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==============First change==============
[bookmark: _Toc208677912][bookmark: _Toc187272982][bookmark: _Toc187272781][bookmark: _Toc184373704][bookmark: _Toc163213954][bookmark: _Toc161928732][bookmark: _Toc153138317][bookmark: _Toc153136117][bookmark: _Toc145029570][bookmark: _Toc138894859][bookmark: _Toc137401335][bookmark: _Toc137386451][bookmark: _Toc131734990][bookmark: _Toc124256677][bookmark: _Toc123057984][bookmark: _Toc115267787][bookmark: _Toc114565699][bookmark: _Toc107476886][bookmark: _Toc107419593][bookmark: _Toc107234624][bookmark: _Toc107233034][bookmark: _Toc106737267][bookmark: _Toc106543172][bookmark: _Toc98849322][bookmark: _Toc91440537][bookmark: _Toc83742047][bookmark: _Toc76652775][bookmark: _Toc76651937][bookmark: _Toc76572070][bookmark: _Toc76298058][bookmark: _Toc67918015][bookmark: _Toc61120871][bookmark: _Toc53176595][bookmark: _Toc45892738][bookmark: _Toc40209779][bookmark: _Toc40209437][bookmark: _Toc37084075][bookmark: _Toc37083733][bookmark: _Toc37068190][bookmark: _Toc29808271][bookmark: _Toc21338163]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.
Table 8.1.2.3-1: Applicability of requirements for UE category M1
	If UE has passed
	UE can skip
	Applicability notes

	Test type
	Test list
	Test type
	Test list
	

	FDD and half-duplex FDD
	PDSCH
	Table 8.2.1.1.1.1-3 (Test 1)
	FDD and half-duplex FDD
	PDSCH
	Table 8.2.1.1.1.1-2 (Test 1 and Test 3)
	

	FDD and half-duplex FDD
	PDSCH
	Table 8.2.1.1.1.1-3 (Test 2)
	FDD and half-duplex FDD
	PDSCH
	Table 8.2.1.1.1.1-2 (Test 2 and Test 3)
	



Table 8.1.2.3-2: Applicability of requirements for UE category NB1 and NB2
	If UE has passed
	UE can skip
	Applicability notes

	Test type
	Test list
	Test type
	Test list
	

	Half-duplex FDD
	NPDSCH
	Table 8.3.1.1.1.1-3 (Test 1)
	Half-duplex FDD
	NPDSCH
	Table 8.3.1.1.1.1-2 (Test 1 and Test 2)
	


==============Next change==============
[bookmark: _Toc368026404][bookmark: _Toc137401331][bookmark: _Toc138894855][bookmark: _Toc145029566][bookmark: _Toc153136113][bookmark: _Toc153138313][bookmark: _Toc161928728][bookmark: _Toc163213950][bookmark: _Toc184373700][bookmark: _Toc187272777][bookmark: _Toc187272978][bookmark: _Toc208677908]8.1	General
[bookmark: _Toc368026405][bookmark: _Toc137401332][bookmark: _Toc138894856][bookmark: _Toc145029567][bookmark: _Toc153136114][bookmark: _Toc153138314][bookmark: _Toc161928729][bookmark: _Toc163213951][bookmark: _Toc184373701][bookmark: _Toc187272778][bookmark: _Toc187272979][bookmark: _Toc208677909]8.1.1	Receiver antenna capability
The performance requirements are based on UE(s) that utilize one or more antenna receivers.
For all 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.
[bookmark: _Toc368026408][bookmark: _Toc137401333][bookmark: _Toc138894857][bookmark: _Toc145029568][bookmark: _Toc153136115][bookmark: _Toc153138315][bookmark: _Toc161928730][bookmark: _Toc163213952][bookmark: _Toc184373702][bookmark: _Toc187272779][bookmark: _Toc187272980][bookmark: _Toc208677910]8.1.2	Applicability of requirements
[bookmark: _Toc368026409][bookmark: _Toc137401334][bookmark: _Toc138894858][bookmark: _Toc145029569][bookmark: _Toc153136116][bookmark: _Toc153138316][bookmark: _Toc161928731][bookmark: _Toc163213953][bookmark: _Toc184373703][bookmark: _Toc187272780][bookmark: _Toc187272981][bookmark: _Toc208677911]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 requirements in Table 8.1.2.2-1 shall apply for UEs which support optional UE features only. If same test is listed for different UE features/capabilities in 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 also 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
	[bookmark: _Hlk136268787]UE feature/capability
	Test list
	Applicability notes

