3GPP TSG-RAN WG4 Meeting #110	R4-2401717
[bookmark: _GoBack]Athens, Greece, 26th Feb - 1st Mar, 2024

Title: 	Discussion on SAN demodulation requirements for NR NTN enhancements
Source: 	Huawei, HiSilicon
Agenda item:	8.18.8.1
Document for:	Discussion
Background
During RAN4#109 meeting, WF [1] on NR_NTN_enh_SAN_UE_demod was approved. In this contribution, we share our views about SAN demodulation requirements for NR NTN enhancements.
Discussion
Test setup for above 10GHz bands
General issues
Antenna configuration
	· Agreement:
· Keep the previous agreement to consider both 1Tx1Rx and 1Tx2Rx
· FFS 2Tx2Rx pending on conclusion of the 2Tx UE RF requirement.



Based on current UE RF discussion, there is no any 2Tx requirement for FR2 NTN. So we propose to not consider 2Tx for FR2 NTN demodulation requirements.
Do not consider 2Tx for FR2 NTN demodulation requirements.
Test setup for normal PUSCH
MCS
	· Proposals
· Option 1: 2/16/20
· Option 2: MCS4 (QPSK, 308/1024) and MCS5 (QPSK, 99/1024, Table 3, for PUSCH repetition Type A case only)



Based on RF co-existence evaluation [2], the average link budget for Rel-18 FR2 LEO-600 NTN scenario is about 3.5dB better than Rel-17 FR1 LEO-600 NTN scenario at 95% percentile in the CDF curve. However, it is still difficult (SINR=6.1dB) to schedule 16QAM. So we propose to select MCS4 (QPSK, 308/1024) for normal PUSCH that is same as Rel-17 FR1-NTN as the starting point.
Select MCS4 (QPSK, 308/1024) for normal PUSCH that is same as Rel-17 FR1-NTN as the starting point.
Test parameters
Additional DM-RS position
For additional DM-RS position, pos2 is only used for high mobility scenarios such as HST. Considering that most of the timing and the Doppler can be pre-compensated by GNSS in NTN scenario, pos1 is enough from demodulation point of view. To reduce the overhead, we propose to only configure pos1 for normal PUSCH requirements.
Only configure pos1 for normal PUSCH requirements.
RB assignment
For RB assignment, we propose to reuse the same value from the legacy PUSCH cases, i.e. full applicable test bandwidth for CP-OFDM and 30 PRBs in the middle of the test bandwidth for DFT-s-OFDM.
Configure full applicable test bandwidth for CP-OFDM and 30 PRBs in the middle of the test bandwidth for DFT-s-OFDM for normal PUSCH requirements.
PTRS configuration
For PTRS configuration, since we support to define QPSK requirements, PTRS is not so useful but more overhead is needed. So we propose to not configure PTRS for normal PUSCH requirements.
Do not configure PTRS for normal PUSCH requirements.
Others
For other test parameters, we propose to use the same value as legacy PUSCH requirements.
Overall, we propose to use the test parameters as following Table 2.1.2.2-1 for SAN PUSCH demodulation requirements.
Table 2.1.2.2-1 Test parameters for testing PUSCH
	Parameter
	Value

	Transform precoding
	Disabled, Enabled

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	[bookmark: _Hlk149293389]Additional DM-RS symbols
	Pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	{0}

	
	DM-RS sequence generation
	NID=0, nSCID =0

	Time domain resource
	PUSCH mapping type
	B

	
	Start symbol index
	0 

	
	Allocation length
	10 

	Frequency domain resource
	RB assignment
	CP-OFDM: Full applicable test bandwidth
DFT-s-OFDM: 30 PRBs in the middle of the test bandwidth

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	[bookmark: _Hlk149293402]PT-RS configuration
	Frequency density (KPT-RS)
	Disabled

