Units

All CA configurations included in BCS 0

configurations of all active DL CCs

Power summed over transmission bandwidth

dBm

-25 (NOTE 2)

NOTE 1: Void

NOTE 2: Reference measurement channel in each CC is specified in Annex A.3.2: QPSK, R=1/3 variant with
one sided dynamic OCNG Pattern as described in Annex A.
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7.4D  Maximum input level for UL-MIMO

For UL-MIMO, the maximum input level requirements in subclause 7.4 apply. The requirements shall be met with the
UL-MIMO configurations specified in Table 6.2D.1.3-3.

7.5 Adjacent channel selectivity

Adjacent Channel Selectivity (ACS) is a measure of a receiver's ahility to receive a NR signal at its assigned channel
frequency in the presence of an adjacent channel signal at a given frequency offset from the centre frequency of the
assigned channel. ACSistheratio of the receive filter attenuation on the assigned channel frequency to the receive filter
attenuation on the adjacent channel(s).

The reguirement applies at the RIB when the AoA of the incident wave of the wanted signal and the interfering signal are
both from the direction where peak gain is achieved.

The wanted and interfering signals apply to all supported polarizations, under the assumption of polarization match.

The UE shall fulfil the minimum requirement specified in Table 7.5-1 for all values of an adjacent channel interferer up
to —25 dBm. However, it is not possible to directly measure the ACS, instead the lower and upper range of test
parameters are chosen in Table 7.5-2 and Table 7.5-3 where the throughput shall be > 95% of the maximum throughput
of the reference measurement channel s as specified in Annexes A.3.2, with QPSK, R=1/3 and one sided dynamic
OCNG Pattern for the DL-signal as described in Annex A. The requirement is verified with the test metric of EIS
(Link=RX beam peak direction, Meas=Link angle).

Table 7.5-1: Adjacent channel selectivity

Adjacent channel selectivity / Channel bandwidth
Operating band Units 50 100 200 400
MHz MHz MHz MHz
n257, n258,
n261 dB 23 23 23 23
n260 dB 22 22 22 22

Table 7.5-2: Test parameters for adjacent channel selectivity, Case 1

Rx Parameter Units Channel bandwidth
50 MHz |  100MHz | 200 MHz | 400 MHz
Power in dBm
Transmission
Bandwidth REFSENS + 14 dB
Configuration
Pinterferer fOr dBm REFSENS REFSENS REFSENS REFSENS
band n257, +35.5dB +35.5dB +35.5dB +35.5dB
n258, n261
Pinterterer fOr dBm REFSENS REFSENS REFSENS REFSENS
band n260 +34.5dB +34.5dB +34.5dB +34.5dB
BW interferer MHz 50 100 200 400
Finterferer (Offset) MHz 50 100 200 400
/ / / /
-50 -100 -200 -400
NOTE 3 NOTE 3 NOTE 3 NOTE 3

NOTE 1: The interferer consists of the Reference measurement channel specified in Annex A.3.2 with one sided
dynamic OCNG Pattern as described in Annex A.3.2 and set-up according to Annex C.

NOTE 2: The REFSENS power level is specified in Section 7.3.2, which are applicable to different UE power
classes.

NOTE 3: The absolute value of the interferer offset Finwerferer (Offset) shall be further adjusted to ([| Finterferer | /SCS] +

0.5)SCS([|Fipterferer|/SCS] + 0.5)SCS MHz with SCS the sub-carrier spacing of the wanted signal in MHz.
Wanted and interferer signal have same SCS.
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Table 7.5-3: Test parameters for adjacent channel selectivity, Case 2

Rx Parameter Units Channel bandwidth
50 MHz 100 MHz 200 MHz 400 MHz
Power in
Transmission
giﬂﬂgﬂ;ﬁion dBm 465 465 465 -46.5
for band n257,
n258, n261
Power in
Transmission
Bandwidth dBm -45.5 -45.5 -45.5 -45.5
Configuration
for band n260
Pinterferer dBm -25
BW interferer MHz 50 100 200 400
Finterferer (Offset) MHz 50 100 200 400
/ / / /
-50 -100 -200 -400
NOTE 2 NOTE 2 NOTE 2 NOTE 2

NOTE 2:

NOTE 1: The interferer consists of the Reference measurement channel specified in Annex 3.2 with one sided
dynamic OCNG Pattern TDD as described in Annex A and set-up according to Annex C.

The absolute value of the interferer offset Finwererer (0ffset) shall be further adjusted to ([ | Finterferer| /ISCS] +
0.5)SCS ([|Finterfererl/SCS] + 0.5)SCS MHz with SCS the sub-carrier spacing of the wanted signal in MHz.
Wanted and interferer signal have same SCS.

7.5A  Adjacent channel selectivity for CA

AfycsAfacsFor intra-band contiguous carrier aggregation, the SCC(s) shall be configured at nominal channel spacing
tothe PCC. The UE shall fulfil the minimum requirement specified in Table 7.5.1A-1 for an adjacent channel interferer
on either side of the aggregated downlink signal at a specified frequency offset and for an interferer power up to -25

dBm.

The throughput of each carrier shall be> 95% of the maximum throughput of the reference measurement channels as
specified in Annexes A.3.2 with one sided dynamic OCNG Pattern for the DL-signal as described in Annex A. The
requirement is verified with the test metric of EIS (Link=RX beam peak direction, Meas=Link angle).

Table 7.5A-1: Adjacent channel selectivity for CA

Adjacent channel selectivity /
. . CA bandwidth class
Operating band Units
All CA bandwidth class
n257, n258, n261 dB 23
n260 dB 22

Table 7.5A-2: Adjacent channel selectivity test parameters for CA, Case 1

Rx Parameter Units CA Bandwidth Class
All CA bandwidth Classes
Pw in Transmission Bandwidth
Configuration, per CC REFSENS + 14 dB
Pinterterer for band n257, n258, n261 dBm Aggregated power + 21.5
Pinterferer for band n260 dBm Aggregated power + 20.5
BW nterferer MHz BWChanneI_CA
BWChanneI_CA
Finterferer (Offset) MHz
NOTE 3
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NOTE 1: The interferer consists of the Reference measurement channel specified in Annex
3.2 with one sided dynamic OCNG Pattern as described in Annex A and set-up
according to Annex C.

NOTE 2: The Finterterer (Offset) is the frequency separation between the center of the
aggregated CA bandwidth and the center frequency of the Interferer signal

NOTE 3: The absolute value of the interferer offset Finterterer (Offset) shall be further adjusted to
([ Finterterer | /ISCS] + 0.5)SCS ([|Finterfererl/SCSI + 0.5)SCS MHz with SCS the sub-
carrier spacing of the wanted signal in MHz. Wanted and interferer signal have same
SCS.

Table 7.5A-3: Adjacent channel selectivity test parameters for CA, Case 2

CA bandwidth class

Rx Parameter Units All CA bandwidth classes
Pw in Transmission Bandwidth Configuration, dBm 465
aggregated power for band n257, n258, n261 )
Pw in Transmission Bandwidth Configuration, dBm 455
aggregated power for band n260 '
Pinterferer dBm -25
BWinterferer MHz BWChanneI_CA

BWChanneI_CA
Finterferer (Offset) MHz

NOTE 3

NOTE 1: The interferer consists of the Reference measurement channel specified in Annex
3.2 with one sided dynamic OCNG Pattern as described in Annex A and set-up
according to Annex C.

NOTE 2: The Finterterer (Offset) is the frequency separation between the center of the
aggregated CA bandwidth and the center frequency of the Interferer signal

NOTE 3: The absolute value of the interferer offset Finterterer (Offset) shall be further adjusted to
([| Finterterer| /ISCS] + 0.5)SCS ([|Finterfererl/SCS] + 0.5)SCS MHz with SCS the sub-
carrier spacing of the wanted signal in MHz. Wanted and interferer signal have same
SCS.

