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1. Introduction
[bookmark: _Hlk528680199]In the last RAN4#103-e meeting, companies have discussions on the non-terrestrial network demodulation requirements. Following WF [1] was agreed for SAN PUSCH demodulation requirement issues. 
Scope of PUSCH requirements
Agreements
· Not consider 2-step RACH case
NTN normal PUSCH requirements
SCS/CBW set
Agreements
· One test cases with few PRBs for each SCS
· Reuse Rel-15 test applicability rule defined in clause 8.1.2.1.2 Applicability of requirements for different channel bandwidths
Candidate options
· Option 1: 15kHz SCS: 5MHz/10MHz/20MHz, 30kHz SCS: 10MHz/20MHz  
· Option 2: 4 PRBs for all SCS
· Other options are not precluded.
Additional antenna configuration besides 2Rx
Agreements
· Both 1Rx and 2Rx shall be considered for NTN SAN demodulation requirements.
· FFS for the test applicability rules.
Modulation order
Agreements
· MCS4 unless any technical issues figured out
Other test parameters
Agreements:
· Use the following test parameters for NTN PUSCH performance requirements definition unless any issues figured out
	Parameter
	Value

	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

	
	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, group hopping and sequence hopping are disabled

	Time domain
	PUSCH mapping type
	A, B

	resource
	Start symbol
	0

	assignment
	Allocation length
	14

	Frequency domain resource assignment
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled



NTN UL timing adjustment requirements
UE speed
Agreements
· 120km/h
Additional DM-RS position: 
Agreements
· pos1
Transform precoding
Candidate options
· Option 1: Same as normal PUSCH
· Option 2: CP-OFDM only
Other test parameters for UL timing adjustment requirement
Agreements
· Agree to use the following test parameters for NTN PUSCH UL TA performance requirements definition unless any issues figured out
	Parameter
	Value

	Channel bandwidth
	Same as normal PUSCH

	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

	
	DM-RS position (l0)
	2

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

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

	
	DM-RS port
	{0}

	Time domain resource assignment
	DM-RS sequence generation
	NID0=0, nSCID =0 for moving UE
NID0=1, nSCID =1 for stationary UE

	
	PUSCH mapping type
	Both A and B

	
	Allocation length
	14 

	Frequency domain resource assignment
	RB assignment
	Depends on normal PUSCH

	
	Starting PRB index
	Based on RB assignment

	
	Frequency hopping
	Disabled

	SRS resource allocation
	Slots in which sounding RS is transmitted (Note 1)
	slot #1 in radio frames

	
	SRS resource allocation
	Based on RB assignment

	NOTE 1.	The transmission of SRS is optional. And the transmission comb and SRS periodic are configured as KTC = 2, and TSRS = 10 respectively.



	Parameter
	Scenario X

	Channel model
	Stationary UE: AWGN
Moving UE: Same as PUSCH for NTN-TDLA

	CP length
	Normal

	A
	15 kHz: 10 ms
30 kHz: 5 ms

	Dw
	Depends on UE speed



NTN PUSCH repetition type A requirements
MCS for PUSCH repetition type A
Agreements
· MCS5 in Table 3 same as legacy TN PUSCH repetition type A
Transform precoding for PUSCH repetition type A
Candidate options
· Option 1: Same as normal PUSCH
· Option 2: CP-OFDM only
Other test parameters for PUSCH repetition type A
Agreements
· Agree to use the following parameters for NTN PUSCH repetition type A requirements.
	Parameter
	Value

	Channel model
	NTN-TDL-A, Doppler and delay same as normal PUSCH

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 3, 0, 3 [Note 2]

	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
	n2

	Frequency domain resource assignment
	RB assignment
	Same as normal PUSCH

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

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



In this contribution, open issues for SAN PUSCH demodulation will be further analyzed.     

2. Discussion
2.1	Normal PUSCH requirement
SCS/CBW set
Based on the link budget analysis [3], it is typical to use a few of PRBs for UL transmission in NTN deployment. There are only 1 or 2 PRBs are considered in link budget calculation, but it is too small for normal scheduling. It might be feasible to take 4 PRBs for PUSCH requirement. In that case, it is possible to apply one requirement for all CBWs. 
Proposal 1: Take 4 PRBs for all SCS PUSCH requirements. 

Additional antenna configuration besides 2Rx
The Rel-16 applicability rule for different number of antenna connectors are as follows: 
Unless otherwise stated, for a BS supporting different numbers of antenna connectors (for BS type 1-C) or TAB connectors (for BS type 1-H) (see D.37 in table 4.6-1), the tests with low MIMO correlation level shall apply only for the lowest and highest numbers of supported connectors, and the specific connectors used for testing are based on manufacturer declaration. 

Regarding to the SAN architecture, satellite antenna other than BS antenna are considered as receiver antenna. Furthermore, 1Rx or 2Rx of satellite antenna refers to different polarization types which seems can’t be compatible in current implementation. Then the test could be only applied for declared antenna connector number. If MIMO would be possibly used on satellite in the future, then current statement on covering the lowest and highest connector number could be applied. 
Proposal 2: Considering following applicability rule for SAN antenna configuration.
Unless otherwise stated, for a SAN supporting different numbers of antenna connectors (for SAN type 1-C) or TAB connectors (for SAN type 1-H) (see D.xxx in table yyy) by same polarization type, the tests with low MIMO correlation level shall apply only for the lowest and highest numbers of supported connectors, and the specific connectors used for testing are based on manufacturer declaration.
 

2.2	UL Timing adjustment requirement
Transform precoding
DFT-s-OFDM is beneficial for NTN deployment to improve coverage. Regarding test coverage, it would be good to introduce requirements for normal PUSCH part. If normal PUSCH requirements include DFT-s-OFDM, there is no need to consider it again in UL timing adjustment requirements due to the same function implementation. 
Proposal 3: Consider DFT-s-OFDM in normal PUSCH. Only consider CP-OFDM in UL TA requirement.

Other test parameters
It was agreed that UE speed is 120km/h for SAN UL TA requirement which is the same as Scenario X in normal UL TA. Regarding NTN UE could do pre-compensation on timing in service link, the timing drift caused by satellite motion could be ignored. Then the parameters of Scenario X could be reused here.   
Proposal 4: Take Dw  = 0.04 S-1 for 15kHz SCS and 0.08 S-1 for 30kHz SCS in SAN UL TA requirement. 
  
2.3	PUSCH repetition type A requirement
Transform precoding
Similar as UL TA, only CP-OFDM would be enough to check the performance. 
Proposal 5: Only consider CP-OFDM for PUSCH repetition type A requirement.


3. Conclusions
Proposal 1: Take 4 PRBs for all SCS PUSCH requirements.
Proposal 2: Considering following applicability rule for SAN antenna configuration.
Unless otherwise stated, for a SAN supporting different numbers of antenna connectors (for SAN type 1-C) or TAB connectors (for SAN type 1-H) (see D.xxx in table yyy) by same polarization type, the tests with low MIMO correlation level shall apply only for the lowest and highest numbers of supported connectors, and the specific connectors used for testing are based on manufacturer declaration.
Proposal 3: Consider DFT-s-OFDM in normal PUSCH. Only consider CP-OFDM in UL TA requirement.
Proposal 4: Take Dw  = 0.04 S-1 for 15kHz SCS and 0.08 S-1 for 30kHz SCS in SAN UL TA requirement.
Proposal 5: Only consider CP-OFDM for PUSCH repetition type A requirement.
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