	NTN access (ntn-Connectivity-EPC-r17)
	Clause 8.2.1.1 (Test 1, Test 2, Test 3)
	The requirements apply only for UE Category M1

	
	Clause 8.3.1.1 (Test 1, Test 2)
	The requirements apply only for UE Category NB1, NB2

	NTN scenario support (ntn-ScenarioSupport-r17)
	Clause 8.2.1.1 (Test 1, Test 2, Test 3)
	The requirements apply only for UE Category M1, and only when ntn-ScenarioSupport-r17 is “ngso” or is not included

	
	Clause 8.3.1.1 (Test 1, Test 2)
	The requirements apply only for UE Category NB1, NB2, and only when ntn-ScenarioSupport-r17 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-r13)
	Clause 8.2.1.1 (Test 3)
	The requirements apply only for UE Category M1

	Note:	Void



Table 8.1.2.2-2: Requirements applicability combinations of TS 36.101 and TS 36.102
	 
	Supported bands

	ntn-ScenarioSupport-r17
	Both TN and NTN bands
	Only NTN bands

	gso (GSO only)
	TS 36.101 Clause 8 & 9 (with TN configurations)
	TS 36.101 Clause 8 (with NTN GSO configurations)

	ngso (NGSO only)
	TS 36.101 Clause 8 &.9 (with TN configurations)
TS 36.102 Clause 8 (with NTN NGSO configurations)
	TS 36.101 Clause 8 (with NTN NGSO configurations)
TS 36.102 Clause 8 (with NTN NGSO configurations)

	not included (Both GSO and NGSO)
	TS 36.101 Clause 8 & 9 (with TN configurations)
TS 36.102 Clause 8 (with NTN NGSO configurations)
	TS 36.101 Clause 8 (with NTN GSO configurations)
TS 36.102 Clause 8 (with NTN NGSO configurations)



[bookmark: _Toc137401336][bookmark: _Toc138894860][bookmark: _Toc145029571][bookmark: _Toc153136118][bookmark: _Toc153138318][bookmark: _Toc161928733][bookmark: _Toc163213955][bookmark: _Toc184373705][bookmark: _Toc187272782][bookmark: _Toc187272983][bookmark: _Toc208677913]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 define in 4.1, 4.1A and 4.1C from [11]. A UE that belongs to either a UE category or a UE DL category indicated in UE performance requirements in subclause 8 shall fulfil the corresponding requirements.
[bookmark: _Toc208677914]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.
[bookmark: _Toc208677915]8.2.1	FDD and half-duplex FDD
[bookmark: _Toc208677916]8.2.1.1	PDSCH
The parameters specified in Table 8.2.1.1-1 are valid for FDD and half-duplex FDD tests unless otherwise stated.
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 processes per component carrier
	Processes
	8

	2

	Maximum number of HARQ transmission
	
	4
	4

	Redundancy version coding sequence rvidx (Note 1)
	
	{0, 2, 3, 1} for QPSK and 16QAM

	{0,0,0,0,2,2,2,2,3,3,3,3,1,1,1,1…} for QPSK

	Cyclic Prefix
	
	Normal
	Normal

	Beamforming Precoder for MPDCCH 
	
	N/A
	N/A

	BL/CE DL subframe comfiguration configuration (fdd-DownlinkOrTddSubframeBitmapBR)
	
	1111111111
	1111111111

	HARQ bundling(ce-HARQ-AckBundling)
	
	Disabled
	Disabled

	Koffset (k-Offset)
	ms
	8
	8

	Note 1:	rvidx is defined in TS 36.213 [12] Table 7.1.7.1-2.