	
	Time density (LPT-RS)
	Disabled



Use the test parameters as above Table 2.1.2.2-1 for SAN PUSCH demodulation requirements.
Test setup for PUSCH repetition Type A
MCS
	· Proposals
· Option 1: 2/16/20
· Option 2: MCS4 (QPSK, 308/1024) and MCS5 (QPSK, 99/1024, Table 3, for PUSCH repetition Type A case only)



Based on RF co-existence evaluation [2], the average link budget for Rel-18 FR2 LEO-600 NTN scenario is about 3.5dB better than Rel-17 FR1 LEO-600 NTN scenario at 95% percentile in the CDF curve. However, it is still difficult (SINR=6.1dB) to schedule 16QAM. So we propose to select MCS5 (QPSK, 99/1024, Table 3) for PUSCH repetition Type A that is same as Rel-17 FR1-NTN as the starting point.
Select MCS5 (QPSK, 99/1024, Table 3) for PUSCH repetition Type A that is same as Rel-17 FR1-NTN as the starting point.
Test parameters
We propose to use the test parameters as following Table 2.1.3.2-1 for SAN PUSCH repetition Type A demodulation requirements.
Table 2.1.3.2-1 Test parameters for testing PUSCH repetition Type A
	[bookmark: _Hlk156398812]Parameter
	Value

	Transform precoding
	Disabled

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 3, 0, 3 [Note 1]

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS symbols
	Pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	0

	
	DM-RS sequence generation
	NID=0, nSCID =0

	Time domain resource
	PUSCH mapping type
	B

	
	Start symbol index
	0 

	
	Allocation length
	10 

	
	PUSCH aggregation factor
	n2

	Frequency domain resource
	RB assignment
	Full applicable test bandwidth

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	PT-RS configuration
	Frequency density (KPT-RS)
	Disabled

	
	Time density (LPT-RS)
	Disabled

	NOTE 1:	The effective RV sequence is {0,2,3,1} with slot aggregation



Use the test parameters as above Table 2.1.3.2-1 for SAN PUSCH repetition Type A demodulation requirements.
Test setup for PUCCH
We propose to use the test parameters as following Table 2.1.4-1 to Table 2.1.4-6 for SAN PUCCH demodulation performance requirements.
Table 2.1.4-1: Test Parameters for PUCCH format 0
	Parameter
	Test

	Number of UCI information bits
	1

	Number of PRBs
	1

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	N/A for 1 symbol Enabled for 2 symbols

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs - 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	13 for 1 symbol
12 for 2 symbols

	Test metric
	DTX to ACK probability
ACK missed detection probability 



Table 2.1.4-2: Test Parameters for PUCCH format 1
	Parameter
	Test

	Number of information bits
	2

	Number of PRBs
	1

	Number of symbols
	14

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	enabled

	First PRB after frequency hopping
	The largest PRB index – (nrofPRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	0

	Index of orthogonal cover code (timeDomainOCC)
	0

	Test metric
	DTX to ACK probability
NACK to ACK probability 
ACK missed detection probability



Table 2.1.4-3: Test Parameters for PUCCH format 2 (ACK missed detection)
	Parameter
	Value

	Modulation order
	QSPK

	Starting RB location
	0

	Intra-slot frequency hopping
	N/A 

	Number of PRBs
	4

	Number of symbols
	1

	The number of UCI information bits
	4

	First symbol
	13

	DM-RS sequence generation
	NID0=0

	Test metric
	DTX to ACK probability
ACK missed detection probability



Table 2.1.4-4: Test Parameters for PUCCH format 2 (UCI BLER)
	Parameter
	Value 

	Modulation order
	QSPK

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	enabled

	Frist PRB after frequency hopping
	The largest PRB index – (Number of PRBs – 1)

