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1. Introduction
[bookmark: _Hlk528680199]In RAN4#101-bis-e meeting, discussion on NTN demodulation requirements were kicked off. Companies delivered many constructive thinking and proposals. Several agreements were achieved by the end of meeting [1] [2]. 
Agreements on General:
· Architecture: 
The architecture defined by RAN3 as baseline. Follow the agreement to only consider transparent architecture for RAN4 demodulation part discussion.
· Band and frequency: 
Only consider FR1 demodulation requirements in Rel-17
· Frequency/time error model: 
Satellite companies are encouraged to deliver a practical frequency/timing model for service link and feeder link
FFS on whether to consider the floating boundary model due to the satellite motion
· Power model:
Satellite companies are encouraged to deliver a practical power model, e.g., fixed gain or fixed PSD
· Earth fixed beam and moving beam:
No difference between earth fixed beam and moving beam from demodulation perspective
RAN4 to only consider one set of cases to cover both earth fixed beam and moving beam
· General assumptions for service link and feeder link:
For UL and DL, RAN4 to further discuss the Doppler shift and Delay spread after UE time and frequency compensation for service link and feeder link
· UE speed on NTN demodulation: 
Up to 120km/h is the start point for UE speed. Further discuss whether need to define the UE speed for NTN demodulation

Following WF are agreed in the last meeting.
Channel model
· NTN-TDL-A/B/C/D as the starting point. Further discus whether down-selection is needed or not.
· Option 1: Yes, specify the down-selection channel model
· Option 2:  No
Delay spread
· Further discuss the Delay spread based on TR38.811
Doppler shift
· Further discuss the residual error after UE pre-compensation
· Option 1: 200Hz for n256
· Option 2: FFS
Tx and Rx assumptions for UL demodulation
· Further discuss the Tx and Rx assumptions for SAN demodulation
· Option 1: 1Tx, 2Rx as the starting point
· Option 2: 1Tx/2Tx, 2/4/8Rx
· Option 3: 1Tx, 1/2Rx as the starting point, FFS for 2Tx, 4/8Rx

In this contribution, we deliver our view on remaining open issues for SAN demodulation requirements. 

2. Discussion
In TR38.811 [1], channel model NTN-TDL-A/B are for NLOS and NTN-TDL-C/D are for LOS which are based on the 50o satellite elevation angle respected to UE. According to channel model profile in Table 6.9.2-1/2/3/4, channel model B and D have more taps and larger normalized delay than model A and C separately. The difference is not so much, so the simulation results are expected to be similar. It would be efficient to choose only one channel model for NLOS and LOS separately regarding to the large mount of simulation and test effort. Channel model B and D with more taps and larger normalized delay, thus they could be candidates. 
Observation 1: It seems no much difference between channel model NTN-TDL-A/C and NTN-TDL-B/D.
Proposal 1: Select one NLOS and LOS channel model for NTN demodulation requirement. Companies could deliver simulation results based on following options.
	Option 1: NTN-TDL-A/C
	Option 2: NTN-TDL-B/D

Delay spread depends on deployment scenarios. For NTN scenario, the delay spread comes from the earth nodes deployment environment. For service link, it is agreed in RAN4 that NTN UE should also support TN deployment. Similar delay spread as Rel-15 assumption could be reasonable. For feeder link, delay spread could be ignored due to LOS deployment and high directional beam. So total delay spread is dominated by UE deployment. 
Checking Table 7.3.5.1.1-3 in TR38.811, maximum delay spread 100ns is considered for both GEO and LEO deployment on S band which is same as Rel-15 channel model TDLB100. It can be acceptable for NTN scenario.    
Proposal 2: Use maximum delay spread 100ns for NTN NLOS channel models. For LOS channel, smaller delay spread could be considered.

