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1. Introduction
[bookmark: _Hlk528680199]In RAN4#108-bis meeting, discussion on Rel-18 requirements for the support of NR NTN demodulation were kicked off. Companies delivered many constructive thinking and proposals. Several agreements were achieved by the end of meeting [1]. In this contribution, we deliver our view on remaining open issues for SAN PUSCH, PUCCH and PRACH demodulation requirements along with solutions developed for UL coverage requirement.
In this contribution, open issues on PUSCH are further analyzed.   

2. Discussion
In this section, we address open issues from the previous meeting and give our analysis on SAN demodulation impact.
2.1 Test scope for above 10 GHz bandsIssue 4-1-1: Which feature can be considered for SAN PUSCH demodulation performance requirements for above 10 GHz bands?
· Agreement
· Define PUSCH with DFT-S-OFDM and CP-OFDM demodulation performance requirements for above 10 GHz bands.
· FFS PUSCH repetition Type A, companies can do some analysis on the link budget.
· Do not consider UL timing adjustment

In another contribution from us [2], we have provided the link budget analysis as per TR 38.821 [3]. According to our observation in [2], UL CNR range is -3.3 ~ 21.4dB when channel bandwidth <=200MHz. It seems UL on Ka band would not be coverage limited scenario. The PUSCH repetition targeting improve PUSCH coverage might not be necessary in that case.
[bookmark: _Toc149940746]Proposal 1	No need to consider PUSCH repetition type A for SAN PUSCH demodulation performance requirements for above 10GHz bands.

2.2 	General issues for above 10 GHz bandsIssue 4-2-2: SCS and channel bandwidth
· Agreement
· Start demod work with 120 kHz SCS for initial alignment.  If RRM concludes that 120 kHz SCS is not feasible, then further discussion is needed at that time on how to proceed
· FFS channel bandwidth
Issue 4-2-3: Antenna configuration
· Agreement
· For the SAN Rx, we need both 1Rx and 2Rx.  For UE Tx, more discussion is needed to cover 1 Tx only or also 2Tx.
Issue 4-2-4: MCS & rank
· Agreement
· Postpone to discuss this issue after channel model is selected.
· Companies can do some link budget analysis until the next meeting.


>> SCS and Channel Bandwidth (CBW)
Currently, different companies have different preference for 60 kHz and 120 kHz SCS. The arguments focus on the current deployment, RRM timing error requirements and possible phase noise impact. The arguments could be summarized as following table. 
Table 2-1 Comparison between 60kHz and 120kHz SCS
	Comparison
	60 kHz SCS
	120 kHz SCS

	Deployment
	No deployment in current TN FR2 network. 
	Deployed in current TN FR2 network.

	UL timing error requirement for access 
	Less stringent requirements.
	Very stringent requirements. 

	Phase noise impact
	Might be worse.
	Small impact.


 
From the demodulation perspective, both SCS could be considered for the requirement in case any of SCS would not be feasible at current stage. It just increases the simulation and specification effort but could avoid risk of no requirements in the end.
[bookmark: _Toc149940744] Both SCS have limitations on Ka band deployment and there is no solid conclusion that which SCS won’t be deployed in future NTN network. 
Regarding CBW, as seen from Rel-17 NTN in TS 38.108 [4], minimum CBW was defined for respective SCS to reduce effort. Following this, 50 MHz CBW can be prioritized for both 60 kHz and 120 kHz SCS. As for other channel bandwidths for 120kHz SCS, only one of them could be enough for the requirement coverage if some companies have concerns on the performance difference between different channel bandwidths. Also, from our simulation results [5] we see expected SNR values for different MCS values used.
[bookmark: _Toc149940747]Proposal 2:	Prioritize 50 MHz CBW for 60kHz and 120 kHz SCS for SAN PUSCH demodulation requirements. 
>> Antenna configuration
From our simulations in [5], we see similar result for both 1Tx1Rx and 2Tx2Rx due to small correlation between the polarizations. The detailed analysis be seen in another contribution [2]. Therefore, to reduce the test and simulation effort, we propose to consider 1Tx1Rx as the start point. The necessary of 2Tx2Rx or other combination could be furtherly discussed. 
[bookmark: _Toc149940748]Proposal 3: 	Consider 1Tx1Rx as the start point for SAN demodulation requirements.
>> MCS and Rank
As mentioned in the agreement. MCS and Rank can be defined after agreement on the channel model. The channel model has been discussed in another our contribution [2]. For QPSK modulation, MCS 2 is used for Rel-15 normal PUSCH requirement, but higher MCS (i.e., MCS4) could be considered for NTN, especially for LOS channel. However, we obtained feasible simulation results [5] with MCS 2, 16 and 20 for LOS channel with 120 kHz SCS, 50 MHz CBW and 1+1 DMRS configuration. Regarding the high CNR could be achieved by link budget calculation [2], the high modulation seems possible for UL transmission. In that case, MCS 2, 16 and 20 could be considered as the start point.  
[bookmark: _Toc149940749]Proposal 4: 	Consider Rank 1 MCS 2/16/20 for normal PUSCH for LoS channel with 1Tx1Rx configuration. 

