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1. Introduction
[bookmark: _Hlk528680199]In RAN4#109 meeting, discussion on Rel-18 NTN demodulation requirements were kicked off. Companies delivered constructive thinking and proposals. Some agreements were achieved by the end of meeting as per the WF [1].
Agreements on SAN demodulation requirements
· For SAN, RAN4 to define the new demodulation requirements for FR2-1. The test parameters need analysis case by case.
· Define SAN PUSCH demodulation performance requirements for DMRS bundling in FR1.
· Don’t define SAN PUCCH for msg4 HARQ-ACK demodulation requirements under LOS channel.
· Consider 50MHz as the channel bandwidth. 
· Consider both 1Tx1Rx and 1Tx2Rx for antenna configuration.
· Do not define SAN demodulation requirement for SAN Type 2-H
· Define the following requirements for PUSCH
· Transform precoding disabled
· Transform precoding enabled
· Repetition Type A
· Define following requirements for PUCCH: format 0,1,2,3,4.
· Define following requirements for PRACH: format B4 and C2.


Following WF are agreed in the last meeting.

Whether to define SAN PUSCH demodulation performance requirements for DMRS bundling?
· Agreement:
· Define SAN PUSCH demodulation performance requirements for DMRS bundling
· FFS on whether actual model to be used for timing drift. 
Antenna configuration
· Agreement:
· Keep the previous agreement to consider both 1Tx1Rx and 1Tx2Rx
· FFS 2Tx2Rx pending on conclusion of the 2Tx UE RF requirement.
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)


In this contribution, we deliver our view on remaining open issues for SAN demodulation requirements for PUSCH, PUCCH and PRACH in FR2-1 and PUSCH DMRS-Bundling for FR1. 
   

2. Discussion
2.1	>10GHz band SAN demodulation requirements
2.1.1	General
For QPSK modulation, MCS 2 is used for Rel-15 normal PUSCH requirement, but higher MCS (i.e., MCS4) as per the WF is applied for FR1 NR NTN in TS38.108 [3]. To avoid introducing new FRC section, MCS4 could be considered for QPSK requirements. 
As for 16QAM and 64QAM demodulation requirements, it is possibly used in FR2-1 NTN network regarding to the link budget if the target SNR is lower than 20dB. As per our simulations results [4], we observe expected SNR values are around 10dB and 14dB for MCS16 and MCS20 separately. Furthermore, the phase noise impact could be ignored since the frequency is under 30GHz. Thus, the corresponding impairment value could reach 13dB and 17dB which is still have enough margins. In that case, both MCS 16 and 20 could be considered also to define the requirements.
[bookmark: _Toc158797146]Proposal 1	 Consider MCS 4,16 and 20 to define normal PUSCH requirements for FR2-1.   

Regarding doppler shift for the channel model, there were two proposals: 600Hz and 3000Hz. In our contribution for general part [2], we analyzed the Doppler value in detail. As seen from our simulation results for a test case, there is not significant performance difference (less than 1dB for MCS20 under 1Tx1Rx). Therefore, we propose to consider the worst doppler shift 3000Hz for SAN demodulation requirements.  
[bookmark: _Toc158797147]Proposal 2	 Consider Doppler shift of 3000 Hz to define PUSCH SAN demodulation requirements.
Further, according to our simulation on phase noise impact, 1Tx and 2Tx with MCS 16/20 and 120 KHz SCS shows no degradation due to phase noise on SNR values. We compared with Example 1 and Example 2 phase noise model from TR38.803. 
Also, since there is no impact of phase noise on CP-OFDM PUSCH simulations, we do not expect any performance difference with DFT-s-OFDM simulations under same configuration, since DFT-s-OFDM is normally used in coverage limited scenario and low MCS is used. To check the basic function of DFT-s-OFDM, very limited test cases could be introduced for FR2-1.
[bookmark: _Toc158797148]Proposal 3	 Do not consider impact of phase noise for PUSCH SAN demodulation requirements in FR2-1.
[bookmark: _Toc158797149]Proposal 4	 Introduce limited FR2-1 PUSCH SAN demodulation requirements with transform precoding enabled.
Regarding number of DM-RS for channel estimation, two options are given in the WF for additional DMRS positions: pos1 or pos2. In low delay spread conditions with LoS link there is little difference in link level performance with increasing DM-RS. Each additional DM-RS causes additional resource usage of 1/14 that in turn reduces the maximum PUSCH throughput. As per the agreed channel conditions for Rel-18 NTN, two DM-RS would be sufficient to reach the target throughput for normal PUSCH requirements. 
[bookmark: _Toc158797150]Proposal 5 	Take Pos1 for Additional DM-RS position for PUSCH SAN demodulation requirements.
Further, the current agreement on antenna configuration is 1Tx with 1/2Rx. However, 2Tx2Rx configuration was also suggested by satellite operator but there is no conclusion in the RF session and as per our simulation results, we do not see significant gains with 2Tx if very low correlation between circular polarizations is assumed. 
[bookmark: _Toc158797151]Proposal 6 	Define PUSCH SAN demodulation requirements for 1Tx1Rx and 1Tx2Rx antenna configuration.
2.1.2	Normal PUSCH performance
For normal PUSCH performance, only mapping type B can be considered. Test metric uses 70% throughout. Further, SCS 120 KHz with 50 MHz channel bandwidth could be considered as the starting point. However, 60 kHz SCS can also be tested if companies consider it could be used in real NTN network, especially more relaxed timing error margin in 60kHz SCS than in 120kHz SCS. 
As discussed above, the PN impact could be ignored when the center frequency is under 30GHz. In that case, the PT-RS could be disabled to improve throughput. 
[bookmark: _Toc158797152][bookmark: _Hlk158309089]Proposal 7 	Consider following parameters for normal NTN PUSCH performance. 
Table 2.1.2-1: Test parameters for NTN PUSCH CP-OFDM
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	FDD