[bookmark: _Toc208677917]8.2.1.1.1	Single-antenna port performance
8.2.1.1.1.1	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 parameters in Table 8.2.1.1.1.1-1, and the downlink physical channel setup according to Annex B.3.2. The purpose is to verify the performance of single antenna port configuration.
Table 8.2.1.1.1.1-1: Test Parameters for single antenna port (FRC)
	Parameter
	Unit
	Test 1 in Table 8.2.1.1.1.1-2
Test 1 in Table B.2.1.1.1.1-3
	Test 2 in Table 8.2.1.1.1.1-2 
Test 2 in Table 8.2.1.1.1.1-3
	Test 3 in Table 8.2.1.1.1.1-2

	Downlink power allocation
	
	
	-3
	-3
	-3

	
	
	
	-3 (Note 1)
	-3 (Note 1)
	-3 (Note 1)

	
	
	
	0
	0
	0

	
	
	
	3
	3
	3

	 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-maxNumRepetitionCEmodeA/ pdsch-maxNumRepetitionCEmodeB))
	
	Not configured
	Not configured
	Not configured

	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
	1
	8
	64

	MPDCCH repetition number
	
	1
	8
	64

	Number of narrowbands for frequency hopping
(mpdcch-pdsch-HoppingNB)
	
	N/A
	N/A
	N/A

	Starting subframe configuration for MPDCCH
(mpdcch_startSF_UESS)
	
	1
	4
	2.5

	Narrowband for MPDCCH
(mpdcch_Narrowband)
	
	0
	0
	0

	MPDCCH aggregation level
	
	8
	24
	24

	Note 1:	.
Note 2:	For each test, DC subcarrier puncturing shall be considered.
Note 3:	If not otherwise stated, the values in this table refer to parameters in TS 36.211 [3] or/and TS 36.213 [12] as appropriate.



Table 8.2.1.1.1.1-2: Minimum performance for single antenna port (FRC)
	Test number
	Bandwidth and MCS 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum
Throughput (%)
	SNR (dB)
	

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

	2
	1.4MHz QPSK 1/3
	R.2 FDD
	OP.1 FDD
	NTN-TDLA100-200
	1x1
	70
	-4.2
	M1

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



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 number
	Bandwidth and MCS 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum
Throughput (%)
	SNR (dB)
	

	1
	1.4MHz 16QAM 1/2
	R.1 FDD
	OP.1 FDD
	NTN-TDLC5-30
	1x1
	70
	11.4
	M1

	2
	1.4MHz QPSK 1/3
	R.2 FDD
	OP.1 FDD
	NTN-TDLA100-200
	1x1
	70
	-3.2
	M1

	Note 1:	The time-varying Doppler shift and propagation delay model, specified in Annex E, is applied.



[bookmark: _Toc208677918]8.3	Demodulation performance requirements for UE category NB1 and NB2
[bookmark: _Toc208677919]8.3.1	Half-duplex FDD
[bookmark: _Toc208677920]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 carrier
	Processes
	1

	Maximum number of HARQ transmission
	
	4

	Cyclic Prefix
	
	Normal

	eutraControlRegionSize-r13
	
	N/A

	downlinkBitmap-r13 and dl-Gap-r13
	
	Not configured

	dl-GapNonAnchor-r13 and
downlinkBitmapNonAnchor-r13
	
	Not configured

	Unused REs or RB
	
	OCNG

	OCNG pattern
	
	NB.OP.1



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


	
(ack-NACK-NumRepetitions-r13)
	
	1

	ACK/NACK resource field
	
	0

	Reference channel for NPDCCH
	
	R.NB.3 FDD

	
(npdcch-Offset-USS-r13)
	
	0

	K_offset
	ms
	8



[bookmark: _Toc208677921]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, with the addition of the parameters in Table 8.3.1.1.1.1-1 and the downlink physical channel setup according to Annex B.3.3. The purpose of these tests is 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
	ValueTest 1, 2

	[image: ]at antenna port
	[image: ]
	dBm/15kHz
	-93 (Note 1)

	
	[image: ]
	dBm/15kHz
	-99 (Note 2)

	NPDCCH repetition number
	subframe
	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

	
 (npdcch-NumRepetitions-r13)
	subframe
	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

	
(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.



