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1. Introduction
In RAN4#110 meeting, companies discussed on Rel-18 NTN demodulation requirements. Most of the open issues were resolved as per the WF [1]. Remaining open issues are as follows:
Issue 3-2-1: MCS
· Agreement
· MCS 2/16/20 in Table 1 with downselection based on SNR operating point:
· MCS: MCS 2, FFS MCS16 and/or MCS20,
SNR operating point: should be lower than the link budget suggested SNR value, FFS SNR value
Issue 3-2-4: PTRS configuration
· Agreement
· Not configure PT-RS for all test cases to be defined
· FFS the configuration of PT-RS for test cases other than MCS2
Issue 3-5-1: UCI info
· Way forward
· FFS on the UCI information on PUCCH demodulation requirement.
Issue 3-7-6: RB assignment
· Way forward
· Option 1: Full applicable test bandwidth
· Option 2: 6RBs for both 15KHz and 30KHz
Issue 3-7-11: PUSCH aggregation factor
· Way forward
· Option 1: n8
· Option 2: n4
Issue 3-7-12: pusch-TimeDomainWindowLength
· Way forward
· Option 1: 8
· Option 2: 4
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 Test setup for FR2 NTN normal PUSCH with CP-OFDM 
· MCS
For QPSK modulation, MCS 2 is used for Rel-15 normal PUSCH requirement and same is agreed for FR2-1 NR NTN as per the WF. However, new FRC section needs to be introduced.
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. We have delivered link budget table for >10GHz bands referring to TR 38.821 [2, 3], see table 2.1-1. According to link budget here, the SNR at the receiver side could reach 21dB for LEO600 with high EIRP VSAT UE. 
Table 2.1-1 Link budget results for Ka band UL
	Case
	Transmission mode
	Frequency [GHz]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]

	SC1
	UL
	30.0
	76.2
	28.0
	400.0
	214.1
	1.1
	0.0
	1.1
	0.0
	0.0
	0.5

	SC2
	UL
	30.0
	76.2
	28.0
	133.3
	214.1
	1.1
	0.0
	1.1
	0.0
	0.0
	5.2

	SC3
	UL
	30.0
	76.2
	28.0
	200.0
	214.1
	1.1
	0.0
	1.1
	0.0
	0.0
	3.5

	SC6
	UL
	30.0
	76.2
	13.0
	400.0
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	18.4

	SC7
	UL
	30.0
	76.2
	13.0
	133.3
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	23.1

	SC8
	UL
	30.0
	76.2
	13.0
	200.0
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	21.4

	SC11
	UL
	30.0
	76.2
	13.0
	400.0
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	13.0

	SC12
	UL
	30.0
	76.2
	13.0
	133.3
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	17.8

	SC13
	UL
	30.0
	76.2
	13.0
	200.0
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	16.0

	SC16
	UL
	30.0
	76.2
	20.0
	400.0
	213.9
	0.7
	0.0
	0.5
	0.0
	0.0
	-6.3

	SC17
	UL
	30.0
	76.2
	20.0
	133.3
	213.9
	0.7
	0.0
	0.5
	0.0
	0.0
	-1.6

	SC18
	UL
	30.0
	76.2
	20.0
	200.0
	213.9
	0.7
	0.0
	0.5
	0.0
	0.0
	-3.3

	SC21
	UL
	30.0
	76.2
	5.0
	400.0
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	10.4

	SC22
	UL
	30.0
	76.2
	5.0
	133.3
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	15.1

	sSC23
	UL
	30.0
	76.2
	5.0
	200.0
	182.6
	0.5
	0.0
	0.3
	0.0
	0.0
	13.4

	SC26
	UL
	30.0
	76.2
	5.0
	400.0
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	5.0

	SC27
	UL
	30.0
	76.2
	5.0
	133.3
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	9.8

	SC28
	UL
	30.0
	76.2
	5.0
	200.0
	188.0
	0.5
	0.0
	0.3
	0.0
	0.0
	8.0

	NOTE:	The link budget calculations including CIR and CINR results contributed by the companies are available in [24].



As per our simulations results [4], we observe expected SNR values are around 10dB and 14dB for MCS16 and MCS20 separately. 
Also, as per the WF, impact of phase noise can be considered in the impairment results. But the phase noise would be very small due to the NTN band is up to only 30GHz as showed in our simulation results. Thus, the corresponding impairment value could be less than 13dB and 17dB which have enough margins compared to 20dB SNR limit. In that case, both MCS 16 and 20 could be considered also to define the requirements.
Proposal 1	Consider MCS 16 and 20 to define normal PUSCH requirements for NTN FR2.