For intra-band non-contiguous carrier aggregation with two component carriers, two different requirements apply for
out-of-gap and in-gap. For out-of-gap, the UE shall meet the requirements for each component carrier as specified in
subclauses 7.5. For in-gap, the requirement applies if the following minimum gap condition is met:

Afacs> BW1/2 + BW,/2 + max(BW1, BW>),

where Afacs isthe frequency separation between the center frequencies of the component carriers and BWy/2 are the
channel bandwidths of carrier k, k=1,2.

If the minimum gap condition is met, the UE shall meet the requirements specified in subclauses 7.5 for each
component carrier considered. The respective channel bandwidth of the component carrier under test will be used in the
parameter calculations of the requirement. In case of more than two component carriers, the minimum gap condition is
computed for any pair of adjacent component carriers following the same approach as the two component carriers. The
in-gap requirement for the corresponding pairs shall apply if the minimum gap condition is met.

For every component carrier to which the requirements apply, the UE shall meet the requirement with one active
interferer signal (in-gap or out-of-gap) while all downlink carriers are active.

7.5D  Adjacent channel selectivity for UL-MIMO

For UL-MIMO, the adjacent channel selectivity requirements in subclause 7.5 apply. The requirements shall be met
with the UL-MIMO configurations specified in Table 6.2D.1.3-3.

7.6 Blocking characteristics
7.6.1  General

The blocking characteristic is a measure of the receiver's ability to receive a wanted signal at its assigned channel
frequency in the presence of an unwanted interferer on frequencies other than those of the spurious response or the
adjacent channels, without this unwanted input signal causing a degradation of the performance of the receiver beyond a
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specified limit. The blocking performance shall apply at all frequencies except those at which a spurious response
OCCUIS.

The reguirement applies at the RIB when the AoA of the incident wave of the wanted signal and the interfering signal
are both from the direction where peak gain is achieved.

The wanted and interfering signals apply to all supported polarizations, under the assumption of polarization match.

7.6.2 In-band blocking

In-band blocking is defined for an unwanted interfering signal falling into the UE receive band or into the spectrum
equivalent to twice the channel bandwidth below or above the UE receive band at which the relative throughput shall
meet or exceed the minimum requirement for the specified measurement channels.

The throughput shall be > 95% of the maximum throughput of the reference measurement channels as specified in
Annex A with one sided dynamic OCNG Pattern for the DL-signal as described in Annex A. The requirement is
verified with the test metric of EIS (Link=RX beam peak direction, Meas=Link angle).

Table 7.6.2-1: In band blocking requirements

Rx parameter Units Channel bandwidth
50 MHz | 100 MHz |  200MHz ] 400 MHz
Power in
Transmission dBm REFSENS + 14dB
Bandwidth
Configuration
BW interferer MHz 50 100 200 400
Plnterferer
for bands n257, | dBm | REFSENS+355 REFSENS + REFSENS + | prrsENS +35.5 dB
dB 35.5dB 35.5dB
n258, n261
Pinterferer REFSENS + 34.5 REFSENS + REFSENS +
for band n260 | 9BM dB 34.5 dB 34.5 dB REFSENS +34.5 dB
Fioffset MHz <100 & =-100 <200 & =-200 <400 & = -400 <800 & = -800
NOTE 5 NOTE 5 NOTE 5 NOTE 5
Finterferer MHz FoL low+ 25 FpL_low+ 50 FoL_low+ 100 FoL_low+ 200
to to to to
FoL_high - 25 FoL_high - 50 FoL_high - 100 FoL_high - 200

NOTE 1: The interferer consists of the Reference measurement channel specified in Annex A.3.2 with one
sided dynamic OCNG Pattern as described in Annex A and set-up according to Annex C.

NOTE2: The REFSENS power level is specified in Section 7.3.2, which are applicable according to different
UE power classes.

NOTE 3: The wanted signal consists of the reference measurement channel specified in Annex A.3.2 QPSK,
R=1/3 with one sided dynamic OCNG pattern as described in Annex A and set-up according to Annex
C.

NOTE 4: Fuofiset is the frequency separation between the center of the aggregated CA bandwidth and the center
frequency of the Interferer signal.

NOTE 5: The absolute value of the interferer offset Fiofiset Shall be further adjusted to ([| Finterferer| /SCS] +
0.5)SCS([|Fipterferer|/SCS] + 0.5)SCS MHz with SCS the sub-carrier spacing of the wanted signal in
MHz. Wanted and interferer signal have same SCS.

NOTE 6: Finterferer range values for unwanted modulated interfering signals are interferer center frequencies.

7.6.3  Out-of-band blocking

Detailed content of the subclause s TBD.
7.6A  Blocking characteristics for CA
7.6A.1 General

7.6A.2 In-band blocking

For intra-band contiguous carrier aggregation, the SCC(s) shall be configured at nominal channel spacing to the PCC.
The UE shall fulfil the minimum requirement specified in Table 7.6A.2-1 for an adjacent channel interferer on either
side of the aggregated downlink signal at a specified frequency offset and for an interferer power up to -25 dBm. The
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throughput of each carrier shall be> 95% of the maximum throughput of the reference measurement channels as
specified in Annexes A.3.2 with one sided dynamic OCNG Pattern for the DL-signal as described in Annex A. The
requirement is verified with the test metric of EIS (Link=RX beam peak direction, Meas=Link angle€).

Table 7.6A.2-1: In band blocking minimum requirements for intra-band contiguous CA

Rx Units CA bandwidth class
Parameter All CA bandwidth classes
Power in
Transmission
Bandwidth REFSENS + 14 dB
Configuration,
per CC
Pinterferer for
band n257, dBm Aggregated power + 21.5
n258, n261
Pinterferer for
band n260 dBm Aggregated power + 20.5
BW nterferer MHz BWChanneI_CA
+2*BWchannel_ca / -2*BW channel_ca
Fioffset MHz
NOTE 5
FoL_low + 0.5*BWchannel_ca
Finterferer MHz To

FDL_high - 0.5*BWChanneI_CA

NOTE 1: The interferer consists of the Reference measurement channel specified in Annex
3.2 with one sided dynamic OCNG Pattern as described in Annex A. and set-up
according to Annex C.

NOTE 2: The REFSENS power level is specified in Table 7.3.2-1.

NOTE 3: The wanted signal consists of the reference measurement channel specified in
Annex A.3.2 QPSK, R=1/3 with one sided dynamic OCNG pattern as described in
Annex A and set-up according to Annex C.

NOTE 4: The Finterferer (Offset) is the frequency separation between the center of the
aggregated CA bandwidth and the center frequency of the Interferer signal.

NOTE 5: The absolute value of the interferer offset Finterterer (Offset) shall be further adjusted to
([| Finterferer | /SCS] + 0.5)SCS ([|Finterferer!/SCS] + 0.5)SCS MHz with SCS the sub-
carrier spacing of the wanted signal in MHz. Wanted and interferer signal have same
SCsS.

NOTE 6: Finterterer range values for unwanted modulated interfering signals are interferer center
frequencies.

For intra-band non-contiguous carrier aggregation with two component carriers, the requirement applies to out-of-gap
and in-gap. For out-of-gap, the UE shall meet the requirements for each component carrier with parameters as specified
in 7.6.2-1. The requirement associated to the maximum channel between across the component carriersis selected. For
in-gap, the requirement shall apply if the following minimum gap condition is met:

AfippAfiss > 0.5(BWy + BWS) + 2 max(BW1, BW2),

where Af; 55 Afigs IS the frequency separation between the center frequencies of the component carriers and BWy/2 are
the channel bandwidths of carrier k, k =1,2.

If the minimum gap condition is met, the UE shall meet the requirement specified in Table 7.6.2-1 for each component
carrier. The respective channel bandwidth of the component carrier under test will be used in the parameter calculations
of the requirement. In case of more than two component carriers, the minimum gap condition is computed for any pair
of adjacent component carriers following the same approach as the two component carriers. The in-gap requirement for
the corresponding pairs shall apply if the minimum gap condition is met. For every component carrier to which the
requirements apply, the UE shall meet the requirement with one active interferer signal (in-gap or out-of-gap) while al
downlink carriers are active.

