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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.
In the present document, modal verbs have the following meanings:
shall indicates a mandatory requirement to do something
shall not indicates an interdiction (prohibition) to do something

The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in
Technical Reports.

The constructions "must” and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided
insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced,
non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a
referenced document.

should indicates a recommendation to do something
should not indicates a recommendation not to do something
may indicates permission to do something

need not indicates permission not to do something

The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions
"might not" or "shall not" are used instead, depending upon the meaning intended.

can indicates that something is possible
cannot indicates that something isimpossible
The constructions "can" and "cannot” are not substitutes for "may" and "need not".

will indicates that something is certain or expected to happen as aresult of action taken by an agency
the behaviour of which is outside the scope of the present document

will not indicates that something is certain or expected not to happen as aresult of action taken by an
agency the behaviour of which is outside the scope of the present document

might indicates a likelihood that something will happen as aresult of action taken by some agency the
behaviour of which is outside the scope of the present document
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might not indicates a likelihood that something will not happen as a result of action taken by some agency
the behaviour of which is outside the scope of the present document
In addition:
is (or any other verb in the indicative mood) indicates a statement of fact
isnot (or any other negative verb in the indicative mood) indicates a statement of fact

The constructions"is" and "is not" do not indicate requirements.
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1 Scope

The present document establishes the minimum RF characteristics and minimum performance requirements for E-
UTRA User Equipment (UE) operating satellite access.

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
a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same
Release as the present document.

[1] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications'.

[2] 3GPP TS 36.108: "Evolved Universal Terrestrial Radio Access (E-UTRA); Satellite Access Node
(SAN) radio transmission and reception”.

[3] 3GPP TS 36.211: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels and
Modulation"”.

[4] ITU-R Recommendation M.1545: "M easurement uncertainty asit appliesto test limits for the
terrestrial component of International Mobile Telecommunications-2000".

[5] 3GPP TS 36.307: "Evolved Universal Terrestrial Radio Access (E-UTRA); Reguirements on User
Equipments (UEs) supporting a release-independent frequency band".

[6] 3GPP TS 36.331: "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource
Control (RRC); Protocol specification™.

[7] 3GPP TS 36.101: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
radio transmission and reception”

[8] 3GPP TS 36.300: "Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universa
Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2".

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

[10] [ANSI C63.26-2015, American National standard for Compliance Testing of Transmitters Used in
Licensed Radio Services, Accredited Standards Committee C63 — Electromagnetic compatibility]

[11] 3GPP TS 36.306: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
radio access capabilities’.

[12] 3GPP TS 36.213: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer
procedures’.

[13] 3GPP TR 38.811: "Study on New Radio (NR) to support non-terrestrial networks"

[14] 3GPP TS 36.508: "Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Packet

Core (EPC); Common test environments for User Equipment (UE) conformance testing".

[15] 3GPP TS 36.212: " Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and
channel coding"”.

[16] 3GPP TS 38.101-5: "NR; User Equipment (UE) radio transmission and reception; Part 5: Satellite
access Radio Freguency (RF) and performance requirements’
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3 Definitions of terms, symbols and abbreviations

3.1 Terms

For the purposes of the present document, the terms given in 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 TR 21.905 [1].

5G Broadcast over Geosynchronous Satellite: LTE-based 5G Broadcast utilizing a geosynchronous satellite.
Channel edge: The lowest and highest frequency of the carrier, separated by the channel bandwidth.

Channel bandwidth: The RF bandwidth supporting a single E-UTRA RF carrier with the transmission bandwidth
configured in the uplink or downlink of a cell. The channel bandwidth is measured in MHz and is used as a reference
for transmitter and receiver RF requirements.

Category NB1/NB2 stand-alone oper ation: category NB1/NB2 is operating standalone when it utilizes its own
spectrum, for example the spectrum used by GERAN systems as a replacement of one or more GSM carriers, as well as
scattered spectrum for potential 10T deployment.

Category NB1/NB2 guard band operation: category NB1/NB2 is operating in guard band when it utilizes the unused
resource block(s) within a E-UTRA carrier’s guard-band.

Category NB1/NB2 in-band operation: category NB1/NBZ2 is operating in-band when it utilizes the resource block(s)
within anormal E-UTRA carrier or within anormal NR carrier plus 15 kHz at each edge (and not within NR minimum
guard band).

Geosynchronous Earth Orbit: Earth-centred orbit at approximately 35786 kilometres above Earth's surface and
synchronised with Earth's rotation. A geostationary orbit is a non-inclined geosynchronous orbit, i.e. in the Earth’s
equator plane.

Low Earth Orbit: Orbit around the Earth with an altitude between 300 km, and 1500 km.

Satellite: A space-borne vehicle embarking a bent pipe payload or a regenerative payload telecommunication
transmitter, placed into Low-Earth Orbit (LEO), Medium-Earth Orbit (MEO), or Geosynchronous Earth Orbit (GEO).

Satellite Access Node: see definitionin TS 36.108 [2].

sTTI: A transmission time interval (TTI) of either one ot or one subsglot as defined in TS 36.211 [3] on either uplink or
downlink.

3.2 Symbols

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

AFRaser Band dependent channel raster granularity
BWecrannel Channel bandwidth
F Freguency

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

Finterferer Frequency of theinterferer

Fioftset Frequency offset of the interferer (between the center frequency of the interferer and the closest
edge of the carrier measured)

Fc Frequency of the carrier centre frequency

FoL_iow The lowest frequency of the downlink operating band

FoL_nigh The highest frequency of the downlink operating band

FuL_tow The lowest frequency of the uplink operating band

FuL_nigh The highest frequency of the uplink operating band

Foos The boundary between the E-UTRA out of band emission and spurious emission domains.
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L ctone Transmission bandwidth which represents the length of a contiguous sub-carrier allocation
expressed in units of tones

NpL Downlink EARFCN

NottsbL Offset used for calculating downlink EARFCN

NortsuL Offset used for calculating uplink EARFCN

Nrs Transmission bandwidth configuration, expressed in units of resource blocks

NRre_aloc Total number of simultaneously transmitted resource blocks in Channel bandwidth or Aggregated
Channel Bandwidth.

Nione Transmission bandwidth configuration for category NB1 and NB2, expressed in units of tones.

Ntone 3.75kHz Transmission bandwidth configuration for category NB1 and NB2 with 3.75 kHz sub-carrier
spacing, expressed in units of tones.

Nione 15kHz Transmission bandwidth configuration for category NB1 and NB2 with 15 kHz sub-carrier
spacing, expressed in units of tones.

Nur Uplink EARFCN.

Pcmax The configured maximum UE output power.

Pinterferer Modulated mean power of the interferer

ProwerClass Prowerciass 1S the nominal UE power (i.e., no tolerance).

ProwerClass Default  Prowerclass pefault 1S the default nominal UE power (i.e., no tolerance) for the band.

Pumax The measured configured maximum UE output power.

Puw Power of an unwanted DL signal

Pw Power of awanted DL signal

Afoos A Frequency of Out Of Band emission

3.3 Abbreviations

For the purposes of the present document, the abbreviations given in 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
TR 21.905[1].

ACLR Adjacent Channel Leakage Ratio

ACS Adjacent Channel Selectivity

A-MPR Additional Maximum Power Reduction

AWGN Additive White Gaussian Noise

BOG L TE-based 5G Broadcast over Geosynchronous Satellite
BW Bandwidth

Cw Continuous Wave

DL Downlink

EARFCN E-UTRA Absolute Radio Frequency Channel Number
E-UTRA Evolved UMTS Terrestrial Radio Access
EUTRAN Evolved UMTS Terrestrial Radio Access Network
EVM Error Vector Magnitude

FDD Frequency Division Duplex

GEO Geostationary Earth Orbit

GSO Geosynchronous Orbit

ITU-R Radiocommunication Sector of the International Telecommunication Union
LEO Low Earth Orbit

HD-FDD Half- Duplex FDD

MEO Medium Earth Orbit

MPR Maximum Power Reduction

NGSO Non-Geosynchronous Orbit

OCNG OFDMA Channel Noise Generator

OFDMA Orthogonal Frequency Division Multiple Access
OOB Out-of-band

QAM Quadrature Amplitude Modulation

RAN Radio Access Network

RE Resource Element

REFSENS Reference Sensitivity power level

RF Radio Frequency

SDO Standalone Downlink Only

UE User Equipment

UL Uplink
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UMTS Universal Mobile Telecommunications System
UTRA UMTS Terrestrial Radio Access
UTRAN UMTS Terrestrial Radio Access Network
4 General
4.1 Relationship between minimum requirements and test

requirements

The present document is a Single-RAT specification for satellite NR UE, covering RF characteristics and minimum
performance requirements.

The Minimum Requirements given in this specification make no allowance for measurement uncertainty.

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 [4].

4.2 Applicability of minimum requirements

a) Minimum requirements are mandated to be met in all scenarios by UEs supporting the applicable UE
category(ies) for which that requirement is specified. In the present document, only minimum requirements for
UE categories of M1, NB1, and NB2 and UE BOG are specified.

b) For UE category M1, the applicable minimum requirementsin clauses 5, 6 or 7 are specified in the suffix A
subclause where they differ from the requirements in the main subclause. Where suffix A does not exist for a
requirement, the minimum requirement in the main subclause shall apply.

¢) For UE category NB1 and NB2, the applicable minimum requirements in clauses 5, 6 or 7 are specified in the
Suffix B subclause, where they differ from the requirements in the main subclause. Where suffix B does not
exist for arequirement, the minimum requirement in the main subclause shall apply.

d) For UE BOG, the applicable minimum requirementsin clauses 5 or 7 are specified in the Suffix C subclause,
where they differ from the requirements in the main subclause. Where suffix C does not exist for a requirement,
the minimum requirement in the main subclause shall apply.

€) NOTE: Receiver sensitivity degradation may occur when:

1) The UE simultaneously transmits and receives with bandwidth allocations less than the transmission
bandwidth configuration (see Figure 5.3A-1 and Figure 5.3B-1), and

2) Any part of the downlink transmission bandwidth is within an uplink transmission bandwidth from the
downlink center subcarrier.

f) 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.

g) Therequirementsrelated to subslot TTI and/or slot TTI shall apply only if UE supports multiple TTI patterns.
And these requirements only apply to subslot and/or slot TTI configurations

h) TS36.307 [5] specifies which minimum requirements in the present document are applicable to UEs that
conform to an earlier specification Release, and from which Release those requirements apply.
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4.3 Specification Suffix Information

The following suffixes are defined at 2nd level for clauses 5, 6 and 7, as shownin Table 4.3-1.

Table 4.3-1: Definition of suffixes

Clause suffix Variant
A Cat-M1
B NB1, NB2
C BOG

The suffixes shall apply as defined in clause 4.2.

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.

5.2 Operating bands

E-UTRA satellite accessis designed to operate in the operating bands defined in Table 5.2-1.

Table 5.2-1 E-UTRA operating bands for satellite access

Uplink (UL) operating band Downlink (DL) operating Duplex
E-UTRA BS receive band _ Mode
Operating UE transmit BS transmit
Band UE receive
FuL low — FuL high FoL low — FbL high
256 1980 MHz - 2010 MHz 2170 MHz - 2200 MHz FDD
255 1626.5MHz -  1660.5 1525 MHz - 1559 MHz FDD
MHz
254 1610 MHz -  1626.5 2483.5MHz - 2500 MHz FDD
MHz
2532 1668 MHz - 1675 MHz 1518 MHz - 1525 MHz FDD
252 2000 MHz - 2020 MHz 2180 MHz - 2200 MHz FDD
2494 1616 MHz -  1626.5 1616 MHz - 1626.5 MHz TDD
MHz
2468 N/A 1467 MHz - 1492 MHz SDO
NOTE 1: Satellite bands are numbered in descending order from 256
NOTE 2: UE assigned to channels and allocated frequency resources in the lower portion of Band
253 may experience blocking or harmful interference from terrestrial networks in
adjacent or nearby frequencies when operating in the proximity with terrestrial base
stations.
NOTES: Band 246 only applies for LTE-based 5G Broadcast over Geosynchronous Satellite in
region 3.
NOTE 4: Band 249 is defined only for NB-loT operation.
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5.2A  Operating bands for UE category M1

UE category M1 is designed to operate in the E-UTRA satellite access operating bands defined in Table 5.2-1 in both
half duplex FDD mode and full-duplex FDD mode.

5.2B  Operating bands for category NB1 and NB2

Category NB1 and NB2 UE are designed to operate in the E-UTRA satellite access operating bands defined in
Table5.2-1.

Category NB1 and NB2 UE operate in HD-FDD duplex mode.
Category NB1 and NB2 UE operate in TDD duplex mode for 249 band.

For operation in Band 255, only channels positions which guarantee at least 190 kHz guard band from RF channel edge
to the lower limit of the band shall be used.

For operation in Band 255 when NS_02N is signalled, only channels positions which guarantee at least 90 kHz guard
band from RF channel edge to the lower and upper limit of the band shall be used.

For operation in Band 254 when NS_03N is signalled, only channels positions which guarantee at least 90 kHz guard
band from RF channel edge to the lower and upper limit of the band shall be used.

For operation in Band 252 when NS_06N, NS_07N or NS _08N is signalled, only channels positions which guarantee at
least 90 kHz guard band from RF channel edge to the lower and upper limit of the band shall be used.

5.2C  Operating bands for BOG

UE BOG is designed to operate in the E-UTRA satellite access operating bands defined in Table 5.2-1 in SDO mode.

5.3 Channel bandwidth

This clause is reserved.

5.3A Channel bandwidth for category M1

The requirementsin present document are specified for the channel bandwidth listed in Table 5.3A-1.

Table 5.3A-1: Transmission bandwidth configuration Ngrg in E-UTRA channel bandwidths

Channel bandwidth 14
BWochannel [MHZ] )
Transmission bandwidth
) . 6
configuration Nrs

Figure 5.3A-1 shows the relation between the Channel bandwidth (BWchame) and the Transmission bandwidth
configuration (Nrs). The channel edges are defined as the lowest and highest frequencies of the carrier separated by the
channel bandwidth, i.e. at Fc +/- BWchanne /2.
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Channel bandwidth [MHZz]

A
) 4

Transmission bandwidth configuration [Nrg]

i Transmission
! > bandwidth

1

1

1

1

1

1

1

1

1

1

1
Q. <€ > (2]
g 1 1 1 g
2 P 15
3! " e '3
@ Q.
o o
& 2

1
[ ' § :(D

1

| 2 |

1 0 O 1

! = i

N |

i o i

1 (D 1

1 1

1 1

1 1
...... ! . J

--------- Y ! e,
------------------

to DC in baseband) is not
transmitted in downlink

Figure 5.3A-1: Definition of channel bandwidth and transmission bandwidth configuration for one
E-UTRA carrier

5.3B  Channel bandwidth for category NB1 and NB2

For category NB1 and NB2, requirements in present document are specified for the channel bandwidth listed in Table
5.3B-1.

Table 5.3B-1: Transmission bandwidth configuration Ngrg, Nione 15kHz @nd Nione 3.75kHzin NB1 and NB2
channel bandwidth

Channel bandwidth 200
BWochannel [kHZ]
Transmission bandwidth 1
configuration Nrs
Transmission bandwidth
. . 12
configuration Ntone 15kHz
Transmission bandwidth
) . 48
configuration Ntone 3.75kHz

Figure 5.3B-1 shows the relation between the Category NB1/NB2 channel bandwidth (BWchanne) and the Category NB1
/NB2 transmission bandwidth configuration (Nwne). The channel edges are defined as the lowest and highest frequencies
of the carrier separated by the channel bandwidth, i.e. at Fc +/- BWchanna /2.
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Channel Bandwidth (kHz)

Transmission Bandwidth Configuration (tone)

Transmission Bandwidth

&bpa |Jauueyn
abpa |auueyn

auo
X _

Figure 5.3B-1 Definition of Channel Bandwidth and Transmission Bandwidth configuration

5.3C Channel bandwidth for BOG

The requirementsin present document are specified for the channel bandwidth listed in Table 5.3C-1.

Table 5.3C-1: Transmission bandwidth configuration Nrg in BOG channel bandwidth

PMCH bandwidth [MHz] 10
Transmission bandwidth
configuration NGYH S0
Note: SCS is 15kHz

Table 5.3C-2: PMCH bandwidths for BOG in operating band

Operating PMCH bandwidth
Band 10MHz
246 Yes
54 Channel arrangement

This clause is reserved.

5.4A  Channel arrangement for category M1

5.4A.1 Channel spacing

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 E-UTRA carriersis defined as following:

Nominal Channel spaC| ng= (BWChanneI(l) + BWChame;(z))/Z
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where BW chame (1) @nd BWchame(2) are the channel bandwidths of the two respective E-UTRA carriers. The channel
spacing can be adjusted to optimize performance in a particular deployment scenario.

5.4A.2 Channel raster, carrier frequency and EARFCN

The global frequency raster is defined for all frequencies. The granularity of the global frequency raster is 100 kHz,
which means that the carrier centre frequency must be an integer multiple of 100 kHz. For each operating band, a subset
of frequencies from the global frequency raster are applicable and forms a channel raster with a granularity AFraser.

The carrier frequency in the uplink and downlink is designated by the E-UTRA Absolute Radio Frequency Channel
Number (EARFCN) in the range 0 — 262143. The relation between EARFCN and the carrier frequency in MHz for the
downlink is given by the following equation, where Foi_jow and NostspL are given in Table 5.4A.2-1 and Np. isthe
downlink EARFCN.

FoL = FoL_iow + 0.1(NpL — NospL)

The relation between EARFCN and the carrier frequency in MHz for the uplink is given by the following equation
where FuL_jow and NorisuL are givenin Table 5.4.2-1 and Ny, is the uplink EARFCN.

FuL = FuL_tow + 0.1(NuL — Notrsul)
The applicable channel raster and EARFCNSs for each operating band are specified in Table 5.4A.2-1.

For operating bands with a channel raster of 100 kHz, every EARFCN within the operating band shall be applicable for
the channel raster, and the step size for the channel raster in Table 5.4A.2-1 is given as <1>. The broadcast parameter
earfcn-LSB defined in TS36.331 [6] may be used to assist the UE in synchronizing to the cell.

Table 5.4A.2-1: E-UTRA channel numbers

Downlink Uplink
E-UTRA AFRaster FoL_tow Notts-pL Range of NpL FuL_tow Nofts-uL Range of NuL
Operating (kHz) (MHz) (First — <Step (MHz) (First — <Step
Band size> — Last) size>— Last)
256 100 2170 229076 229076 —<1>- 1980 261844 | 261844 —<1>-
229375 262143
255 100 1525 228736 228736 —<1>- 1626.5 261504 | 261504 —<1>-
229075 261843
254 100 2483.5 228571 228571 —<1>- 1610 261339 261339 —<1>-
228735 261503
253 100 1518 228501 228501-<1>- 1668 261269 261269-<1>-
228570 261338
252 100 2180 228301 228301 —<1>- 2000 261069 261069 —<1>-
228500 261268
249 100 1616 196607 196607-<1>- 1616 196607 196607-<1>-
196711 196711
NOTE 1: The channel numbers that designate carrier frequencies so close to the operating band edges that the
carrier extends beyond the operating band edge shall not be used. This implies that the first 7 channel
numbers at the lower operating band edge and the last 6 channel numbers at the upper operating band
edge shall not be used for channel bandwidth of 1.4 MHz.

5.4A.3 TX-RX frequency separation

a) Thedefault E-UTRA TX channel (carrier centre frequency) to RX channel (carrier centre frequency) separation
is specified in Table 5.4A.3-1 for the TX and RX channel bandwidth defined in Table 5.3A-1.
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Table 5.4A.3-1: Default UE TX-RX frequency separation

E-UTRA Operating Band TX - RX
carrier centre frequency
separation
256 190 MHz?
161.4 to 218.6 MHz?
255 -101.5 MHZz!
-68.9 to -134.1 MHz?
254 873.5 MHz*
858.4 to 888.6 MHZ?
253 -150 MHz*
-144.4 to -155.6 MHZz?
252 180 MHZz!
161.4 to 198.6 MHz?
NOTE 1: Default TX-RX separation.
NOTE 2: The verification of flexible TX-RX frequency separation
within this range is limited to reference sensitivity.
Further details are specified in clause 7.3A.

5.4B Channel arrangement for category NB1 and NB2

5.4B.1 Channel spacing
Nominal channel spacing for UE category NB1 and NB2 in stand-alone mode is 200 kHz. For in-band operation, the
nominal channel spacing between two adjacent category NB1 or NB2 carriersis 180 kHz.

5.4B.2 Channel raster, carrier frequency and EARFCN

5.4B.2.1 General

The channel raster of UE category NB1/NB2 shall be as defined in clause 5.4A.2, and the channel raster per-frequency
band shall be as defined in table 5.4A.2-1.

The carrier frequency of UE category NB1/NB2 in the downlink is designated by the E-UTRA Absolute Radio
Frequency Channel Number (EARFCN) as defined in Table 5.4A.2-1, and the Offset of category NB1/NB2 Channel
Number to EARFCN in the range of {-10, -9, -8, -7, -6, -5, -4, -3, -2, -1,-05,0, 1, 2, 3,4,5, 6, 7, 8, 9} for FDD and
TDD band 249.

The carrier frequency of UE category NB1/NBZ2 in the uplink is designated by the E-UTRA Absol ute Radio Frequency
Channel Number (EARFCN) as defined in Table 5.4A.2-1, and the Offset of category NB1/NB2 Channel Number to
EARFCN in therange of {-10, -9, -8, -7, -6, -5, -4, -3,-2,-1,0, 1, 2,3, 4,5, 6, 7, 8, 9} for FDD and TDD band 249.

5.4B.2.2 Stand-alone operation

The relation between EARFCN, Offset of category NB1/NB2 Channel Number to EARFCN and the carrier frequency
in MHz for the downlink is given by the following equation, where Fp. isthe downlink carrier frequency of category
NBLNB2, FoL_jow and NofrspL are given in table 5.4A.2-1, Np. isthe downlink EARFCN, Mp. is the Offset of category
NBL/NB2 Channel Number to downlink EARFCN.

FoL = FoL_jow + 0.1(NpL — NostspoL) + 0.0025* (2MpL)
The relation between EARFCN, Offset of category NB1/NB2 Channel Number to EARFCN and the carrier frequency
in MHz for the uplink is given by the following equation, where Fy. isthe uplink carrier frequency of category

NBL/NB2, FuL_jow and Norrsul are given in table 5.4A.2-1, Ny, isthe uplink EARFCN, My is the Offset of category
NB1/NB2 Channel Number to uplink EARFCN.

FuL = FuL_tow + 0.1(NuL — NostsuL) + 0.0025* (2MuL)

For the carrier including NPSS/NSSS for stand-alone operation, the MpL = 0 is used.
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In Rel-18, UE is only required to support the same operation mode for anchor and non-anchor carriers.

5.4B.2.3 In-band operation
In the current release, NTN NB-l1oT UEs shall support in-band operation with NR NTN.

The relation between EARFCN, Offset of category NB1/NB2 Channel Number to EARFCN and the carrier frequency
in MHz for the downlink is given by the following equation, where Fp_ isthe downlink carrier frequency of category
NB1/NB2, FoL_jow and NostspL are given in table 5.4A.2-1, Np. isthe downlink EARFCN, Mp. is the Offset of category
NB1/NB2 Channel Number to downlink EARFCN.

FoL = FDL_|0W + 0.1(ND|_ - NOffS_DL) + 00025*(2M DL+1)

The relation between EARFCN, Offset of category NB1/NB2 Channel Number to EARFCN and the carrier frequency
in MHz for the uplink is given by the following equation, where Fy_ isthe uplink carrier frequency of category
NB1/NB2, FuL_jow and NostsuL are given in table 5.4A.2-1, Ny isthe uplink EARFCN, Mu is the Offset of category
NBL/NB2 Channel Number to uplink EARFCN.

FuL = FuL_tow + 0.1(NuL — NostsuL) + 0.0025* (2MuL)

For the carrier including NPSS/NSSS, Mp, is selected from {-2,-1,0,1} . For in-band operations, Mp. = -0.5 is not
applicable.

