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Background
As per WID [1], demodulation part of NTN WI should be discussed from this meeting. In this contribution, we share our views about the satellite NTN demodulation requirements.
Discussion
Test scope
Derived from RAN1 impact
Here we analysis the feasibility and necessity to define new performance requirements based on the following features defined by RAN1.
Enhancement on time relationship
For enhancement on time relationship, K_offset is introduced to indicate the extra timing offset for uplink relative to downlink such as for DCI scheduled PUSCH, RAR grant scheduled PUSCH, etc. Also, K_mac is introduced to indicate the timing offset between downlink and uplink frame at gNB. To simplify the test setup, similar as legacy BS, we propose to not specify K_offset and K_mac parameters for satellite performance requirements definition.
Do not specify K_offset and K_mac parameters for satellite performance requirements definition.
Enhancement on HARQ
For enhancement on HARQ, the maximum number of HARQ processing is extend to 32. However, number of HARQ processing is not specified for the legacy BS performance requirements, so we propose to not define performance requirements with HARQ Processes 32.
Do not define satellite performance requirements with HARQ Processes 32.
Derived from legacy BS requirements
For satellite performance requirements derived from legacy BS requirements, considering that there is parallel discussion for NTN WI with other Rel-17 WIs, we propose to only consider Rel-15 and Rel-16 features. In addition, we propose to define the satellite performance requirements case by case to decide whether to reuse or modify some test parameters if needed. Most of test parameters should be reused as much as possible to reduce simulation workload.
For satellite performance requirements derived from legacy BS requirements, only consider Rel-15 and Rel-16 features. Case by case to decide whether to reuse or modify some test parameters if needed. Most of test parameters should be reused as much as possible to reduce simulation workload.
1.1 Test setup
[bookmark: _Ref91348229]General
UL time and frequency synchronization
For UL timing synchronization, combination of both open loop and closed loop is supported for TA control. UE only estimates UE-satellite RTT while satellite-gNB RTT is provided by a network-controlled common TA parameter and K_mac parameter. From demodulation point of view, there is no any new algorithm introduced for baseband processing.
[bookmark: _Hlk91323169]For the UL frequency synchronization, UE should use its acquired GNSS position and satellite ephemeris to calculate the Doppler shift experienced on the service link used for uplink frequency pre-compensation. Same as legacy TN UE frequency error requirement, it is agreed in RF part that the mean value of basic measurements of UE modulated carrier frequency shall be accurate to within ±0.1 ppm observed over a period of 1ms of cumulated measurement intervals compared to the carrier frequency received from the gNB (NTN architecture) and the additional frequency error introduced by NTN payload, feeder link Doppler compensation error and NTN-Gateway is negligible. Therefore, there is no any additional special processing at the satellite baseband.
To simplify the test setup, the synchronization method during the test can be reused from the legacy BS testing for satellite performance requirements definition.
To simplify the test setup, the synchronization method during the test can be reused from the legacy BS testing for satellite performance requirements definition.
Channel model
In TS 38.811, channel model under NTN scenario is defined as NTN-TDL-A/B for NLOS conditions and NTN-TDL-C/D for LOS conditions. Considering that channel conditions depends on UE environment and elevation angle, we propose to consider both LOS channel model and NLOS channel model for performance requirements definition. So it is reasonable to introduce all of above channel model. For the delay spread, we propose to consider 100ns and 300ns as a proper value based on Rel-15/16 evaluation results during NTN SI stage. Permutation and combination method can be used for TDL type and delay spread, such as: NTN-TDLA100, NTN-TDLB300, NTN-TDLC100, NTN-TDLD300. NTN-TDL fading channel model should be selected to replace the legacy TDL fading channel model for NTN requirements definition when applicable. In addition, as per RF agreement, ±0.1 ppm is considered after UE pre-compensation, so Doppler can be selected as 200Hz that is 0.1 ppm of carrier frequency corresponding to n256.
For NTN satellite performance requirements, introduce NTN-TDL-A/B/C/D for satellite performance requirements definition and select 100ns and 300ns as delay spread. Permutation and combination can be used such as: NTN-TDLA100, NTN-TDLB300, NTN-TDLC100, NTN-TDLD300.
NTN-TDL fading channel model should be selected to replace the legacy TDL fading channel model for NTN requirements definition when applicable.
Doppler can be select as 200Hz that is 0.1 ppm of carrier frequency corresponding to n256.
Channel bandwidth & SCS
As per RF agreements, two new NTN satellite bands n256/n255 is introduced with {5, 10, 15, 20}MHz bandwidth configuration for 15kHz SCS and {10, 15, 20}MHz bandwidth configuration for 30kHz/60kHz SCS. For the normal BS performance requirements, only 5MHz, 10MHz and 20MHz bandwidth configuration case is defined for 15kHz SCS while 10MHz and 20MHz bandwidth configuration case is defined for 30kHz SCS. For NTN satellite performance requirements definition, we propose to use same typical bandwidth and SCS configuration as normal TN BS performance requirements.
For NTN satellite performance requirements, select 5MHz, 10MHz and 20MHz bandwidth for 15kHz SCS while 10MHz and 20MHz bandwidth for 30kHz SCS.
[bookmark: _Ref91492723]PUSCH
The following PUSCH requirements are defined in Rel-15 and Rel-16:
· Transform precoding disabled, rank 1/2, 2/4/8 Rx
· Transform precoding enabled, rank 1, 2/4/8 Rx
· UCI multiplexed on PUSCH, rank 1, 2 Rx
· High speed train, rank 1, 1/2/8 Rx
· UL timing adjustment, rank 1, 2 Rx
· 0.001% BLER, rank 1, 2 Rx
· repetition Type A, rank 1, 2 Rx
· mapping Type B with non-slot transmission, rank 1, 2 Rx
· 2-step RA type, rank 1, 2 Rx
· interlaced PUSCH, rank 1, 2 Rx
· CG-UCI multiplexed on interlaced PUSCH, rank 1, 2 Rx
Higher latency and lower SNR point is expected for NTN deployment comparing to the legacy TN network. Considering typical NTN channel and deployment, we propose to not consider high speed train scenario, URLLC scenario and interlaced PUSCH scenario for NTN PUSCH requirements definition. Also, considering rather large delay between UE and satellite, it is doubtful whether UE reporting CSI is still valid, so we propose to not consider UCI multiplexed on PUSCH cases for NTN PUSCH requirements definition. Other PUSCH requirements can be reused.
Do not consider high speed train scenario, URLLC scenario and interlaced PUSCH scenario for NTN PUSCH requirements definition. Do not consider UCI multiplexed on PUSCH cases for NTN PUSCH requirements definition. Other PUSCH requirements can be reused.
Modulation order
As per RF agreements, 256QAM is not supported by UE in Rel-17 and FFS for 64QAM. So we can consider QPSK and 16QAM with high priority and follow outcome from RF side to decide whether 64QAM is considered.
For NTN satellite performance requirements, consider QPSK and 16QAM with high priority and follow outcome from RF side to decide whether 64QAM is considered.
Here we show the LLS evaluation results for QPSK and 16QAM as Figure 2.2.2-1 and Table 2.2.2-1 and link budget evaluation based on TR 38.863 as Table 2.2.2-2.
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[bookmark: _Ref91493189]Figure 2.2.2-1 Evaluation results for NTN PUSCH