	Number of PRBs
	9

	Number of symbols
	2

	The number of UCI information bits
	22

	First symbol
	12

	DM-RS sequence generation
	NID0=0

	Test metric
	BLER



Table 2.1.4-5: Test Parameters for PUCCH format 3
	Parameter
	Test 1
	Test 2

	Modulation order
	QPSK

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	enabled

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Number of PRBs
	1
	3

	Number of symbols
	14
	4

	The number of UCI information bits
	16
	16

	First symbol
	0
	0

	Test metric
	BLER



Table 2.1.4-6: Test Parameters for PUCCH format 4
	Parameter
	Value

	Modulation order
	QPSK

	First PRB prior to frequency hopping
	0

	Number of PRBs
	1

	Intra-slot frequency hopping
	enabled

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Number of symbols
	14

	The number of UCI information bits
	22

	First symbol
	0

	Length of the orthogonal cover code
	n2

	Index of the orthogonal cover code
	n0

	Test metric 
	BLER



Use the test parameters as above Table 2.1.4-1 to Table 2.1.4-6 for SAN PUCCH demodulation performance requirements.
Test setup for PUSCH with DMRS bundling
Timing drift
	· FFS on whether actual model to be used for timing drift.



In RAN4#108b meeting, there is agreement achieved in RF session that “Requirement to be defined in RAN4 for PUSCH DMRS bundling for NR NTN coverage enhancement in Rel-18 with the assumption of the zero Doppler shift and constant delay”. From our understanding, the test purpose is to verify whether SAN support the DMRS bundling feature, the principle to use zero Doppler shift and constant delay from RF side can be followed. We do not think it is necessary to consider additional actual model for timing drift for ideal simulation collection for PUSCH with DMRS bundling and the timing drift impact can be considered into the impairment results by companies.
Do not consider additional actual model for timing drift for ideal simulation collection for PUSCH with DMRS bundling and the timing drift impact can be considered into the impairment results by companies.
1.1.1 Antenna configuration
	· Proposals
· Option 1: 1Tx1Rx and 1Tx2Rx
· Option 1a: Apply the same test applicability for 1T1Rx and 1Tx2Rx performance test



For the antenna configuration, we should consider both 1Tx1Rx and 1Tx2Rx. The same test applicability as legacy PUSCH requirements for 1T1Rx and 1Tx2Rx performance test can be applied.
Consider both 1Tx1Rx and 1Tx2Rx for PUSCH with DMRS bundling demodulation requirements. Apply the same test applicability for 1T1Rx and 1Tx2Rx performance test.
1.1.2 Channel model
	· Proposals
· Option 1: NTN-TDLC5-200 for DMRS bundling requirement



For the channel model, the same value as the legacy NTN requirements can be reused, i.e. NTN-TDLA100-200 and/or NTN-TDLC5-200. To reduce the number of the test case, we propose to select the worst case that is NTN-TDLA100-200 for PUSCH with DMRS bundling requirements.
Select the worst case that is NTN-TDLA100-200 for PUSCH with DMRS bundling requirements.
MCS
For MCS for PUSCH with DMRS bundling, the same value as legacy FR1 NTN cases can be reused, i.e. MCS4 (308/1024).
Select MCS4 (308/1024) for PUSCH with DMRS bundling requirements.
Test parameters
Additional DM-RS position
For additional DM-RS position, both DMRS 1+0 and DMRS 1+1 can observe enough gain (>1dB) from DMRS bundling based on our analysis. To reduce the simulation effort and the test effort, we propose to only consider DMRS 1+1 for PUSCH with DMRS bundling requirements.
Only consider DMRS 1+1 for PUSCH with DMRS bundling requirements.
PUSCH mapping type
For PUSCH mapping type, different vendors have different implementation, it is not reasonable to mandate vendors to support certain PUSCH mapping type. Therefore, we propose to define PUSCH with DMRS bundling requirements for both PUSCH mapping type A and B.
Define PUSCH with DMRS bundling requirements for both PUSCH mapping type A and B.
PUSCH aggregation factor & pusch-TimeDomainWindowLength
In RAN4#108, there is agreement achieved in RF session that “Taking existing requirements specified for the maximum allowable phase difference for DMRS bundling captured in Table 6.4.2.5-1 of TS 38.101-1 as starting point”. So we propose to use the same PUSCH aggregation factor and pusch-TimeDomainWindowLength as the legacy DMRS bundling demodulation requirements, i.e. n8 for PUSCH aggregation factor and 8 slots for pusch-TimeDomainWindowLength.
Configure n8 for PUSCH aggregation factor and 8 slots for pusch-TimeDomainWindowLength for PUSCH with DMRS bundling.
RB assignment
For RB assignment, we propose to reuse the same value as the legacy PUSCH with DM-RS bundling cases, i.e. full applicable test bandwidth.
Configure full applicable test bandwidth for PUSCH with DMRS bundling.
Others
For other test parameters, we propose to use the same value as legacy PUSCH with DM-RS bundling requirements.
Overall, We propose to use the test parameters as following Table 2.2.4-1 for SAN PUSCH with DMRS bundling demodulation performance requirements.
Table: 2.2.4-1 Test parameters for testing PUSCH with DM-RS bundling
	Parameter
	Value