In the current release, UE is only required to support the same operation mode for anchor and non-anchor carriers.

NOTE 1: For in-band operation, RRC signalling should indicate guardband-r13 in operationModelnfo IE in
MasterlnformationBlock-NB during UE conformance tests.

NOTE 2: Inthe current release, for in-band operation, UE is not expected to access a cell indicating inband-
SamePCI or inband-DifferentPCl in operationMode | E in MasterlnformationBlock-NB.

NOTE 3: UE isnot expected to be aware of where the configured NB-10T UL carrier iswithinthe NTN NR carrier.
It is presumed that operators will ensure, through network configuration during deployment, that thereis
sufficient guardband between NB-10T carrier and operating band and/or spectrum block edges to meet
emission requirements of clause 6.5B outside its allocated spectrum block.

5.4B.3 TX-RX frequency separation

For UE category NB1/NB2 operation in stand-alone mode, the default TX-RX frequency separation shall be as
specified in Table 5.4B.3-1 for the NB-10T TX and RX channel bandwidth defined in Table 5.3B-1.

For in-band operation, the category NB1 and NB2 TX-RX frequency separation is flexible within the assigned channel
bandwidth of NR NTN carrier with the TX-RX frequency separation of the NR NTN carriers as specified in TS 38.101-
5[16].
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Table 5.4B.3-1: Default UE TX-RX frequency separation

E-UTRA Operating Band TX - RX
carrier centre frequency
separation
256 190 MHz?
160.2 to 219.8 MHz?
255 -101.5 MHZz!
-67.7 to -135.3 MHz?
254 873.5 MHz*
857.2 to 889.8 MHZ?
253 -150 MHz*
-143.2 to -156.8 MHZz?
252 180 MHZz!
160.2 to -199.8 MHz?
NOTE 1: Default Tx-Rx separation.
NOTE 2: The verification of flexible TX-RX frequency separation
within this range is limited to reference sensitivity. Further details
are specified in clause 7.3B.

5.4C Channel arrangement for BOG

5.4C.1 Channel spacing
Nominal channel spacing between adjacent broadcast channelsis defined as follows
Nominal Channel spacing = PMCH bandwidth
where PMCH bandwidth is the broadcast bandwidth indicated by upper layer signalling di-Bandwidth-MBMS in the
MBSFN area (see TS 36.331[7]).
5.4C.2 Channel raster, carrier frequency and EARFCN

The channel raster is 100 kHz for all bands, which means that the carrier centre frequency must be an integer multiple
of 100 kHz.

The EARFCN for applicable bands designated for BOG according to Table 5.2-1 are specified in Table 5.4C.2-1.

Table Downlink Uplink
5.4C.2-1: FoL_low | Nofts-o. | Range of No. | FuL_low | Noits- | Range of NuL
E-UTRA (MHz) (First — <Step | (MHz) uL (First — <Step
channel | AFRraster Size> — Last) Size> — Last)
numbers (kHz)
E-UTRA
Operating
Band
246 100 1467 | 228051 | 228051 -<1>- N/A
228300
6 Transmitter characteristics

6.1 General

Unless otherwise stated, the transmitter characteristics are specified at the antenna connector of the UE with asingle or
multiple transmit antenna(s). For UE with integral antenna only, a reference antennawith again of 0 dBi is assumed.

All requirements in this section are applicable to devices supporting GSO and/or NGSO satellites.
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6.2 Transmit power

This clauseis reserved.

6.2A  Transmit power for category M1

6.2A.1 UE maximum output power for category M1

The following UE Power Classes define the maximum output power for any transmission bandwidth within the channel
bandwidth. The period of measurement shall be at least one sub frame (1ms).

Table 6.2A.1-1: UE Power Class

E-UTRA | Class 2 | Tolerance | Class 3 | Tolerance | Class 5 Tolerance (dB)
band (dBm) (dB) (dBm) (dB) (dBm)
256 26 +/-2 23 +/-2 20 +/-2
255 26 +/-2 23 +/-2 20 +/-2
254 23 +/-2 20 +/-2
253 23 +/-2 20 +/-2
252 23 +/-2 20 +/-2
NOTE 1: Pprowerciass is the maximum UE power specified without taking into account the tolerance.

The default power class Ppowerciass pefault fOr @n operating band is Power Class 3 unless otherwise stated.

The UE shall meet the following additional requirements for maximum transmission power density specified in Table
6.2A.1-2 when NSis signalled and when the configured channel overlaps with any portion of the specified frequency
range.

Table 6.2A.1-2: Additional requirements for transmit power density

E-UTRA | NSvalue | Channel bandwidth Frequency range Maximum power | Measurement
Band (MHz) (MHz) density method
254 NS_04N 1.4 1610 - 1618.25 27dBm/4kHz Mean spectral
NS_05N 14 1618.25 - 1626.5 limit
(note 2)
NS_11N 14 1610 - 1618.25 15dBm/4kHz I?egk spectral
limit (note 2)
NS_12N 1.4 1618.25 - 1626.5
NOTE 1: The EIRP requirement in regulation is converted to conducted requirement using a 0 dBi antenna.
NOTE 2: Indicated limit is applied to any frequency of the 1610-1626.5MHz band.

6.2A.2 UE maximum output power reduction for category M1

For category M1 UE, the allowed Maximum Power Reduction (MPR) for the maximum output power specified in
Table 6.2A.1-1 due to higher order modulation and transmit bandwidth configuration (resource blocks) is specified in
Table 6.2A.2-1.

For subPRB allocation of category M1 UE of PC3 and PC2, no MPR applies.

Table 6.2A.2-1: Maximum Power Reduction (MPR) for category M1 UE for Power Class 2,3 and 5

Modulation Channel bandwidth / MPR (dB)
Transmission bandwidth (Nrs)

1.4 MHz
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QPSK > 2 <1
QPSK >5 <2
16 QAM <2 <1
16 QAM >2 <2
NOTE:  MPR only applicable for Nrs 2 1

For PRACH, PUCCH and SRS transmissions, the allowed MPR is according to that specified for PUSCH QPSK
modulation for the corresponding transmission bandwidth.

For each subframe, the MPR is evaluated per dlot and given by the maximum val ue taken over the transmission(s) within
the dot; the maximum MPR over the two dotsis then applied for the entire subframe.

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

6.2A.3 UE additional maximum output power reduction for category M1 UE

Additional ACLR and spectrum emission requirements can be signalled by the network to indicate that the UE shall
also meet additional requirements in a specific deployment scenario. To meet these additional requirements, Additional
Maximum Power Reduction (A-MPR) is allowed for the output power as specified in Table 6.2A.1-1. Unless stated
otherwise, an A-MPR of 0 dB shall be used.

The specific requirements and identified subclauses are specified in Table 6.2A.3-1 and Table 6.2A.3-1a along with the
allowed A-MPR values that may be used to meet these requirements. The allowed A-MPR values specified below in
Table 6.2A.3-1 are in addition to the allowed MPR requirements specified in subclause 6.2A.2.

Table 6.2A.3-1: Additional Maximum Power Reduction (A-MPR) for category M1 UE for PC3 and PC5

Network Requirements E-UTRA Band Resources A-MPR (dB)
Signalling (subclause) Blocks (Nrs)
value
NS 01 6.5A.4.2 Table 5.2-1 Table 5.3A-1 N/A
NS_24N 6.5A.4.4.3 256 Table 5.3A-1 PC3 PC5
<35 | =05
6.5A.3.3.1,
NS_02N 6.5A4.4.2 255 Table 5.3A-1 N/A
6.5A.3.3.1,
NS_O03N 6.5A.4.4.4 254 Table 5.3A-1 N/A
6.5A.3.3.2,
NS_04N 6.5A.4.45 254 Table 5.3A-1 N/A
6.5A.3.3.3,
NS_05N 6.5A4.45 254 Table 5.3A-1 N/A
NS_06N 6.5A.4.4.7 Table 5.3A-1
6.5A.3.3.1 252 N/A
NS_07N 6.5A.4.4.8 Table 5.3A-1
6.5A.3.3.1 252 N/A
NS_08N 6.5A.4.4.9 Table 5.3A-1
6.5A.3.3.1 252 N/A
6.5A.3.3.2,
NS_11N 6.5A.4.45 254 Table 5.3A-1 N/A
6.5A.3.3.3,
NS_12N 6.5A.4.45 254 Table 5.3A-1 N/A

Table 6.2A.3-1a: Additional Maximum Power Reduction (A-MPR) for category M1 UE for PC2

Network Requirements E-UTRA Band Resources A-MPR (dB)
Signalling (subclause) Blocks (Nrs)
value
NS 01 6.5A.4.2 Table 5.2-1 Table 5.3A-1 N/A
NS_24N 6.5A.4.4.3 256 Table 5.3A-1 <6.5
NS_02N 6.5A.4.4.2 255 Table 5.3A-1 N/A
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For subPRB allocation, the allowed A-MPR values specified below in Table 6.2A.3-2 and Table 6.2A.3-3 for category
M1 UE arein addition to the allowed MPR requirements specified in subclause 6.2A.2.

Table 6.2A.3-2: Additional Maximum Power Reduction (A-MPR) for category M1 UE for subPRB
allocation for PC3 and PC5

Network Requirements E-UTRA Band A-MPR (dB)
Signalling (subclause)
value
NS 01 6.5A.4.2 Table 5.2-1 N/A
NS_24N 6.5A.4.4.3 256 PC3 PC5
<35 <05
6.5A.3.3.1,
NS_02N 6.5A.4.4.2 255 N/A
6.5A.3.3.1,
NS_03N 6EA444 254 N/A
6.5A.3.3.2,
NS_04N 6.5A 445 254 N/A
6.5A.3.3.3,
NS_O05N 6.5A 445 254 N/A
NS_06N 6.5A.4.4.7
6.5A.3.3.1 252 NIA
NS_07N 6.5A.4.4.8
6.5A.3.3.1 252 N/A
NS_08N 6.5A.4.4.9
6.5A.3.3.1 252 NIA
6.5A.3.3.2,
NS_11N 6.5A.4.4.5 254 PC3 PC5
<3 0
6.5A.3.3.3,
NS_12N 6.5A4.45 254 PC3 PC5
<3 0

Table 6.2A.3-3: Additional Maximum Power Reduction (A-MPR) for category M1 UE for subPRB
allocation for PC2

Network Requirements E-UTRA Band A-MPR (dB)
Signalling (subclause)
value
NS 01 6.5A.4.2 Table 5.2-1 N/A
NS 24N 6.5A.4.4.3 256 <6.5
NS 02N 6.5A.4.4.2 255 N/A

6.2A.4 Configured transmitted Power for category M1
The configured transmitted power requirementsin clause 6.2.5 of TS 36.101 [7] shall apply, wherein

- Prowerciass IS the maximum UE power specified in Table 6.2A.1-1 without taking into account the tolerance
specified inthe Table 6.2A.1-1

- The MPR regquirements are specified in subclause 6.2A.2
- The A-MPR requirements are specified in subclause 6.2A.3.

- ATcc ATige, ATresrs , ATpose are not applicable.
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6.2B  Transmit power for category NB1 and NB2

6.2B.1 UE maximum output power for category NB1 and NB2

Category NB1 and NB2 UE Power Classes are specified in Table 6.2B.1-1 and define the maximum output power for
any transmission bandwidth within the category NB1 and NB2 channel bandwidth. For 3.75 kHz sub-carrier spacing the
maximum output power is defined as mean power of measurement which period is at least one dot (2ms) excluding the
2304Ts gap when UE is not transmitting. For 15 kHz sub-carrier spacing the maximum output power is defined as mean
power of measurement which period is at |east one sub-frame (1ms).

Table 6.2B.1-1: UE Power Class

EUTRA Class 1 | Tolerance | Class 2 | Tolerance | Class 3 | Tolerance | Class 5 | Tolerance
band (dBm) (dB) (dBm) (dB) (dBm) (dB) (dBm) (dB)
256 31 +2/-3 26 +/-2 23 +/-2 20 +/-2
255 31 +2/-3 26 +/-2 23 +/-2 20 +/-2
254 23 +/-2 20 +/-2
253 23 +/-2 20 +/-2
252 23 +/-2 20 +/-2
249 23 +/-2 20 +/-2

The default power class Ppowerciass perautt fOr an operating band is Power Class 3 unless otherwise stated.

The UE shall meet the following additional requirements for maximum transmission power density specified in Table
6.2B.1-2 when NSis signalled and when the configured channel overlaps with any portion of the specified frequency
range.

Table 6.2B.1-2: Additional requirements for transmit power density

E-UTRA | NSvalue | Channel bandwidth Frequency range Maximum power Measurement
Band (MHz) (MHz) density method
254 NS_04N 0.2 1610 - 1618.25 Mean spectral
NS_05N 0.2 1618.25 - 1626.5 27dBm/4kHz limit
(note 2)
NS 11N 0.2 1610 - 1618.25 Peak spectral
NS_12N 0.2 1618.25 - 1626.5 15dBm/4kHz limit
(note 2)
NOTE 1: The EIRP requirement in regulation is converted to conducted requirement using a 0 dBi antenna.
NOTE 2: Indicated limit is applied to any frequency of the 1610-1626.5MHz band.

6.2B.2 UE maximum output power reduction for category NB1 and NB2

For UE category NB1 and NB2, the allowed Maximum Power Reduction (MPR) for the maximum output power are
specified in following tables.

Table 6.2B.2-0: Maximum Power Reduction (MPR) for UE category NB1 and NB2 Power Class 3 and 5,

Single-Tone
Modulation /2 BPSK, /4 QPSK /2 BPSK, /4 QPSK
SCS 15KHz 3.75kHz
Tone positions for 1 Tone allocation 0-11 0-47
MPR 0dB 0dB
Note 1: For single-tone allocation, the listed modulation and SCS are supported.
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Table 6.2B.2-1: Maximum Power Reduction (MPR) for UE category NB1 and NB2 Power Class 3 and 5,

Multi-Tone
Modulation QPSK

SCS 15KHz
Tone positions for 3 Tones allocation 0-2 3-5 and 6-8 9-11

MPR <0.5dB 0dB £0.5dB
Tone positions for 6 Tones allocation 0-5 and 6-11

MPR <1dB | <1dB
Tone positions for 12 Tones allocation 0-11

MPR <2dB
Note 1: For multi-tone allocation, the listed modulation and SCS are supported.

Table 6.2B.2-2: Maximum Power Reduction (MPR) for UE category NB1 and NB2 Power Class 2,

Single-Tone
Modulation /2 BPSK, /4 QPSK /2 BPSK, 1/4 QPSK
SCS 15 kHz 3.75 kHz
Tone positions for 1 Tone allocation 0 1-10 11 0-3 4-43 44-47
MPR <0.5dB 0 dBNote2 <0.5dB | =0.5dB | 0dBN2 | <0.5dB

Note 1:  For single-tone allocation, the listed modulations and SCS are supported.
Note 2:  For tone positions 3 to 8 for 15kHz SCS and 8 to 39 for 3.75 kHz, 1dB MPR applies when UE indicates
support for UE capability [powerBoosting-NBIotNTN-r19] and IE [powerBoostNBIotNTN-r19] is set to 1.

Table 6.2B.2-3: Maximum Power Reduction (MPR) for UE category NB1 and NB2 Power Class 2, Multi-

Tone
Modulation QPSK

SCS 15 kHz
Tone positions for 3 Tones allocation 0-2 3-5 and 6-8 9-11

MPR <0.5dB 0dB <0.5dB
Tone positions for 6 Tones allocation 0-5 and 6-11

MPR <1dB | <1dB
Tone positions for 12 Tones allocation 0-11

MPR <2dB
Note 1: For multi-tone allocation, the listed modulation and SCS are supported.

Table 6.2B.2-4: Maximum Power Reduction (MPR) for UE category NB1 and NB2 Power Class 1,

Single-Tone
Modulation /2 BPSK, /4 QPSK /2 BPSK, 1/4 QPSK
SCS 15 kHz 3.75 kHz
Tone positions for 1 Tone allocation 0-1 2-9 | 10-11 0-5 6-41 | 42-47
MPR <2dB | 0dB | =<2dB | <35dB | 0dB | =35dB
Note 1: For single-tone allocation, the listed modulations and SCS are supported.

Table 6.2B.2-5: Maximum Power Reduction (MPR) for UE category NB1 and NB2 Power Class 1, Multi-

Tone
Modulation QPSK

SCS 15 kHz
Tone positions for 3 Tones allocation 0-2 3-5 and 6-8 9-11

MPR <2dB <1dB <2dB
Tone positions for 6 Tones allocation 0-5 and 6-11

MPR <2.5dB | <2.5dB
Tone positions for 12 Tones allocation 0-11

MPR <4dB
Note 1: For multi-tone allocation, the listed modulation and SCS are supported.

For the UE maximum output power modified by MPR, the power limits specified in sub-clause 6.2B.4 apply.
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6.2B.3 UE additional maximum output power reduction for category NB1
and NB2 UE

6.2B.3.0 General

Additional ACLR and spectrum emission reguirements can be signalled by the network to indicate that the UE shall
also meet additional requirements in a specific deployment scenario. To meet these additional requirements, Additional
Maximum Power Reduction (A-MPR) is allowed for the output power as specified in Table 6.2B.1-1. For the agreed E-
UTRA bands for category NB1 and NB2 UE an A-MPR of 0 dB shall be allowed unless specified otherwise.

For UE PC3/PC5 and PC1/PC2, the specific requirements and identified subclauses are specified in Table 6.2B.3.0-1
and 6.2B.3.0-2 along with the allowed A-MPR values that may be used to meet these requirements. The allowed A-
MPR values specified below in Table 6.2B.3.0-1 are in addition to the allowed MPR requirements specified in
subclause 6.2B.2.

Table 6.2B.3.0-1: Additional Maximum Power Reduction (A-MPR) for category NB1 and NB2 UE

Network Requirements E-UTRA Band A-MPR (dB)
Signalling (subclause)
value
NS 01 6.5B.4.2 Table 5.2-1 N/A
NS_24N 6.5B.4.4.3 256 PC3 PC5
<35 | 05
6.5B.3.3.1,
NS_02N 6.5B.4.4.2 255 N/A
6.5B.3.3.2,
NS_O03N 6.5B.4.4.4 249, 254 N/A
6.5B.3.3.3,
NS_04N 6.5B.445 249, 254 6.2B.3.1
6.5B.3.3.4,
NS_O05N 6.5B.4.45 249, 254 6.2B.3.2
NS_06N 6.5B.4.4.7
6.5B.3.3.1 252 NIA
NS_07N 6.5B.4.4.8
6.5B.3.3.1 252 NIA
NS_08N 6.5B.4.4.9
6.5B.3.3.1 252 N/A
6.5B.3.3.3,
NS_11N 6.5B.4.45 249, 254 6.2B.3.3
6.5B.3.3.4,
NS_12N 6.5B.4.45 249, 254 6.2B.3.4

Table 6.2B.3.0-2: Additional Maximum Power Reduction (A-MPR) for category NB1 and NB2 UE for

PC1 and PC2
Network Requirements E-UTRA Band A-MPR (dB)
Signalling (subclause)
value
NS 01 6.5B.4.2 Table 5.2-1 N/A
PC1 PC2
NS_24N 6.5B.4.4.3 256 <10 <55
NS 02N 6.5B.4.4.2 255 N/A
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6.2B.3.1 A-MPR for NS_04N
Table 6.2B.3.1-1: A-MPR for "NS_04N" with 3.75 kHz SCS for Power Class 3

Modulation QPSK
Tone positions for 3.75 kHz single tone allocation 0-3 4-6 7-9 | 10-38 | 39-41 | 42-44 | 45-47
A-MPR (dB) <105 | <55 =3[ =0 <3 <55 | =105

Table 6.2B.3.1-2: A-MPR for "NS_04N" with 15kHz SCS for Power Class 3

Modulation QPSK
Tone positions for single tone allocation [0 [ 1] 2 3 4 5 6 7 8 9 J10]11

A-MPR (dB) <12 | =85 | <65 |<1|=<05|=<05|=1]|<65]|=85 <12
Tone positions for 3 Tones allocation 0-2 3-5 and 6-8 9-11

A-MPR (dB) <8.5 <2 <85
Tone positions for 6 Tones allocation 0-5 and 6-11

A-MPR (dB) <6 <6
Tone positions for 12 Tones allocation 0-11

A-MPR (dB) <2

6.2B.3.2 A-MPR for NS_O05N

Table 6.2B.3.2-1: A-MPR for "NS_05N" with 3.75 kHz SCS for Power Class 3
QPSK

38-41 | 42-44 | 45-47

Modulation
Tone positions for 3.75 kHz single tone allocation 0-3 4-6 | 7-10 | 11-37
A-MPR (dB) <135 | <8 | <5 0 <3 <55 | €135
Table 6.2B.3.2-2: A-MPR for "NS_05N" with 15kHz SCS for Power Class 3
Modulation QPSK
Tone positions for single tone allocation [ 0 | 1 2 3] 4 5 6 718 9 10 [ 11
A-MPR (dB) <15 | <105 | <8 | <2 | <15 | <15 | <2 | <8 | <105 <15
Tone positions for 3 Tones allocation 0-2 3-5 and 6-8 9-11
A-MPR (dB) <11 <35 <11
Tone positions for 6 Tones allocation 0-5 and 6-11
A-MPR (dB) <85 <85
Tone positions for 12 Tones allocation 0-11
A-MPR (dB) <45

6.2B.3.3 A-MPR for NS_11N
Table 6.2B.3.3-1: A-MPR for "NS_11N" for Power Class 3

3.75kHz 15 kHz 1-tone 15 kHz 3-tone 15 kHz 6-tone 15 kHz 12-tone
<18.0 <15 <11 <8.5 <45

SCS and number of tones
A-MPR (dB)
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6.2B.3.4 A-MPR for NS_12N

Table 6.2B.3.4-1: A-MPR for "NS_12N" for Power Class 3

SCS and number of tones 3.75kHz 15 kHz 1-tone 15 kHz 3-tone 15 kHz 6-tone 15 kHz 12-tone
A-MPR (dB) <18.0 <15 <11 <8.5 <45

6.2B.4 Configured transmitted Power for category NB1 and NB2

For category NB1 and NB2 UE, the configured transmitted power requirements in clause 6.2.5F of TS 36.101 [7] shall
apply except for:

The definition of Poyax_Lc and Pemax_w,c Which would be substituted by:
— Pcmax_Le=MIN{ Pemax.c, Prowercias— MAX(MPR: + A-MPR., P-MPR.) + APnggoost}
— Pemax_He = MIN { Pemaxc, Prowerciass + APngBoos }

, wherein

- Prowerciass IS the maximum UE power specified in Table 6.2B.1-1 without taking into account the tolerance
specified inthe Table 6.2B.1-1

- APngBeoos IS defined as
2dB for single tone positions 3 to 8 for 15kHz SCS and 8 to 39 for 3.75kHz
1dB for other single tone positions and &l multi-tone cases,

when all of the following conditions are met:

if the UE indicates support for UE capability [powerBoosting-NBIotNTN-r19]
if 1E [powerBoostNBIOtNTN-r19] isset to 1
if UE indicates support for power class 2.

- The Maximum output power requirements are specified in subclause 6.2B.1

- The MPR requirements are specified in subclause 6.2B.2

- The A-MPR reguirements are specified in subclause 6.2B.3.

- Pemax,c and P-MPR; are specified in subclause 6.2.5 of TS 36.101 [7]

The measured maximum output power Pumax c shall be within the following bounds:

Pemax_Le—MAX{TLc, T(Pcmax L)} < Pumaxc < Pemax he + MAX{T(Pcmax_H,c)}
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where T(Pcmax) is defined by the tolerance tablein Table 6.2B.4-1 and appliesto Pecmax_L.c and Pemax_H,c Separately. The
tolerance T\ ¢ is the absolute value of the lower tolerance for the applicable operating band as specified in Table 6.2B.1-
1.