[bookmark: _Ref91493169]Table 2.2.2-1 Evaluation results for NTN PUSCH
	
	NTN-TDLA100-200
	NTN-TDLB300-200
	NTN-TDLC100-200
	NTN-TDLD300-200

	2Rx
	Rank1
	MCS2
	-4.76
	-4.50
	-4.11
	-4.09

	
	
	MCS16
	8.83
	9.04
	9.13
	9.23

	
	Rank2
	MCS2
	-0.82
	-0.59
	-0.47
	-0.43

	
	
	MCS16
	19.25
	20.03
	22.03
	21.51

	4Rx
	Rank1
	MCS2
	-7.81
	-7.60
	-7.53
	-7.48

	
	
	MCS16
	5.04
	5.23
	4.98
	5.14

	
	Rank2
	MCS2
	-4.21
	-4.12
	-4.00
	-4.07

	
	
	MCS16
	10.20
	10.27
	10.42
	10.25

	8Rx
	Rank1
	MCS2
	-10.38
	-10.30
	-10.25
	-10.26

	
	
	MCS16
	2.37
	2.40
	2.32
	2.34

	
	Rank2
	MCS2
	-6.95
	-6.96
	-6.86
	-6.91

	
	
	MCS16
	5.86
	5.96
	5.91
	6.05



[bookmark: _Ref91493145]Table 2.2.2-2 Link budget for NTN PUSCH
	
	LEO600-rural
	LEO600-urban
	LEO1200-rural
	LEO1200-urban
	GEO-rural
	GEO-urban
	LEO600-rural
	LEO600-urban
	LEO1200-rural
	LEO1200-urban
	GEO-rural
	GEO-urban

	UE Max Tx power (dBm)
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23
	23

	Coupling loss 50%-tile
	125.73
	125.54
	131.49
	131.39
	139.94
	140
	125.73
	125.54
	131.49
	131.39
	139.94
	140