	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

	Time domain
	PUSCH mapping type
	B

	resource
	Start symbol
	0 

	assignment
	Allocation length
	10 

	Frequency domain resource
	RB assignment
	Full applicable test bandwidth
120kHz SCS: 50MHz
(60kHz SCS: 50MHz if agreed)

	assignment
	Frequency hopping
	Disabled

	TPMI index for 2Tx two-layer spatial multiplexing transmission (If 2Tx is agreed)
	0

	Code block group based PUSCH transmission
	Disabled

	PT-RS
	Frequency density (KPT-RS)
	Disabled

	configuration
	Time density (LPT-RS)
	Disabled



Table 2.1.2-2: Test parameters for NTN PUSCH DFT-s-OFDM
	Parameter
	Value

	Transform precoding
	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

	
	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
	NID0=0, group hopping and sequence hopping are disabled

	Time domain
	PUSCH mapping type
	B

	resource
	Start symbol index
	0 

	
	Allocation length
	10 

	Frequency domain
	RB assignment
	Full applicable test bandwidth

	resource
	Frequency hopping
	Disabled

	TPMI index for 2Tx two-layer spatial multiplexing transmission (If 2Tx is agreed)
	0

	Code block group based PUSCH transmission
	Disabled

	PT-RS
	Frequency density (KPT-RS)
	Disabled

	configuration
	Time density (LPT-RS)
	Disabled



2.1.3	PUSCH repetition type A
It is agreed to introduce PUSCH repetition type A requirement for FR2-1 NR NTN. The simulation parameters used by TN requirement could be applied at the start point. Since FDD is used in NTN network, the corresponding repetition slots could be n2. According to our simulation based on these assumptions, the performance gain is obvious. 
[bookmark: _Toc158797153]Proposal 8 	Consider following configurations for FR2-1 NTN PUSCH repetition type A requirements.
Table 2.1.3-1: Test parameters for NTN PUSCH repetition type A
	Parameter 
	Value 

	Transform precoding 
	Disabled 

	Default TDD UL-DL pattern (Note 1) 
	FDD


	HARQ 
	Maximum number of HARQ transmissions 
	4 

	RV sequence 
	0, 3, 0, 3 

	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 
	PUSCH mapping type 
	B 

	resource 
	Start symbol index 
	0 

	Allocation length 
	10 

	PUSCH aggregation factor (Note 2) 
	N2 

	Frequency domain 
	RB assignment 
	Full applicable test bandwidth 
120kHz SCS: 50MHz
(60kHz SCS: 50MHz if agreed)

	resource 
	Frequency hopping 
	Disabled 

	Code block group based PUSCH transmission 
	Disabled 

	PT-RS 
	Frequency density (KPT-RS) 
	Disabled 

	configuration 
	Time density (LPT-RS) 
	Disabled 

	NOTE 1: The effective RV sequence is {0,2,3,1} with slot aggregation 
NOTE 2: The intention of this configuration is to have two effective transmissions of the transport block. 