Table 8.3.1.1.1.1-2: Minimum performance for NPDSCH under Standalone Operations and In-band Operations with 1 NRS port
	Test number
	Bandwidth
	Carrier Type
	Reference Channel
	Repetition number
	Propagation condition
	Number of NRS ports
	Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	
	
	Fraction of Maximum
Throughput (%)
	SNR (dB)
	

	1
	200kHz
	Anchor
	R.NB.1 FDD
	32
	NTN-TDLC5-200
	1
	1x1
	70%
	-4.7
	NB1, NB2

	2
	200kHz
	Non-anchor
	R.NB.2 FDD
	128
	NTN-TDLA100-10
	1
	1x1
	70%
	-10.6
	NB1, 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
	Test number
	Bandwidth
	Carrier Type
	Reference Channel
	Repetition number
	Propagation condition
	Number of NRS ports
	Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	
	
	Fraction of Maximum
Throughput (%)
	SNR (dB)
	

	1
	200kHz
	Anchor
	R.NB.1 FDD
	32
	NTN-TDLC5-200
	1
	1x1
	70%
	-4.2
	NB1, NB2

	Note 1: 	The time-varying Doppler shift and propagation delay model, specified in Annex E, is applied.




==============Next change==============
[bookmark: _Toc208677935]A.3	Testing related to Satellite Access
[bookmark: _Toc208677936]A.3.1	General
[bookmark: _Hlk211947066]The following test conditions should be maintained for Satellite Access when test equipment emulates the snapshot of the satellite link channel.
-	The same ephemeris info will be maintained during each test.
-	A set of ephemeris information are pre-defined for each satellite corresponding to respective epoch times in TS 36.508 [14].
-	The range of the selected constant delay shift is as follows:
-	For NGSO an altitude of 600km and 1200km on a circular 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 ephemeris info (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 emulates the time varying satellite link based on Annex E.
-	The ephemeris info 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.
[bookmark: _Toc208677937]A.3.2	Test condition for transmitter characteristics
All requriements in 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.
[bookmark: _Toc208677938]A.3.3	Test condition for receiver characteristics
All requirements in 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 all types of satellites.
[bookmark: _Toc208677939]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 all 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.
==============Next change==============

[bookmark: _Toc137401369][bookmark: _Toc138894893][bookmark: _Toc145029604][bookmark: _Toc153136151][bookmark: _Toc153138356][bookmark: _Toc161928785][bookmark: _Toc163214007][bookmark: _Toc184373757][bookmark: _Toc187272834][bookmark: _Toc187273035]Annex D (normative): 
Propagation conditions
[bookmark: _Toc137401370][bookmark: _Toc138894894][bookmark: _Toc145029605][bookmark: _Toc153136152][bookmark: _Toc153138357][bookmark: _Toc161928786][bookmark: _Toc163214008][bookmark: _Toc184373758][bookmark: _Toc187272835][bookmark: _Toc187273036]D.1	Multi-path fading propagation conditions
The multipath propagation conditions consist of several parts:
[bookmark: _Toc123058003][bookmark: _Toc124256696]-	A delay profile in the form of a "tapped delay-line", characterized by a number of taps at fixed positions on 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.
[bookmark: _Toc137401371][bookmark: _Toc138894895][bookmark: _Toc145029606][bookmark: _Toc153136153][bookmark: _Toc153138358][bookmark: _Toc161928787][bookmark: _Toc163214009][bookmark: _Toc184373759][bookmark: _Toc187272836][bookmark: _Toc187273037]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 RMS 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 IoT NTN channel models
	Type
	Model
	Delay spread (r.m.s.)
	Delay resolution

	NLOS
	NTN-TDLA100
	100 ns
	5 ns

	LOS
	NTN-TDLC5
	5 ns
	5 ns



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.