2.3 	Test setup for above 10 GHz bands
2.3.1 	PUSCH
As agreed in the scope part, only CP-OFDM and DFT-s-OFDM could be considered for PUSCH requirements. Besides the general configurations discussed in 2.2, some parameters, such as DM-RS and PT-RS, for PUSCH should be furtherly clarified. 
As discussed in channel model part [2], the 3000Hz Doppler shift could be considered for channel model and our simulation results show it is feasible for 1Tx1Rx configurations with DM-RS 1+1. Normally, additional DM-RS position support depend on the declarations, but DM-RS 1+1 might be more suitable for NTN deployment regarding the high Doppler caused by satellite or UE. In that case, DM-RS 1+1 could be prioritized for the requirements. In Rel-17 NTN, only DM-RS 1+1 is introduced for the requirements.
[bookmark: _Toc149940750]Proposal 5: 	Only consider DM-RS 1+1 for PUSCH requirements.  
PT-RS configuration also depend on the declarations and legacy approach used in TN BS requirements could be followed. Both PT-RS disabled and enabled can be considered for the requirements and disabled for QPSK test cases.  
[bookmark: _Toc149940751]Proposal 6:	Consider both PT-RS enabled and disabled for the PUSCH requirements and disabled for all QPSK cases if introduced.
In that case, the initial configurations could be considered as in below table. 
Table 2-2 Test parameters for PUSCH 
	Parameter
	Value

	Transform precoding
	Disabled / enabled

	Default TDD UL-DL pattern 
	60kHz and 120 kHz SCS: 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
60kHz and 120kHz SCS: 50MHz

	assignment
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	PTRS
	Frequency density (KPT-RS)
	2, Disabled

	configuration
	Time density (LPT-RS)
	1, Disabled



[bookmark: _Toc149940752]Proposal 7: 	Consider configurations in Table 2-2 as the start point for PUSCH demodulation requirements.

2.3.2 	PUCCH and PRACH
The configurations captured in Issue 4-3-2 and 4-3-3 in WF [1] could be the start point except the channel model. The channel model could be decided at the first.
SCS, channel bandwidth and antenna configurations could follow PUSCH part. 
[bookmark: _Toc149940753]Proposal 8: 	Take configurations except the channel model in Issue 4-3-2 and 4-3-3 in WF [1] as the start point for PUCCH and PRACH requirements.

2.4 	Test scope for FR1 UL coverage enhancement
Issue 4-1-4: Whether to define SAN PUSCH demodulation performance requirements for DMRS bundling?
· Agreement
· Define SAN PUSCH demodulation performance requirements for DMRS bundling for FR1 only if RF confirm that phase continuous is feasible.
Issue 4-1-5: Whether to define SAN PUCCH demodulation performance requirements for Msg4 HARQ-ACK?
· Agreement
· Do not define PUCCH requirements Msg4 HARQ-ACK for NLOS channel.
· Way forward
· Option 1: Add new requirements under LOS channel for multi-slot PUCCH format 1.
· Option 2: Do not define PUCCH requirements Msg4 HARQ-ACK for LOS channel.