Table 6.2B.4-1: Pcuax tolerance

Pcmax.c Tolerance T(Pcmax.c)

(dBm) (dB)
23 < Pcmaxc < 33 2.0
21 < Pcmaxc < 23 2.0
20 = Pcmaxe <21 2.5
19 < Pcwvax,c < 20 3.5
18 < Pcvax,c < 19 4.0
13 < Pcwvax,c < 18 5.0
8 < Pcmax,c < 13 6.0
-40 < Pcmaxc < 8 7.0

6.3 Output power dynamics

This clauseis reserved.

6.3A  Output power dynamics for category M1

6.3A.1 UE Minimum output power for category M1

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

The minimum output power is defined as the mean power in one sub-frame (1ms). The minimum output power shall not
exceed the values specified in Table 6.3.2.1-1 of TS 36.101 [7].
6.3A.2 Transmit OFF power for category M1

Transmit OFF power is defined as the mean power when the transmitter is OFF. The transmitter is considered to be
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 UE is not considered to be OFF.

The transmit OFF power is defined as the mean power in aduration of at least one sub-frame (1ms) excluding any
transient periods. The transmit OFF power shall not exceed the values specified in Table 6.3.3.1-1 of TS 36.101 [7].

6.3A.3 ON/OFF time mask for category M1
The requirements for transmit ON/OFF time mask defined in clause 6.3.4 of TS 36.101 [7] shall apply.

6.3A.4 Power control for category M1

For category M1 UE, the requirementsin clause 6.3.5E of TS 36.101 [7] shall apply, wherein
- The Maximum output power requirements are specified in subclause 6.2A.1
- The Minimum output power requirements are specified in subclause 6.3A.1.

- Therequirements for configured transmitted power are specified in subclause 6.2A .4.
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6.3B  Output power dynamics for category NB1 and NB2

6.3B.1 UE Minimum output power for category NB1 and NB2

For category NB1 and NB2 UE, the requirementsin clause 6.3.2F of TS 36.101 [7] shall apply.

6.3B.2 Transmit OFF power for category NB1 and NB2

For category NB1 and NB2 UE, the requirementsin clause 6.3.3F of TS 36.101 [7] shall apply.

6.3B.3 ON/OFF time mask for category NB1 and NB2

For category NB1 and NB2 UE, the requirementsin clause 6.3.4F of TS 36.101 [7] shall apply.

6.3B.4 Power Control for category NB1 and NB2

For category NB1 and NB2 UE, the requirementsin clause 6.3.5F of TS 36.101 [7] shall apply, wherein
- The Maximum output power requirements are specified in subclause 6.2B.1
- The Minimum output power requirements are specified in subclause 6.3B.1

- Therequirements for configured transmitted power are specified in subclause 6.2B.4.

6.4 Transmit signal quality

This clause is reserved.

6.4A  Transmit signal quality for category M1

6.4A.1 Frequency error for UE category M1

For category M1 UE, the basic measurement interval of modulated carrier frequency is 1 UL timeslot (0.5ms). The UE
pre-compensates the uplink modulated carrier frequency by the estimated Doppler shift based on received ephemeris
information of the SAN in |E Ephemerisinfo (TS 36.331 [6]), its own location and UL carrier frequency signalled to the
UE by the SAN (according to TS36.300 [8] clause 16.14.2).

For category M1 FD-FDD UEs and for category M1 HD-FDD UEs with continuous uplink transmissions of duration <
64 ms, the mean value of basic measurements of UE pre-compensated modulated carrier frequency shall be accurate to
within £ 0.1 PPM observed over a period of one time slot (0.5 ms) compared with the ideally pre-compensated UL
carrier frequency.

For category M1 HD-FDD UEs with continuous uplink transmissions of duration > 64 ms, the mean value of basic
measurements of UE pre-compensated modulated carrier frequency shall be accurate within the limitsin Table 6.4A.1-1
observed over aperiod of one time slot (0.5 ms) compared with ideally pre-compensated UL carrier frequency.

When arepetition period is configured on the uplink for which repetition period (R) >1, the UE shall not change
Doppler pre-compensation during an ongoing repetition period, except in the transmission gaps as defined in clause
10.1.3.6 of TS 36.211[3]. When segmentation is applied, then the UE shall update pre-compensation at the beginning of
each segment prior to segment transmission.

NOTE: Theidealy pre-compensated reference uplink carrier frequency consists of the UL carrier frequency
signalled to the UE by SAN and UL pre-compensated Doppler frequency shift corresponding to the
estimated Doppler frequency at the beginning of the transmission.]
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Carrier Frequency error
frequency [GHZ] [ppm]
<1 +0.2
>1 +0.1
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6.4A.2 Transmit modulation quality for category M1

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 6.4A.2 are defined using the measurement methodology specified in clause
Annex F of TS 36.101 [7].

For category M1 UE, the requirementsin clause 6.5.2E of TS 36.101 [7] shall apply, and only QPSK and 16QAM in
UL shall be applicable.

6.4B  Transmit signal quality for category NB1 and NB2

6.4B.1 Frequency error for UE category NB1 and NB2

For UE category NB1 and NB2, the UE pre-compensates the uplink modulated carrier frequency by the estimated
Doppler shift based on received ephemeris information of the SAN in |E Ephemerisinfo (TS 36.331 [6]), itsown
location and UL carrier frequency signalled to the UE by the SAN (according to TS36.300 [8] clause 23.21.2.2).

The UE pre-compensated modulated carrier frequency shall be accurate to within the limitsin Table 6.4B.1-1, observed
over aperiod of one time slot (0.5 msfor 15 kHz sub-carrier spacing and 2 ms excluding the 2304Ts gap for 3.75 kHz
sub-carrier spacing) and averaged over 72/L cione SOt (Where Leoione = {1, 3, 6, 12} isthe number of sub-carriers used for
the transmission), compared to the ideally pre-compensated reference uplink carrier frequency.

When arepetition period is configured on the uplink for which repetition period (R) >1, the UE shall not change
Doppler pre-compensation during an ongoing repetition period, except in the transmission gaps as defined in clause
10.1.3.6 of TS 36.211[3] or except for band 249 in which UE is allowed to perform pre-compensation at the beginning
of the uplink burst of 8 consecutive transmitted subframes, pre-compensation gap is not applicable for band 249. When
segmentation is applied, then the UE shall update pre-compensation at the beginning of each segment prior to segment
transmission, except for band 249 in which segmented pre-compensation is not supported.

[NOTE: Theidealy pre-compensated reference uplink carrier frequency consists of the UL carrier frequency
signalled to the UE by SAN and UL pre-compensated Doppler frequency shift corresponding to the
estimated Doppler frequency at the beginning of the transmission.]

Table 6.4B.1-1: Frequency error requirement for UE category NB1 and NB2

Carrier Frequency error
frequency [GHZ] [ppm]
<1 +0.2
>1 +0.1
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6.4B.2 Transmit modulation quality for Category NB1 and NB2

Transmit modulation quality requirements for Category NB1 and NB2 UEs for BPSK and QPSK modulation as
specified in clause 6.5.2F of 36.101 [7] are applicable.

6.5 Output RF spectrum emissions

The output UE transmitter spectrum consists of the three components; the emission within the occupied bandwidth
(channel bandwidth), the Out Of Band (OOB) emissions and the far out spurious emission domain.
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Figure 6.5-1: Transmitter RF spectrum

6.5A  Output RF spectrum emissions for category M1

6.5A.1 General
The definitions in clause 6.5 shall apply.

When the UE is operating in an NGSO deployment, to support coexistence, it is assumed that a guardband at least
equivalent to the maximum doppler shift expected for the NGSO constellation between the channel edge of the channel
bandwidth operated by the UE and the spectrum block edge has been accounted for as part of system deployment
configuration by the operator.

6.5A.2 Occupied bandwidth for category M1
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 1.4MHz channel bandwidth specified in Table 6.6.1-1 of TS 36.101 [7].

6.5A.3 Out of band emission for category M1

6.5A.3.1 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.
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6.5A.3.2 Spectrum emission mask

The spectrum emission mask of the UE applies to frequencies (Afoog) starting from the + edge of the assigned E-UTRA
channel bandwidth. For frequencies offset greater than Afoos as specified in Table 6.5A.3.2-1 the spurious requirements
in subclause 6.5A.4 are applicable.

The power of any UE emission shall not exceed the levels specified in Table 6.5A.3.2-1 for the specified channel
bandwidth.

Table 6.5A.3.2-1: Category M1 spectrum emission mask

Spectrum emission limit (dBm)/
Channel bandwidth
Afoos 1.4 Measurement
(MHz) MHz bandwidth
+0-1 -10 30 kHz
+1-2.5 -10 1 MHz
+2.5-2.8 -25 1 MHz

NOTE1: Asageneral rule, the resolution bandwidth of the measuring equipment should be equal to the
measurement bandwidth. However, 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.

6.5A.3.3 Additional Spectrum Emission Mask for category M1

6.5A.3.3.1 Requirements for network signalling value "NS_02N”", “NS_03N”", “NS_06N",
“NS_07N” and “NS_08N”

When "NS_02N", "NS_03N", “NS_06N", “NS_07N” or “NS_08N" isindicated in the cell, the power of any UE
emission shall not exceed the levels specified in Table 6.5A.3.3.1-1 or Table 6.5A.3.3.1-2.

Table 6.5A.3.3.1-1: Additional requirements for "NS_02N", “NS_06N", “NS_07N” and “NS_08N"

Afoos Spectrum Emission Limit Measurement
(MHz) (dBm) bandwidth
+0-0.7 1 for PC2 4 kHz
-2 for PC3
-5 for PC5
+0.7-2.8 -9 for PC2 4 kHz
-12 for PC3
-15 for PC5
+>2.8 -13 for PC2, PC3 and PC5 4 kHz

Table 6.5A.3.3.1-2: Additional requirements for "NS_O3N"

Afoos Spectrum Emission Limit Measurement
(MHz) (dBm) bandwidth
+0-0.7 -2 for PC3 4 kHz
-5 for PC5
+0.7-2.8 -12 for PC3 4 kHz
-15 for PC5
+>2.8 -13 for PC3 and PC5 4 kHz
6.5A.3.3.2 Requirements for network signalling value "NS_04N" and "NS_11N"

When "NS_04N" or "NS_11N" isindicated in the cell, the power of any UE emission shall not exceed the levels
specified in Table 6.5A.3.3.2-1 for any channel bandwidth configured within 1610-1618.25MHz.
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Table 6.5A.3.3.2-1: Additional requirements for "NS_04N" and "NS_11N"

L . Measurement Measurement
Afoos (kHz) Spectrum emission limit (dBm) bandwidth method
*0-160 )
+ 160-2300 -2 10 -26 30kHz Average
+ 2300-18500 -26

NOTE 1: Spectrum emissions are linearly interpolated in dBm versus frequency offset.
NOTE 2: The EIRP requirement in regulation is converted to conducted requirement using a 0dBi antenna.

6.5A.3.3.3

Requirements for network signalling value “NS_05N" and "NS_12N"

When "NS_05N" or "NS_12N" isindicated in the cell, the power of any UE emission shall not exceed the levels

specified in Table 6.5A.3.3.3-1 for any channel bandwidth configured within 1618.25-1626.5MHz.

Table 6.5A.3.3.3-1: Additional requirements for "NS_05N" and "NS_12N"

L - Measurement Measurement
Afoos (kHz) Spectrum emission limit (dBm) bandwidth method
+ 0-160 5
+ 160-225 -510-8.5
+ 225-650 -8.51t0 -15
+ 650-1365 -15 30kHz Average
+ 1365-1800 -23 10 -26
+ 1800-16500 -26
NOTE 1: Spectrum emissions are linearly interpolated in dBm versus frequency offset.
NOTE 2: The EIRP requirement in regulation is converted to conducted requirement using a 0dBi antenna.

6.5A.3.4

Adjacent Channel Leakage Ratio for category M1

E-UTRA category M1 Adjacent Channel Leakage power Ratio (E-UTRAAacLr) istheratio 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 E-UTRA category M1 channel power and adjacent E-UTRA category M1
channel power are measured with rectangular filters with measurement bandwidths specified in Table 6.5A.3.4-1 and

Table 6.5A.3.4-2. |f the measured adjacent channel power is greater than —-50dBm then the E-UTRAacLr shall be higher

than the value specified in Table 6.5A.3.4-1 and Table 6.5A.3.4-2.

Table 6.5A.3.4-1: Category M1 ACLR requirements for Power Class 3 and Power Class 5

Channel bandwidth / E-UTRAAcLR/
Measurement bandwidth

[MHZz]

1.4
MHz
E-UTRAACLR 30 dB
E-UTRA channel Measurement
bandwidth 1.08 MHz
Adjacent channel centre frequency offset +1.4/-1.4

Table 6.5A.3.4-2: Additional category M1 ACLR requirements for Power Class 2

Channel bandwidth / E-UTRAAcLR/
Measurement bandwidth

1.4
MHz
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E-UTRAAcLR 31 dB
E-UTRA channel Measurement
bandwidth 1.08 MHz
Adjacent channel centre frequency offset +1.4/-1.4
[MHZz] ' '

6.5A.4 Spurious emission for category M1

6.5A.4.1 General

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 requirementsinline with SM.329
[9] and E-UTRA operating band requirement to address UE co-existence.

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.

6.5A.4.2 Minimum requirements

Unless otherwise stated, the spurious emission limits apply for the frequency ranges that are more than Foos (MHZz) in
Table 6.5A.4.2-1 from the edge of the channel bandwidth. The spurious emission limitsin Table 6.5A.4.2-2 apply for
al transmitter band configurations (Nrg) and channel bandwidths.

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 6.5A.4.2-1: Boundary between E-UTRA out of band and spurious emission domain

Channel bandwidth 1.4
MHz

OOB boundary Foos (MHz) 2.8

Table 6.5A.4.2-2: Spurious emissions limits

Frequency Range Maximum Measurement NOTE
Level bandwidth

9 kHz < f < 150 kHz -36 dBm 1 kHz
150 kHz < f < 30 MHz -36 dBm 10 kHz

30 MHz < f < 1000 MHz -36 dBm 100 kHz

1 GHzsf<5h

harmonic of the upper

frequency edge of the -30 dBm 1 MHz
UL operating band in

GHz
6.5A.4.3 Spurious emission band UE co-existence

This clause specifies the requirements for E-UTRA satellite bands for UE coexistence with protected bands.
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Table 6.5A.4.3-1: Requirements for spurious emissions for UE co-existence

Spurious emission
E-UTRA -
Band Protected band Frequency range (MHz) Maximum MBW [ NOTE
Level (dBm) | (MHz)
253 E-UTRA Band 5, 26, 31, 41, 48, 72
NR Band n1, n3, n7, n8, n18, n20, n28,
n34, n38, n39, n40, n50, n51, n65, FoLtow | = | For_nigh -50 1
n67, n74, n75, n76, n79, n91, n92,
n93, n94, n105, n109
NR Band n77, n78 FDL_Iow - FDL_high -50 1 2
254 E-UTRA Band 2, 4, 5, 12, 13, 14, 17,
24, 25, 26, 29, 30, 31, 41, 48, 54, 66,
70,71, 72, 85, 87, 88, 103
NR Band ni, n3, n7, n8, n18, n20, n28, F . 50 1
n34, n38, n39, n40, n50, n51, n53, b_low BL_high
n65, n67, n74, n75, n76, n77, n78,
n90, n91, n92, n93, n94, n105, n106,
n109
NR Band n79 FoLiow | - | Fou rign -50 1 2
255 E-UTRA Band 2, 4, 5, 12, 13, 14, 17,
24, 25, 26, 29, 30, 31, 41, 48, 66, 70,
71, 72, 85, 103
NR Band n1, n3, n7, n8, n18, n20, n28, FoLiow | - | FoL nigh -50 1
n34, n38, n39, n40, n50, n51, n53,
n65, n67, n74, n75, n76, n90, n91,
n92, n93, n94, n105, n106, n109
NR Band n77, n78, n79 Foitow | - | Fou nigh -50 1 2
Frequency range 1621.5 | - | 1624.5 -30 0.03 5
Frequency range 1624.5 | - | 1625 -30to -27.5 0.03 4,5
Frequency range 1625 | - | 1625.125 -27.510-27.2 0.03 4,5
Frequency range 1625.125 | - | 1625.8 -27.2to -20 0.03 4,5
Frequency range 1625.8 | - | 1626 -20 to -17 0.03 4,5
Frequency range 1626 | - | 1626.2 -17 to -10 0.03 4,5
Frequency range 1626.2 | - | 1626.5 -10 0.03 5
256 E-UTRABand 1, 3, 5, 7, 8, 11, 18, 19,
20, 21, 22, 26, 27, 28, 31, 33, 32, 35, 38,
40, 41, 42, 43, 50, 51, 54, 65, 68, 69, 72,
74,75, 76, 87, 88
NR Band n12, n13, n14, n24, n29, n30, FoLiow | - | FoLnen =50 1
n39, n48, n53, n66, n67, n71, n78, n79,
n85, n90, n91, n92, n93, n94, n101,
n105, n106, n109
NR Band n77 FoLtow | - | FoL nign -50 1 2
NR Band n2, n25, n70 FoLiow | - | Fol nigh NA NA 3
E-UTRABand 1, 3, 5, 7, 8, 11, 18, 19,
20, 21, 22, 26, 27, 28, 31, 33, 32, 35, 38,
40, 41, 42, 43, 50, 51, 54, 65, 68, 69, 72,
74,75, 76, 87, 88
252 NR Band n12, n13, n14, n24, n29, n30, Foow | - | FoLnen -50 !
n39, n48, n53, n66, n67, n68, n71, n78,
n79, n85, n87, n88, n90, n91, n92, n93,
n94, n101, n105, n106, n109, n110
NR Band n77 FoL iow | - | FoL high -50 1 2
NOTE 1: FoL_low and FoL_nigh refer to each E-UTRA frequency band specified in Table 5.4A.2-1
NOTE 2: As exceptions, measurements with a level up to the applicable requirements defined in Table
6.5A.4.2-2 are permitted for each assigned E-UTRA carrier used in the measurement due to 2",
3rd, 4t [or 5] harmonic spurious emissions. Due to spreading of the harmonic emission the
exception is also allowed for the first 1 MHz frequency range immediately outside the harmonic
emission on both sides of the harmonic emission. This results in an overall exception interval
centred at the harmonic emission of (2MHz + N x Lcre x 180kHz), where N is 2, 3, 4, [5] for the 2",
31, 4t [or 5] harmonic respectively. The exception is allowed if the measurement bandwidth
(MBW) totally or partially overlaps the overall exception interval.
NOTE 3: The co-existence between 256 and band 2, 25 and 70 is subject to regional/national regulation.
NOTE 4: Linearly interpolated in dBm vs. frequency.
NOTE 5: Requirement is a regional regulatory requirement.

ETSI



3GPP TS 36.102 version 19.3.0 Release 19 38 ETSI TS 136 102 V19.3.0 (2026-04)

NOTE: Tosimplify Table 6.5A.4.3-1, E-UTRA band numbers are listed for bands which are specified only for E-
UTRA operation or both E-UTRA and NR operation. NR band numbers are listed for bands which are
specified only for NR operation.

6.5A.4.4 Additional spurious emissions

6.5A.4.4.1 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. The value used in I1E

Additional SpectrumEmission only includes the digits of the NS-value, e.g., 2 for NS_02N.

NOTE: In addition to the requirements below, additional UE region-specific emissions requirements for European
are expected to be added once more information becomes available.

6.5A.4.4.2 Minimum requirement (network signalled value "NS_02N")

When "NS_02N" isindicated in the cell, the power of any UE emission shall not exceed the levels specified in Table
6.5A.4.4.2-1. Thisrequirement also applies for the frequency ranges that are less than Foos (MHz) in Table 6.5A.4.2-1
from the edge of the channel bandwidth.

Table 6.5A.4.4.2-1: Additional requirements for "NS_02N"

Frequency band Channel bandwidth / | Measurement NOTE
(MHz) Spectrum emission bandwidth
limit! (dBm)
1.4MHz
1559= f < 1605 -50 700 Hz Averaged over any 2

millisecond active
transmission interval

1605= f< 1610 -50 + 24/5 (f-1605) 700Hz
1559 =< f =< 1605 -40 1MHz Averaged over any 2
millisecond active
transmission interval
1605= f< 1610 -40 + 24/5 (-1605) 1MHz

NOTE:  The EIRP requirement in regulation is converted to conducted requirement using
a 0 dBi antenna.

6.5A.4.4.3 Minimum requirement (network signalled value "NS_24N")

When "NS_24N" isindicated in the cell, the power of any UE emission shall not exceed the levels specified in Table
6.5A.4.4.3-1.

Table 6.5A.4.4.3-1: Additional requirements for "NS_24N"

Frequency band Channel bandwidth / Measurement
(MHz) Spectrum emission limit bandwidth
(dBm)
1.4MHz
Band 34 -50 MHz

NOTE 1: This requirement applies at a frequency offset equal or larger than 5 MHz from
the upper edge of the channel bandwidth, whenever these frequencies overlap
with the specified frequency band 256.

6.5A.4.4.4 Minimum requirement (network signalled value "NS_03N")

When "NS_03N" isindicated in the cell, the power of any UE emission shall not exceed the levels specified in Table
6.5A.4.4.4-1 where BWchannel equalsto 1.4MHz. This requirement also applies for the frequency ranges that are less
than Foos (MHZ) in Table 6.5A.4.2-1 from the edge of the channel bandwidth.
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Table 6.5.4.4.4-1: Additional out-of-band requirements for "NS_03N"

Frequency band Channel bandwidth / | Measurement NOTE
(MHz) Spectrum emission bandwidth
limit! (dBm)
BWchannel
1559 = f < 1605 -50 700 Hz Discreet emissions
1605 < f=< 1610 -50 + 60/5 (f-1605) 700 Hz averaged over any 2
millisecond active
transmission interval
1559 = f =< 1605 -40 1MHz Averaged over any 2
1605 <f=<1610 -40 + 60/5 (f-1605) 1MHz millisecond active
transmission interval
NOTE:  The EIRP requirement in regulation is converted to conducted requirement using
a 0dBi antenna.

Minimum requirement (network signalled value "NS_04N", "NS_05N", "NS_11N"
and "NS_12N")

When "NS_04N" or "NS_05N" or "NS_11N" or "NS_12N" isindicated in the cell, the power of any UE emission shall
not exceed the levels specified in Table 6.5A.4.4.5-1 where BWchannel equalsto 1.4AMHz. This requirement also
appliesfor the frequency ranges that are less than Foog (MHZ) in Table 6.5A.4.2-1 from the edge of the channel
bandwidth.

6.5A.4.4.5

Table 6.5A.4.4.5-1: Additional out-of-band requirements for "NS_04N", "NS_O05N", "NS_11N" and

"NS_12N"
Frequency band Channel bandwidth / | Measurement | Measurement method
(MHz) Spectrum emission bandwidth
limit! (dBm)
BWchannel
1559 < f< 1605 -40 1MHz Average (note 2)
1605 < f < 1610 -40 + 60/5 (f-1605) 1MHz
1628.5 < f<1631.5 -30 30kHz
1631.5 <f=<1636.5 -30 100kHz Average
1636.5 < f<1646.5 -30 300kHz
1646.5 < f < 1666.5 -30 1MHz
1666.5 < f < 2200 -30 3MHz
NOTE 1: The EIRP requirement in regulation is converted to conducted requirement using
a 0dBi antenna.
NOTE 2: In the sub-band 1573.42MHz to 1580.42 MHz the average measurement time is
20ms.
6.5A.4.4.6 Void
6.5A.4.4.7 Minimum requirement (network signalled value "NS_06N")

When "NS_06" isindicated in the cell, the power of any UE emission shall not exceed the levels specified in Table

6.5A.4.4.7-1.

Table 6.5A.4.4.7-1: Additional requirements for "NS_06"

Frequency range Channel bandwidth / | Measurement NOTE
(MHz) Spectrum emission bandwidth
limit (dBm)
1.4MHz
1559 < f< 1610 -50 700 Hz Averaged over any 2
1559 < f< 1610 -40 1MHz millisecond active
transmission interval
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6.5A.4.4.8 Minimum requirement (network signalled value "NS_07N")

When "NS_07N" isindicated in the cell, the power of any UE emission shall not exceed the levels specified in Table
6.5A.4.4.8-1.