For intra-band non-contiguous carrier aggregation with more than two component carriers or aggregated bandwidth
BWchame_ca larger than 400MHz the requirement is FFS.
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Table 7.6A.2-2: (Void)

7.6D  Blocking characteristics for UL-MIMO

For UL-MIMO, the blocking characteristics requirements in subclause 7.6 apply. The requirements shall be met with
the UL-MIMO configurations specified in Table 6.2D.1.3-3.

7.7 Spurious response

Detailed content of the subclause is TBD.

7.8 Void

7.9 Spurious emissions

The spurious emissions power is the power of emissions generated or amplified in areceiver. The spurious emissions
power level is measured as TRP.

The power of any narrow band CW spurious emission shall not exceed the maximum level specified in Table 7.9-1. The
requirement is verified in beam locked mode with the test metric of TRP (Link=TX beam peak direction).

Table 7.9-1: General receiver spurious emission requirements

Frequency range Measurement | Maximum NOTE
bandwidth level
30MHz <f < 1GHz 100 kHz -57 dBm 1
1GHz < f < 2" harmonic of 1 MHz -47 dBm

the upper frequency edge of
the DL operating band in
GHz
NOTE 1: Unused PDCCH resources are padded with resource element groups with power level given
by PDCCH_RA/RB as defined in Annex C.3.1.

7.10 Receiver image

Detailed content of the subclause is TBD.
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Annex A (normative):
Measurement channels

A.l General

A.2 UL reference measurement channels
A.2.1 General
A.2.2 Void
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A.2.3 Reference measurement channels for TDD

TDD dlot patterns defined for reference sensitivity tests will be used for UL RMCs defined below.

A.2.3.1 DFT-s-OFDM Pi/2-BPSK

Table A.2.3.1-1: Reference Channels for DFT-s-OFDM pi/2-BPSK for 60kHz SCS

ETSI TS 138 101-2 V15.3.0 (2018-10)

Paramete | Channel Subcarrie | Allocate DFT-s- Modulatio MCS Target Payload | Transpor | LDPC Number Total Total
r bandwidt | r Spacing d OFDM n Index | Coding size for t block Base of code number modulate
h resource | Symbol (Note Rate slots with CRC Graph blocks of bits d
blocks s per 2) mod(slot per slot per slot symbols
slot index+1,5 for slots for slots per slot
(Note 1) )=0 with with for slots
mod(slot | mod(slot with
index+1,5 | index+1,5 | mod(slot
)=0 )=0 index+1,5
(Note 3) )=0
Unit MHz KHz Bits Bits Bits
50-200 60 1 11 pi/2 BPSK 0 1/4 32 16 2 1 132 132
50 60 32 11 pi/2 BPSK 0 1/4 1032 16 2 1 4224 4224
50 60 64 11 pi/2 BPSK 0 1/4 2024 16 2 1 8448 8448
100 60 64 11 pi/2 BPSK 0 1/4 2024 16 2 1 8448 8448
100 60 128 11 pi/2 BPSK 0 1/4 3976 24 2 2 16896 16896
200 60 128 11 pi/2 BPSK 0 1/4 3976 24 2 2 16896 16896
200 60 256 11 pi/2 BPSK 0 1/4 7944 24 2 3 33792 33792

NOTE 1:

NOTE 2:
NOTE 3:

PUSCH mapping Type-A and single-symbol DM-RS configuration Type-1 with 2 additional DM-RS symbols, such that the DM-RS positions are set to symbols 2, 7,
11. DMRS is [TDM'’ed] with PUSCH data.
MCS Index is based on MCS table 6.1.4.1-1 defined in 38.214.
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)
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Paramete | Channel | Subcarrie | Allocate DFT-s- Modulatio MCS Target Payload | Transpor | LDPC Number Total Total
r bandwidt | r Spacing d OFDM n Index | Coding size for t block Base of code number modulate
h resource | Symbol (Note Rate slots with CRC Graph blocks of bits d
blocks S per 2) mod(slot per slot per slot symbols
slot index+1,5 for slots for slots per slot
(Note 1) )=0 with with for slots
mod(slot | mod(slot with
index+1,5 | index+1,5 | mod(slot
)=0 )=0 index+1,5
(Note 3) )=0
Unit MHz KHz Bits Bits Bits
50-400 120 1 11 pi/2 BPSK 0 1/4 32 16 2 1 132 132
50 120 16 11 pi/2 BPSK 0 1/4 504 16 2 1 2112 2112
50 120 32 11 pi/2 BPSK 0 1/4 1032 16 2 1 4224 4224
100 120 32 11 pi/2 BPSK 0 1/4 1032 16 2 1 4224 4224
100 120 64 11 pi/2 BPSK 0 1/4 2024 16 2 1 8448 8448
200 120 64 11 pi/2 BPSK 0 1/4 2024 16 2 1 8448 8448
200 120 128 11 pi/2 BPSK 0 1/4 3976 24 2 2 16896 16896
400 120 128 11 pi/2 BPSK 0 1/4 3976 24 2 2 16896 16896
400 120 256 11 pi/2 BPSK 0 1/4 7944 24 2 3 33792 33792
NOTE 1: PUSCH mapping Type-A and single-symbol DM-RS configuration Type-1 with 2 additional DM-RS symbols, such that the DM-RS positions are set to symbols 2, 7,
11. DMRS is [TDM’ed] with PUSCH data.
NOTE 2: MCS Index is based on MCS table 6.1.4.1-1 defined in 38.214.
NOTE 3: If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)
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Paramete | Channel | Subcarrie | Allocate DFT-s- Modulatio MCS Target Payload | Transpor | LDPC Number Total Total
r bandwidt | r Spacing d OFDM n Index | Coding size for t block Base of code number modulate
h resource | Symbol (Note Rate slots with CRC Graph blocks of bits d
blocks s per 2) mod(slot per slot per slot symbols
slot index+1,5 for slots for slots per slot
(Note 1) )=0 with with for slots
mod(slot | mod(slot with
index+1,5 | index+1,5 | mod(slot
)=0 )=0 index+1,5
(Note 3) )=0
Unit MHz KHz Bits Bits Bits
50-200 60 1 11 QPSK 2 1/6 56 16 2 1 264 132
50 60 32 11 QPSK 2 1/6 1608 16 2 1 8448 4224
50 60 64 11 QPSK 2 1/6 3240 16 2 1 16896 8448
100 60 64 11 QPSK 2 1/6 3240 16 2 1 16896 8448
100 60 128 11 QPSK 2 1/6 6408 24 2 2 33792 16896
200 60 128 11 QPSK 2 1/6 6408 24 2 2 33792 16896
200 60 256 11 QPSK 2 1/6 12808 24 2 4 67584 33792
NOTE 1: PUSCH mapping Type-A and single-symbol DM-RS configuration Type-1 with 2 additional DM-RS symbols, such that the DM-RS positions are set to symbols 2, 7,
11. DMRS is [TDM’ed] with PUSCH data.
NOTE 2: MCS Index is based on MCS table 6.1.4.1-1 defined in 38.214.
NOTE 3: If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)
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Table A.2.3.2-2: Reference Channels for DFT-s-OFDM QPSK for 120kHz SCS
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Paramete | Channel | Subcarrie | Allocate DFT-s- Modulatio MCS Target Payload | Transpor | LDPC Number Total Total
r bandwidt | r Spacing d OFDM n Index | Coding size for t block Base of code number modulate
h resource | Symbol (Note Rate slots with CRC Graph blocks of bits d
blocks S per 2) mod(slot per slot per slot symbols
slot index+1,5 for slots for slots per slot
(Note 1) )=0 with with for slots
mod(slot | mod(slot with
index+1,5 | index+1,5 | mod(slot
)=0 )=0 index+1,5
(Note 3) )=0
Unit MHz KHz Bits Bits Bits
50-400 120 1 11 QPSK 2 1/6 56 16 2 1 264 132
50 120 16 11 QPSK 2 1/6 808 16 2 1 4224 2112
50 120 32 11 QPSK 2 1/6 1608 16 2 1 8448 4224
100 120 32 11 QPSK 2 1/6 1608 16 2 1 8448 4224
100 120 64 11 QPSK 2 1/6 3240 16 2 1 16896 8448
200 120 64 11 QPSK 2 1/6 3240 16 2 1 16896 8448
200 120 128 11 QPSK 2 1/6 6408 24 2 2 33792 16896
400 120 128 11 QPSK 2 1/6 6408 24 2 2 33792 16896
400 120 256 11 QPSK 2 1/6 12808 24 2 4 67584 33792
NOTE 1: PUSCH mapping Type-A and single-symbol DM-RS configuration Type-1 with 2 additional DM-RS symbols, such that the DM-RS positions are set to symbols 2, 7,
11. DMRS is [TDM’ed] with PUSCH data.
NOTE 2: MCS Index is based on MCS table 6.1.4.1-1 defined in 38.214.
NOTE 3: If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)
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Paramete | Channel | Subcarrie | Allocate DFT-s- Modulatio MCS Target Payload | Transpor | LDPC Number Total Total
r bandwidt | r Spacing d OFDM n Index | Coding size for t block Base of code number modulate
h resource | Symbol (Note Rate slots with CRC Graph blocks of bits d
blocks s per 2) mod(slot per slot per slot symbols
slot index+1,5 for slots for slots per slot
(Note 1) )=0 with with for slots
mod(slot | mod(slot with
index+1,5 | index+1,5 | mod(slot
)=0 )=0 index+1,5
(Note 3) )=0
Unit MHz KHz Bits Bits Bits
50-200 60 1 11 16QAM 10 1/3 176 16 2 1 528 132
50 60 32 11 16QAM 10 1/3 5632 24 1 1 16896 4224
50 60 64 11 16QAM 10 1/3 11272 24 1 2 33792 8448
100 60 64 11 16QAM 10 1/3 11272 24 1 2 33792 8448
100 60 128 11 16QAM 10 1/3 22536 24 1 3 67584 16896
200 60 128 11 16QAM 10 1/3 22536 24 1 3 67584 16896
200 60 256 11 16QAM 10 1/3 45096 24 1 6 135168 33792
NOTE 1: PUSCH mapping Type-A and single-symbol DM-RS configuration Type-1 with 2 additional DM-RS symbols, such that the DM-RS positions are set to symbols 2, 7,
11. DMRS is [TDM’ed] with PUSCH data.
NOTE 2: MCS Index is based on MCS table 6.1.4.1-1 defined in 38.214.
NOTE 3: If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)
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Table A.2.3.3-2: Reference Channels for DFT-s-OFDM 16QAM for 120kHz SCS
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Paramete | Channel | Subcarrie | Allocate DFT-s- Modulatio MCS Target Payload | Transpor | LDPC Number Total Total
r bandwidt | r Spacing d OFDM n Index | Coding size for t block Base of code number modulate
h resource | Symbol (Note Rate slots with CRC Graph blocks of bits d
blocks S per 2) mod(slot per slot per slot symbols
slot index+1,5 for slots for slots per slot
(Note 1) )=0 with with for slots
mod(slot | mod(slot with
index+1,5 | index+1,5 | mod(slot
)=0 )=0 index+1,5
(Note 3) )=0
Unit MHz KHz Bits Bits Bits
50-400 120 1 11 16QAM 10 1/3 176 16 2 1 528 132
50 120 16 11 16QAM 10 1/3 2792 16 2 1 8448 2112
50 120 32 11 16QAM 10 1/3 5632 24 1 1 16896 4224
100 120 32 11 16QAM 10 1/3 5632 24 1 1 16896 4224
100 120 64 11 16QAM 10 1/3 11272 24 1 2 33792 8448
200 120 64 11 16QAM 10 1/3 11272 24 1 2 33792 8448
200 120 128 11 16QAM 10 1/3 22536 24 1 3 67584 16896
400 120 128 11 16QAM 10 1/3 22536 24 1 3 67584 16896
400 120 256 11 16QAM 10 1/3 45096 24 1 6 135168 33792
NOTE 1: PUSCH mapping Type-A and single-symbol DM-RS configuration Type-1 with 2 additional DM-RS symbols, such that the DM-RS positions are set to symbols 2, 7,
11. DMRS is [TDM’ed] with PUSCH data.
NOTE 2: MCS Index is based on MCS table 6.1.4.1-1 defined in 38.214.
NOTE 3: If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)
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Paramete | Channel | Subcarrie | Allocate DFT-s- Modulatio MCS Target Payload | Transpor | LDPC Number Total Total
r bandwidt | r Spacing d OFDM n Index | Coding size for t block Base of code number modulate
h resource | Symbol (Note Rate slots with CRC Graph blocks of bits d
blocks s per 2) mod(slot per slot per slot symbols
slot index+1,5 for slots for slots per slot
(Note 1) )=0 with with for slots
mod(slot | mod(slot with
index+1,5 | index+1,5 | mod(slot
)=0 )=0 index+1,5
(Note 3) )=0
Unit MHz KHz Bits Bits Bits
50-200 60 1 11 64QAM 18 1/2 408 16 2 1 792 132
50 60 32 11 64QAM 18 1/2 12808 24 1 2 25344 4224
50 60 64 11 64QAM 18 1/2 25608 24 1 4 50688 8448
100 60 64 11 64QAM 18 1/2 25608 24 1 4 50688 8448
100 60 128 11 64QAM 18 1/2 51216 24 1 7 101376 16896
200 60 128 11 64QAM 18 1/2 51216 24 1 7 101376 16896
200 60 256 11 64QAM 18 1/2 102416 24 1 13 202752 33792
NOTE 1: PUSCH mapping Type-A and single-symbol DM-RS configuration Type-1 with 2 additional DM-RS symbols, such that the DM-RS positions are set to symbols 2, 7,
11. DMRS is [TDM’ed] with PUSCH data.
NOTE 2: MCS Index is based on MCS table 6.1.4.1-1 defined in 38.214.
NOTE 3: If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)
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Table A.2.3.4-2: Reference Channels for DFT-s-OFDM 64QAM for 120kHz SCS

ETSI TS 138 101-2 V15.3.0 (2018-10)

Paramete | Channel | Subcarrie | Allocate DFT-s- Modulatio MCS Target Payload | Transpor | LDPC Number Total Total
r bandwidt | r Spacing d OFDM n Index | Coding size for t block Base of code number modulate
h resource | Symbol (Note Rate slots with CRC Graph blocks of bits d
blocks S per 2) mod(slot per slot per slot symbols
slot index+1,5 for slots for slots per slot
(Note 1) )=0 with with for slots
mod(slot | mod(slot with
index+1,5 | index+1,5 | mod(slot
)=0 )=0 index+1,5
(Note 3) )=0
Unit MHz KHz Bits Bits Bits
50-400 120 1 11 64QAM 18 1/2 408 16 2 1 792 132
50 120 16 11 64QAM 18 1/2 6400 24 1 1 12672 2112
50 120 32 11 64QAM 18 1/2 12808 24 1 2 25344 4224
100 120 32 11 64QAM 18 1/2 12808 24 1 2 25344 4224
100 120 64 11 64QAM 18 1/2 25608 24 1 4 50688 8448
200 120 64 11 64QAM 18 1/2 25608 24 1 4 50688 8448
200 120 128 11 64QAM 18 1/2 51216 24 1 7 101376 16896
400 120 128 11 64QAM 18 1/2 51216 24 1 7 101376 16896
400 120 256 11 64QAM 18 1/2 102416 24 1 13 202752 33792
NOTE 1: PUSCH mapping Type-A and single-symbol DM-RS configuration Type-1 with 2 additional DM-RS symbols, such that the DM-RS positions are set to symbols 2, 7,
11. DMRS is [TDM’ed] with PUSCH data.
NOTE 2: MCS Index is based on MCS table 6.1.4.1-1 defined in 38.214.
NOTE 3: If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)
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Table A.2.3.5-1: Reference Channels for CP-OFDM QPSK for 60kHz SCS
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Paramete | Channel | Subcarrie | Allocate CP- Modulatio MCS Target Payload | Transpor | LDPC Number Total Total
r bandwidt | r Spacing d OFDM n Index | Coding size for t block Base of code number modulate
h resource | Symbol (Note Rate slots with CRC Graph blocks of bits d
blocks s per 2) mod(slot per slot per slot symbols
slot index+1,5 for slots for slots per slot
(Note 1) )=0 with with for slots
mod(slot | mod(slot with
index+1,5 | index+1,5 | mod(slot
)=0 )=0 index+1,5
(Note 3) )=0
Unit MHz KHz Bits Bits Bits
50-200 60 1 11 QPSK 2 1/6 56 16 2 1 264 132
50 60 33 11 QPSK 2 1/6 1672 16 2 1 8712 4356
50 60 66 11 QPSK 2 1/6 3368 16 2 1 17424 8712
100 60 66 11 QPSK 2 1/6 3368 16 2 1 17424 8712
100 60 132 11 QPSK 2 1/6 6536 24 2 2 34848 17424
200 60 132 11 QPSK 2 1/6 6536 24 2 2 34848 17424
200 60 264 11 QPSK 2 1/6 13064 24 2 4 69696 34848
NOTE 1: PUSCH mapping Type-A and single-symbol DM-RS configuration Type-1 with 2 additional DM-RS symbols, such that the DM-RS positions are set to symbols 2, 7,
11. DMRS is [TDM’ed] with PUSCH data.
NOTE 2: MCS Index is based on MCS table 5.1.3.1-1 defined in 38.214.
NOTE 3: If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)
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Table A.2.3.5-2: Reference Channels for CP-OFDM QPSK for 120kHz SCS