>> DMRS bunding
In RF discussion in RAN4#108bis, following agreement is achieved for DM-RS bundling in NTN [6]. 
Proposal 2 for agreement: 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.

Based on this agreement, the DM-RS bundling requirement will be defined in Rel-18 NR NTN. The corresponding deployment could be GSO and mobile UE. Basically, it is more difficult to maintain phase constancy in NTN than TN network. From demodulation perspective, small aTDW might be more practical. 
[bookmark: _Toc149940745]Relative short aTDW might be practical for DM-RS bundling in NTN deployment.
The channel model could be similar as Rel-17 NR NTN regarding no Doppler shift is considered. For initial simulations, the LOS channel NTN-TDLC5-200 could be considered. The Doppler value could be furtherly check by simulations. Other parameters could follow Rel-17 FR1 PUSCH DM-RS bundling as listed in Table 2- 3. 
Table 2-3: Test parameters for testing PUSCH with DMRS bundling in NTN
	Parameter
	Value

	Transform precoding
	Disabled

	TDD UL-DL pattern (Note 1)
	15kHz and 30kHz SCS: FDD

	Channel model
	NTN-TDLC5-200

	Antenna configuration 
	1Tx1Rx and 1Tx2Rx

	HARQ
	Maximum number of HARQ transmissions
	4

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

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos0, 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 aggregation factor
	4 slots for FDD 

	pusch-TimeDomainWindowLength
	4 for FDD

	Frequency domain resource assignment
	RB assignment
	Full applicable test bandwidth

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled



[bookmark: _Toc149940754]Proposal 9:	Consider parameters in Table 2-3 for initial simulations. 

>> PUCCH requirements Msg4 HARQ-ACK
In Rel-17, multi-slot PUCCH with format 1 has been specified for NTN scenario with NLOS channel, where number of repetitions is 2. Since there is not much difference between PUCCH enhancements for Msg4 HARQ-ACK compared to multi-slot PUCCH enhancements from the BS demodulation point of view, it was agreed not to define requirements for NLOS channel. Regarding NLOS channel estimation would need advanced algorithm than LOS channel, a BS passed NLOS requirements should also pass LOS channel requirements with same configurations.
[bookmark: _Toc149940755]Proposal 10: 	Do not define PUCCH requirements Msg4 HARQ-ACK for LOS channel. 

3. Conclusions
 In the previous sections we made the following observations: 
Observation 1	Both SCS have limitations on Ka band deployment and there is no solid conclusion that which SCS won’t be deployed in future NTN network.
Observation 2	Relative short aTDW might be practical for DM-RS bundling in NTN deployment.

Based on the discussion in the previous sections we propose the following:
Proposal 1	No need to consider PUSCH repetition type A for SAN PUSCH demodulation performance requirements for above 10GHz bands.
Proposal 2:	Prioritize 50 MHz CBW for 60kHz and 120 kHz SCS for SAN PUSCH demodulation requirements.
Proposal 3: 	Consider 1Tx1Rx as the start point for SAN demodulation requirements.
Proposal 4: 	Consider Rank 1 MCS 2/16/20 for normal PUSCH for LoS channel with 1Tx1Rx configuration.
Proposal 5: 	Only consider DM-RS 1+1 for PUSCH requirements.
Proposal 6:	Consider both PT-RS enabled and disabled for the PUSCH requirements and disabled for all QPSK cases if introduced.
Proposal 7: 	Consider configurations in Table 2-2 as the start point for PUSCH demodulation requirements.
Proposal 8: 	Take configurations except the channel model in Issue 4-3-2 and 4-3-3 in WF [1] as the start point for PUCCH and PRACH requirements.
Proposal 9:	Consider parameters in Table 2-3 for initial simulations.
Proposal 10: 	Do not define PUCCH requirements Msg4 HARQ-ACK for LOS channel.
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