Table 6.5A.4.4.8-1: Additional requirements for "NS_07N"

Frequency range Channel bandwidth / | Measurement NOTE
(MHz) Spectrum emission bandwidth
limit (dBm)
1.4MHz

1559 < f< 1610 -50 700 Hz Averaged over any 2

1559 < f< 1610 -40 1MHz millisecond active
transmission interval

1930 = f <1995 -40 1MHz

6.5A.4.4.9 Minimum requirement (network signalled value "NS_08N")

When "NS_08N" isindicated in the cell, the power of any UE emission shall not exceed the levels specified in Table
6.5A.4.4.9-1.

Table 6.5A.4.4.9-1: Additional requirements for "NS_O8N"

Frequency range Channel bandwidth / | Measurement NOTE
(MHz) Spectrum emission bandwidth
limit (dBm)
1.4AMHz

1559 < f< 1610 -50 700 Hz Averaged over any 2

1559 <f< 1610 -40 1MHz millisecond active
transmission interval

1930 < <1995 -30 1MHz

6.5B  Output RF spectrum emissions for category NB1 and NB2

6.5B.1 General
The definitions in clause 6.5 shall apply.

6.5B.2 Occupied bandwidth for category NB1 and NB2

For category NB1 and NB2 UE, the requirementsin clause 6.6.1F of TS 36.101 [7] shall apply.
6.5B.3 Out of band emission for category NB1 and NB2

6.5B.3.1 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.

6.5B.3.2 Spectrum emission mask

The spectrum emission mask of the category NB1 and NB2 UE applies to frequencies (Afoos) starting from the + edge
of the assigned category NB1 or NB2 channel bandwidth. For frequencies greater than (Afoog) as specified in Table
6.5B.3.2-1 the spurious requirementsin subclause 6.5B.4 are applicable.

The power of any category NB1 or NB2 UE emission shall not exceed the levels specified in Table 6.5B.3.2-1. The
spectrum emission limit between each Afoog islinearly interpolated.
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NOTEL: Asagenera rule, the resolution bandwidth of the measuring equipment should be equal to the
measurement bandwidth. However, to improve measurement accuracy, sensitivity and efficiency, the
resol ution bandwidth may be smaller than the measurement bandwidth. When the resol ution 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.

[NOTE2:

6.5B.3.3

6.5B.3.3.1

When "NS_02N", “NS _06N”, “NS_07N” or “NS_08N" isindicated in the cell, the power of any UE emission shall not

Table 6.5B.3.2-1: Category NB1 and NB2 UE spectrum emission mask
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Afoos (kHz) Emission Measurement
limit (dBm) bandwidth
0 26 30 kHz
+100 -5 30 kHz
+ 150 -8 30 kHz
+ 300 -29 30 kHz
+ 500-1700 -35 30 kHz

Requirements for network signalling value "NS_02N”", “NS_06N”", “NS_07N" and

“NS_08N”

exceed the levels specified in Table 6.5B.3.3.1-1.

Table 6.5B.3.3.1-1: Additional requirements for "NS_02N", “NS_06N", “NS_07N” and “NS_08N”"

NOTE:

6.5B.3.3.2

When "NS_03N" isindicated in the cell, the power of any UE emission shall not exceed the levels specified in Table

6.5B.3.3.2-1.

When the UE is operating in an NGSO deployment, to support coexistence, it is assumed that a
guardband at least equivalent to the maximum doppler shift expected for the NGSO constellation between
the channel edge of the channel bandwidth operated by the UE and the spectrum block edge has been
accounted for as part of system deployment configuration by the operator.]

Additional Spectrum Emission Mask for category NB1 and NB2

Afoos
(MHz)

Spectrum Emission Limit
(dBm)

Measurement
bandwidth

+0.09-0.28

6 for PC1
1 for PC2
-2 for PC3
-5 for PC5

4 kHz

+0.28-0.85

-4 for PC1
-9 for PC2
-12 for PC3
-15 for PC5

4 kHz

+>0.85

-13 for PC1, PC2, PC3 and
PC5

4 kHz

Afoos = 0.09 MHz corresponds to an authorized bandwidth, as defined in C63.26-2015 [10], of 0.38

Requirements for network signalling value "NS_0O3N"
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Table 6.5B.3.3.2-1: Additional requirements for "NS_03N"

Afoos Spectrum Emission Limit Measurement
(MHz) (dBm) bandwidth
+0.09-0.28 -2 for PC3 4 kHz
-5 for PC5
+0.28-0.85 -12 for PC3 4 kHz
-15 for PC5
+0.85-1.7 -13 for PC3 and PC5 4 kHz

NOTE: Afoos = 0.09 MHz corresponds to an authorized bandwidth, as defined in C63.26-2015 [10], of 0.38

MHz.

6.5B.3.3.3 Requirements for network signalling value "NS_04N" and "NS_11N"

As specified in 6.5A.3.3.2.

6.5B.3.3.4 Requirements for network signalling value “NS_05N" and "NS_12N"

As specified in 6.5A.3.3.3.

6.5B.3.4 Adjacent Channel Leakage Ratio for category NB1 and NB2

Adjacent Channel Leakage power Ratio isthe ratio of the filtered mean power centred on the assigned channel
frequency to the filtered mean power centred on an adjacent channel frequency. The assigned category NBlor NB2
channel power and adjacent channel power are measured with filters and measurement bandwidths specified in

Table 6.5B.3.4-1. If the measured adjacent channel power is greater than -50dBm then the category NB1 or NB2 UE
ACLR shall be higher than the value specified in Table 6.5B.3.4-1. UTRAacLr requirement is intended for protection of

UTRA and E-UTRA systems.

Table 6.5B.3.4-1: Category NB1 and NB2 UE ACLR requirements

UTRAACLR

ACLR

37dB

Adjacent channel
center frequency offset
from category NB1 or

NB2 Channel edge

+2.5 MHz

Adjacent channel
measurement bandwidth

3.84 MHz

Measurement filter

RRC-filter
a=0.22

Category NB1 and NB2
channel measurement
bandwidth

180 kHz

Category NB1 and NB2
channel Measurement
filter

Rectangular
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6.5B.4 Spurious emission for category NB1 and NB2

6.5B.4.1 General

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 requirementsinline with SM.329
[9] and E-UTRA operating band requirement to address UE co-existence.

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.

6.5B.4.2 Minimum requirements

When UE is configured for category NB1 or NB2 uplink transmissions the requirementsin subclause 6.5A.4.2 apply
with an exception that boundary between category NB1 or NB2 out of band and spurious emission domain shall be
Foos = 1.7 MHz.

6.5B.4.3 Spurious emission band UE co-existence

The spurious emission band UE coexistence reguirement in sub-clause 6.5A.4.3 is also applicable for NB1 and NB2
UE.

6.5B.4.4 Additional spurious emissions

6.5B.4.4.1 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. The value used in I1E

Additional SpectrumEmission only includes the digits of the NS-value, e.g., 2 for NS_02N.

NOTE: Inaddition to the requirements below, additional UE region-specific emissions requirements for European
are expected to be added once more information becomes available.

6.5B.4.4.2 Minimum requirement (network signalled value "NS_02N")

When "NS_02N" isindicated in the cell, the power of any UE spurious emission shall not exceed the levels specified in
Table 6.5B.4.4.2-1. Thisrequirement also applies for the frequency ranges that are less than Foos (MHZ) specified in
6.5B.4.2 from the edge of the channel bandwidth.

Table 6.5B.4.4.2-1: Additional requirements for "NS_02N"

Frequency band Channel bandwidth / | Measurement NOTE
(MHz) Spectrum emission bandwidth
limit! (dBm)
200kHz
1559= f < 1605 -50 700 Hz Averaged over any 2

millisecond active
transmission interval

1605= f< 1610 -50 + 24/5 (f-1605) 700Hz
1559 =< f =< 1605 -40 1MHz Averaged over any 2
millisecond active
transmission interval
1605= f< 1610 -40 + 24/5 (-1605) 1MHz

NOTE:  The EIRP requirement in regulation is converted to conducted requirement using
a 0 dBi antenna.
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6.5B.4.4.3 Minimum requirement (network signalled value "NS_24N")

When "NS_24N" isindicated in the cell, the power of any UE emission shall not exceed the levels specified in Table
6.5B.4.4.3-1.

Table 6.5B.4.4.3-1: Additional requirements for "NS_24N"

Frequency band Channel bandwidth / Measurement
(MHz) Spectrum emission limit bandwidth
(dBm)
200kHz
Band 34 -50 MHz

NOTE 1: This requirement applies at a frequency offset equal or larger than 5 MHz from
the upper edge of the channel bandwidth, whenever these frequencies overlap
with the specified frequency band 256.

6.5B.4.4.4 Minimum requirement (network signalled value "NS_03N")

When "NS_03N" isindicated in the cell, the power of any UE emission shall not exceed the levels specified in Table
6.5A.4.4.4-1 where BWchannel is replaced with 200 kHz, and Foos (MHZ) isreplaced with 1.7MHz.

6.5B.4.4.5 Minimum requirement (network signalled value "NS_04N", "NS_05N", "NS_11N"
and "NS_12N")

When "NS_04N" or "NS_05N" or "NS_11N" or "NS_12N" isindicated in the cell, the power of any UE emission shall

not exceed the levels specified in Table 6.5A.4.4.5-1 where BWchannel is replaced with 200 kHz, and Foos (MHZ) is
replaced with 1.7MHz.

6.5B.4.4.6 Void

6.5B.4.4.7 Minimum requirement (network signalled value "NS_O6N")

When "NS_06N" isindicated in the cell, the power of any UE emission shall not exceed the levels specified in Table
6.5B.4.4.7-1.

Table 6.5B.4.4.7-1: Additional requirements for "NS_O6N"

Frequency range Channel bandwidth / | Measurement NOTE
(MHz) Spectrum emission bandwidth
limit (dBm)
200kHz
1559 < f< 1610 -50 700 Hz Averaged over any 2
1559 < f< 1610 -40 1MHz millisecond active
transmission interval

6.5B.4.4.8 Minimum requirement (network signalled value "NS_07N")

When "NS_07N" isindicated in the cell, the power of any UE emission shall not exceed the levels specified in Table
6.5B.4.4.8-1.

Table 6.5B.4.4.8-1: Additional requirements for "NS_07N"

Frequency range Channel bandwidth / | Measurement NOTE
(MHz) Spectrum emission bandwidth
limit (dBm)
200kHz
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1559 < f< 1610 -50 700 Hz Averaged over any 2
1559 < f< 1610 -40 1MHz millisecond active
transmission interval
1930 < <1995 -40 1MHz Frequency range

covers DL of B2/n2 and
B25/n25

6.5B.4.4.9

When "NS_08N" isindicated in the cell, the power of any UE emission shall not exceed the levels specified in Table

6.5B.4.4.9-1.

Minimum requirement (network signalled value "NS_08N")

Table 6.5B.4.4.9-1: Additional requirements for "NS_O8N"

Frequency range Channel bandwidth / | Measurement NOTE
(MHz) Spectrum emission bandwidth
limit (dBm)
200kHz

1559 =f< 1610 -50 700 Hz Averaged over any 2

1559 =f< 1610 -40 1MHz millisecond active
transmission interval

1930 = f <1995 -30 1MHz Frequency range

covers DL of B2/n2 and
B25/n25

6.6

This clauseis reserved.

Transmit intermodulation

6.6A  Transmit intermodulation for category M1

For category M1 UE, Tx intermodulation requirements are not applicable.

6.6B

Transmit intermodulation for category NB1 and NB2

For category NB1 and NB2 UE, the Tx intermodulation requirementsin clause 6.7.1F of TS 36.101 [7] shall apply.

7 Receiver characteristics

7.1 General

The requirementsin clause 7.1 of TS 36.101 [7] shall apply.

All requirements in this section are applicable to devices supporting GSO and/or NGSO satellites.

All RX requirements are verified with default TX-RX frequency separation specified in Table 5.4A.3-1. Additional TX-

RX freguency separations specified in clauses 7.3A and 7.3B do not apply to other requirements.

7.2

Diversity characteristics

The requirements in clause 7 assume that the receiver is equipped with single Rx port.
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7.3 Reference sensitivity power level

This clauseis reserved.

7.3A  Reference sensitivity power level for UE category M1

The reference sensitivity power level REFSENS is the minimum mean power applied to the single antenna port for UE
category M1, at which the throughput shall meet or exceed the requirements for the specified reference measurement
channel.

The throughput for the REFSENS test is measured based on the Transmission Mode 1 unless specified otherwise.

The throughput shall be > 95% of the maximum throughput of the reference measurement channels as specified in
Annexes A.2.2 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in
Annex A.5.1.1) with parameters specified in Table 7.3A-1 and Table 7.3A-2 for category M 1.

Table 7.3A-1: Reference sensitivity for FDD UE category M1 QPSK Prersens

NTN Band REFSENS (dBm) Duplex Mode
256 -102.2 FDD
255 -102.7 FDD
254 -102.2 FDD
253 -102.7 FDD
252 -102.2 FDD
NOTE 1: The transmitter shall be set to Pumax as defined in subclause 6.2.5- in TS 36.101 [7].

Table 7.3A-2: Reference sensitivity for HD-FDD UE category M1 QPSK Prersens

NTN Band REFSENS (dBm) Duplex Mode
256 -103 HD-FDD
255 -103.5 HD-FDD
254 -103.1 HD-FDD
253 -103.5 HD-FDD
252 -103 HD-FDD
NOTE 1: The transmitter shall be set to Pumax as defined in subclause 6.2.5 in TS 36.101 [7].

For power class 2 FDD UE category M1, certain degradation of the reference sensitivity in Table 7.3A-1 is allowed.
The maximum amount of degradation is specified in Table 7.3A-2a.

Table 7.3A-2a Reference Sensitivity Degradation from PC3 to PC2 for FDD UE category M1

NTN Band Reference Sensitivity Degradation (dB) Duplex Mode
256 0.5 FDD
255 1 FDD
254 0 FDD

The reference sensitivity (REFSENS) requirement specified in Table 7.3A-1, Table 7.3A-2 and 7.3A-2a shall be met for
an uplink transmission bandwidth less than or equal to that specified in Table 7.3A-3 and with default TX-RX carrier
center frequency separation except for cases specified in Table 7.3A-4.
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NOTE: Table7.3A-3isintended for conformance tests and does not necessarily reflect the operational conditions
of the network, where the number of uplink and downlink allocated resource blocks will be practically
constrained by other factors. Typical receiver sensitivity performance with HARQ retransmission enabled
and using aresidual BLER metric relevant for e.g. Speech Servicesis given in the Annex [G]
(informative).

Table 7.3A-3: FDD UE category M1 Uplink configuration for reference sensitivity

E-UTRA Band Nre Duplex Mode
256 6! FDD and HD-FDD
255 6! FDD and HD-FDD
254 6! FDD and HD-FDD
253 6! FDD and HD-FDD
252 6! FDD and HD-FDD

NOTE 1: ! refers to the UL resource blocks shall be located as close
as possible to the downlink operating band but confined
within the transmission bandwidth configuration for the
channel bandwidth (Table 5.3A-1).

Table 7.3A-4: TX — RX carrier centre frequency separation for REFSENS verification

E-UTRA Channel bandwidth | TX — RX carrier centre frequency separation for REFSENS verification
Operating Band
256 1.4 MHz 161.4 MHz, 218.6 MHz
255 1.4 MHz -68.9 MHz, -134.1 MHz
254 1.4 MHz 858.4 MHz, 888.6 MHz
253 1.4 MHz -144.4 MHz, -155.6 MHz
252 1.4 MHz 161.4 MHz, 198.6 MHz

7.3B  Reference sensitivity power level for UE category NB1 and
NB2

The reference sensitivity power level REFSENS is the minimum mean power applied to the single antenna port for UE
category NB1 and category NB2, at which the throughput shall meet or exceed the requirements for the specified
reference measurement channel.

The throughput for the REFSENS test is measured based on the Transmission Mode 1 unless specified otherwise.

The category NB1 and NB2 UE throughput shall be> 95% of the maximum throughput of the reference measurement
channel as specified in TS 36.101 [7] Annex A.3.2 with received signal level as specified in Table 7.3B-1. Requirement
in Table 7.3B-1 applies for any uplink configuration and with default TX-RX carrier center frequency separation except
for cases specified in Table 7.3B-2.

Table 7.3B-1: Reference sensitivity for UE category NB1 and NB2

. REFSENS
Operating band [dBm]
According to subclause 5.2B -108.2
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Table 7.3B-2: TX — RX carrier centre frequency separation for REFSENS verification

E-UTRA Channel bandwidth | TX — RX carrier centre frequency separation for REFSENS verification
Operating Band
256 0.2 MHz 160.2 MHz, 219.8 MHz
255 0.2 MHz -67.7 MHz, -135.3 MHz
254 0.2 MHz 857.2 MHz, 889.8 MHz
253 0.2 MHz -143.2 MHz, -156.8 MHz
252 0.2 MHz 160.2 MHz, 199.8 MHz

7.3C  Minimum requirements for BOG

The throughput shall be > 95% of the maximum throughput as represented by a reported BLER of <5% for the reference
measurement channels as specified in Annexes A.1.3 with parameters specified in Table 7.3C.

Table 7.3C: Reference sensitivity for BOG

Operating PMCH bandwidth
Band 10 MHz Duplex Mode
(dBm)
246 -97 SDO

NOTE1: The signal power is specified per port

7.4 Maximum input level

This clause is reserved.

7.4A  Maximum input level for category M1

Thisis defined as the maximum mean power received at the UE antenna port, at which the specified relative throughput
shall meet or exceed the minimum requirements for the specified reference measurement channel.

The throughput shall be > 95% of the maximum throughput of the reference measurement channels as specified in TS
36.101 [7] Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD as described in TS
36.101 [7] Annex A.5.1.1) with parameters specified in Table 7.4A-1.

Table 7.4A-1: Maximum input level

Rx Parameter Units Channel bandwidth
1.4
MHz

Power in Transmission 5

Bandwidth Configuration dBm 40

NOTE 1: The transmitter shall be set to 4dB below Pcvax_L at the minimum uplink
configuration specified in Table 7.3A-3 with Pcmax_ as defined in subclause
6.2.5 of TS 36.101 [7].

NOTE 2: Reference measurement channel is TS 36.101 [7] Annex A.3.2: 64QAM, R=3/4
variant with one sided dynamic OCNG Pattern OP.1 FDD as described in
Annex A.5.1.1 of TS 36.101 [7].

7.4B  Maximum input level for category NB1 and NB2

Thisis defined as the maximum mean power received at the UE antenna port, at which the specified relative throughput
shall meet or exceed the minimum requirements for the specified reference measurement channel.

Category NB1 and NB2 UE maximum input level requirement is-40 dBm. For thisinput level the throughput shall be>
95% of the maximum throughput of the reference measurement channel as specified in Annex A.3.2 of TS 36.101 [7].
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7.4C  Maximum input level for BOG

Thisis defined as the maximum mean power received at the UE antenna port, at which the specified relative throughput
shall meet or exceed the minimum requirements for the specified reference measurement channel.

The throughput shall be > 95% of the maximum throughput as represented by a reported BLER of <5% for the
reference measurement channels as specified in Annexes A.1.3 with parameters specified in Table 7.4C -1.

Table 7.4C-1: Maximum input level for BOG

Rx Parameter Units PMCH bandwidth
10 MHz

Power in Transmission dBm -40

Bandwidth Configuration

NOTE: Reference measurement channel is Annex A.1.3 16QAM, R=1/2
variant

7.5 Adjacent Channel Selectivity (ACS)

This clause is reserved.

7.5A  Adjacent Channel Selectivity for category M1

Adjacent Channel Selectivity (ACS) is ameasure of areceiver's ability to receive a E-UTRA 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. ACS istheratio of the receive filter attenuation on the assigned channel frequency to the receive
filter attenuation on the adjacent channel(s).

The UE shall fulfil the minimum requirement specified in Table 7.5A-1 for al values of an adjacent channel interferer
up to —40 dBm. However it is not possible to directly measure the ACS, instead the lower and upper range of test
parameters are chosen in Table 7.5A-2 and Table 7.5A-3 where the throughput shall be > 95% of the maximum
throughput of the reference measurement channels as specified in TS 36.101 [7] Annexes A.2.2, A.2.3 and A.3.2 (with
one sided dynamic OCNG Pattern OP.1 FDD for the DL-signal as described in TS 36.101 [7] Annex A.5.1.1). For
operating bands with an unpaired DL part (as noted in Table 5.5-1), the requirements only apply for carriers assigned in
the paired part.

Table 7.5A-1: Adjacent channel selectivity

Channel bandwidth
Rx Parameter Units 14
MHz
ACS dB 33.0
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Table 7.5A-2: Test parameters for Adjacent channel selectivity, Case 1

Rx Parameter Units

Channel bandwidth

1.4 MHz

Power in dBm
Transmission
Bandwidth

Configuration

REFSENS + 14 dB

dBm REFSENS +45.5dB

Pinterferer

BWinterferer MHz 1.4

Finterterer (Offset) MHz 1.4+0.0025
/

-1.4-0.0025

NOTE 1:
7.3A-3 with Pcvax_L as defined in subclause 6.2.5 of TS 36.101 [7].

NOTE 2: The interferer consists of the Reference measurement channel specified

C.3.1.

NOTE 3:
REFSENS for the power in Transmission Bandwidth Configuration.

NOTE 4:

The transmitter shall be set to 4dB below Pcmax_t at the minimum uplink configuration specified in Table

one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.
For DL category M1 UE, the reference sensitivity for category M1 in table 7.3A-1 should be used as

For DL category M1 UE, the parameters for the applicable channel bandwidth apply.

in TS 36.101 [7] Annex A.3.2 with
1.1 and set-up according to Annex

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

Rx Parameter Units Channel bandwidth
1.4 MHz
Power in
Transmission
Bandwidth dBm 715
Configuration
Pinterferer dBm -40
BW interferer MHz 1.4
Finterferer (Offset) MHz 1.4+0.0025
/
-1.4-0.0025
NOTE 1: The transmitter shall be set to 24dB below Pcmax_L at the minimum uplink configuration specified in Table
7.3A-3 with Pcvax_L as defined in subclause 6.2.5 of TS 36.101 [7].
NOTE 2: The interferer consists of the Reference measurement channel specified in TS 36.101 [7] Annex A.3.2 with
one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1 and set-up according to Annex
C.3.1.
7.5B  Adjacent Channel Selectivity for category NB1 and NB2

Adjacent Channel Selectivity (ACS) isameasure of areceiver's ability to receive a E-UTRA signa 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. ACS istheratio of the receive filter attenuation on the assigned channel frequency to the receive

filter attenuation on the adjacent channel(s).

Category NB1 and NB2 UE shall fulfil the minimum requirement specified in Table 7.5B-1 for all values of an adjacent
channel interferer up to -40 dBm. However, it is not possible to directly measure the ACS, instead the lower and upper
range of test parameters are chosen in Table 7.5B-1 where the throughput shall be > 95% of the maxi mum throughput

of the reference measurement channel as specified in TS 36.101 [7] Annex A.3.2.
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Table 7.5B-1: Adjacent channel selectivity parameters for category NB1 and NB2

ACS1 test Parameters

Interferer GSM (GMsSK) | E-UTRA
Category NB1 or NB2 signal power
(Puanted) / dBM REFSENS + 14 dB
Interferer signal power
(Plnterferer) / dBm

REFSENS + 42 dB | REFSENS + 47 dB

Interferer bandwidth 200 kHz 5 MHz

Interferer offset from category NB1 or NB2 channel edge +200 kHz +2.5 MHz
ACS2 test Parameters
Interferer GSM (GMSK) E-UTRA
Category NB1 or NB2 signal power i i
(Pwanted) / dBm 68 dBm 73 dBm
Interferer signal power
(Plnterferer) / dBm 40 dBm

Interferer bandwidth 200 kHz 5 MHz

Interferer offset from category NB1 or NB2 channel edge +200 kHz +2.5 MHz

7.5C  Adjacent Channel Selectivity for BOG

Adjacent Channel Selectivity (ACS) isameasure of areceiver's ability to receive a E-UTRA signa 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. ACS is theratio of the receive filter attenuation on the assigned channel frequency to the receive
filter attenuation on the adjacent channel (s).