It is agreed that NTN UE is mandatory to pre-compensate Doppler shift and timing delay by using GNSS and ephemeris for UL transmission. For LOS scenario, residual Doppler error could be well pre-compensated on LOS path and multi-path impact could be small. But for NLOS scenario, it seems hard to pre-compensate Doppler shift on all multi-paths which might lead to relative higher Doppler error than LOS scenario. 
Observation 2: The residual Doppler error in NLOS scenario could be higher than LOS scenario after UE pre-compensation.   
RAN4 has agreed that taking ±0.1ppm as baseline for residual Doppler error in service link. 0.1ppm error is the same as TN UE assumption, but it is not so clear about the feeder link residual Doppler error which caused by frequency shift in satellite. If the residual error in feeder link is very small, such as 0.01ppm, then it could be ignored for S band. Otherwise, for example it is 0.05ppm, then it should be also considered to the whole residual error. The clarification from satellite companies will be helpful for demodulation discussion. 
Observation 3: It is not clear about the residual Doppler error caused by satellite frequency shift in feeder link which could impact on whole demodulation results.    
Proposal 3: To simplify the channel model, only consider maximum Doppler shift as ±0.1+∆d ppm where ∆d is residual Doppler error in feeder link. Satellite companies are encouraged to provide a proper value for ∆d. Otherwise, take ∆d as 0.05ppm as the worst case. 

For the antenna configuration issue, it is not typical to use 4/8 Rx for satellite node according to RAN1 study information. Most of satellite networks use 1Rx (linear polarization) and 2Rx (right-hand or left-hand circular polarizations). If polarization is used, network could indicate UE the information. In link level simulation assumptions in TR38.821, 1Rx is baseline configuration for RACH and data transmission, and 2Rx is optional for RACH. From the demodulation perspective, 1Rx could be considered for the SAN requirement. 
Observation 4: 1Rx and 2Rx are popular for satellite network. 
As for Tx configuration, UL transmission could be quite power limited for both GEO and LEO deployment based on the link budget result in following Table 2-1. It is hard and insufficient to use 2-layer transmission compared to 1Tx or using higher MCS. In that case, 1Tx could be feasible for SAN demodulation requirement.
Proposal 4:  Define SAN demodulation requirements with 1Tx 1Rx and 1Tx 2Rx. 
In TR38.821 DL LLS simulation assumptions Table 6.1.2-1, only 1Tx is assumed. It could also be taken for UE demodulation. As NTN UE should have same assumptions as TN UE, 2Rx and 4Rx could be assumed. 
Proposal 5: Define NTN UE demodulation requirements with 1Tx 2Rx and 1Tx 4Rx.

Link budget results in TS38.821 [2] Table 6.1.3.3-1 for 2GHz frequency with GEO and LEO deployment are as captured in Table 2-1. The CNR is carrier-to-noise ratio which is calculated by following formula.

Other assumptions can be found in chapter 6.1.2.  
Table 2-1 Link budget for NTN 
	
	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]
	CNR [dB]

	Satellite RF parameters set 1
	GEO 
	DL
	2
	103.8
	-31.6
	30
	190.6
	0.2
	3
	2.2
	0

	
	
	UL
	2
	23
	19
	0.4
	190.6
	0.2
	3
	2.2
	-10.9

	
	
	DL
	2
	99
	-31.6
	10
	190.6
	0.2
	3
	2.2
	0

	
	
	UL
	2
	23
	19
	0.4
	190.6
	0.2
	3
	2.2
	-10.9

	
	LEO 600
	DL
	2
	78.8
	-31.6
	30
	159.1
	0.1
	3
	2.2
	6.6

	
	
	UL
	2
	23
	1.1
	0.4
	159.1
	0.1
	3
	2.2
	2.8

	
	
	DL
	2
	74
	-31.6
	10
	159.1
	0.1
	3
	2.2
	6.6

	
	
	UL
	2
	23
	1.1
	0.4
	159.1
	0.1
	3
	2.2
	2.8

	
	LEO 1200
	DL
	2
	84.8
	-31.6
	30
	164.5
	0.1
	3
	2.2
	7.2

	
	
	UL
	2
	23
	1.1
	0.4
	164.5
	0.1
	3
	2.2
	-2.6

	
	