· PT-RS configuration
As discussed above, the phase noise impact could be ignored on MCS2, 16 and 20 based on current PN models for FR2-1 in TR38.803, which was also observed from out simulation results. Furthermore, the performance is depredated when PT-RS is configured. It seems no necessary to configure PT-RS for NTN PUSCH demodulation requirements. 
Some companies have concerns on the product implementation that some venders might have worse phase noise than others. The current PN model can’t reflect the real condition in product. Then they think PT-RS could have benefit in that case. But there is no new PN model is introduced in RF session discussion and no companies have concern on it. The simulation results based on current PN model could be trustable. 
As we have agreed that the impact of PN would be considered in impairment value. Regarding no clear performance improvement by PT-RS configured, it would be better to only have no PT-RS configured requirements to save simulation and test effort. 
Proposal 2:	No PT-RS configuration for all NTN FR2 PUSCH demodulation requirements.  

2.2 Test setup for FR2 NTN PUCCH 
· UCI info
As discussed in previous meeting, the PUCCH requirements are agreed to be introduced and the FR1 NTN PUCCH requirement configurations could be the start point. 
In NTN deployment, the long propagation delay would lead that CSI feedback beside HARQ-ACK is normally useless. In that case, no requirements are introduced for UE demodulation. On SAN side, different PUCCH formats are supported by declarations, so it could be better to have requirements for all PUCCH formats even including long PUCCH formats which is normally used for CSI feedback. In that case, CSI part 1 could be considered for the UCI BLER requirements. 
Proposal 3	Use CSI part 1 for NTN PUCCH UCI BLER requirements. 

2.3 Test setup for FR1 NTN PUSCH with DM-RS bundling 
· RB assignment
RAN1 LS R4-2307006 on NTN DM-RS bundling on RB limitation. 
Observation
For NTN-specific PUSCH DMRS bundling,
· In LEO 1200 with elevation angle 30 deg. and SCS = 15 kHz, RAN1’s understanding is the following: 
· Phase difference limit (Table 6.4.2.5-1 in 38.101-1) cannot be satisfied over multiple slots (for carrier bandwidth 5 MHz or larger), if the PRB allocation is not within 6 PRBs from the DC carrier, pre-compensation by UE and post-compensation by gNB are not assumed, and 70.5 (us/s) timing drift rate is assumed.
· Note: this does not imply that UE shall be scheduled within 6 PRBs from the DC carrier.

Based on this LS, for the worst scenario, 6 PRBs at 15kHz SCS would be typical for NTN DM-RS bundling. The PRB numbers might be increased if the elevation angle is high and UE pre-compensation or gNB post-compensation is considered. 
According to our simulation results [4], small degradation is observed by 6 PRBs comparing to full channel bandwidth for both 15kHz SCS 5MHz CBW and 30kHz SCS 10MHz CBW. From the demodulation requirement perspective, either full bandwidth or 6PRB would be OK but 6 PRBs is slightly better to represent typical scenario.  
Proposal 4	Use 6 PRBs for FR1 NTN PUSCH DM-RS bundling demodulation requirements. 
· PUSCH aggregation factor
The discussion point of this issue is the NTN UE might not keep phase/frequency continuity for the same duration as TN UE. In TN requirements, RAN4 use n8 for DM-RS bundling in FDD bands. The NTN bands are all FDD, so n8 is taken for the initial discussion. It should be noted that the current FR1 NTN UE is assumed as handheld UE which should be similar as TN UE RF capability. 
For GSO deployment, the scenario would not be more critical than TN deployment and same capability on phase/frequency continuity for NTN UE should be assumed. 
For NGSO deployment, it would be typical that UE can keep less continuity duration compared to GSO deployment. However, the RF session agreed that same capability on maximum aggregation level as TN UE is applied for NTN UE, but the UE could report different capabilities [x5]. In that case, it is possible that NTN UE can support n8 for NGSO deployment especially when LEO satellite is in the area overhead of NTN UE.
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 :

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

Observation 1		It is possible for NTN UE to support n8 for both GSO and NGSO deployment. 
According to our simulation results, n8 have around 2dB and 3dB performance gain than n4 for 1T2R and 1T1R separately.  It could be better to use n8 for the requirement to show the gain of DM-RS bundling feature.
Proposal 5	Use n8 for NTN FR1 PUSCH DM-RS bundling demodulation requirements.

· PUSCH time domain window length
The time domain window length could be same as aggregation level which method is used in TN coverage enhancement requirements.
Proposal 6 	Use same value for aTDW as aggregation level. 


3. Conclusion
Proposal 1	Consider MCS 16 and 20 to define normal PUSCH requirements for NTN FR2.
Proposal 2:	No PT-RS configuration for all NTN FR2 PUSCH demodulation requirements.  
Proposal 3	Use CSI part 1 for NTN PUCCH UCI BLER requirements.
Proposal 4	Use 6 PRBs for FR1 NTN PUSCH DM-RS bundling demodulation requirements.
Observation 1		It is possible for NTN UE to support n8 for both GSO and NGSO deployment. 
Proposal 5	Use n8 for NTN FR1 PUSCH DM-RS bundling demodulation requirements.
Proposal 6 	Use same value for aTDW as aggregation level.
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