The UE shall fulfil the minimum requirement specified in Table 7.5C -1 for al values of an adjacent channel interferer
up to -40 dBm. However, it is not possible to directly measure the ACS, instead the lower and upper range of test
parameters are chosen in Table 7.5C-2 and Table 7.5C-3 where the throughput shall be > 95% of the maximum
throughput as represented by a reported BLER of <5% for the reference measurement channels as specified in Annex
A.13.

Table 7.5C-1: Adjacent channel selectivity for BOG

Rx Parameter Units PMCH bandwidth
10 MHz
ACS dB 33

NOTE: Values in this table apply only to UE implementations that
relies on digital filtering according to the configured
broadcast channel bandwidth

Table 7.5C-2: Test parameters for Adjacent channel selectivity for BOG, Case 1

Rx Parameter Units PMCH bandwidth
10 MHz

Power in dBm

Transmission

Bandwidth REFSENS + 14 dB

Configuration

Pinterferer dBm REFSENS +45.5dB

BW nterferer MHz 5

Finterferer (Offset) MHz 7.5+0.0075

/
-7.5-0.0075
NOTE: The interferer consists of the Reference measurement channel
specified in Annex A.1.3.
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Table 7.5C-3: Test parameters for Adjacent channel selectivity for BOG, Case 2

Rx Parameter Units PMCH bandwidth
10 MHz
Power in
Transmission
Bandwidth dBm 535
Configuration
Pinterferer dBm -40
BW nterferer MHz 5
Finterferer (Offset) MHz 7.5+0.0075
/

-7.5-0.0075

NOTE: The interferer consists of the Reference measurement channel
specified in Annex A.1.3.

7.6 Blocking characteristics
This clause isreserved.

Editor’s note: the additional blocking requirements for band 253 will be introduced following further feedback from
ETSI and additional studies.

7.6A  Blocking characteristics for category M1

7.6A.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
specified limit. The blocking performance shall apply at all frequencies except those at which a spurious response
occurs.

7.6A.2 In-band blocking requirements for category M1

In-band blocking is defined for an unwanted interfering signal falling into the UE receive band or into the first 15 MHz
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 TS
36.101 [7] Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD for the DL-signal as
described in TS 36.101 [7] Annex A.5.1.1) with parameters specified in Tables 7.6A.2-1 and 7.6A.2-2. For operating
bands with an unpaired DL part (as noted in Table 5.2A-1), the requirements only apply for carriers assigned in the
paired part.
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Table 7.6A.2-1: In band blocking parameters

Rx parameter Units Channel bandwidth
1.4 MHz
Power in REFSENS + channel bandwidth specific value below
Transmission dBm
Bandwidth 6
Configuration
BW interferer MHz 1.4
Fioffset, case 1 MHz 2.1+0.0125
Fioffset, case 2 MHz 3.5+0.0075

NOTE 1: The transmitter shall be set to 4dB below Pcmax_t at the minimum uplink configuration specified
in Table 7.3A-3 with Pcvax_L as defined in subclause 6.2.5 of TS 36.101 [7].

NOTE 2: The interferer consists of the Reference measurement channel specified in TS 36.101 [7]
Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1
and set-up according to Annex C.3.1.

NOTE 3: For DL category M1 UE, the reference sensitivity for category M1 in table 7.3A-1 should be
used as REFSENS for the power in Transmission Bandwidth Configuration.

NOTE 4: For DL category M1 UE, the parameters for the applicable channel bandwidth apply.

Table 7.6A.2-2: In-band blocking

E-UTRA Parameter | Unit Case 1 Case 2
band Pinterferer dBm -56 -44
Finterferer =-BW/2 — Fioffset,case 1 <-BW/2 — Fioffset,case 2
(offset) MHz & &
=+BW/2 + Fioffset,case 1 2+BW/2 + Fioffset,case 2
256, 255, FoL_low— 15
254, 253, Finterferer MHz (NOTE 2) to
252 FoL_high + 15

NOTE 1: For certain bands, the unwanted modulated interfering signal may not fall inside the UE receive band,
but within the first 15 MHz below or above the UE receive band
NOTE 2: For each carrier frequency the requirement is valid for two frequencies:
a. the carrier frequency -BW/2 - Fioffset, case 1 and
b. the carrier frequency +BW/2 + Fioffset, case 1
NOTE 3: Finterferer range values for unwanted modulated interfering signal are interferer center frequencies

7.6A.3 Out-of-band blocking requirements for category M1

Out-of-band band blocking is defined for an unwanted CW interfering signal falling more than 15 MHz below or above
the UE receive band. For the first 15 MHz below or above the UE receive band the appropriate in-band blocking or
adjacent channel selectivity in subclause 7.5A and subclause 7.6A.2 shall be applied.

The throughput shall be > 95% of the maximum throughput of the reference measurement channels as specified in TS
36.101 [7] Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD for the DL-signal as
described in TS 36.101 [ 7] Annex A.5.1.1) with parameters specified in Tables 7.6A.3-1 and 7.6A.3-2.

Table 7.6A.3-1: Out-of-band blocking parameters for category M1 UE

; Channel bandwidth
RX parameter Units b
1.4
Power in
transmission
bandwidth dBm REFSENS + 6 dB
configuration

NOTE 1: The transmitter shall be set to 4dB below
Pcmax_ at the minimum uplink configuration
specified in Table 7.3.1-2 in TS 36.101 [7]
with Pcmax_L as defined in subclause 6.2.5.
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Table 7.6A.3-2: Out of-band blocking for category M1 UE

Operating Parameter Unit Range 1 Range 2 Range 3
Band
Pinterferer dBm -44 -30 -15
253, 2542 Finterferer (C\W) MHz -60 < f—FpL jow<-15 | -85 < f—FpL_jow =< -60 1=<f<FpLiow—85
255 or or or
15 <f—FpL high <60 | 60 =f—FpL high < 85 FoL_nigh + 85 = f
< 12750
256 Finterferer (CW) MHz -100<f- FoL_low < - -145<f - FoL_low = - 1=sfs FoL_low — 145
15 100 or
or or FoL_nigh + 85 = f
15 < f— FpL high < 60 60 =< f — FpL nigh < 85 < 12750
252 Finterferer (CW) MHz -110 <f—FoL jow < - -155 < f— FpL_iow = - 1<f<FpLiow—155
15 110 or
or or FoL_nigh + 85 = f
15 <f—FpLhigh <60 | 60 =f—FpL high <85 < 12750
NOTE 1: Void.
NOTE 2: The power level of the interferer (Pintererer) for Range 3 shall be modified to -20 dBm for Finterferer > 2585
MHz and Finterferer < 2775 MHz.

For Table 7.6A.3-2 in frequency range 1, 2 and 3, up to max (24, 6- |_N w | 6—|) exceptions are allowed for spurious

response frequencies in each assigned frequency channel when measured using a IMHz step size, where N; isthe

number of resource blocks in the downlink transmission bandwidth configuration. For these exceptions the
requirements of subclause 7.7A spurious response are applicable.

7.6A.4 Narrow band blocking for category M1

Thisrequirement is measure of areceiver's ability to receive a E-UTRA signal at its assigned channel frequency in the
presence of an unwanted narrow band CW interferer at a frequency, which isless than the nominal channel spacing.

The relative throughput shall be > 95% of the maximum throughput of the reference measurement channels as specified
in TS 36.101 [7] Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD for the DL-signal
asdescribed in TS 36.101 [ 7] Annex A.5.1.1) with parameters specified in Table 7.6A.4-1. For operating bands with an
unpaired DL part (as noted in Table 5.2-1), the requirements only apply for carriers assigned in the paired part.

Table 7.6A.4-1: Narrow-band blocking

Channel Bandwidth

Parameter Unit 14 MHz
Py, dBm PRreFsens + channel-bandzv;idth specific value below
Puw (CW) dBm -55
Fuw (offset for
Af = 15 kH2) MHz 0.9075
Fuw (offset for
Af = 7.5 kHz) MHz

NOTE 1: The transmitter shall be set a 4 dB below Pcmax_L at the minimum uplink configuration
specified in Table 7.3A-3 with Pcmwax_L as defined in subclause 6.2.5 of TS 36.101 [7].

NOTE 2: Reference measurement channel is specified in TS 36.101 [7] Annex A.3.2 with one sided
dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1 of TS 36.101 [7].

NOTE 3: For DL category M1 UE, the reference sensitivity for category M1 in table 7.3A-1 should be
used as Prersens for Pw.

NOTE 4: For DL category M1 UE, the parameters for the applicable channel bandwidth apply.

NOTE 5: For DL category M1 UE, the parameter, Py, for all the channel bandwidth will be Prersens
+22 dBm.
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7.6B  Blocking characteristics for category NB1 and NB2

7.6B.1 General

The blocking characteristic is a measure of the receiver's ability to receive a wanted signa 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
specified limit. The blocking performance shall apply at all frequencies except those at which a spurious response
occurs.

7.6B.2 In-band blocking requirements for category NB1 and NB2

In-band blocking is defined for an unwanted interfering signal falling into the UE receive band or into the first 15 MHz
below or above the UE receive band at which the relative throughput shall meet or exceed the minimum requirement for
the specified measurement channels.

For category NB1 and NB2 UE, the requirementsin clause 7.6.1.1F of TS 36.101 [7] shall apply.

7.6B.3 Out-of-band blocking requirements for category NB1 and NB2

For the first 15 MHz below or above the UE receive band the appropriate in-band blocking or adjacent channel
selectivity in subclause 7.5B and subclause 7.6B.2 shall be applied.

The category NB1 and NB2 UE throughput shall be > 95% of the maximum throughput of the reference measurement
channels as specified in TS 36.101 [ 7] Annexes A.3.2 with parameters specified in Table 7.6B.3-1.

For Table 7.6B.3-1 in frequency range 1, 2 and 3, up to 24 exceptions are allowed for spurious response frequenciesin
each assigned frequency channel when measured using a IMHz step size. For these exceptions the requirements of
subclause 7.7B spurious response are applicable.

Table 7.6B.3-1: Out-of-band blocking parameters for category NB1 and NB2 UE

Operating Parameter Unit Range 1 | Range 2 | Range 3
Band Pw dBm REFSENS + 6 dB
Pinterferer dBm -44 -30 -153
249, 253, Finterferer (CW) MHz -60 < f—FpL jow<-15 | -85 < f— FpL_low < -60 1<f<FpLjow—85
2545 255 or or or
15 <f—FpLhigh <60 | 60 =f—FpL high < 85 FoL_nigh + 85 < f
< 12750
256 Finterferer (CW) MHz -100<f- FoL_low < - -145<f - FoL_low = - 1=sfs FoL_low — 145
15 100 or
or or FoL_nigh + 85 = f
15 < f— FpL high < 60 60 =< f — FpL high < 85 < 12750
252 Finterferer (CW) MHz -110 <f—FpL jow < - -155 <f—FoL jow = - 1<f<FpLiow—155
15 110 or
or or FoL_nigh + 85 = f
15 < f— FoL high < 60 60 < f — FpL high < 85 < 12750

NOTE 1: Void.

NOTE 2: Void.

NOTE 3: For operating bands which downlink band frequency range is between 1475.9 MHz < f < 2690 MHz
the power level of the interferer (Pinterterer) for Range 3 shall be modified to: -20 dBm for the frequency
range which is bounded by FoL_ow- 200 MHz of the lowest band that UE supports in frequency range
1475.9 MHz < f < 2690 MHz and FoL_nigh + 200 MHz of the highest band that UE supports in
frequency range 1475.9 MHz < f < 2690 MHz.”

NOTE 4: The power level of the interferer (Pinterterer) for Range 3 shall be modified to -20 dBm for Finterferer >
2800 MHz and Finterferer < 4400 MHz.

NOTE 5: The power level of the interferer (Pintererer) for Range 3 shall be modified to -20 dBm for Finterferer > 2585
MHz and Finterferer < 2775 MHz.
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7.6B.4 Narrow band blocking for category NB1 and NB2

For category NB1 and NB2 UE, thisis not applicable.

7.6C  Blocking characteristics for BOG

7.6C.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
specified limit. The blocking performance shall apply at all frequencies except those at which a spurious response
occurs.

7.6C.2 In-band blocking requirements for BOG

In-band blocking is defined for an unwanted interfering signal falling into the UE receive band or into the first 15 MHz
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.1.3 with parameters specified in Tables 7.6C.2-1 and 7.6C.2-2.

Table 7.6C.2-1: In band blocking parameters

Rx parameter Units PMCH bandwidth
10 MHz
Power in
gr;” dsvr\:i‘éstf]'on dBm REFSENS + 6
Configuration
BW interferer MHz 5
Fioffset, case 1 MHz 7.5+0.0025
Fioffset, case 2 MHz 12.5+0.0125
NOTE 1: The interferer consists of the Reference measurement
channel specified in Annex A.1.3.

Table 7.6C.2-2: In-band blocking

Operating | Parameter | Unit Case 1 Case 2
band Pinterferer dBm -56 -44
Flnterferer :-BW/Z - Floffset,case 1 S-BW/Z - Floffset,case 2
(offsety | MHZ & &
E+BW)/2 + Fioftset,case 1 |2+BW/2 + Fioffset,case 2
FDL_Iow— 15
246 Finterferer MHz (NOTE 2) to
FoL_nigh + 15

NOTE 1: For certain bands, the unwanted modulated interfering signal may not
fall inside the UE receive band, but within the first 15 MHz below or
above the UE receive band

NOTE 2: For each carrier frequency the requirement is valid for two
frequencies:

a. the carrier frequency -BW/2 - Fioffset, case 1 and
b. the carrier frequency +BW/2 + Fioffset, case 1

NOTE 3: Finterferer range values for unwanted modulated interfering signal are

interferer center frequencies
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7.6C.3 Out-of-band blocking requirements for BOG

Out-of-band band blocking is defined for an unwanted CW interfering signal falling more than 15 MHz below or above
the UE receive band. For the first 15 MHz below or above the UE receive band the appropriate in-band blocking or
adjacent channel selectivity in subclause 7.5C and subclause 7.6C.2 shall be applied.

The throughput shall be > 95% of the maximum throughput of the reference measurement channels as specified in
Annex A.1.3 with parameters specified in Tables 7.6C.3-1 and 7.6C.3-2.

Table 7.6C.3-1: Out-of-band blocking parameters

Rx Parameter Units PMCH bandwidth
10 MHz
Power in
g;]” ol dBm REFSENS + 6
Configuration
NOTE: Reference measurement channel is specified in Annex A.1.3.

Table 7.6C.3-2: Out of-band blocking

Operating Parameter Unit Range 1 | Range 2 | Range 3
Band Pw dBm REFSENS + 6 dB
Pinterferer dBm -44 -30 -15
246 Finterferer (CW) MHz 95 <f- FoL low <-15 95 <f- FpL_low < - 1=sf< FoL_low — 120
or 120 or
15 < f— FpL_high < 85 or FoL high + 110 < f
85 = f— FoL_high < 110 < 12750

For Table 7.6C.3-2 in frequency range 1, 2 and 3, up to max (24, 6- (N -y 61) exceptions are allowed for spurious

response frequencies in each assigned frequency channel when measured using a IMHz step size, where N, isthe

number of resource blocks in the downlink transmission bandwidth configuration. For these exceptions the
requirements of subclause 7.7C spurious response are applicable.

7.6C.4 Narrow band blocking for BOG

Narrow-band blocking requirements are not applicable to LTE based 5G broadcast over GSO satellite.

7.7 Spurious response

This clauseis reserved.

7.7A  Spurious response for category M1

Spurious response is a measure of the receiver's ability to receive a wanted signal on its assigned channel frequency
without exceeding a given degradation due to the presence of an unwanted CW interfering signal at any other frequency
at which aresponseis obtained i.e. for which the out of band blocking limit as specified in subclause 7.6A.2 is not met.

The throughput shall be > 95% of the maximum throughput of the reference measurement channels as specified in TS
36.101 [7] Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD for the DL-signal as
described in TS 36.101 [7] Annex A.5.1.1) with parameters specified in Tables 7.7A-1 and 7.7A-2.
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Table 7.7A-1: Spurious response parameters

Rx parameter Units Channel bandwidth
1.4 MHz
Power in REFSENS + channel bandwidth specific value below
Transmission dBm
Bandwidth 6
Configuration

NOTE 1: The transmitter shall be set to 4dB below Pcmax_t at the minimum uplink configuration specified
in Table 7.3A-3 with Pcmax_L as defined in subclause 6.2.5 of TS 36.101 [7].

N OTE 2: Reference measurement channel is specified in TS 36.101 [7] Annex A.3.2 with one sided
dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1 of TS 36.101 [7].

NOTE 3: The REFSENS power level is specified in Table 7.3A-1.

Table 7.7A-2: Spurious response

Parameter Unit Level
Plnterferer
(W) dBm -44
Finterferer MHz Spurious response frequencies

7.7B  Spurious response for category NB1 and NB2

Spurious response is a measure of the receiver's ability to receive a wanted signal on its assigned channel frequency
without exceeding a given degradation due to the presence of an unwanted CW interfering signal at any other frequency
at which aresponse is obtained i.e. for which the out of band blocking limit as specified in subclause 7.6B.3 is not met.

For category NB1 and NB2 UE, the minimum requirements in clause 7.7.1F of TS 36.101 [7] shall apply.

7.7C  Spurious response for BOG

Spurious response is a measure of the receiver's ability to receive a wanted signal on its assigned channel frequency
without exceeding a given degradation due to the presence of an unwanted CW interfering signal at any other frequency
at which aresponse is obtained i.e. for which the out of band blocking limit as specified in subclause 7.6C.2 is not met.

The throughput shall be > 95% of the maximum throughput of the reference measurement channels as specified in
Annex A.1.3 with parameters specified in Tables 7.7C-1 and 7.7C-2.

Table 7.7C-1: Spurious response parameters

Rx parameter Units Channel bandwidth
10 MHz
Power in REFSENS + channel bandwidth specific value below
Transmission dBm
Bandwidth 6
Configuration
NOTE: Reference measurement channel is specified in Annex A.1.3.

Table 7.7C-2: Spurious response

Parameter Unit Level
Plnterferer
(CW) dBm -44
Finterferer MHz Spurious response frequencies
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7.8 Intermodulation characteristics

Intermodulation response rejection is a measure of the capability of the receiver to receiver awanted signal on its
assigned channel frequency in the presence of two or more interfering signals which have a specific frequency
relationship to the wanted signal.

7.8A Intermodulation characteristics for category M1

The definition in clause 7.8 shall apply. The wide band intermodulation requirement is defined following the same
principles using modulated E-UTRA carrier and CW signal asinterferer.

The throughput shall be > 95% of the maximum throughput of the reference measurement channels as specified in TS
36.101 [7] Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD for the DL-signal as
described in TS 36.101 [7] Annex A.5.1.1) with parameters specified in Table 7.8A.1 for the specified wanted signal
mean power in the presence of two interfering signals.

Table 7.8A-1: Wide band intermodulation

Rx Parameter Units Channel bandwidth
1.4 MHz

Power in REFSENS + channel bandwidth specific value below
Transmission dBm
Bandwidth 12
Configuration
Pinterferer 1 dBm
(W) -46
Pinterferer 2 dBm 46
(Modulated)
BWInterferer 2 1.4
Finterferer 1 MHz -BW/2 -2.1
(Offset) /

+BW/2+ 2.1
'(:gﬁgeerg 2 MHz 2*Finterferer 1

NOTE 1: The transmitter shall be set to 4dB below Pcmax_L at the minimum uplink configuration specified in
Table 7.3A-3 with Pcmax_L as defined in subclause 6.2.5 of TS 36.101 [7].

NOTE 2: Reference measurement channel is specified in TS 36.101 [7] Annex A.3.2 with one sided
dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1 of TS 36.101 [7].

NOTE 3: The modulated interferer consists of the Reference measurement channel specified in TS 36.101
[7] Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1
with set-up according to Annex C.3.1.

NOTE 4: For DL category M1 UE, the reference sensitivity for category M1 in table 7.3A-1 should be used
as REFSENS for the power in Transmission Bandwidth Configuration.

NOTE 5: For DL category M1 UE, the parameters for the applicable channel bandwidth apply, and BW
refers to the corresponding channel bandwidth.

7.8B  Intermodulation characteristics for category NB1 and NB2

For category NB1 and NB2 UE, the definition in clause 7.8 and the requirementsin clause 7.8.1F of TS 36.101 [7] shall
apply.

7.8C Intermodulation characteristics for BOG

The definition in clause 7.8 shall apply. The wide band intermodul ation requirement is defined following the same
principles using modulated E-UTRA carrier and CW signal asinterferer.

The throughput shall be > 95% of the maximum throughput of the reference measurement channels as specified in
Annex A.1.3 with parameters specified in Table 7.8C.1 for the specified wanted signal mean power in the presence of
two interfering signals.
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Table 7.8C-1: Wide band intermodulation

Rx Parameter Units PMCH bandwidth
10 MHz
Power in
Transmission
Bandwidth dBm REFSENS + 6
Configuration
Plnterferer 1
(CW) dBm -46
Plnterferer 2
(Modulated) dBm -46
Flnterferer 1 -BW/2 -75
(Offset) MHz /
+BW/2 +7.5

F
(gﬁrsfeer:)rz MHz 2*Finterferer 1
NOTE 1: Reference measurement channel is specified in Annex A.1.3.

7.9 Spurious emissions

The spurious emissions power is the power of emissions generated or amplified in areceiver that appear at the UE
antenna connector.

The spurious emissions requirementsin clause 7.9.1 of TS 36.101 [7] shall apply.

8 Performance requirement

This clause contains performance requirements for the physical channels specified in TS 36.211 [3]. The performance
reguirements for the UE in this clause are specified for the measurement channels specified in Annex A, the
propagation conditionsin Annex D and the downlink channelsin Annex B.

8.1 General

8.1.1 Receiver antenna capability
The performance requirements are based on UE(S) that utilize one or more antenna receivers.

For al test cases, the SNR is defined as

where Nrx denotes the number of receiver antenna connectors and the superscript receiver antenna connector j. The
above SNR definition assumes that the REs are not precoded. The SNR definition does not account for any gain which
can be associated to the precoding operation. The relative power of physical channels transmitted is defined in Annex
C. The SNR requirement applies for the UE categories given for each test.
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8.1.2  Applicability of requirements

8.1.2.1 Applicability of requirements for different channel bandwidths

In Clause 8 the test cases may be defined with different channel bandwidth to verify the same target FRC conditions
with the same propagation conditions, correlation matrix and antenna configuration.

8.1.2.2 Applicability of requirements for optional UE features

The performance requirementsin Table 8.1.2.2-1 shall apply for UEs which support optional UE features only. If same
test islisted for different UE features/capabilitiesin Clauses 8.1.2.2, then this test shall apply for UEs which support all
corresponding UE features/capabilities.

For UEs supporting NTN access (ntn-Connectivity-EPC-r17), the requirements in TS36.101 [7] Clause 8 aso apply
with NTN configurations, e.g., including Ephemeris, K_offset and NTN bands, according to the UE category and
capability, as summarized in Table 8.1.2.2-2.