	Noise figure for NTN satellite (dB)
	4.3
	4.3
	4.3
	4.3
	7.4
	7.4
	4.3
	4.3
	4.3
	4.3
	7.4
	7.4

	SCS (kHz)
	15
	15
	15
	15
	15
	15
	30
	30
	30
	30
	30
	30

	Thermal Noise
	-103.17
	-103.17
	-103.17
	-103.17
	-100.07
	-100.07
	-103.72
	-103.72
	-103.72
	-103.72
	-100.62
	-100.62

	SNR (UL 5MHz)
	0.44
	0.63
	-5.32
	-5.22
	-16.87
	-16.93
	0.99
	1.18
	-4.77
	-4.67
	-16.32
	-16.38



We can see that even with 5MHz bandwidth is configured, it is still not feasible for MCS 16 for both rank1 and rank2 with 8Rx that is the highest number of receiving antenna configuration during the test. Therefore, we propose to only consider QPSK for NTN PUSCH requirements for NTN PUSCH requirements definition.
Only consider QPSK for NTN PUSCH requirements for NTN PUSCH requirements definition.
PUCCH
The following PUCCH performance requirements are defined for legacy BS:
· PUCCH format 0/1/2/3/4, 2/4/8 Rx
· Multi-slot PUCCH format 1, 2 Rx
· Interlaced PUCCH format 0/1/2/3, 2Rx
Considering that interlaced PUCCH cases are mainly aimed to verify BS performance under unlicensed spectrum, we propose to not consider interlaced PUCCH for NTN PUCCH requirements definition. Other PUCCH requirements can be reused.
Do not consider interlaced PUCCH for NTN PUCCH requirements definition. Other PUCCH requirements can be reused.
PRACH
The following PRACH performance requirements are defined for legacy BS:
· Normal mode with AWGN or fading, 2/4/8 Rx, preamble format 0/A1/A2/A3/B4/C0/C2
· High speed train with AWGN or fading, 2/4/8 Rx, preamble format 0/A2/B4/C2
· LRA=1151 and LRA=571 with AWGN or fading, 2 Rx, preamble format A2/B4/C2
Considering typical NTN channel, we propose to not consider AWGN channel and not consider high speed train scenario for NTN PRACH requirements definition. Other PRACH requirements can be reused. For the preamble format, down scope is needed to reduce the test effort, we propose to only consider typical B4/C2 preamble format for NTN satellite requirements.
Do not consider AWGN channel and do not consider high speed train scenario for NTN PRACH requirements definition. Other PRACH requirements can be reused.
Only consider typical B4/C2 preamble format for NTN satellite requirements.
Proposals
In this contribution, we discuss on UE demodulation requirements for NTN. Our observations and proposals are:
1. Do not specify K_offset and K_mac parameters for satellite performance requirements definition.
Do not define satellite performance requirements with HARQ Processes 32.
For satellite performance requirements derived from legacy BS requirements, only consider Rel-15 and Rel-16 features. Case by case to decide whether to reuse or modify some test parameters if needed. Most of test parameters should be reused as much as possible to reduce simulation workload.
To simplify the test setup, the synchronization method during the test can be reused from the legacy BS testing for satellite performance requirements definition.
For NTN satellite performance requirements, introduce NTN-TDL-A/B/C/D for satellite performance requirements definition and select 100ns and 300ns as delay spread. Permutation and combination can be used such as: NTN-TDLA100, NTN-TDLB300, NTN-TDLC100, NTN-TDLD300.
NTN-TDL fading channel model should be selected to replace the legacy TDL fading channel model for NTN requirements definition when applicable.
Doppler can be select as 200Hz that is 0.1 ppm of carrier frequency corresponding to n256.
For NTN satellite performance requirements, select 5MHz, 10MHz and 20MHz bandwidth for 15kHz SCS while 10MHz and 20MHz bandwidth for 30kHz SCS.
Do not consider high speed train scenario, URLLC scenario and interlaced PUSCH scenario for NTN PUSCH requirements definition. Do not consider UCI multiplexed on PUSCH cases for NTN PUSCH requirements definition. Other PUSCH requirements can be reused.
For NTN satellite performance requirements, consider QPSK and 16QAM with high priority and follow outcome from RF side to decide whether 64QAM is considered.
Only consider QPSK for NTN PUSCH requirements for NTN PUSCH requirements definition.
Do not consider interlaced PUCCH for NTN PUCCH requirements definition. Other PUCCH requirements can be reused.
Do not consider AWGN channel and do not consider high speed train scenario for NTN PRACH requirements definition. Other PRACH requirements can be reused.
Only consider typical B4/C2 preamble format for NTN satellite requirements.
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