Parameter Channel | Subcarrier | Allocated CP- Modulation MCS Target Payload | Transport | LDPC Number Total Total
bandwidth Spacing resource OFDM Index | Coding size for block Base of code number of | modulated
blocks Symbols (Note Rate slots with CRC Graph blocks bits per symbols
per slot 2) mod(slot per slot slot for per slot
(Note 1) index+1,5) for slots slots with for slots
=0 with mod(slot with
mod(slot | index+1,5) | mod(slot
index+1,5) =0 index+1,5)
=0 (Note =0
3)
Unit MHz KHz Bits Bits Bits
50-400 120 1 11 QPSK 2 1/6 56 16 2 1 264 132
50 120 16 11 QPSK 2 1/6 808 16 2 1 4224 2112
50 120 32 11 QPSK 2 1/6 1608 16 2 1 8448 4224
100 120 33 11 QPSK 2 1/6 1672 16 2 1 8712 4356
100 120 66 11 QPSK 2 1/6 3368 16 2 1 17424 8712
200 120 66 11 QPSK 2 1/6 3368 16 2 1 17424 8712
200 120 132 11 QPSK 2 1/6 6536 24 2 2 34848 17424
400 120 132 11 QPSK 2 1/6 6536 24 2 2 34848 17424
400 120 264 11 QPSK 2 1/6 13064 24 2 4 69696 34848
NOTE 1: PUSCH mapping Type-A and single-symbol DM-RS configuration Type-1 with 2 additional DM-RS symbols, such that the DM-RS positions are set to symbols 2, 7, 11.
DMRS is [TDM'ed] with PUSCH data.
NOTE 2: MCS Index is based on MCS table 5.1.3.1-1 defined in 38.214.
NOTE 3: If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)
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Table A.2.3.6-1: Reference Channels for CP-OFDM 16QAM for 60kHz SCS

ETSI TS 138 101-2 V15.3.0 (2018-10)

Paramete | Channel | Subcarrie | Allocate CP- Modulatio MCS Target Payload | Transpor | LDPC Number Total Total
r bandwidt | r Spacing d OFDM n Index | Coding size for t block Base of code number modulate
h resource | Symbol (Note Rate slots with CRC Graph blocks of bits d
blocks s per 2) mod(slot per slot per slot symbols
slot index+1,5 for slots for slots per slot
(Note 1) )=0 with with for slots
mod(slot | mod(slot with
index+1,5 | index+1,5 | mod(slot
)=0 )=0 index+1,5
(Note 3) )=0
Unit MHz KHz Bits Bits Bits
50-200 60 1 11 16QAM 10 1/3 176 16 2 1 528 132
50 60 33 11 16QAM 10 1/3 5760 24 1 1 17424 4356
50 60 66 11 16QAM 10 1/3 11528 24 1 2 34848 8712
100 60 66 11 16QAM 10 1/3 11528 24 1 2 34848 8712
100 60 132 11 16QAM 10 1/3 23040 24 1 3 69696 17424
200 60 132 11 16QAM 10 1/3 23040 24 1 3 69696 17424
200 60 264 11 16QAM 10 1/3 46104 24 1 6 139392 34848
NOTE 1: PUSCH mapping Type-A and single-symbol DM-RS configuration Type-1 with 2 additional DM-RS symbols, such that the DM-RS positions are set to symbols 2, 7,
11. DMRS is [TDM’ed] with PUSCH data.
NOTE 2: MCS Index is based on MCS table 5.1.3.1-1 defined in 38.214.
NOTE 3: If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)
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Table A.2.3.6-2: Reference Channels for CP-OFDM 16QAM for 120kHz SCS

ETSI TS 138 101-2 V15.3.0 (2018-10)

Paramete | Channel | Subcarrie | Allocate CP- Modulatio MCS Target Payload | Transpor | LDPC Number Total Total
r bandwidt | r Spacing d OFDM n Index | Coding size for t block Base of code number modulate
h resource | Symbol (Note Rate slots with CRC Graph blocks of bits d
blocks S per 2) mod(slot per slot per slot symbols
slot index+1,5 for slots for slots per slot
(Note 1) )=0 with with for slots
mod(slot | mod(slot with
index+1,5 | index+1,5 | mod(slot
)=0 )=0 index+1,5
(Note 3) )=0
Unit MHz KHz Bits Bits Bits
50-400 120 1 11 16QAM 10 1/3 176 16 2 1 528 132
50 120 16 11 16QAM 10 1/3 2792 16 2 1 8448 2112
50 120 32 11 16QAM 10 1/3 5632 24 1 1 16896 4224
100 120 33 11 16QAM 10 1/3 5760 24 1 1 17424 4356
100 120 66 11 16QAM 10 1/3 11528 24 1 2 34848 8712
200 120 66 11 16QAM 10 1/3 11528 24 1 2 34848 8712
200 120 132 11 16QAM 10 1/3 23040 24 1 3 69696 17424
400 120 132 11 16QAM 10 1/3 23040 24 1 3 69696 17424
400 120 264 11 16QAM 10 1/3 46104 24 1 6 139392 34848
NOTE 1: PUSCH mapping Type-A and single-symbol DM-RS configuration Type-1 with 2 additional DM-RS symbols, such that the DM-RS positions are set to symbols 2, 7,
11. DMRS is [TDM’ed] with PUSCH data.
NOTE 2: MCS Index is based on MCS table 5.1.3.1-1 defined in 38.214.
NOTE 3: If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)
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Table A.2.3.7-1: Reference Channels for CP-OFDM 64QAM for 60kHz SCS
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Paramete | Channel | Subcarrie | Allocate CP- Modulatio MCS Target Payload | Transpor | LDPC Number Total Total
r bandwidt | r Spacing d OFDM n Index | Coding size for t block Base of code number modulate
h resource | Symbol (Note Rate slots with CRC Graph blocks of bits d
blocks s per 2) mod(slot per slot per slot symbols
slot index+1,5 for slots for slots per slot
(Note 1) )=0 with with for slots
mod(slot | mod(slot with
index+1,5 | index+1,5 | mod(slot
)=0 )=0 index+1,5
(Note 3) )=0
Unit MHz KHz Bits Bits Bits
50-200 60 1 11 640QAM 19 1/2 408 16 2 1 792 132
50 60 33 11 640QAM 19 1/2 13064 24 1 2 26136 4356
50 60 66 11 64QAM 19 1/2 26120 24 1 4 52272 8712
100 60 66 11 64QAM 19 1/2 26120 24 1 4 52272 8712
100 60 132 11 640QAM 19 1/2 53288 24 1 7 104544 17424
200 60 132 11 64QAM 19 1/2 53288 24 1 7 104544 17424
200 60 264 11 64QAM 19 1/2 106576 24 1 13 209088 34848
NOTE 1: PUSCH mapping Type-A and single-symbol DM-RS configuration Type-1 with 2 additional DM-RS symbols, such that the DM-RS positions are set to symbols 2, 7,
11. DMRS is [TDM’ed] with PUSCH data.
NOTE 2: MCS Index is based on MCS table 5.1.3.1-1 defined in 38.214.
NOTE 3: If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)
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Paramete | Channel | Subcarrie | Allocate CP- Modulatio MCS Target Payload | Transpor | LDPC Number Total Total
r bandwidt | r Spacing d OFDM n Index | Coding size for t block Base of code number modulate
h resource | Symbol (Note Rate slots with CRC Graph blocks of bits d
blocks S per 2) mod(slot per slot per slot symbols
slot index+1,5 for slots for slots per slot
(Note 1) )=0 with with for slots
mod(slot | mod(slot with
index+1,5 | index+1,5 | mod(slot
)=0 )=0 index+1,5
(Note 3) )=0
Unit MHz KHz Bits Bits Bits
50-400 120 1 11 64QAM 19 1/2 408 16 2 1 792 132
50 120 16 11 64QAM 19 1/2 6400 24 1 1 12672 2112
50 120 32 11 64QAM 19 1/2 12808 24 1 2 25344 4224
100 120 33 11 64QAM 19 1/2 13064 24 1 2 26136 4356
100 120 66 11 64QAM 19 1/2 26120 24 1 4 52272 8712
200 120 66 11 64QAM 19 1/2 26120 24 1 4 52272 8712
200 120 132 11 64QAM 19 1/2 53288 24 1 7 104544 17424
400 120 132 11 64QAM 19 1/2 53288 24 1 7 104544 17424
400 120 264 11 64QAM 19 1/2 106576 24 1 13 209088 34848
NOTE 1: PUSCH mapping Type-A and single-symbol DM-RS configuration Type-1 with 2 additional DM-RS symbols, such that the DM-RS positions are set to symbols 2, 7,
11. DMRS is [TDM’ed] with PUSCH data.
NOTE 2: MCS Index is based on MCS table 5.1.3.1-1 defined in 38.214.
NOTE 3: If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)
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A.3 DL reference measurement channels
A.3.1 General