2.1.4	Normal PUCCH performance
Regarding the long RTT for NTN deployment, the UCI with CSI report might not be useful for SAN scheduling. Network could estimate receiving SNR at UE side, so only HARQ is still worthy to be transferred by UCI. It is aligned with FR1 NR NTN PUCCH requirements. 
[bookmark: _Toc158797154]Proposal 9	 Prioritize UCI with HARQ on PUCCH demodulation requirement.
Further, the antenna configuration, SCS, channel bandwidth and channel model of PUCCH requirements could follow the agreement of PUSCH. 
[bookmark: _Toc158797155]Proposal 10 	General configurations of PUCCH requirements, such as antenna, SCS, channel bandwidth and channel model, could follow the agreement of PUSCH.
Currently, there are no agreements on PUCCH test configurations. For normal PUCCH performance requirements, FR1 NR NTN PUCCH demodulation assumptions could be referred as the start point.
[bookmark: _Toc158797156]Proposal 11	 Consider following parameters for normal NTN PUCCH performance as the starting point. 

Table 2.1.4-1:  Test parameters of 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
	Enabled for 2 symbols

	First PRB after frequency hopping
	N/A

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	12 for 2 symbols

	Test metric
	DTX to ACK <1%
ACK missed <1% 



Table 2.1.4-2:  Test parameters of 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<1%
NACK to ACK <0.1%
ACK missed <1%



Table 2.1.4-3   Test parameters of PUCCH format 2
	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 <1%
ACK missed <1%



Table 2.1.4-4:  Test parameters of PUCCH format 2
	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<1%



For format 3 and 4, multiple HARQ occasions could be considered. 
Table 2.1.4-5:  Test parameters of PUCCH format 3
	Parameter
	Test 1

	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

	Number of symbols
	14

	The number of UCI information bits
	16

	First symbol
	0

	Test metric
	BLER <1%



Table 2.1.4-6:  Test parameters of 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<1%



2.1.5	Normal PRACH performance
As per TS38.104, a timing estimation error occurs if the estimation error of the timing of the strongest path is larger than the time error tolerance. Since the delay spread of NTN-TDLC5 channel is quite low, we can consider same time error tolerance as the AWGN channel, given in Table 2.1.5-1.
Table 2.1.5-1: Time error tolerance for AWGN and NTN-TDLC5
	PRACH 
preamble
	PRACH SCS 
(kHz)
	Time error tolerance

	
	
	AWGN
	NTN-TDLC5

	B4, C2
	60
	0.13 us
	0.13 us

	
	120
	0.07 us
	0.07 us



[bookmark: _Toc158797157]Proposal 12	Take same value of time error tolerance for NTN-TDLC5 as AWGN channel for 60 and 120 KHz sub-carrier spacing in FR2-1.  
AWGN channel is useful to check the baseline receiver performance for PRACH demodulation. All Rel-15 and Rel-16 PRACH requirements include AWGN performance. Therefore, requirements for AWGN are usually defined. For fading channel requirements, the agreed LoS channel, “NTN-TDLC5” was considered for simulations in [4]. The discussion of frequency offset and channel model is given in [2]. 
However, performance in LoS channel is similar to AWGN for missed detection requirements, as observed in our simulations. Therefore, to reduce the test effort, we propose to define requirements for fading channel only.
[bookmark: _Toc158797158]Proposal 13	Define NTN SAN PRACH demodulation requirement for LoS multi-path channel.
Further, as argued in Normal PUSCH requirements, both 60 and 120 kHz SCS can be considered to define the requirements, based on the agreement between companies for deployment in the real network. The SCS for PRACH requirement could follow the agreement from PUSCH discussion.
[bookmark: _Toc158797159]Proposal 14	The SCS of NTN SAN PRACH demodulation requirement could follow agreement from PUSCH discussion.

2.2	FR1 PUSCH DM-RS bundling
As per the WF [1], it was agreed to define SAN PUSCH demodulation performance requirements for DMRS bundling. For testing, we can consider the legacy requirements from TS 38.104 and switch it to NTN scenario. 
In NTN RF session, an LS is sent to RAN1 and RAN2 [6]. It indicates NTN UE capability for DM-RS bundling could be similar as TN UE but NTN UE should report its capability. Regarding the maximum aTDW for TN UE in FDD bands is 32 slots, it could be assumed as the maximum capability for NTN UE especially for GSO deployment. Considering NGSO condition could be worse than GSO, the NTN UE capability might be degraded in that case. aTDW length is 8 slots in TN FDD DM-RS bundling demodulation requirement for FDD duplex which could be applied for NTN as the start point.
RAN4 agrees to differentiate the capability of maxDurationDMRS-Bundling-r17 for GSO and NGSO scenarios.  RAN4 agrees that UE may report  different max Duration capability for DMRS bundling for NGSO (e.g. [maxDurationDMRS-Bundling-NTN-NGSO-r18]) and max Duration for DMRS bundling for GSO in the same NTN band :