	Transform precoding
	Disabled

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence [Note 1]
	0, 0, 0, 0 for FDD

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	0

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain resource assignment
	PUSCH mapping type
	A, B

	
	Start symbol
	0 

	
	Allocation length
	14 

	
	PUSCH aggregation factor
	n8 for FDD

	pusch-TimeDomainWindowLength
	8 slots for FDD

	Frequency domain resource assignment
	RB assignment
	Full applicable test bandwidth

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	Note 1:	The effective RV sequence is {0, 2, 3, 1} with slot aggregation.



Use the test parameters as above Table 2.2.4-1 for SAN PUSCH with DMRS bundling demodulation performance requirements.
Proposals
In this contribution, we discuss on SAN demodulation requirements for NR NTN enhancements. Our observations and proposals are:
1. Do not consider 2Tx for FR2 NTN demodulation requirements.
Select MCS4 (QPSK, 308/1024) for normal PUSCH that is same as Rel-17 FR1-NTN as the starting point.
Only configure pos1 for normal PUSCH requirements.
Configure full applicable test bandwidth for CP-OFDM and 30 PRBs in the middle of the test bandwidth for DFT-s-OFDM for normal PUSCH requirements.
Do not configure PTRS for normal PUSCH requirements.
Use the test parameters as above Table 2.1.2.2-1 for SAN PUSCH demodulation requirements.
Select MCS5 (QPSK, 99/1024, Table 3) for PUSCH repetition Type A that is same as Rel-17 FR1-NTN as the starting point.
Use the test parameters as above Table 2.1.3.2-1 for SAN PUSCH repetition Type A demodulation requirements.
Use the test parameters as above Table 2.1.4-1 to Table 2.1.4-6 for SAN PUCCH demodulation performance requirements.
Do not consider additional actual model for timing drift for ideal simulation collection for PUSCH with DMRS bundling and the timing drift impact can be considered into the impairment results by companies.
Consider both 1Tx1Rx and 1Tx2Rx for PUSCH with DMRS bundling demodulation requirements. Apply the same test applicability for 1T1Rx and 1Tx2Rx performance test.
Select the worst case that is NTN-TDLA100-200 for PUSCH with DMRS bundling requirements.
Select MCS4 (308/1024) for PUSCH with DMRS bundling requirements.
Only consider DMRS 1+1 for PUSCH with DMRS bundling requirements.
Define PUSCH with DMRS bundling requirements for both PUSCH mapping type A and B.
Configure n8 for PUSCH aggregation factor and 8 slots for pusch-TimeDomainWindowLength for PUSCH with DMRS bundling.
Configure full applicable test bandwidth for PUSCH with DMRS bundling.
Use the test parameters as above Table 2.2.4-1 for SAN PUSCH with DMRS bundling demodulation performance requirements.
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