Table 8.1.2.2-1: Requirements applicability for optional UE features

(Test 1, Test 2)

UE feature/capability Test list Applicability notes
Clause 8.2.1.1
NTN access (ntn-Connectivity- '(I'Teistt3l)’ Test 2, The requirements apply only for UE Category M1
EPC-r17) Clause 8.3.1.1
(Test 1, Test 2) The requirements apply only for UE Category NB1, NB2
Clause 8.2.1.1 The requirements apply only for UE Category M1, and
(Test 1, Test 2, only when ntn-ScenarioSupport-r17 is “ngso” or is not
NTN scenario support (ntn- Test 3) included
ScenarioSupport-r17) Clause 8.3.1.1 The requirements apply only for UE Category NB1, NB2,

and only when ntn-ScenarioSupport-rl7 is “ngso” or is not
included

Operation in coverage
enhancement mode A (ce-ModeA-
r13)

Clause 8.2.1.1
(Test 1, Test 2)

The requirements apply only for UE Category M1

Operation in coverage

enhancement mode B (ce-ModeB- C_:I!ausg 8211 The requirements apply only for UE Category M1
r13) (Test 3)
Note: Void
Table 8.1.2.2-2: Requirements applicability combinations of TS 36.101 and TS 36.102
Supported bands
ntn-
ScenarioSupport- Both TN and NTN bands Only NTN bands
ri7
gso (GSO only) TS 36.101 Clause 8 & 9 (with TN TS 36.101 Clause 8 (with NTN GSO
configurations) configurations)
ngso (NGSO only) TS 36.101 Clause 8 &.9 (with TN TS 36.101 Clause 8 (with NTN NGSO
configurations) configurations)
TS 36.102 Clause 8 (with NTN NGSO TS 36.102 Clause 8 (with NTN NGSO
configurations) configurations)
not included (Both TS 36.101 Clause 8 & 9 (with TN TS 36.101 Clause 8 (with NTN GSO
GSO and NGSO) configurations) configurations)
TS 36.102 Clause 8 (with NTN NGSO TS 36.102 Clause 8 (with NTN NGSO
configurations) configurations)

8.1.2.3 Applicability of requirements for different channel modelling

The applicability rules for requirements in section 8 are specified in Table 8.1.2.3-1 and Table 8.1.2.3-2.
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Table 8.1.2.3-1: Applicability of requirements for UE category M1

If UE has passed UE can skip Applicabili
ty notes
Test type Test list Test type Test list
FDD and | PDSCH | Table 8.2.1.1.1.1-3 (Test 1) FDD PDSCH Table 8.2.1.1.1.1-2 (Test 1
half- and and Test 3)
duplex half-
FDD duplex
FDD
FDD and | PDSCH | Table 8.2.1.1.1.1-3 (Test 2) FDD PDSCH Table 8.2.1.1.1.1-2 (Test 2
half- and and Test 3)
duplex half-
FDD duplex
FDD
Table 8.1.2.3-2: Applicability of requirements for UE category NB1 and NB2
If UE has passed UE can skip Applicabili
ty notes
Test type Test list Test type Test list
Half- NPDSCH | Table 8.3.1.1.1.1-3 (Test 1) Half- NPDSCH | Table 8.3.1.1.1.1-2 (Test 1
duplex duplex and Test 2)
FDD FDD

8.1.3 UE category and UE DL category

UE category and UE DL category refer to ue-Category, ue-CategoryDL, and ue-Category-NB definein 4.1, 4.1A and
4.1C from[11]. A UE that belongsto either a UE category or a UE DL category indicated in UE performance
requirements in subclause 8 shall fulfil the corresponding requirements.

8.2 Demodulation performance requirements for UE category
M1

The requirements for UE DL Category M1 in this sub-clause are defined based on the simulation results with UE DL
Category M1 unless otherwise stated.

8.2.1 FDD and half-duplex FDD

8.21.1 PDSCH
The parameters specified in Table 8.2.1.1-1 are valid for FDD and half-duplex FDD tests unless otherwise stated.
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Table 8.2.1.1-1: Common Test Parameters (FDD and half-duplex FDD)

Parameter Unit CE Mode A CE Mode B
Inter-TTI Distance 1 1
Number of HARQ 8
processes per Processes 2
component carrier
Maximum number of 4 4
HARQ transmission
Redundancy version {0, 2, 3, 1} for QPSK and
coding sequence IVidx 16QAM {o,o,o,o,2,2},5638,353'(,3,1,1,1,1
(Note 1)

Cyclic Prefix Normal Normal
Beamforming Precoder

for MPDCCH NIA NIA
BL/CE DL subframe

configuration (fdd-

DownlinkOrTddSubfram 1111111111 1111111111
eBitmapBR)

HARQ bundling(ce- . .
HARQ-AckBundling) Disabled Disabled
Koftset (k-Offset) ms 8 8
Note 1:  rvidx is defined in TS 36.213 [12] Table 7.1.7.1-2.

8.21.1.1 Single-antenna port performance

8.21.111 Minimum Requirements

The requirements are specified in Table 8.2.1.1.1.1-2 and Table 8.2.1.1.1.1-3, with the addition of the parametersin
Table8.2.1.1.1.1-1, and the downlink physical channel setup according to Annex B.3.2. The purposeisto verify the
performance of single antenna port configuration.
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Table 8.2.1.1.1.1-1: Test Parameters for single antenna port (FRC)

Parameter Unit Test1in Test 2in Test 3in
Table Table Table
8.2.11.1.1- | 8.211.1.1- | 8.2.1.1.1.1-
2 2 2
Test1in Test 2in
Table Table
B.2.1.1.1.1- | 8.2.1.1.1.1-
3 3
Downlink power allocation Pa -3 -3 -3
PB -3 (Note1) | -3 (Note 1) | -3 (Note 1)
o 0 0 0
6 3 3 3
N, at antenna port dBm/15kHz -98 -98 -98
Coverage enhancement mode CE Mode A | CE Mode A | CE Mode B
PDSCH transmission mode 1 1 1
OFDM starting symbol (startSymbolBR) 2 2 2
Maximum number of repetitions
(for PDSCH (pdsch- Not Not Not
maxNumRepetitionCEmodeA/ pdsch- configured | configured | configured
maxNumRepetitionCEmodeB))
PDSCH repetition number 1 8 64
Frequency hopping . . .
(mpdcch-pdsch-HoppingConfig) Disabled Disabled Disabled
Frequency hopping offset
(mpdcch-pdsch-HoppingOffset) N/A N/A N/A
Frequency hopping interval
(interval-FDD) ms N/A N/A N/A
MPDCCH transmission duration
(mPDCCH-NumRepetition) ms L 8 64
MPDCCH repetition number 1 8 64
Number of narrowbands for frequency
hopping N/A N/A N/A
(mpdcch-pdsch-HoppingNB)
Starting subframe configuration for
MPDCCH 1 4 25
(mpdcch_startSF_UESS)
Narrowband for MPDCCH 0 0 0
(mpdcch_Narrowband)
MPDCCH aggregation level 8 24 24

Note 1:
Note 2:
Note 3:

Py=1.

or/and TS 36.213 [12] as appropriate.

For each test, DC subcarrier puncturing shall be considered.
If not otherwise stated, the values in this table refer to parameters in TS 36.211 [3]
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Test Bandwidth | Reference | OCNG | Propagation Correlation Reference value UE
number | and MCS Channel Pattern Condition Matrix and Fraction of SNR Categor
Antenna Maximum (dB) y
Configuration | Throughput
(%)

1 1.4MHz R.1 FDD OP.1 NTN- 1x1 70 10.4 M1
16QAM 1/2 FDD TDLC5-30

2 1.4MHz R.2 FDD OP.1 NTN- 1x1 70 -4.2 M1
QPSK 1/3 FDD TDLA100-

200
3 1.4MHz R.3 FDD OP.1 NTN- 1x1 70 -11.5 M1
QPSK 1/10 FDD TDLA100-10

Table 8.2.1.1.1.1-3: Minimum performance for single antenna port (FRC) with time-varying Doppler
shift and propagation delay model

Test Bandwidth | Referenc OCNG | Propagation Correlation Reference value UE
number | and MCS | e Channel | Pattern Condition Matrix and Fraction of SNR Categor
Antenna Maximum (dB) y
Configuration | Throughput
(%)
1 1.4MHz R.1 FDD OP.1 NTN- 1x1 70 11.4 M1
16QAM 1/2 FDD TDLC5-30
2 1.4MHz R.2 FDD OP.1 NTN- 1x1 70 -3.2 M1
QPSK 1/3 FDD TDLA100-
200
Note 1:  The time-varying Doppler shift and propagation delay model, specified in Annex E, is applied.
8.3 Demodulation performance requirements for UE category
NB1 and NB2
8.3.1 Half-duplex FDD
8.3.1.1 NPDSCH demodulation requirements

The parameters specified in Table 8.3.1.1-1 and Table 8.3.1.1-2 are valid for all half-duplex FDD tests unless otherwise
stated.

Table 8.3.1.1-1: Common Test Parameters

Parameter Unit Value
Number of HARQ
processes per component Processes 1
carrier
Maximum number of HARQ 4
transmission
Cyclic Prefix Normal
eutraControlRegionSize- N/A
ri3
downllnchl_:‘t;r;)a}Pl-rgm and dlI- Not configured
di-GapNonAnchor-r13 and
downlinkBitmapNonAnchor Not configured
-rl3
Unused REs or RB OCNG
OCNG pattern NB.OP.1
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Table 8.3.1.1-2: Test Parameters of related NPDCCH and NPUSCH format 2 configurations

Parameter Unit Value
DCI format DCI format N1
scheduling delay field 1
( I Delay )
N (ack-NACK- L
NumRepetitions-r13)
ACK/NACK resource 0
field
Reference channel for
NPDCCH R.NB.3 FDD
Ay se[(npdcch-Offset- 0
USS-r13)
K_offset ms 8
8.3.1.1.1 Single-antenna port performance
8.3.1.1.1.1 Minimum Requirements for standalone operation and in-band operation in NR carrier

The requirements are specified in Table 8.3.1.1.1.1-2 and Table 8.3.1.1.1.1-3 for bands other than 249 and in Table

8.3.1.1.1.1-5 for band 249, with the addition of the parametersin Table 8.3.1.1.1.1-1 for bands other than 249 and in
Table 8.3.1.1.1.1-4 for band 249and the downlink physical channel setup according to Annex B.3.3. The purpose of
these testsis to verify the performance.

Note: For the in-band requirement these apply to cases where there is no CRS and no control region under in-
band operation.

Table 8.3.1.1.1.1-1: Test Parameters for NPDSCH under Standalone and In-band Operations

Parameter Unit Value
Noa dBm/15kHz -93 (Note 1)

Noco dBm/15kHz -99 (Note 2)

For Table 8.3.1.1.1.1-
2,
32 for Test 1; 128 for
Test 2.

For Table 8.3.1.1.1.1-
3, 32 for Test 1
For Table 8.3.1.1.1.1-
2,

64 for Test 1; 256 for
Test 2.

For Table 8.3.1.1.1.1-
3, 64 for Test 1

G (nPDCCH-startSF-USS-r13) 1.5

Note 1:  This noise is applied to all subframes from the end of the NPDCCH to the end of the
following NPDSCH transmission.

Note 2:  This noise is applied to all subframes from the end of the NPDSCH to the end of the
following NPDCCH transmission.

N, at antenna port

NPDCCH repetition number subframe

Rm( (npdcch-NumRepetitions-r13) subframe
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Table 8.3.1.1.1.1-2: Minimum performance for NPDSCH under Standalone Operations and In-band
Operations with 1 NRS port for frequency bands other than band 249

Reference UE
value Catego
Test .| Carri Referen Repetiti | Propagati Numb Antenna Fraction ry
Bandwi ce er of - of SN
numb er on on Configurat .
dth Channe . NRS . Maximu R
er Type number | condition ion
| ports m (dB
Through )
put (%)
NTN-
Anch R.NB.1 0 - NB1,
1 200kHz or FDD 32 TDLC5- 1 1x1 70% 47 NB2
200
Non- NTN- -
> | 200kHz | anch | RNB2 | 158 | tpLALOO- | 1 1x1 70% | 10. | NBL
or FDD 10 6 NB2

Table 8.3.1.1.1.1-3: Minimum performance for NPDSCH under Standalone Operations and In-band
Operations with 1 NRS port with time-varying Doppler shift and propagation delay model

Reference UE
value Catego
Test . | Carri Referen Repetiti | Propagati Numb Antenna Fraction y
Bandwi ce er of - of SN
numb er on on Configurat .
dth Channe o NRS . Maximu R
er Type number | condition ion
| ports m (dB
Through )
put (%)
NTN-
Anch R.NB.1 o - NB1,
1 200kHz or FDD 32 TIDZI(_)%S- 1 1x1 70% 4.2 NB2
Note 1:  The time-varying Doppler shift and propagation delay model, specified in Annex E, is applied.

Table 8.3.1.1.1.1-4: Test Parameters for NPDSCH under Standalone and In-band Operations for
frequency band 249

Parameter Unit Test 1,2
Noa dBm/15kHz -103 (Note 1)
N, at antenna port
Noc2 dBm/15kHz -109 (Note 2)
NPDCCH repetition number subframe 4 fOI’T'I(;(;ftéI. and
- for Test 1
R (npdcch-NumRepetitions-r13) subframe 8 OrTeeSSIZ and
G (nPDCCH-startSF-USS-r13) 16

Note 1:  This noise is applied to all subframes from the end of the NPDCCH to the end of the
following NPDSCH transmission.

Note 2:  This noise is applied to all subframes from the end of the NPDSCH to the end of the
following NPDCCH transmission.
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Table Reference value UE
8.3.1. Catego
1.1.1- ry
5:
Mini
mum
perfor
mance
for
NPDS
CH
under
Stand
aone

Opera Carri Referen Repetiti | Propagati Numb Antenna | Fraction of | SN

tions B%ntﬂW' er Chgfme on on ErROSf Configur | Maximum | R
and Type number | condition ation Throughp | (dB

In- | ports ut (%) )
band
Opera
tions
with 1
NRS
port
for
freque
ncy
band
249Te
st
numb
er

NTN-
1 200kHz | Anch | R.NB.I 4 TDLC5- 1 1x1 70% 10| NBL
or FDD 00 NB2

Non- NTN-
2 200kHz | anch R.NB.2 4 TDLA100- 1 1x1 70% 14 NBL,
or FDD 10 NB2

8.4 Demodulation performance requirements for BOG

8.4.1 Minimum requirements for PMCH

8.4.1.1  Minimum requirements with 15kHz subcarrier spacing
The receive characteristic of MBMS is determined by the BLER.

For the parameters specified in Table 8.4.1.1-1, the average downlink SNR shall be below the specified value for the
BLER shownin Table 8.4.1.1-2.
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Table 8.4.1.1-1: Test Parameters

Parameter Unit Value
Number of HARQ processes Processes None
Subcarrier spacing kHz 15 kHz
Allocated subframes per Radio 10 subframes
Frame
Number of OFDM symbols for >
PDCCH
Cyclic Prefix Extended
Pa dB 0
Downlink power
allocation Ps dB 0 (Note 1)
c dB 0
N, atantenna port dBm/15kHz -98
Note1: P, =0.

Table 8.4.1.1-2: Minimum performance

Test Cell Bandwidt | Reference | OCNG | Propagatio | Correlatio | Reference value MBMS
numbe h (MHz) Channel Patter n n Matrix BLE | SNR(dB UE
r n condition and R (%) ) Categor
antenna y
MBMS
. R.PMCH. NTN-
1 Dedicate 10 1 EDD NA TDLC5-5 1x2 low 1 3.7 21
d Cell
MBMS
. R.PMCH. NTN-
2 ng(l:(;a“'[e 10 > EDD NA TDLC5-5 1x2 low 1 10.6 21
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Annex A (normative):
Measurement channels

A.l DL reference measurement channels

A.1.1 Reference measurement channels for NPDSCH
performance requirements

A.1.1.1 Standalone operation and in-band operation in NR carrier

Table A.1.1.1-1: NPDSCH Reference Channel with 1Tx Antenna for UE Category NB1 and NB2 for FDD

Parameter Unit Value Value

Reference channel R.NB.1 FDD R.NB.2 FDD
Carrier Type Anchor Non-anchor
Channel bandwidth KHz 200 200
Allocated subframes per Radio Frame Note 1 Note 1
Modulation QPSK QPSK
Ites/Isk 9/3 6/3
Target Coding Rate 1/2 1/3
Coding Rate 0.5 0.33
Information Bit Payload

For Sub-Frames 1,2,3,6,7,8 Bits 616 392

For Sub-Frame 0,5 Bits N/A 392

For Sub-Frame 4,9 Bits Note 2 392
Number of Code Blocks

For Sub-Frames 1,2,3,6,7,8 1 1

For Sub-Frame 0,5 Bits N/A 1

For Sub-Frame 4,9 Bits Note 3 1
Binary Channel Bits

For Sub-Frames 1,2,3,6,7,8 Bits 320 320

For Sub-Frame 0,5 Bits N/A 320

For Sub-Frame 4,9 Bits Note 4 320
Max. Average Throughput Bps Note 5 Note 5
UE Category NB1,NB2 NB1,NB2

Note 1: It shall depend on the specific NPDSCH scheduling. Note 2: N/A when n; mod 2 =0,
otherwise 616.

Note 3:  N/Awhen n; mod 2 =0, otherwise 1.

Note 4:  N/A when ns mod 2 = 0, otherwise 320.

Note 5: Maximum Average Throughput equals to sum of TB(i) divided by sum of T(i), where TB(i) is
the TB size of NPDSCH over i" NPDSCH scheduling period, and T(i) is the total time
consisting of NPDCCH transmission duration, NPDCCH to NPDSCH scheduling
delay, NPDSCH transmission duration, NPDSCH to NPUSCH format 2 scheduling delay,
NPUSCH format 2 transmission duration, possible delay between NPUSCH format 2 and
NPDCCH for next NPDSCH scheduling and subframes used for NPSS/NSSS/NPBCH/NB-
SIB1/NB-SIB2 transmission during the i NPDSCH scheduling period.
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Parameter Unit Value
Reference channel R.NB.3 FDD
Number of NRS ports 1
Channel bandwidth MHz 0.2
IAggregation level NCCE 2
DCI Format N1
Payload (without CRC) Bits 23

A.1.2 Reference measurement channels for PDSCH performance
requirements

A.1.2.1 Single-antenna transmission (Common Reference Symbols)

Table A.1.2.1-1: Fixed Reference Channel Single Antenna Port

Parameter Unit Value

Reference channel R.1 FDD R.2 FDD R.3 FDD

Channel bandwidth MHz 1.4 1.4 1.4

Allocated resource blocks Note3 6 6

Allocated DL subframes per Radio Note 4 Note 5 Note 6

Frame

Modulation 16QAM QPSK QPSK

Target Coding Rate 12 1/3 1/10

Information Bit Payload

For Sub-Frames 0,1,2,3,4,5,6,7,8,9 Bits 744 504 152

Number of Code Blocks

For Sub-Frames 0,1,2,3,4,5,6,7,8,9 Code blocks 1 1 1

Binary Channel Bits

For Sub-Frames 0,1,2,3,4,5,6,7,8,9 Bits 1656 1656 1656
(Note 7, 8) (Note 7, 8) (Note 7, 8)

Max. Throughput averaged over Kbps 149 15.75 0.950

one period

UE DL Category M1 M1 M1

Note 1:
Note 2:
Note 3:
Note 4:

Void.

Note 5:

Note 6:

Note 7:
Note 8:

Reference signal, synchronization signals and PBCH are allocated as per TS 36.211 [3].
Allocated PRB positions for PDSCH are {3, 4, 5}.
The downlink subframes are scheduled at the 8" and 9" subframes every 10ms (starting from Oth
subframe). Information bit payload is available from the 8™ to 9" subframes. The corresponding MPDCCH
is scheduled 2 subframes before the corresponding PDSCH transmissions.
PDSCH subframes are scheduled at the 10" to 17" subframes every period (32ms). Information bit
payload is available from the 10" to 17™ subframes with repetition. (Starting from the 0" subframe). The
corresponding MPDCCH is scheduled from 15t to 8™ subframe every 32ms (starting from 0™ subframe).
PDSCH subframes are scheduled at the 96" to 159™ subframes every period (160ms). Information bit
payload is available at the 96™ to 159™ subframes with repetition. (Starting from the Oth subframe) The
corresponding MPDCCH is scheduled from 31t to 94" subframe every 160ms (starting from 0" subframe).
MPDCCH, and PDSCH are dropped when overlapped with SIB1-BR, or SIB2 or SIB3.
MPDCCH, and PDSCH are punctured in overlapping Resource Elements (RE)s with PSS/SSS/PBCH.
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A.1.3 Reference measurement channels for PMCH performance
requirements

A.1.3.1 SDO
A.1.3.1-1 Fixed Reference Channel for PMCH Receiver Requirements (15 kHz SCS)
Parameter PMCH (15 kHz SCS)
Unit Value
Reference channel R.PMCH.1 R.PMCH.2
PMCH bandwidth MHz 10 10
Allocated resource 50 50
blocks
Allocated subframes per 10 10
Radio Frame(Note3)
Modulation QPSK 16QAM
Target Coding Rate 1/3 1/2
Information Bit Payload
(Note 1)
For Sub-Frames Bits 3624 9912
0,1,2,3,45,6,7,8,9
Number of Code Blocks 1 2
per Sub-Frame (Note 2)
Binary Channel Bits Per
Subframe
For Sub-Frames Bits 10200 20400
0,1,2,3,45,6,7,8,9
MBMS UE Category 21 21
Note 1: 2 OFDM symbols are reserved for PDCCH; and no CRS allocated as per TS
36.211 [3].

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:  For FDD mode, all 10 subframes are available for MBMS, in line with TS
36.331 [6].

A.2  OFDMA Channel Noise Generator (OCNG)

A.2.1 OCNG Patterns for Narrowband loT

The following OCNG patterns are used for modelling allocations to virtual narrowband 10T UEs (which are not under
test). The OCNG pattern for each sub frame specifies the allocations that shall be filled with OCNG, and furthermore,
the relative power level of each such allocation.

In each test case the OCNG is expressed by parameters OCNG_RA and OCNG_RB which together with arelative

power level (V) specifies the NPDSCH EPRE-to-NRS EPRE ratiosin OFDM symbols with and without Narrowband
reference symbols, respectively. The relative power, which is used for modelling boosting per virtual UE allocation, is
expressed by:

Yi = NPDSCH; _RA/OCNG _RA = NPDSCH; _RB/OCNG _RB,
where ¥ denotes the relative power level of thei:th virtual UE. The parameter settings of OCNG_RA, OCNG_RB and
the set of relative power levels are chosen such that when also taking allocations to the UE under test into account, as

given by aNPDSCH or NPDCCH reference channel, atransmitted power spectral density that is constant on an OFDM
symbol basisis targeted.
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Table A.2.1.1-1: - NPDCCH and
NB.OP.1 FDD: Relative pgﬁ?:;renvsl Y [dB] corresponding
OCNG FDD Pattern 1 NPDSCH
Bandwidth Unused subframes Data
200KHz 0 Note 2

Note 1:  These subframes are assigned to an arbitrary number of virtual UEs with one NPDSCH
per virtual UE with corresponding NPDCCH; the data transmitted over the OCNG
NPDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated. The

parameter is used to scale the power of NPDSCH and NPDCCH.
Note 2:  Subframes and/or REs available for narrowband 10T DL transmission depend on the in-

band, guard band or standalone mode indicated in MIB, and scheduling delay
between NPDCCH, NPDSCH, NPUSCH format 2 and NPDCCH specified in test cases.

A.2.2 OCNG Patterns for FDD

The following OCNG patterns are used for modelling allocations to virtual UEs (which are not under test) and/or
allocations used for MBSFN. The OCNG pattern for each sub frame specifies the allocations that shall befilled with

OCNG, and furthermore, the relative power |

evel of each such allocation.

In each test case the OCNG is expressed by parameters OCNG_RA and OCNG_RB which together with arelative
power level (V) specifies the PDSCH EPRE-to-RS EPRE ratiosin OFDM symbols with and without reference

symbols, respectively. The relative power, which is used for modelling boosting per virtual UE allocation, is expressed

by:

Yi = NPDSCH; _RA/OCNG _RA = NPDSCH; _RB/OCNG _RB,

where % denotes the relative power level of thei:th virtual UE. The parameter settings of OCNG_RA, OCNG_RB and
the set of relative power levels are chosen such that when also taking allocations to the UE under test into account, as
given by aNPDSCH or NPDCCH reference channel, a transmitted power spectral density that is constant on an OFDM

symbol basisistargeted.

Moreover, the OCNG pattern is accompanied by a PCFICH/PDCCH/PHICH reference channel which specifiesthe
control region. For any aggregation and PHICH allocation, the PDCCH and any unused PHICH groups are padded with
resource element groups with a power level given respectively by PDCCH_RA/RB and PHICH_RA/RB as specified in
the test case such that atotal power spectral density in the control region that is constant on an OFDM symbol basisis

targeted.