1. The capabilities are applicable to NTN FR1 bands
1. The range of [maxDurationDMRS-Bundling-NTN-NGSO-r18] is same as the capability maxDurationDMRS-Bundling-r17

As observed from TS38.104, both mapping type A and B, and both DM-RS 1+0 and 1+1 are considered for the requirements. But type A is more typical than type B in FR1 and only DM-RS 1+1 is considered in normal FR1 NTN PUSCH requirements, so down selection can be considered to reduce the test effort. 
Also, from the WF [1], the timing offset model was not concluded to be used for timing drift during the time period in which UE performs DM-RS bundling. According to TR38.821 [5], the relative speed of GSO with respect to earth is 8 km/s, which corresponds to the time drift of 0.0267us/ms and frequency drift of 0.54Hz/ms at 2GHz. For 15 KHz, we have slot duration 1ms and 0.5ms for 30 KHz. This implies, if we bundle 8 slots, we can expect a maximum timing offset of 0.2136us and frequency offset 4.3Hz of for 15 KHz SCS, and 0.1068us and 2.2Hz for 30KHz SCS, respectively. As the worst-case scenario, we used 8 bundled slots for timing/frequency drift. But as observed from our simulation results, the performance loss is negligible since the length of cyclic prefix (4.69us for 15 KHz and 2.34us for 30 KHz) is sufficient to avoid inter-symbol interference (ISI) caused due to timing drift and delay spread.
[bookmark: _Toc158797160]Proposal 15	 Do not define timing/frequency drift model for NTN PUSCH with DM-RS bundling in FR1.
[bookmark: _Toc158797161]Proposal 16	 Consider following parameters for PUSCH with DM-RS bundling.

Table 2.2-1 Test parameters for testing PUSCH with DM-RS bundling
	Parameter 
	Value 

	Transform precoding 
	Disabled 

	Example TDD UL-DL pattern (Note 1) 
	FDD 

	HARQ 
	Maximum number of HARQ transmissions 
	4 

	
	RV sequence (Note 2) 
	0, 0, 0, 0  

	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(s) 
	{0} 

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

	Time domain resource assignment 
	PUSCH mapping type 
	A

	
	Start symbol 
	0 

	
	Allocation length 
	14 

	pusch-TimeDomainWindowLength 
	8 for FDD 

	Frequency domain resource assignment 
	RB assignment 
	Full applicable test bandwidth 
15kHz SCS: 5MHz 
30kHz SCS: 10MHz 

	
	Frequency hopping 
	Disabled 

	Code block group based PUSCH transmission 
	Disabled 




3. Conclusions
 In the previous sections we made the following observations: 
No table of figures entries found.
Based on the discussion in the previous sections we propose the following:
Proposal 1	 Consider MCS 4,16 and 20 to define normal PUSCH requirements for FR2-1.
Proposal 2	 Consider Doppler shift of 3000 Hz to define PUSCH SAN demodulation requirements.
Proposal 3	 Do not consider impact of phase noise for PUSCH SAN demodulation requirements in FR2-1.
Proposal 4	 Introduce limited FR2-1 PUSCH SAN demodulation requirements with transform precoding enabled.
Proposal 5 	Take Pos1 for Additional DM-RS position for PUSCH SAN demodulation requirements.
Proposal 6 	Define PUSCH SAN demodulation requirements for 1Tx1Rx and 1Tx2Rx antenna configuration.
Proposal 7 	Consider following parameters for normal NTN PUSCH performance.
Proposal 8 	Consider following configurations for FR2-1 NTN PUSCH repetition type A requirements.
Proposal 9	 Prioritize UCI with HARQ on PUCCH demodulation requirement.
Proposal 10 	General configurations of PUCCH requirements, such as antenna, SCS, channel bandwidth and channel model, could follow the agreement of PUSCH.
Proposal 11	 Consider following parameters for normal NTN PUCCH performance as the starting point.
Proposal 12	Take same value of time error tolerance for NTN-TDLC5 as AWGN channel for 60 and 120 KHz sub-carrier spacing in FR2-1.
Proposal 13	Define NTN SAN PRACH demodulation requirement for LoS multi-path channel..
Proposal 14	The SCS of NTN SAN PRACH demodulation requirement could follow agreement from PUSCH discussion.
Proposal 15	 Do not define timing/frequency drift model for NTN PUSCH with DM-RS bundling in FR1.
Proposal 16	 Consider following parameters for PUSCH with DM-RS bundling.
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