Unless otherwise stated, Tables A.3.3.2-1 and A.3.3.2-2 are applicable for measurements of the Receiver Characteristics
(clause 7).

Unless otherwise stated, Tables A.3.3.2-1 and A.3.3.2-2 also apply for the modulated interferer used in Clauses 7.5 and
7.6 with test specific bandwidths.

Table A.3.1-1: Test parameters

Parameter Unit Value
CORESET frequency domain allocation Full BW
CORESET time domain allocation 2 OFDM symbols at the begin of each slot
PDSCH mapping type Type A
PDSCH start symbol index (S) 2
Number of consecutive PDSCH symbols (L) 12
PDSCH PRB bundling PRBs 2
Dynamic PRB bundling false
MCS table for TBS determination 64QAM
Overhead value for TBS determination 0
First DMRS position for Type A PDSCH mapping 2
DMRS type Type 1
Number of additional DMRS 2
FDM between DMRS and PDSCH Disable
TRS configuration 1 slot, periodicity 10 ms, offset 0
PTRS configuration PTRS is not configured

A.3.2 Void

A.3.3 DL reference measurement channels for TDD
A.3.3.1 General

Table A.3.3.1-1. Additional test parameters for TDD

Parameter Value
SCS 60 kHz (u=2) SCS 120 kHz (u=3)
UL-DL referenceSubcarrierSpacing 60 kHz 120 kHz
configuration dl-UL- 1.25ms 0.625 ms
TransmissionPeriodicity
nrofDownlinkSlots 3 3
nrofDownlinkSymbols 4 10
nrofUplinkSlot 1 1
nrofUplinkSymbols 4 2
Number of HARQ Processes 8 8
K1 value K1 =4 if mod(i,5) =0 K1 =4 if mod(i,5) =0
K1 =3 if mod(i,5) = 1 K1 =3 if mod(i,5) = 1
K1 =2 if mod(i,5) = 2 K1 =2 if mod(i,5) = 2
where i is slot index per frame; | where i is slot index per frame;
i ={0,...,39} i={0,...,79}
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A.3.3.2

Table A.3.3.2-1 Fixed Reference Channel for Receiver Requirements (SCS 60 kHz, TDD)

FRC for receiver requirements for QPSK

Parameter Unit Value
Channel bandwidth MHz 50 100 200
Subcarrier spacing configuration # 2 2 2
Allocated resource blocks 66 132 264
Subcarriers per resource block 12 12 12
Allocated slots per Frame 23 23 23
MCS index 4 4 4
Modulation QPSK QPSK QPSK
Target Coding Rate 1/3 1/3 1/3
Maximum number of HARQ transmissions 1 1 1
Information Bit Payload per Slot
For Slots 0 and Slot i, if mod(i, 5) = {3,4} .
fori from {0,...,39} Bits N/A N/A N/A
For Slot i, if moc{jil, 10?29=} {0,1,2} for i from Bits 4224 8456 16896
Transport block CRC Bits 24 24 24
LDPC base graph 1 1 1
Number of Code Blocks per Slot
For Slots 0 and Slot i, if mod(i, 5) = {3,4}
for i from {0,...,39} CBs NIA N/A N/A
For Slot i, if mod(i, 10) = {0,1,2} for i from
{1,..39) CBs 1 2 2
Binary Channel Bits Per Slot
For Slots 0 and Slot i, if mod(i, 5) = {3,4} .
for i from {0,...,39} Bits NIA NIA N/A
For Slot i, if moc{jil, 10?29=} {0,1,2} for i from Bits 14256 28512 57024
Max. Throughput averaged over 1 frame Mbps 9.715 19.449 38.861
NOTE 1: Additional parameters are specified in Table A.3.1-1 and Table A.3.3.1-1.
NOTE 2: If more than one Code Block is present, an additional CRC sequence of L = 24 Bits
is attached to each Code Block (otherwise L = 0 Bit).
NOTE 3: SS/PBCH block is transmitted in slot 0 of each frame
NOTE 4: Slotiis slot index per frame
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Table A.3.3.2-2 Fixed Reference Channel for Receiver Requirements (SCS 120 kHz, TDD)

Parameter Unit Value
Channel bandwidth MHz 50 100 200 400
Subcarrier spacing configuration # 3 3 3 3
Allocated resource blocks 32 66 132 264
Subcarriers per resource block 12 12 12 12
Allocated slots per Frame 47 47 47 47
MCS index 4 4 4 4
Modulation QPSK QPSK QPSK QPSK
Target Coding Rate 1/3 1/3 1/3 1/3
Maximum number of HARQ transmissions 1 1 1 1

Information Bit Payload per Slot
For Slots 0 and Slot i, if mod(i, 5) = {3,4}

for i from {0,...,79} Bits N/A N/A N/A N/A
For Slot i, if mod(i, 5) = {0,1,2} for i from Bits 2088 4224 8456 16896
{1,...,79}
Transport block CRC Bits 16 24 24 24
LDPC base graph 2 1 1 1
Number of Code Blocks per Slot
For Slots 0 and Slot i, if mod(i, 5) = {3,4} CBs N/A N/A N/A N/A
forifrom {0,...,79}
For Slot i, if mod(i, 5) = {0,1,2} for i from
(1,..79) CBs 1 1 2 2

Binary Channel Bits Per Slot
For Slots 0 and Slot i, if mod(i, 5) = {3,4}

for i from {0,...,79} Bits N/A N/A N/A N/A
For Slot i, if mo{dl(l, 5)7;}{0,1,2} for i from Bits 6912 14256 28512 57024
Max. Throughput averaged over 1 frame Mbps 9.814 19.853 39.743 79.411

NOTE 1: Additional parameters are specified in Table A.3.1-1 and Table A.3.3.1-1.