A.2.2.1 OCNG FDD Pattern 1: Two sided dynamic OCNG FDD pattern

This OCNG Pattern fills with OCNG all empty PRB-s (PRB-s with no alocation of data or system information)
of the DL sub-frames, when the unallocated area is discontinuous in frequency domain (divided in two parts by

the allocated area— two sided), starts with PRB 0 and ends with PRB N —1.
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Table A.2.2.1-1: OP.1 FDD: Two sided dynamic OCNG FDD Pattern

Relative power level ¥pPrB [dB]
Subframe
0 | 5 | 1-4,6-9
Allocation PDSCH Data
0 — (First allocated PRB-1) 0 — (First allocated PRB-1) 0 — (First allocated PRB-1)
and and and
(Last allocated PRB+1) — ( | (Lastallocated PRB+1) —( | (Last allocated PRB+1) — (
Nre -1) Ngg -1) Ngg -1)
0 0 0 Note 1

Note 1:  These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per
virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data, which is

QPSK modulated. The parameter PRB is used to scale the power of PDSCH.

A.3  Testing related to Satellite Access

A.3.1 General

The following test conditions should be maintained for Satellite Access when test equipment emul ates the snapshot of
the satellite link channel.

- The same ephemerisinfo will be maintained during each test.

- A set of ephemerisinformation are pre-defined for each satellite corresponding to respective epoch timesin TS
36.508 [14].

- Therange of the selected constant delay shift is as follows:

- For NGSO an dtitude of 600km and 1200km on acircular orbit are considered. The range of the one-way
delay between UE and satellite is from 2ms (lowest value for LEO orbit 600km) to 6.67ms (highest value for
LEO orbit 1200km).

- Constant delay value is derived from ephemerisinfo (SIB31) and UE location associated to zero Doppler or non-
zero Doppler value under test.

The following test conditions should be maintained for Satellite Access when test equipment emul ates the time varying
satellite link based on Annex E.

- The ephemerisinfo will be updated according to the velocity and position of satellite during each test.

- The Doppler shift and propagation delay vary due to satellite motion and Earth rotation.

A.3.2 Test condition for transmitter characteristics

All requriementsin section 6 for transmitter characteristics, other than frequency error in clauses 6.4A.1 and 6.4B.1,
shall be verified when Doppler conditions are set to zero and delay conditions are set to constant for all types of
satellites.

Frequency error requirement in clauses 6.4A.1 and 6.4B.1 shall be verified for at least two cases: one with zero Doppler
condition and the other one with constant Doppler (different from zero) up to 0.93 ppm for GSO satellites and up to 24
ppm for NGSO satellites.

A.3.3 Test condition for receiver characteristics

All requirementsin section 7 for receiver characteristics shall be verified when Doppler conditions related to satellite
motion for DL in service link are set to zero and delay conditions are set to constant for al types of satellites.
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A.3.4 Test condition for performance requirements

All requirements defined in Table 8.2.1.1.1.1-2 and Table 8.3.1.1.1.1-2 of section 8 for performance requirements shall
be verified when Doppler conditions related to satellite motion for DL in service link are set to zero and delay conditions
are set to constant for al types of NGSO at an altitude of 600km is 2ms.

All requirements defined in Table 8.2.1.1.1.1-3 and Table 8.3.1.1.1.1-3 of section 8 for performance requirements shall
be verified when Doppler conditions related to satellite motion for DL in service link are set to time varying and delay
conditions are set to time varying for all types of NGSO satellites as defined in Annex E.

A4 UL reference measurement channels

A.4.1 General

The measurement channels in the following subclauses are defined to derive the requirementsin clause 6 (Transmitter
Characteristics) and clause 7 (Receiver Characteristics). The measurement channels represent example configurations of
physical channels for different data rates.
A.4.1.1 Applicability and common parameters
The UL reference measurement channels comprise transmission of PUSCH and Demodul ation Reference signals only.
The following conditions apply:

- 1 HARQ transmission

- Cyclic Prefix normal

- PUSCH hopping off

- Link adaptation off

- Demodulation Reference signal as per TS 36.211 [3] subclause 5.5.2.1.2.
Where ACK/NACK istransmitted, it is assumed to be multiplexed on PUSCH as per TS 36.212 [15] subclause 5.2.2.6.

- ACK/NACK 1 bit

- ACK/NACK mapping adjacent to Demodulation Reference symbol

- ACK/NACK resources punctured into data

- Max number of resources for ACK/NACK: 4 SC-FDMA symbols per subframe

- No CQI transmitted, no RI transmitted

A.4.1.2 Determination of payload size

The algorithm for determining the payload size A is as follows; given a desired coding rate R and radio block allocation
NRgs:

1. Caculate the number of channel bits N that can be transmitted during the first transmission of a given sub-
frame.

2. Find A such that the resulting coding rate is as close to R as possible, that is,

0,if C=1

minfR—-(A+24* (N, +1))/N
‘ ( ( CB )) ch C,lf C>1

, where N = {
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subject to

a) Aisavalid TB size according to clause 7.1.7 of TS 36.213 [12] assuming an allocation of Nrs resource
blocks.

b) Cisthe number of Code Blocks calculated according to section 5.1.2 of TS 36.212 [15].

¢) For RMC-s, which at the nominal target coding rate do not cover all the possible UE categories for the
given modulation, reduce the target coding rate gradually (within the same modulation), until the
maximal possible number of UE categoriesis covered.

3. If thereis more than one A that minimises the equation above, then the larger value is chosen per default and the
chosen code rate should not exceed 0.93.
A.4.1.3 Overview of UL reference measurement channels

InTable A.4.1.3-1t0 A.4.1.3-2 are listed the UL reference measurement channels specified in Annexes A.4.2 and A.4.3
of thisrelease of TS 36.102. Thistableisinformative and serves only to a better overview. The reference for the
concrete reference measurement channels and corresponding implementation’ s parameters as to be used for testing are
annexes A.4.2 and A.4.3 as appropriate.

Table A.4.1.3-1: Overview of UL reference measurement channels

B RB | UE
Duplex Table Name W Mod TCR | RB | Off | Cat Notes
set | eg
FDD, Full RB allocation, QPSK
FDED/SD- Table A.4.2.1.1-1 1.4 QPSK 1/3 6 M1
FDD, Full RB allocation, 16-QAM
FDED/DHD' Table A4.2.1.2-1 14| 160AM | 13 | 6 M1
FDD, Partial RB allocation, QPSK
FDD /HD- | Table A.4.2.2.1-1 1.4 QPSK 1/3 1 M1
FDD
FDD /HD- | Table A.4.2.2.1-1 1.4 QPSK 1/3 2 M1
FDD
FDD /HD- | Table A.4.2.2.1-1 1.4 QPSK 1/3 3 M1
FDD
FDD /HD- | Table A.4.2.2.1-1 1.4 QPSK 1/3 4 M1
FDD
FDD /HD- | Table A.4.2.2.1-1 1.4 QPSK 1/3 5 M1
FDD
FDD, Partial RB allocation, 16-QAM
FDD /HD- | Table A.4.2.2.2-1 1.4 16QAM 1/2 1 M1
FDD
FDD /HD- | Table A.4.2.2.2-1 1.4 16QAM 1/2 2 M1
FDD
FDD /HD- | Table A.4.2.2.2-1 1.4 16QAM 1/2 3 M1
FDD
FDD / HD- | Table A.4.2.2.2-1 1.4 16QAM 2/5 4 M1
FDD
FDD, SubPRB allocation
FDD / HD- | Table A.4.2.3-1 1.4 /2 1/3 1 M1 2 outof 3
FDD BPSK subcarriers
FDD / HD- | Table A.4.2.3-1 1.4 QPSK 1/3 1 M1 3 subcarriers
FDD
FDD / HD- | Table A.4.2.3-1 1.4 QPSK 1/3 1 M1 6 subcarriers
FDD
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Table A.4.1.3-2: Overview of UL reference measurement channels (HD-FDD, NB-1oT)

RB | UE
Duplex Table Name BW Mod TCR | RB | Off | Cat Notes
set | eg
2 NB1
HD-FDD Table A.4.3-1 0.2 BPSK 1/3 1
HD-FDD Table A.4.3-1 4 NB1
0.2 QPSK 1/3 1
HD-FDD Table A.4.3-1 2 NB1
0.2 BPSK 1/3 1
HD-FDD Table A.4.3-1 4 NB1
0.2 QPSK 1/3 1
HD-FDD Table A.4.3-1 0.2 QPSK 3 | 1 NB1
HD-FDD Table A.4.3-1 0.2 QPSK 13 | 1 NB1
HD-FDD Table A.4.3-1 0.2 QPSK 13 1 NB1

A.4.2 Reference measurement channels for FDD

A.4.2.1 Full RB allocation

A4.211

QPSK
Table A.4.2.1.1-1: Reference Channels for QPSK with full/maximum RB allocation for UE category M1
Parameter Unit Value
Channel bandwidth MHz 14
Allocated resource blocks 6
DFT-OFDM Symbols per Sub-Frame 12
Modulation QPSK
Target Coding rate 1/3
Payload size Bits 600
Transport block CRC Bits 24
Number of code blocks per Sub-Frame 1
Total number of bits per Sub-Frame Bits 1728
Total symbols per Sub-Frame 864
UE Category M1

NOTE 1:

NOTE 2:

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)

For HD-FDD UE, the uplink subframes are scheduled at the 4th, 5th and 6th

subframes every 10ms for the channel bandwidth

5MHz/10MHz/15MHz/20MHz. For HD-FDD UE, the uplink subframes are

scheduled at the 5th, 6th, and 7th subframes every 10ms for the channel

bandwidth 1.4MHz/3MHz. Information bit payload is available if uplink

PUSCH

subframe is scheduled. = &0 is total number of absolute subframes a

PUSCH with repetition spans [4].

PUSCH o q

For HD-FDD UE with a0

PUSCH

abs 15 subframes (starting from the Oth subframe).
PUSCH

The associated PUSCH is scheduled at the 4th to (2%

PUSCH
subframes every = @S +5 subframes. Information bit payload is
available if uplink subframe is scheduled.

, MPDCCH are scheduled at Oth DL
subframe every

+3)-th UL
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Table A.4.2.1.2-1: Reference Channels for 16-QAM with maximum RB allocation for UE category M1

Parameter Unit Value

Channel bandwidth MHz 1.4

Allocated resource blocks 6

DFT-OFDM Symbols per Sub-Frame 12

Modulation 16QAM

Target Coding rate 1/3

Payload size Bits 872

Transport block CRC Bits 24

Number of code blocks per Sub-Frame 1

Total number of bits per Sub-Frame Bits 2880

Total symbols per Sub-Frame 720

UE Category M1

NOTE 1: 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 2: For HD-FDD UE, the uplink subframes are scheduled at the 5th, 6th, and 7th subframes every 10ms for
the channel bandwidth 1.4MHz. Information bit payload is available if uplink subframe is scheduled.

A.4.2.2 Partial RB allocation

For each channel bandwidth, various partial RB allocations are specified. The number of allocated RBsis chosen
according to values specified in the Tx and Rx requirements. The single allocated RB case isincluded.

The alocated RBs are contiguous and start from one end of the channel bandwidth. A single allocated RB is at one end

of the channel bandwidth.

A4.221 QPSK

Table A.4.2.2.1-1: Reference Channels for QK with partial RB allocation for UE category M1

Parame | Ch BW | Allocat DFT- Mod’'n Target Payload Trans- Number Total Total UE
ter ed RBs OFDM Coding size port of code | number | symbols | Category
Symbols rate block blocks of bits per Sub-
per Sub- CRC per Sub- per Frame
Frame Frame Sub-
(Note 1) Frame
Unit MHz Bits Bits Bits
1.4 1 12 QPSK 1/3 72 24 1 288 144 M1
1.4 2 12 QPSK 1/3 176 24 1 576 288 M1
1.4 3 12 QPSK 1/3 256 24 1 864 432 M1
1.4 4 12 QPSK 1/3 392 24 1 1152 576 M1
1.4 5 12 QPSK 1/3 424 24 1 1440 720 M1
Note 1:  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 2:  For HD-FDD UE, the uplink subframes are scheduled at the 5th, 6th, and 7th subframes every 10ms for the channel

bandwidth 1.4MHz/3MHz. Information bit payload is available if uplink subframe is scheduled.
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A4.2.2.2 16-QAM

Table A.4.2.2.2-1: Reference Channels for 16-QAM with partial RB allocation for UE category M1

Param | Ch BW | Alloca DFT- Mod'n | Target | Payloa | Trans | Numb Total Total UE
eter ted OFDM Codin d size port er of numbe | symbo | Categ
RBs Symb g rate block code r of Is per ory
ols per CRC | blocks bits Sub-
Sub- per per Frame
Frame Sub- Sub-
Frame | Frame
(Note
1)
Unit MHz Bits Bits Bits
1.4 1 12 16QAM 1/2 256 24 1 576 144 M1
1.4 2 12 16QAM 1/2 552 24 1 1152 288 M1
1.4 3 12 16QAM 1/2 840 24 1 1728 432 M1
1.4 4 12 16QAM 2/5 904 24 1 2304 576 M1

Note 1:  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 2:  For HD-FDD UE, the uplink subframes are scheduled at the 5th, 6th, and 7th subframes every 10ms for the
channel bandwidth 1.4MHz/3MHz. Information bit payload is available if uplink subframe is scheduled.

A.4.2.3 subPRB allocation

The location of allocated RB for subPRB allocation is chosen according to val ues specified in the Tx requirements.

Table A.4.2.3-1: Reference Channels for SubPRB allocation

Parameter Unit Value
Channel bandwidth MHz 1.4 1.4 14
Allocated resource blocks 1 1 1
Number of subcarriers 2 out of 3 3 6
DFT-OFDM Symbols per Sub-Frame 12 12 12
Modulation /2 BPSK QPSK QPSK
Target Coding rate 1/3 1/3 1/3
Payload size Bits 32 72 72
Transport block CRC Bits 24 24 24
Number of code blocks 1 1 1
Total number of bits per resource unit Bits 192 288 288
Total symbols per resource unit 192 144 144
Tx time ms 8 4 2
UE UL Category M1 M1 M1
NOTE 1: 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.4.3 Reference measurement channels for category NB1

Table A.4.3-1 Reference Channels for category NB1

Parameter Value

Sub-carrier spacing (kHz) 3.75 3.75 15 15 15 15 15

Number of tone 1 1 1 1 3 6 12

Modulation /2 BPSK /4 QPSK /2 BPSK /4 QPSK QPSK QPSK QPSK

Number of NPUSCH 1 1 1 1 1 1 1

repetition (NOTE 5)

IMCS / ITBS 0/0 3/3 0/0 3/3 5/5 5/5 5/5

Payload size (bits) 32 40 32 40 72 72 72

Allocated resource unit 2 1 2 1 1 1 1

Code rate (target) 1/3 1/3 1/3 1/3 1/3 1/3 1/3

Code rate (effective) 0.29 0.33 0.29 0.33 0.33 0.33 0.33

Transport block CRC (bits) 24 24 24 24 24 24 24

Code block CRC size (hits) 0 0 0 0 0 0 0

Number of code blocks - C 1 1 1 1 1 1 1

Total number of bits per 96 192 96 192 288 288 288

resource unit

Total symbols per resource 96 96 96 96 144 144 144

unit

Tx time (ms) 64 32 16 8 4 2 1

NOTE 1: 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 2: Parameters related to NPUSCH format 1 scheduling are defined in Table A.4.3-2.

NOTE 3: NPDCCH is not transmitted in the subframes used for transmission of SI messages.

NOTE 4: Sl messages transmission should be prioritized over NPDCCH transmission in case of collision. NPDCCH
transmission is postponed until the next NB-1oT downlink subframe in case NPDCCH transmission occurs in a
non NB-loT downlink subframe, where an NB-loT downlink subframe is a subframe that does not contain
NPSS/NSSS/NPBCH/SIB1-NB transmission.

NOTE 5: Number of repetition Nrep as defined in table 16.5.1.1-3in TS 36.213 [12].

Table A.4.3-2: NPDCCH configuration for NPUSCH format 1 scheduling

Parameter Unit Value
DCI format DCI format NO
NPDCCH format 1
Scheduling delay (| Delay ) 0
DCI subframe repetition
00
number
Riex 1
(npdcch-NumRepetitions)
G 8
(NPDCCH-startSF-USS)
Potsat 1/4

(npdcch-Offset-USS)
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Annex B (normative):
Downlink physical channels

B.1 General

This annex specifies the downlink physical channels that are needed for setting a connection and channels that are
needed during a connection.

B.2 Set-up

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

Table B.2-1: Downlink Physical Channels required
for connection set-up (Cat-M1)

Physical Channel
PBCH
SSS
PSS
MPDCCH
PDSCH

Table B.2-2: Downlink
Physical Channels required
for connection set-up (Cat
NB1/NB2)Physical Channel

NPBCH
NSSS
NPSS

NPDCCH
NPDSCH

B.3 Connection

The following clauses, describes the downlink Physical Channels that are transmitted during a connection i.e., when
measurements are done.

B.3.1 Measurement of Receiver Characteristics

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

Table B.3.1-1: Downlink Physical Channels transmitted during a connection

Physical Channel EPRE Ratio

PBCH PBCH RA=0dB
PBCH_RB =0dB

PSS PSS RA=0dB

SSS SSS RA=0dB
PDSCH PDSCH RA=0dB
PDSCH_RB =0 dB
OCNG OCNG_RA=0dB
OCNG_RB=0dB

ETSI



3GPP TS 36.102 version 19.3.0 Release 19

NOTE 1: No boosting is applied.

B.3.2

Table B.3.2-1 is applicable for measurementsin which uniform RS-to-EPRE boosting for al downlink physical

82

ETSI TS 136 102 V19.3.0 (2026-04)

Table B.3.1-2: Power allocation for OFDM symbols and reference signals

Parameter

Unit

Value

Note

Transmitted power spectral
density I,

dBm/15 kHz

Test specific

1. I, shall be kept
constant throughout
all OFDM symbols

Cell-specific reference
signal power ratio Egg/I,;

0dB

Measurement of Performance requirements

channels, unless otherwise stated.

Table B.3.2-1: Downlink Physical Channels transmitted during a connection

Physical Channel EPRE Ratio
PBCH PBCH RA =pat G
PBCH_RB = pe+ G
PSS PSS _RA =0 (Note 3)
SSS SSS_RA =0 (Note 3)
MPDCCH MPDCCH_RA = pat+d
MPDCCH_RB = pg+d
PDSCH PDSCH_RA =pa
PDSCH_RB = ps
OCNG OCNG RA=pato
OCNG_RB=pst+ o

NOTE 1: pa= ps = 0 dB means no RS boosting.

NOTE 2: OCNG are not defined downlink physical channelsin [3].

NOTE 3: Assuming PSS and SSS transmitted on a single antenna port.

NOTE 4: pa, pg, 0, and d are test specific.

Table B.3.2-2: Power allocation for OFDM symbols and reference signals

Parameter

Unit

Value

Note

Total transmitted power
spectral density I,

dBm/15 kHz

Test specific

1. I, shall be kept
constant throughout all
OFDM symbols

Cell-specific reference
signal power ratio Egg/I,;

Test specific

1. Applies for antenna
port p

Energy per resource
element EPRE

Test specific

1. The complex-valued
symbols y® (i) and a,(fl)
defined in TS 36.211 [3]

shall conform to the
given EPRE value.
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B.3.3 Measurement of Receiver Characteristics for Narrowband
loT

For the performance requirements for Narrowband 10T, the power allocation for the physical channelsislisted in Table
B.3.3-1.

Table B.3.3-1: Downlink Physical Channels transmitted during a connection

Physical Channel EPRE Ratio for EPRE Ratio for
one NRS antenna two NRS antenna

port ports
NPBCH 0dB -3dB
NPDCCH 0dB -3dB
NPDSCH 0dB -3dB
NPSS 0dB 0dB
NSSS 0dB 0dB

NOTE 1: Assuming NPSS and NSSS transmitted on one NRS antenna port.

Table B.3.3-2: Power allocation for OFDM symbols and reference signals

Parameter Unit Value Note
Transmitted power spectral dBm/15 kHz Test specific I, shall be kept
density I, constant throughout

all OFDM symbols
Narrowband reference 0dB Applicable for
signal power ratio Ecgs/Ior Stand-alone

operation
Narrowband reference 0dB Applicable for In-
signal power over cell- band operation
specific reference signal
power Eygs/Egs
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Annex C (normative):
Environment conditions

C.1 General

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

C.2 Environmental

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

C.2.1 Temperature

The UE shall fulfil al the requirementsin the full temperature range of:

Table C.2.1-1

+15°Cto +35°C for normal conditions (with relative humidity of 25 % to 75 %)

Ouitside 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 of TS 36.101 [7] for extreme operation.

C.2.2 Voltage
The UE shall fulfil al the requirementsin the full voltage range defined in Table C.2.2-1.
Table C.2.2-1
Power source Normal conditions
voltage
AC mains nominal
Regulated lead acid battery 1,1 * nominal
Non regulated batteries:
Leclanché Nominal
Lithium 1,1 * Nominal
Mercury/nickel & cadmium Nominal

Ouitside 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 of TS 36.101 [7] 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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C.2.3 Vibration

The UE shall fulfil al the requirements when vibrated at the following frequency/amplitudes.

Table C.2.3-1
Frequency ASD (Acceleration Spectral Density) random vibration
5 Hz to 20 Hz 0,96 m?/s3
20 Hz to 500 Hz 0,96 m2/s3 at 20 Hz, thereafter —3 dB/Octave

Ouitside the specified frequency 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 TS 36.101 [6] for extreme operation.
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Annex D (normative):
Propagation conditions

D.1  Multi-path fading propagation conditions

The multipath propagation conditions consist of several parts:

- A delay profilein the form of a"tapped delay-line", characterized by a number of taps at fixed positionson a
sampling grid. The profile can be further characterized by the r.m.s. delay spread and the maximum delay
spanned by the taps.

- A combination of channel model parameters that include the Delay profile and the Doppler spectrum that is
characterized by a classical spectrum shape and a maximum Doppler frequency.

D.1.1 Delay profiles

The delay profiles are derived from the TR 38.811 [13] NTN-TDL models for the desired delay spread and tap
resolution. After scaling the normalized delay spread values for each tap by the desired RM S delay spread, the tap
delays are quantized to a delay resolution of 5ns by rounding to the nearest multiple of the delay resolution.

Table D.1.1-1: Delay profiles for loT NTN and BOG channel models

Delay spread Delay
Type Model (r.m.s.) resolution
NLOS NTN-TDLA100 100 ns 5ns
LOS NTN-TDLC5 5ns 5ns

Table D.1.1-2: NTN-TDLA100 (DS = 100 ns)

Tap # | Delay [ns] | Power [dB] | Fading distribution
1 0 0 Rayleigh
2 110 -4.7 Rayleigh
3 285 -6.5 Rayleigh

Table D.1.1-3 NTN-TDLC5 (DS =5 ns)

Tap # | Delay [ns] | Power [dB] | Fading distribution
1 0 -0.6 LOS path
0 -8.9 Rayleigh
2 60 -21.5 Rayleigh

Note 1:  Tap #1 follows a Rician distribution.

D.1.2 Combinations of channel model parameters

The propagation conditions used for the performance measurements in multi-path fading environment are indicated as a
combination of a channel model name and a maximum Doppler frequency, i.e., NTN-TDLA<DS>-<Doppler>, or NTN-
TDLC<DS>-<Doppler> where '<DS>' indicates the desired delay spread and '<Doppler>' indicates the maximum
Doppler frequency (Hz).