[bookmark: _Toc137401372][bookmark: _Toc138894896][bookmark: _Toc145029607][bookmark: _Toc153136154][bookmark: _Toc153138359][bookmark: _Toc161928788][bookmark: _Toc163214010][bookmark: _Toc184373760][bookmark: _Toc187272837][bookmark: _Toc187273038]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 LOS propagation conditions.
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




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
As a first step, it is necessary to perform the satellite’s orbital calculations. There are two methodologies applicable to model the time varying Doppler shift and propagation delay by a test equipment, i.e. Newton-Raphson method to solve Keplerian model and fourth-order Runge-Kutta 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-major axis (a)
	m
	Half the length of the longest diameter of the elliptical 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 (W)
	rad
	Angle from a reference direction (i.e. vernal equinox) to the ascending node, where the satellite crosses the equatorial plane from south to north.

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

	Mean anomaly (M0)
	rad
	Satellite’s position along its orbit at time 0, expressed as an angle measured from perigee.

	
	second
	Time to derive the satellite position and velocity.Set to 0 at the initialization.



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

	
	km
	Initial satellite position state vector at time 0 in Earth-centred earth-fixed frame (ECEF)

	
	km/s
	Initial satellite velocity state vector at time 0 in Earth-centred earth-fixed frame (ECEF)

	
	second
	Time to derive the satellite position and velocity. Set to 0 at the initialization.



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 elliptical 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 (W)
	rad
	Angle from a reference direction (i.e. vernal equinox) to the ascending node, where the satellite crosses the equatorial plane from south to north. 

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

	Mean anomaly (Mt)
	rad
	Satellite’s position along its orbit at time t, expressed as an angle measured from perigee.



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

	
	km
	Satellite position state vector at time t in Earth-centred earth-fixed frame (ECEF)

	
	km/s
	Satellite velocity state vector at time t in Earth-centred earth-fixed frame (ECEF)



Table E.2-5: Constant parameters
	Parameters
	Description
	Values
	Unit

	
	Gravitational parameter for Earth
	3.986004418 x 105
	km2/s2

	
	Earth angular speed
	7.2921151467 x 10-5
	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 (e) 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 ephemeris information in 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. 
Step 1	Derive six orbital elements (a, e, i, Ω, ω, M0)
Step 1-0	Convert 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.



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





Step 1-2	Inclination (INC, i)


Note the range of INC is between 0 and π (radian).
Step 1-3	Right Ascension of the Ascending Node (RAN, Ω)



Note the range of RAN is between 0 and 2π (radian).
Note Ω is called as ‘Longitude of ascending node’ in TS 36.331 [6] ephemerisInfo-r17.
Step 1-4	Eccentricity (ECC, e), Semi-major axis (SMA, a), Period (P)



Period of the satellite around earth, P (sec), is given by:


Step 1-5	Argument of Periapsis (AP, ω)

Note the range of AP is between 0 and 2π (radian).

Step 1-6	Mean Anomaly at time 0 (MA, M0)
True Anomaly at time 0 (ν0):

Eccentric Anomaly at time 0 (E0):

Mean Anomaly at time 0 (M0):

Note the range of M0 is between 0 and 2π (radian).

Step 2	Determine the satellite position and velocity at time t (sec)
Step 2-1	Mean Anomaly at time t (Mt):

Step 2-2	Derive Eccentric Anomaly at time t (Et) by solving Kepler’s equation with Newton-Raphson method
Build the Kepler’s equation between Mt and Et:

Step 2-2-1: Set 
Step 2-2-2: Calculate 
Step 2-2-3: Calculate 
Step 2-2-4: Update  from , , and  , as follows:

Step 2-2-5: If , then set  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 (νt)

Note the range of νt is between 0 and 2π (radian).
Step 2-4	Convert the orbital elements to the state vector in ECI frame
Convert to the state vector in perifocal frame,


Convert the state vector from perifocal frame to ECI.


Convert the state vector from ECI to ECEF.