NOTE 2: If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is
attached to each Code Block (otherwise L = 0 Bit).

NOTE 3: SS/PBCH block is transmitted in slot 0 of each frame

NOTE 4: Slotiis slot index per frame
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A.5 OFDMA Channel Noise Generator (OCNG)

A5.1 OCNG Patterns for FDD
A5.2 OCNG Patterns for TDD
A5.2.1

OCNG TDD pattern 1: Generic OCNG TDD Pattern for all unused REs

Table A.5.2.1-1: OP.1 TDD: Generic OCNG TDD Pattern for all unused REs

OCNG Appliance

Control Region

Data Region

OCNG Parameters (Core Set)
Resources allocated All unused REs (Note 1) All unused REs (Note 2)
Structure PDCCH PDSCH
Content Uncorrelated pseudo random Uncorrelated pseudo random QPSK

QPSK modulated data

modulated data

Transmission scheme for multiple
antennas ports transmission

Single Tx port transmission

Spatial multiplexing using any
precoding matrix with dimensions
same as the precoding matrix for

PDSCH
Subcarrier Spacing Same as for RMC PDCCH in Same as for RMC PDSCH in the
the active BWP active BWP

Power Level

Same as for RMC PDCCH

Same as for RMC PDSCH

Note 1: All unused REs in the active CORESETS appointed by the search spaces in use.
Note 2: Unused available REs refer to REs in PRBs not allocated for any physical channels, CORESETS,
synchronization signals or reference signals in channel bandwidth.
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Annex B (informative): Void
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Annex C (normative):
Downlink physical channels

C.1 General

C.2 Setup

Table C.2-1 describes the downlink Physical Channels that are required for connection set up.

Table C.2-1: Downlink Physical Channels required

for connection set-up

Physical Channel

PBCH

SSS

PSS

PDCCH

PDSCH

PBCH DMRS

PDCCH DMRS

PDSCH DMRS

CSI-RS

PTRS

C.3 Connection

C.3.1 Measurement of Receiver Characteristics

Unless otherwise stated, Table C.3.1-1 is applicable for measurements on the Receiver Characteristics (clause 7).

Table C.3.1-1: Downlink Physical Channels transmitted during a connection (TDD)

Parameter Unit Value

SSS transmit power W Test specific
EPRE ratio of PSS to SSS dB 0
EPRE ratio of PBCH DMRS to SSS dB 0
EPRE ratio of PBCH to PBCH DMRS dB 0
EPRE ratio of PDCCH DMRS to SSS dB 0
EPRE ratio of PDCCH to PDCCH DMRS dB 0
EPRE ratio of PDSCH DMRS to SSS (Note 1) dB 3
EPRE ratio of PDSCH to PDSCH DMRS (Note 1) dB -3
EPRE ratio of CSI-RS to SSS dB 0

EPRE ratio of PTRS to PDSCH dB Test specific
EPRE ratio of OCNG DMRS to SSS dB 0
EPRE ratio of OCNG to OCNG DMRS (Note 1) dB 0

half of the DMRS REs are occupied.

Note 1:  No boosting is applied to any of the channels except PDSCH DMRS. For PDSCH DMRS, 3 dB power
boosting is applied assuming DMRS Type 1 configuration when DMRS and PDSCH are TDM’ed and only

Note 2:  Number of DMRS CDM groups without data for PDSCH DMRS configuration for OCNG is set to 1.
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Annex D (normative):
Characteristics of the interfering signal

Detailed content of the annex is TBD.
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Annex E (normative):
Environmental conditions

E.1 General

This annex specifies the environmental requirements of the UE. Within these limits the requirements of the present
documents shall be fulfilled.

E.2 Environmental

The requirementsin this clause apply to all types of UE(S).

E.2.1 Temperature

All RF requirements for UEs operating in FR2 are defined over the air and can only be tested in an OTA chamber.
The UE shall fulfil all the requirementsin the temperature range defined in Table E.2.1-1.

Table E.2.1-1: Temperature conditions

+25°C+10°C For normal (room temperature) conditions with relative
humidity of 25% to 75%

For extreme conditions

-10°C to +55°C

Outside this temperature range the UE, if powered on, shall not make ineffective use of the radio frequency spectrum.
In no case shall the UE exceed the transmitted levels as defined in clause 6.2 for extreme operation.

E.2.2 Voltage

Editor’s note: This requirement isincomplete. The following aspects are either missing or not yet determined:

Methodology to control the voltage in a case which a power cable is not connected to DUT isFFS since it is not
agreed whether we can connect the power cable to DUT at the OTA measurement situation yet.

The UE shall fulfil all the requirementsin the full voltage range, i.e. the voltage range between the extreme voltages.

The manufacturer shall declare the lower and higher extreme voltages and the approximate shutdown voltage. For the
equipment that can be operated from one or more of the power sources listed below, the lower extreme voltage shall not
be higher, and the higher extreme voltage shall not be lower than that specified below.

Table E.2.2-1: Voltage conditions

Power source

Lower extreme

Higher extreme

Normal conditions

voltage voltage voltage
AC mains 0,9 * nominal 1,1 * nominal nominal
Regulated lead acid battery 0,9 * nominal 1,3 * nominal 1,1 * nominal
Non regulated batteries:
Leclanché 0,85 * nominal Nominal Nominal
Lithium 0,95 * nominal 1,1 * Nominal 1,1 * Nominal
Mercury/nickel & cadmium 0,90 * nominal Nominal

Outside this voltage range the UE if powered on, shall not make ineffective use of the radio frequency spectrum. In no
case shall the UE exceed the transmitted levels as defined in clause 6.2 for extreme operation. In particular, the UE shall
inhibit all RF transmissions when the power supply voltage is below the manufacturer declared shutdown voltage.
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E.2.3 Void
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Annex F (normative): Transmit modulation

F.1 Measurement Point

Figure F.1-1 shows the measurement point for the unwanted emission falling into non-allocated RB(s) and the EVM for
the alocated RB(S).

"
) .
1 DFT-s-OFDM DUT i Test equipment ]
! PUSCH 1 ! H
1 modulated —> —>1 H ! > !
H symbols — DFT Tone i : ¢ | TxRx chain IDET DFT-s-OFDM H
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: 1 : ; :
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Figure F.1-1: EVM measurement points

F.2 Basic Error Vector Magnitude measurement
The EVM isthe difference between the ideal waveform and the measured waveform for the allocated RB(S)
D |z'(v)-i (v)|2

EVM — veT,
|Tm| P

where

T, isaset of |Tm| modul ation symbols with the considered modulation scheme being active within the measurement
period,

z (V) are the samples of the signal evaluated for the EVM,
i(V) isthe ideal signal reconstructed by the measurement equipment, and

F’0 isthe average power of theideal signal. For normalized modulation symbols Po isequal to 1.

The basic EVM measurement interval is defined over one ot in the time domain for PUCCH and PUSCH and over one
preamble sequence for the PRACH.

F.3 Basic in-band emissions measurement

Thein-band emissions are a measure of the interference falling into the non-allocated resources blocks. The in-band
emission requirement is evaluated for PUCCH and PUSCH transmissions. The in-band emission requirement is not
evaluated for PRACH transmissions.