Table D.1.2-1 show the propagation conditions that are used for the performance measurements in multi-path fading
environment for NLOS and L OS propagation conditions.
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Table D.1.2-1: Channel model parameters for NTN

Combination name Model Maximum Doppler
frequency
NTN-TDLA100-10 NTN-TDLA100 10 Hz
NTN-TDLA100-200 NTN-TDLA100 200 Hz
NTN-TDLC5-30 NTN-TDLC5 30 Hz
NTN-TDLC5-200 NTN-TDLC5 200 Hz
NTN-TDLC5-5 NTN-TDLC5 5 Hz
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Annex E (Normative):
Modelling of time varying Doppler shift and propagation
delay for NGSO

E.1 General

This annex specifies the methodologies for time varying Doppler shift and propagation delay modelling for NGSO.

E.2  Satellite position/velocity estimation

Asafirst step, it is necessary to perform the satellite’ s orbital calculations. There are two methodol ogies applicable to
model the time varying Doppler shift and propagation delay by atest equipment, i.e. Newton-Raphson method to solve
Keplerian model and fourth-order Runge-K utta method to solve equation of motion. It is up to the implementation for
test equipment on which method to apply to.

Table E.2-1: Input values for calculation of satellite orbit in format of orbital parameters

Parameters Unit Description
Semi-magjor axis (a) m Half the length of the longest diameter of the
eliptical orhit in Earth-centred Inertial frame
(ECI).
Eccentricity (€) rad Shape of the orbit, ranging from O to 1.
Inclination (i) rad Angle between the orbital plane and the
reference plane (typically Earth’s equatorial
plane)
Longitude of ascending node (€2) rad Angle from areference direction (i.e. verna

equinox) to the ascending node, where the
satellite crosses the equatorial plane from south
to north.

Argument of periapsis () rad Angle from the ascending node to the perigee—
the point where the satellite is closest to Earth.

Mean anomaly (Mo) rad Satellite’s position along its orbit at time O,
expressed as an angle measured from perigee.

t second Time to derive the satellite position and
velocity.Set to O at theinitiaization.

Table E.2-2: Input values for calculation of satellite orbit in format of state vectors

Parameters Unit Description
TECEF = [rgSBF rfSEF rglEF] km Initial satellite position state vector at time 0 in

Earth-centred earth-fixed frame (ECEF)

VECEF = [vESEF SR pECEF] km/s Initial satellite velocity state vector at time O in
Earth-centred earth-fixed frame (ECEF)

t second Time to derive the satellite position and velocity.
Set to O at the initialization.
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Table E.2-3: Output values in format of orbital parameters

Parameters Unit Description
Semi-major axis (a) m Half the length of the longest diameter of the
liptical orbit in Earth-centred Inertial frame
(ECI).
Eccentricity (e) rad Shape of the orbit, ranging from 0 to 1.
Inclination (i) rad Angle between the orbital plane and the
reference plane (typically Earth’s equatorial
plane).
Longitude of ascending node (£2) rad Angle from areference direction (i.e. verna

equinox) to the ascending node, where the
satellite crosses the equatorial plane from south
to north.

Argument of periapsis (@) rad Angle from the ascending node to the perigee,
the point where the satellite is closest to Earth.

Mean anomaly (My) rad Satellite’s position along its orbit at timet,
expressed as an angle measured from perigee.

Table E.2-4: Output values in format of state vectors

Parameters Unit Description
TECEF = [rfCBF pFCEF pFCEF] km Satellite position state vector at timet in Earth-
centred earth-fixed frame (ECEF)
vECEF = [vegFE vEER vilER km/s Satellite velocity state vector at timet in Earth-

centred earth-fixed frame (ECEF)

Table E.2-5: Constant parameters

Parameters Description Values Unit
U Gravitational parameter for Earth 3.986004418 x 10° km?/s?
Wg Earth angular speed 7.2921151467 x 10° rad/s

E.2.1 Newton-Raphson method

E.2.1.1 Keplerian model based estimation

The method specified in this sub clause is applicable to cases that Eccentricity (€) in Step 1-4 is more than zero. In
case e=0, use the method specified in E.2.2.

Step 0 Check format of initial ephemeris information in SIB31

Choose the following step 1 or step 2-1 to proceed depending on the format of provided initial ephemerisinformationin
SIB31. If the provided ephemeris information is described in the format of the state vector, proceed to step 1. Otherwise,
if the information is described in the format of the orbital elements, proceed to step 2-1.
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Step 1 Derive six orbital elements (a, e, i, Q, w, Mo)

Step 1-0Convert the initial position/velocity state vectors from ECEF format to ECI format
Note we assume the x-axis of ECI and ECEF the same for simplicity.

— .ECEF _ ECEF ECEF ECEF
o =TEEF = |

TO,x 7"O,y rO,z

ECI __ ECI ECI ECI| _ ,,ECEF ECEF
vE = [v§S viS vES | =vEEF 40 0 wg]xTh

_ [, ECEF _ ECEF  ECEF ECEF ECEF
= [Vo,x WEToy Voy T WgToy Vo,z ]

Step 1-1Position magnitude (r), velocity magnitude (v), and orbital angular momentum (h)

r= [t = Gy + () + (rEcr)’

v = [of = ()" + (uEE)" + (vEETY

ECI  ..ECI ECI | ..ECI. ECI , ..ECI ECI
g1 To Tox Vox TToy Yoy T Toz Voz
v, =vE!. — =

r

— — — ECI ,ECI __ ..ECI ,ECI ECI, ,ECI __ _.ECI,,ECI ECI ECI __ ..ECI, ECI
h=T[h, h, h]=rxv= [ro,y Voz —Toz Yoy Toz Vox —Tox Yoz Tox Yoy —Toy Vox

h=hll= |h2+h2+h2

K=[0 0 1]

h-K h
. -1 — -1 z
L = COS (_h ) Cos (—h)

Step 1-2Inclination (INC, i)

Note the range of INC is between 0 and = (radian).
Step 1-3Right Ascension of the Ascending Node (RAN, Q)

n=[M Ny N ]=Kxh=[-h, he 0]

n=|n| = /n§+n§,+n§

n
cos™! (f), n, =0
0=
— nx
21 — cos 1(7) n, <0
Note the range of RAN is between 0 and 2x (radian).
Note Q is called as ‘ Longitude of ascending node’ in TS 36.331 [6] ephemerislinfo-rl7.

Step 1-4Eccentricity (ECC, e), Semi-major axis (SMA, a), Period (P)

T T
e, T 1 u 1|[ u rgg‘l vg,(i'l -|
ECI ECI
- H = (w2 = Byraer - rper - vperyoper] = 2 (w2 - By |t o [oh ||
e, K K ECI ECI
rO,z vO,z J
e=|le|| = /e,% +el+eZ
h2
a=———-
n(l—e?)
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Period of the satellite around earth, P (sec), is given by:

a3
P =2 |[—
U

Step 1-5Argument of Periapsis (AP, w)

en, +e,n, +e,n
( cos'1<xx L ZZ) e, =0
(e n e\nz +nj + nZ
@ = cos” (e n)_ en, +eyn, +en
|27r—cos‘1<xx Y Y ZZ), e, <0
t e nz +n? + nZ
Note the range of AP is between 0 and 2r (radian).
Step 1-6Mean Anomaly at time 0 (MA, Mo)
True Anomaly at time O (vo):
( e, ECh + e rEST + e, rEC!
cl COS_l x'0,x yioy z'0,z v, >0
i (e ‘T ) e-r
Vo = COS = ECI ECI ECI
e-r e oy teyrgy +e,r
tzn_ COS—1< x70,x Z'O;i/ 270,z ) <0

Eccentric Anomaly at time 0 (Eo):

E,=2tan™! 1 ; Ztan (&)

Mean Anomaly at time 0 (My):
MO = EO —eSlnEO

Note the range of Mo is between 0 and 2x (radian).

Step 2 Determine the satellite position and velocity at time t (sec)

Step 2-1 Mean Anomaly at time t (My):

t /li
M,=My+2n—==M,+t |—
t 0 T[P 0 P

Step 2-2Derive Eccentric Anomaly at time t (E;) by solving Kepler's equation with Newton-Raphson
method

Build the Kepler’s equation between M; and E;:
M, =E, —esinE,
5.1- 0 _
Step 2-2-1: Set E,” = M,
Step 2-2-2: Calculate f(ETY) = E™ — esinEX” — M,

daf (Et(n))
dEt(n)

Step 2-2-3: Calculate f'(E™”) = =1—-ecosE™
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Step 2-2-4: Update E** from ETV, f(E™), and f'(E™) , asfollows:

£ _ ) _ FE™) o EM —esinE™ — M,
‘ ¢ f’(Et(n)) ¢ 1—ecos Et(n)

(n+1)

Step 2-2-5: 1f n = 4, thenset E, = E, and go to Step 2-3. Otherwise, go to Step 2-2-2 by setting n := n+1.

Step 2-3 Derive True Anomaly at time t (vy)

v, = 2tan™?!

Note the range of v: is between 0 and 2x (radian).
Step 2-4Convert the orbital elements to the state vector

Convert to the state vector in perifocal frame,

pqw
Ttx [COSVey  p2 1 CoS v, a(1 — e?) [COSVe
ri’z,w =r, sinvt] = ——[sinvt] = —[sinvt]
paw ) u 1+ ecosv, 0 1+ ecosv; 0
t.z
pqw
Vtx —sinv, —sinv,
v | = (e + cosv,)| = ai—cD) (e + cos vt)
P
tz |
Convert the state vector from perifocal frame to ECI.
- ECI [-PAW]
Ttx [cos(©)) —sin(Q)) 07[1 0 0 T7fcos(w) —sin(w) 07|"t*
& = [sin(@)  cos(@) 0[]0 cos(@®) —sin(d)||sin(w) cos(w) O 7}7_’;
_rtEZCI_ [ 0 0 1110 sin(i) cos(i) Il o 0 1. _7}1,)qu_
r,,ECI A [, PAW ]
Vix [cos(Q)) —sin(Q) 07[1 0 0 T[cos(w) —sin(w) 07|Ytx
. . . w
vEs' | = [sin(@)  cos(@) 0|0 cos(®) —sin()||sin(w) cos(w) O||Viy
lveer] Lo 0 1110 sin(@) cos(@) Il o 0 | ypaw

Convert the state vector from ECI to ECEF.

ECEF ECI

Tty sin(—wgt) cos(—wgt) 0| [Tty
ECEF 0 1 T.tECI
Z

Irtx ] [cos( wgt) —sin(—wgt) Ol Tix

VngF sin(—wgt) cos(—wgt) 0 Vfgczl
0 1

ECEF ECI

ECI
vis" ] [cos( wgt) —sin(—wgt) Ol Vix
vt,z

TtExCEF
l T'tE;;:EF
ECEF
To generate the ephemerisinformation in SIB31 in orbital parameters, convert the state vector to orbital parameters by
procedures from Step 1-0to Step 2-1 in E.2 at time't.

E.2.2 Fourth-order Runge-Kutta method

E.2.2.1 Equations of motion based estimation

Step 1: Conversion of initial six Keplerian orbital elements to a state vector
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When the initial ephemerisinformation is provided by six Keplerian orbital elementsin SIB31, convert the six orbital
elements to a state vector by E.2.1.1 step 2-4, where set time t=0.

Step 2: Initialization

n:=0
Toar = [Tatx  Tnaty Tnatz] = [rgEF rfsFF rfSfF| = rECEF
Vnat = [vnAtx vnAty Unat v] = [UECEF vgf,” ‘UggEF] = ngEF

Set time step size of position/velocity updates. Set At = 1 (sec), for example, if updating the satellite position/vel ocity
every one second.

Step 3: Solve the equation of motion with the fourth-order Runge-Kutta method.
k1‘r = [kl,r,x kl,r,y kl,r,z] = VnaAt

v = [Kivx kl,v,y kivz] = f(rnae Vaar) At

1
r=Korx kory kopsl= (vnAt + Ekl‘”) At
1 1
kZ,v = [kZ.U.x k2.v.y kZ.V.Z] =f (rnAt + Ekl,rn Vnat + Ekl,v) At
1
k3, = [karx kary karz]l= (vnAt + Ekz‘”) At

1 1
k3,v = [k3.v.x k3.v.y k3.V.Z] =f (rnAt + Ekz,rn Vnat + Ekz,v) At

k4-,r = [k4.7’.x k4.r.y k4.T.Z] = (vnAt + k3,1J)At

kyyp = [Kavx k4,V.y kavz] = f(rnAt + K3y, Vnae + k3,v)At

1
Tasnae = [[+Dacx T+aty  Tn+1atz] = Tpp + 3 (kl‘,. + 2ky, + 2k3, + k4,,.)

1
v(n+1)At = [U(n+1)At,x U(n+1)At,y U(n+1)At,z] = vnAt + 6 (kl,‘li + 2k2,1} + 2k3,1} + k4,17)

where
u T
|[_T_3 tx T 20gV;, + wErtx]l
t
[_# |
f(rt' vt) = f(rt,xl Tty Tt,z) Ut Vt,ys 17t,z) = |_ rt_Srt:J/ - ZwEvtx + wErtJ/ |
I N I
l 7}3 tz J

— — ’ 2 2 2
rt_lrtl_ rt,x+rt,y+rt,z

Step 4: Determine the satellite position/velocity at time t.

Ift = (n+ 1)At:

ECEI _

T = r(n+1)At = [r(n+1)Atx r(n+1)At,y r(n+1)At,z]

ECEI

vy = Vipsnae = [Vo+natx  Ymsnary  Vn+atz]

Otherwise, setn :==n + 1, and go to Step 2.
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To generate the ephemerisinformation in SIB31 in orbital parameters, convert the state vector to orbital parameters by
procedures from Step 1-0to Step 2-1 in E.2 at timet.

E.3  Varying Doppler shift and propagation delay
generation

E.3.1 Determine UE position

This step calculates the UE position according to the earth angular speed. This clause assumes UE location is given by
aformat of latitude, longitude, and atitude. This clause specifies how to convert values to ECEF format to align with
the satellite position and velocity state vectors.

Table E.3.1-1: Input values for calculation of UE position

Parameters Unit Description
UEatitude degree Initial UE latitude

UE pntitude degree Initial UE longitude
UEaititude km Initial UE altitude

Table E.3.1-2: Output values

Parameters Unit Description

[VEESEF  UEFSEF  UEFSEF] km UE position state vector at time't in Earth-
centred earth-fixed frame (ECEF)

Table E.3.1-3: Constant parameters

Parameters Description Values Unit
ag Earth radius 6378.137 km
e? Square of Earth eccentricity 6.6943799014 x 107
3
¢ = @ UEiatitude
3
A= ﬁ UElongitude
N = 2

J1—e2sin? ¢
Since the UE is stationary during the tests, UE position does not change regardless of time't.

UEESEF = (N + UEtituae) €OS ¢ COS A
UEESEF = (N + UEgtituge) €Os ¢ sin A
UEEEEF = {N(l - eg) + UEaltitude} sin ¢
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E.3.2 Doppler shift and propagation delay

This step calculates the Doppler shift and propagation delay based on the satellite position/velocity and UE position
state vectors calculated in the earlier steps.

Table E.3.2-1: Input values for calculation of Doppler shift and propagation delay

Parameters Unit Description
[VEESEF  UEFSEF  UEESEF] km UE position state vector at timet in Earth-
centred earth-fixed frame (ECEF)
rECEF = [nfBF rfOEE rEEER| km Satellite position state vector at timet in Earth-
centred earth-fixed frame (ECEF)
vECEF = [vfSFF vESER vECEF] km/s Satellite velocity state vector at timet in Earth-

centred earth-fixed frame (ECEF)

fz Hz Carrier frequency (e.g., 2.0 x 10°for band n256)

Table E.3.2-2: Output values

Parameters Unit Description
Doppler Hz Doppler shift at timet
Delayp,, Sec Downlink propagation delay at timet
Delayy;, Sec Uplink propagation delay at timet

Table E.3.2-3: Constant parameters

Parameters Description Example of values Unit
c Speed of light 299792.458 km/s
Wg Earth angular speed 7.2921151467 x 10° rad/s

Distance between satellite and UE is derived as follows:

ECEF ECEF ECEF
ptx Tt X UE
ECEF _ ECEF | _ ECEF ECEF
P Pty =T, — UE;
ECEF ECEF ECEF
ptz 7/'t Z UE

loFerrl = J(oEe)" + (ot + (o)’

Using the distance above and the following range rate, Doppler shift is also derived as follows:

ECEF ECEF ECEF | ,,ECEF ECEF | CEF ECEF ECEF
Pt ptx t,x + P + P vtz

RangeRate(t) = ([P ECE | CEF ”

”Pt
_ fe
Doppler(t) = —RangeRate(t) X =

Next, total propagation delay for downlink and uplink case are derived as follows. Note an influence of the receiver
movement (i.e. either UE movement due to the Earth’ s rotation or Satellite movement) is considered in the following
equations.
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ECI [.UECI vfj(,/'l vfgl] — foEF + [0 0 wE] X r{.'CEF

[_UECEF w T()E‘}(;‘EF ‘UOCEF +wET.OE§EF UOCEF]
CEF
[l VS
DelayDL(tR) = 1 pECEF
Ecl, _I't
T4 cvi B ER(.’EF”
Note t isthe reception time at UE.
CEF
[raall Vs
DelayUL (tT) = ECEF
1— 1 ECI ptT

o TeE

Note t isthetransmission time at UE. It is not mandated that UE follows this formulafor UL propagation delay
estimation.

Doppler shift and propagation delay for LEO-600, calculated by the Newton-Raphson and fourth-order Runge-K utta
methods, are shown in Figure E.3.2-1 and E.3.2-2. Refer to Annex E.4 for initial conditions.

4

. 510
5.10%.(H2)

Doppler_Kepler,
Doppler_RK4,

-1-10*
210
<

-3-10

-4.10*

-5.10* (Hz) 5 4¢?

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
0-(sec) time,, (sec) 250 (se0)

Figure E.3.2-1: Doppler shift of LEO-600 calculated by Newton-Raphson method and fourth-order
Runge-Kutta method
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a 0.004
4.10 ".(sec)
0.0035
0.003
0.0025
Delay_Kepler,
S— 0.002
Delay RK4,
0.0015
0.001
510}
0 (se0) 0
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0-(sec) time,, (sec) 250 (sec)

Figure E.3.2-2: Propagation delay of LEO-600 calculated by Newton-Raphson method and fourth-
order Runge-Kutta method

E.3.3 Elevation angle and Azimuth angle (for information)
An elevation angle, El (degrees), of the satellite position from the UE viewpoint at timet can be derived as follows:
—sinA —singcos 1 cos¢ cos A
e= [ cosA l,n = [—sinqbsin Al,u= [cosd)sinll
0 cos ¢ sin¢

Note e, n, and u are the unit vectors for east, north, and zenith direction at the UE position at timet.

Lo = PEF! e = EEF! o, 4 pESEL e, + pEE! e,
lin = PEE -1 = pECET o pESE -, +pESE! -,
Lo = PEET 1w = PESE -y 4 pESE -, + pEEP -,
lt,h = ’l?,e + l?,n
180 l
El(t) = —tan~1-2%
Vs lt,h
Azimuth angle, Az (degrees), is aso derived asfollows.
180 l
Az(t) = —tan™t £
T lin

For example, elevation angle of LEO-600 with maximum positive Doppler scenario is shown in Figure E.3.3-1.
Starting the elevation angle from 30 degrees, available connection time between UE and one satellite is approximately
250 seconds.
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Figure E.3.3-1: Elevation angle for LEO-600 with maximum positive Doppler scenario

E4 Initial conditions for numerical solution

E.4.1 Initial ephemeris information for satellites

For LEO-600 scenario, theinitial satellite epehemrisis specified either by a state vector format in Table E.4.1-1 or by
an orbital parameter format in Table E.4.1-2.

Note ephemerisinfo in Table E.4.1-2 is derived from Table E.4.1-1 with the assumption X, y, z axis in ECI are aligned
with x, y, z axisin ECEF.

Table E.4.1-1: Initial ephemeris information for NGSO satellites (LEO-600 with Max Doppler in state
vector format)

Information Element Value/remark
SysteminformationBlockType31-r17 ::= SEQUENCE {
servingSatelliteInfo-r17 SEQUENCE {
epochTime-r17 NOTE 2
ephemerisinfo-r17 CHOICE {
stateVectors SEQUENCE {
positionX-r17 -2654549
positionY-r17 4386991
positionZ-r17 1594205
velocityVX-r17 14581
velocityVY-rl7 -34487
velocityVZ-r17 120182
}

NOTE 2:

NOTE 1: Satellite-UE elevation angle equal to 30.11 degrees, one-way delay equal to
3.60 ms and Doppler equal to 19.83 ppm.

When ephemerisinfo is updated, epochTime-r17 is set such that ephemerisinfo
corresponds to the satellite’s position/velocity at the SFN/subframe indicated by

epochTime-rl7.

ETSI



3GPP TS 36.102 version 19.3.0 Release 19 99 ETSI TS 136 102 V19.3.0 (2026-04)

Table E.4.1-2: Initial ephemeris information for NGSO satellites (LEO-600 with Max Doppler in orbital
parameter format)

Information Element Value/remark
SysteminformationBlockType31-r17 ::= SEQUENCE {
servingSatelliteInfo-rl7 SEQUENCE {
epochTime-r17 NOTE 2
ephemerisinfo-r17 CHOICE {
orbitalParameters SEQUENCE {

semiMajorAxis-ri17- 127437262

eccentricity-r17 625825

periapsis-r17 1514099

longitude-r17 88985152

inclination-r17 62744502

meanAnomaly-r17 11230448
}

}

NOTE 1: Satellite-UE elevation angle equal to 30.11 degrees, one-way delay equal to 3.60 ms
and Doppler equal to 19.83 ppm

NOTE 2: When ephemerisinfo is updated, epochTime-rl7 is set such that ephemerisinfo
corresponds to the satellite’s position/velocity at the SFN/subframe indicated by
epochTime-rl7.

The position and velocity state vectors or orbital parameters of the satellite need to be converted based on the
definitionsin TS 36.331 [6] as Ephemerisinfo field descriptions.

The converted satellite coordinate and velocity in ECEF Frame are as follows.
Satellite coordinate: ( -3450913.7 [m], 5703088.3 [m], 2072466.5 [m])
Satellite velocity: (874.86 [m/s], -2069.22 [m/s], 7210.92 [m/s])

The converted orbital elementsin ECI frame are as follows.
Semi-major axis (a): 7041480.926238 [m]
Eccentricity (e): 0.00895555575 [rad]
Inclination (i): 1.46884879182 [rad]
Longitude of ascending node (€2): 2.08314240832 [rad]
Argument of periapsis (w): 0.03544505759 [rad]

Mean anomaly (Mo): 0.26290478768 [rad]

E.4.2 Initial location information for UE

Theinitial UE position can be referred from TS 36.508 [14].
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56.1 UE location

UE shall determineits location during the test using any of the following means.

1. UE location for the test shall be provided to the UE via pre-configured means. During the test the UE location
is not expected to change unless explicitly stated as a requirement for the test.

2. Other options such as providing UE location via AT command are not precluded.

UE location provided to the UE before the start of the test for RF Tx/Rx and DEMOD test cases for both GSO and
NGSO config is as follows:

Longitude: 121.56076999
Latitude: 25.08439333 (NGSO satdllites), 55.0 (GSO satellites)
Altitude: O

Based on the equations described in the annex E.3.1, converted UE location for NGSO satellites in ECEF Frameis as
follows.

UE location: (-3025296.935779 [m], 4925102.789830 [m], 2687544.210048 [m])

E.5 Accuracy requirements for maximum delay errors to
obtain the propagation delay and Doppler shift
trajectory in TE side

The mean of absolute error for Doppler shift should be less than 1 Hz and the mean of absolute error for propagation
delay should be less than 0.05us based on the following error cal culation method.
1000

1 n
Eeroppler(t) = m Z |D0pplerbaseline (t + m) - Dopplerinterp (t +

n=1

n

1000)|'t =0,12,..(s)

1000

1 n n
Eerelay(t) = m Z |Delayrbaseline (t + m) - Delayrinterp (t + m)| ,0=012,.. (S)

n=1

where Doppletygseiine(N), Doppletipterp (M), DelayTygseiine(n) and Delay;,,..(n) are caculated once per 1ms, and
the average is taken over every 1 second.
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Annex F (informative):
Change history
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