To generate the ephemeris information in SIB31 in orbital parameters, convert the state vector to orbital parameters by procedures from Step 1-0 to 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  
When the initial ephemeris information is provided by six Keplerian orbital elements in SIB31, convert the six orbital elements to a state vector by E.2.1.1 step 2-4, where set time t=0.
Step 22: Initialization



Set time step size of position/velocity updates. Set  (sec), for example, if updating the satellite position/velocity every one second. 
Step 3: Solve the equation of motion with the fourth-order Runge-Kutta method.











where


Step 44: Determine the satellite position/velocity at time t.
If :


Otherwise, set , and go to Step 2.
To generate the ephemeris information in SIB31 in orbital parameters, convert the state vector to orbital parameters by procedures from Step 1-0 to Step 2-1 in E.2 at time t.
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 a format of latitude, longitude, and altitude. 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

	
	degree
	Initial UE latitude

	
	degree
	Initial UE longitude

	
	km
	Initial UE altitude



Table E.3.1-2: Output values
	Parameters
	Unit
	Description

	
	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

	
	Earth radius
	6378.137
	km

	
	Square of Earth eccentricity
	6.6943799014 x 10-3
	





Since the UE is stationary during the tests, UE position does not change regardless of time t.


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

	
	km
	UE position state vector at time t in Earth-centred earth-fixed frame (ECEF)

	
	km
	Satellite position state vector at time t in Earth-centred earth-fixed frame (ECEF)

	
	km/s
	Satellite velocity state vector at time t in Earth-centred earth-fixed frame (ECEF)

	
	Hz
	Carrier frequency (e.g., 2.0 x 109 for band n256)



Table E.3.2-2: Output values
	Parameters
	Unit
	Description

	
	Hz
	Doppler shift at time t

	
	sec
	Downlink propagation delay at time t

	
	sec
	Uplink propagation delay at time t



Table E.3.2-3: Constant parameters
	Parameters
	Description
	Example of values
	Unit

	
	Speed of light
	299792.458
	km/s

	
	Earth angular speed
	7.2921151467 x 10-5
	rad/s



Distance between satellite and UE is derived as follows:


Using the distance above and the following range rate, Doppler shift is also derived as follows:


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. 




Note  is the reception time at UE.

Note  is the transmission time at UE. It is not mandated that UE follows this formula for UL propagation delay estimation. 

Doppler shift and propagation delay for LEO-600, calculated by the Newton-Raphson and fourth-order Runge-Kutta methods, are shown in Figure E.3.2-1 and E.3.2-2. Refer to Annex E.4 for initial conditions. 
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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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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 time t can be derived as follows:

Note , , and  are the unit vectors for east, north, and zenith direction at the UE position at time t. 





Azimuth angle, Az (degrees), is also derived as follows.

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.

Figure E.3.3-1: Elevation angle for LEO-600 with maximum positive Doppler scenario

E.4 Initial conditions for numerical solution
E.4.1 Initial ephemeris information for satellites

For LEO-600 scenario, the initial satellite epehemris is 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 axis in 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-r17
	-34487

	        velocityVZ-r17
	120182

	      }
	

	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-r17 is set such that ephemerisInfo corresponds to the satellite’s position/velocity at the SFN/subframe indicated by epochTime-r17.



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-r17 SEQUENCE {
	

	    epochTime-r17
	NOTE 2

	    ephemerisInfo-r17 CHOICE {
	

	      orbitalParameters SEQUENCE {
	

	       semiMajorAxis-r17-
	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-r17 is set such that ephemerisInfo corresponds to the satellite’s position/velocity at the SFN/subframe indicated by epochTime-r17.



The position and velocity state vectors or orbital parameters of the satellite described in ECEF Frame need to be converted based on the definitions in 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 elements in 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 (W): 2.08314240832 [rad]
Argument of periapsis (w): 0.03544505759 [rad]
Mean anomaly (M0): 0.26290478768 [rad]

E.4.2 Initial location information for UE
 The initial UE position can be referred from TS 36.508 [14].
	5.6.1	UE location
UE shall determine its 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 satellites), 55.0 (GSO satellites)
Altitude: 0



Based on the equations described in the annex E.3.1, converted UE location for NGSO satellites in ECEF Frame is 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 0.05µs based on the following error calculation method.


where , ,  and  are calculated once per 1ms, and the average is taken over every 1 second. 


==============End of change==============
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