The in-band emissions are measured as follows

1 fi +(12-Agg +11)* Af

=3 > V) A <O

. _ ITS teTg max( fn, fj +12: Agg*Af)
Emlwonsabsolute(ARB) - min( f o Ty L-12<AR:EAf)

iz 3 Yt ) A 0

|Ts teT,  f+(12-Apg—11)*Af

ETSI



3GPP TS 38.101-2 version 15.3.0 Release 15 97 ETSI TS 138 101-2 V15.3.0 (2018-10)

where

T, isasetof |TS| OFDM symbols with the considered modulation scheme being active within the measurement period,

Agg isthe starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. Agg =1 or
Arg = —1 for thefirst adjacent RB),

foin (resp. f.._) isthelower (resp. upper) edge of the UL system BW,
f, and f, arethelower and upper edge of the allocated BW, and

Y(t, f) isthe frequency domain signal evaluated for in-band emissions as defined in the subsection (ii)
Therelative in-band emissions are, given by

Eml $I Onsabs;ol ute (A RB )
1 fi+(12-Ngg—1)Af

>, Ml

|Ts|' Nes ; fi

Eml SS' Onsrelative (A RB) =

where

Npgg isthe number of allocated RBs
The basic in-band emissions measurement interval is defined over one slot in the time domain. When the PUSCH or
PUCCH transmission slot is shortened due to multiplexing with SRS, the in-band emissions measurement interval is

reduced by one OFDM symbol, accordingly.

In the evaluation of in-band emissions, the timing is set according to At = AT , where sample time offsets At and
AC are defined in subclause F.4.

F.4  Modified signal under test

Implicit in the definition of EVM is an assumption that the receiver is able to compensate a number of transmitter
impairments.

The PUSCH data or PRACH signal under test is modified and, in the case of PUSCH data signal, decoded according to:

AT a-izmfv L j2aat
Z'(t, f) = IDFT FT{2(v—aD) & f fe
a(t, f),ew(t, )

where
Z(V) isthe time domain samples of the signal under test.

The PUCCH or PUSCH demodulation reference signal or PUCCH data signal under test is equalised and, in the case of
PUCCH data signal decoded according to:

FET{z(v— AT). & 17" Jeizst

2t 1) = a(t f).ejrﬁ(t,f)

where
Z(V) isthe time domain samples of the signal under test.

To minimize the error, the signal under test should be modified with respect to a set of parameters following the
procedure explained below.
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Notation:

At isthe sample timing difference between the FFT processing window in relation to nominal timing of the ideal
signal.

Af isthe RF frequency offset.
@(t, T) isthe phase response of the TX chain.
a(t, f) isthe amplitude response of the TX chain.

In the following AC represents the middle sample of the EVM window of length W' (defined in the next subsections)
or the last sample of the first window half if W is even.

The EVM analyser shall
- detect the start of each slot and estimate At and Al? ,

- determine AC so that the EVM window of length W is centred

- onthetimeinterval determined by the measured cyclic prefix minus 16x samples of the considered OFDM
symbol for symbol | for subcarrier spacing configuration p in a subframe, with | = 0 or | = 7*2"u for normal CP,
i.e. the first 16x samples of the CP should not be taken into account for this step. In the determination of the
number of excluded samples, a sampling rate of 1/T isassumed. If a different sampling rate is used, the number
of excluded samplesisscaled linearly.

- onthe measured cyclic prefix of the considered OFDM symbol symbol for all other symbols for normal CP and
for symbol 0 to 11 for extended CP.

- onthe measured preamble cyclic prefix for the PRACH

To determine the other parameters a sample timing offset equal to AC is corrected from the signal under test. The
EVM analyser shall then

- correct the RF frequency offset AF for each time dot, and

- apply an FFT of appropriate size. The chosen FFT size shall ensure that in the case of an ideal signal under test,
there is no measured inter-subcarrier interference.

The carrier leakage shall be removed from the evaluated signal before calculating the EVM and the in-band emissions;
however, the removed relative carrier |eakage power aso has to satisfy the applicable requirement.

At this stage the allocated RBs shall be separated from the non-allocated RBs. In the case of PUCCH and PUSCH
EVM, the signal on the non-allocated RB(s), Y(t, f ), is used to evaluate the in-band emissions.

Moreover, the following procedure applies only to the signal on the allocated RB(S).

- Inthe case of PUCCH and PUSCH, the UL EVM analyzer shall estimate the TX chain equalizer coefficients
a(t, f)and @(t, f) used by the ZF equalizer for all subcarriers by time averaging at each signal subcarrier of

the amplitude and phase of the reference and data symbols. The time-averaging lengthis 1 dot. This process
creates an average amplitude and phase for each signal subcarrier used by the ZF equalizer. The knowledge of
data modulation symbols may be required in this step because the determination of symbols by demodulation is
not reliable before signal equalization.

- Inthe case of PRACH, the UL EVM analyzer shall estimate the TX chain coefficients a(t) and @(t) used for
phase and amplitude correction and are seleted so as to minimize the resulting EVM. The TX chain coefficients
are not dependent on frequency, i.e. (t, f)=a(t) and @(t, f) = @(t) . The TX chain coefficient are chosen
independently for each preamble transmission and for each At .
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At this stage estimates of Af , a(t, f), @(t, f) and AT areavailable. AT is one of the extremities of the window
~ ~ w ~ |W
W, i.e. At canbe AC +0(—LEJ or AC -ﬂEJ ,where & =0 if W isoddand & =1 if W iseven. The EVM

analyser shall then

- calculate EVM, with At set to AE+0{—L%J,

~ ~ |W
- caculate EVMp with At setto AC -ﬂEJ )

F.5  Window length
F.5.1 Timing offset

Asaresult of using acyclic prefix, thereisarange of At , which, at least in the case of perfect Tx signal quality, would
give close to minimum error vector magnitude. As afirst order approximation, that range should be equal to the length

of the cyclic prefix. Any time domain windowing or FIR pulse shaping applied by the transmitter reduces the At range
within which the error vector is close to its minimum.

F.5.2 Window length

The window length W' affects the measured EVM, and is expressed as a function of the configured cyclic prefix
length. In the case where equalization is present, as with frequency domain EVM computation, the effect of FIR is
reduced. Thisis because the equalization can correct most of the linear distortion introduced by the FIR. However, the
time domai n windowing effect can’t be removed.

F.5.3 Window length for normal CP

Contents in this section are FFS.

F.5.4 Window length for Extended CP

Contents in this section are FFS.

F.5.5 Window length for PRACH

Contents in this section are FFS.

F.6 Averaged EVM

The general EVM is averaged over basic EVM measurements for n dots in the time domain.
- 1 n
EVM = |=> EVM/
Nz

_ { 40, for 60 kHz SCS
" =180, for 120 kHz SCS

wherenis

for PUCCH, PUSCH.

The EVM requirements shall be tested against the maximum of the RM S average at the window W extremities of the
EVM measurements:
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Thus EVM, is calculated using Aszl‘Tintheexpronsaboveand EVM  iscaculated using Af:Aﬁ.
Thus we get:
EVM = max(EVM |, EVM 1)

The calculation of the EVM for the demodulation reference signal, EVM ;x5 , follows the same procedure as

calculating the general EVM, with the exception that the modulation symbol set T, defined in clause F.2 is restricted
to symbols containing uplink demodulation reference signals.

Thebasic EVM ,,rs measurements are first averaged over n slots in the time domain to obtain an intermediate

average EVM pwrs.

In the determination of each EVM DMRS.I thetiming is set to AF=A1]~ if EVM, > EVMy, anditissetto

At = Aﬁ otherwise, where EVM, and EVM, arethe general average EVM values calculated in the same n slots

over which the intermediate average EVM pwrs is calculated. Note that in some cases, the general average EVM may
be calculated only for the purpose of timing selection for the demodulation reference signal EVM.

Then the results are further averaged to get the EVM for the demodulation reference signal, EVM x5,

1 6
EVM pyrs = \/EZ EVM 2DMRS,j

=1
The PRACH EVM, EVM .., , isaveraged over TBD preamble sequence measurements for all preamble formats.

The EVM requirements shall be tested against the maximum of the RM S average at the window W extremities of the
EVM measurements:

Thus EVM pracn, iscalculated using At = At and EVM praciin is calculated using At = At .
Thus we get:

EVM ppach = MaxX(EVMepracri, EVMerachn)

F.7  Spectrum Flatness

The data shall be taken from FFT coded data symbols and the demodul ation reference symbols of the allocated resource
block.
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Annex G (informative): Void

Annex H (informative): Void

Annex | (informative): Void
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Annex J (informative):
Change history
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