	DL
	2
	80
	-31.6
	10
	164.5
	0.1
	3
	2.2
	7.2

	
	
	UL
	2
	23
	1.1
	0.4
	164.5
	0.1
	3
	2.2
	-2.6

	Satellite RF parameters set 2
	GEO 
	DL
	2
	98.3
	-31.6
	30
	190.4
	0.1
	3
	2.2
	-5.2

	
	
	UL
	2
	23
	14
	0.4
	190.4
	0.1
	3
	2.2
	-15.7

	
	
	DL
	2
	93.5
	-31.6
	10
	190.4
	0.1
	3
	2.2
	-5.2

	
	
	UL
	2
	23
	14
	0.4
	190.4
	0.1
	3
	2.2
	-15.7

	
	LEO 600
	DL
	2
	72.8
	-31.6
	30
	159.1
	0.1
	3
	2.2
	0.6

	
	
	UL
	2
	23
	-4.9
	0.4
	159.1
	0.1
	3
	2.2
	-3.2

	
	
	DL
	2
	68
	-31.6
	10
	159.1
	0.1
	3
	2.2
	0.6

	
	
	UL
	2
	23
	-4.9
	0.4
	159.1
	0.1
	3
	2.2
	-3.2

	
	LEO 1200
	DL
	2
	78.8
	-31.6
	30
	164.5
	0.1
	3
	2.2
	1.2

	
	
	UL
	2
	23
	-4.9
	0.4
	164.5
	0.1
	3
	2.2
	-8.6

	
	
	DL
	2
	74
	-31.6
	10
	164.5
	0.1
	3
	2.2
	1.2

	
	
	UL
	2
	23
	-4.9
	0.4
	164.5
	0.1
	3
	2.2
	-8.6



The overall CNR value seem not high and might only support QPSK. But the link budget normally considers the worst case of coverage based on the maximum distance between satellite and UE with 10o elevation angle assumed in TR38.811 [1]. However, shadow fading and multipath impact could be very small if we consider LOS scenario, and free space pathloss could also be a bit smaller if satellite elevation angle is close to 90o. In that case, the DL/UL CNR could be increased a bit compared with the value in the table. Also considering 4Rx could be used for DL, 16QAM and even 64QAM would be possibly supported.  
Proposal 6: Only consider QPSK for NTN SAN demodulation requirement. 
Proposal 7: Consider QPSK, 16QAM and 64QAM for NTN UE demodulation requirement according to simulation result. 



3. Conclusions
Observation 1: It seems no much difference between channel model NTN-TDL-A/C and NTN-TDL-B/D.
Proposal 1: Select one NLOS and LOS channel model for NTN demodulation requirement. Companies could deliver simulation results based on following options.
· Option 1: NTN-TDL-A/C
· Option 2: NTN-TDL-B/D

Proposal 2: Use maximum delay spread 100ns for NTN NLOS channel models. For LOS channel, smaller delay spread could be considered.
Observation 2: The residual Doppler error in NLOS scenario could be higher than LOS scenario after UE pre-compensation.
Observation 3: It is not clear about the residual Doppler error caused by satellite frequency shift in feeder link which could impact on whole demodulation results.    
Proposal 3: To simplify the channel model, only consider maximum Doppler shift as ±0.1+∆d ppm where ∆d is residual Doppler error in feeder link. Satellite companies are encouraged to provide a proper value for ∆d. Otherwise, take ∆d as 0.05ppm as the worst case.
Observation 4: 1Rx and 2Rx are popular for satellite network.
Proposal 4:  Define SAN demodulation requirements with 1Tx 1Rx and 1Tx 2Rx.
Proposal 5: Define NTN UE demodulation requirements with 1Tx 2Rx and 1Tx 4Rx.
Proposal 6: Only consider QPSK for NTN SAN demodulation requirement. 
Proposal 7: Consider QPSK, 16QAM and 64QAM for NTN UE demodulation requirement according to simulation result.
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