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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 on the general issue for SAN demodulation requirement issues. 
Sub-topic 1-1:
Issue 1-1-1: Scenarios for NTN demodulation requirements
· Proposals
· Option 1: Define the NTN demodulation requirement only based on the worst case of elevation angle in LEO600 deployment. The delay and Doppler configuration should be based on the agreed worst case.
· Option 2: Consider the maximum delay spread of 100ns (Agreements from RAN4#102e). The doppler shift will depend on the outcome of Issue 1-2-2 – Issue 1-2-6
· Agreements:
· Further discuss in next meeting.
Issue 1-1-2: Elevation angle
· Proposals
· Option 1: Consider the following elevation angles and the corresponding delay spread, k-factor, etc., 
· Dense urban LOS scenario with elevation angle 20o, 50o and 90o
· Urban NLOS scenario with elevation angle 20o, 50o and 90o
· Option 2: Whether to consider the different elevation angles and corresponding k-factors depend on the outcome of Issue 1-2-2 – Issue 1-2-6
· Agreements:
· Further discuss in next meeting.
Sub-topic 1-2: 
Issue 1-2-1: Maximum Doppler shift due to UE motion
· Agreements: 
· Do not explicitly specify the UE speed and to consider the Doppler shift that reflects a reasonable UE speed.

Issue 1-2-2: Doppler shift due to satellite motion for DL in service link
· Proposals
· Option 1: Do not verify the UE compensation prior to the baseband processing. The maximum doppler shift is residual frequency offset, i.e., 0.1ppm.
· Option 2: If no other test cases (including Demod/RRM/RF) cover the frequency error after UE compensation, consider the maximum doppler shift 24ppm, i.e., 48 cos⁡〖α_model 〗 (kHz) , where α_model is the chosen satellite elevation angle, to verify the UE compensation prior to the baseband processing.
· Agreements: 
· Option 1 under the assumption UE compensation functionality will be covered by other requirements i.e., RF requirements.
· It’s FFS whether this already covered by other requirement (RF and or RRM); RAN4 can further discuss whether this need to be verified by demodulation requirements if RAN4 conclude it’s not covered by other requirements (RF and or RRM).

Issue 1-2-3: Doppler shift modelling 
· Proposals
· Option 1: TE should generate the channel model by TE simulated satellite ephemeris and TE GNSS without any extra UE reporting for the UE location during the test if option 2 in Issue 1-2-2 is agreed.
· Option 2: Other option if any
· Agreements: 
· FFS if needed

Issue 1-2-4: Doppler shift due to satellite for UL in service link
· Agreements: 
· Consider the UE pre-compensation for UL. The residual frequency shift of ±200Hz (i.e., 0.1ppm.) is assumed for UL in service link.

Issue 1-2-5: Doppler shift for DL in feeder link
· Agreements: 
· Do not consider Doppler shift for feeder link for DL

Issue 1-2-6: Doppler shift for UL in feeder link
· Agreements: 
· Do not consider Doppler shift for feeder link for UL

Sub-topic 1-3: 
Issue 1-3-1: Frequency drift
· Proposals
· Option 1: Consider the Frequency Drift
· Option 1a: A uniform distribution model with the drift range of [-200, 200] Hz for UL and DL demodulation 
· Option 1b: Maximum frequency rate of 0.27ppm/s for DL
· Option 2: Do not consider the Frequency Drift
· Agreements: 
· Option 2 by assuming UE compensation functionality covered by other requirements i.e., RF requirements (frequency error)
Issue 1-3-2: Timing drift and sampling frequency offset
· Proposals
· Option 1: Do not define sampling offset model
· Option 2: Consider a baseline compensation method for simulation efforts to account for the sampling frequency offset given the time-varying propagation delay.
· Agreements: 
· Option 1 by assuming UE compensation functionality covered by other requirements i.e., RF requirements 
· It’s FFS whether this already covered by other requirement (RF and or RRM); RAN4 can further discuss whether this need to be verified by demodulation requirements if RAN4 conclude it’s not covered by other requirements (RF and or RRM).

Sub-topic 1-4:
Issue 1-4-1: Depolarization loss between satellite and UE
· Agreements: 
· Do not consider depolarization loss since it is not relevant to receiver algorithm.

Sub-topic 1-5:
Issue 1-5-1: Channel model parameter combination
· Proposals
· Option 1: Take following channel parameter combination for NTN demodulation:
· NTN-TDLX <DS>-<Fd>-<Doppler>
· Where, NTN-TDLX represents the tap delay profile based on a certain TDL-X channel model with a certain satellite elevation angle, DS is the desired delay spread, Fd is frequency shift in both service link and feed link, and Doppler is the maximum Doppler shift caused by UE motion.
· Option 2: other option if any
· Agreements: 
· Further discuss in next meeting.
Issue 1-5-2: Channel model k-factor
· Proposals
· Option 1: Channel model k-factor: 21.6.
· Option 2: other option if any.
· Agreements: 
· Further discuss in next meeting.
In the last meeting, some aspects of NTN channel model are discussed. But the basic parameters, such as delay spread and K-factors, were not agreed at the last. We proposed to consider channel parameters based on the satellite elevation angle in a certain scenario which would lead to the worst performance. It is reasonable but needs extra comparing simulations to find out the worst case. In this contribution, how to choose NTN channel model is further analyzed.     

2. Discussion
According to the TR38.811 and TR38.821, the 30 (LEO)/ 12.5 (GEO-Set 1) / 20° (GEO –Set 2) are chosen as the target angle. The Table 2-1 includes all CNR results based on the link budget in Table 6.1.3.3-1 of TR38.821. It shows that only LEO scenario could reach relative higher UL CNR and the coverage might not be an issue. In that case, the 30o could be considered as the worst case from link budget perspective.
Table 2-1 CNR based on link budget results
	CNR [dB]
	Satellite RF parameters set 1
	Satellite RF parameters set 2

	
	DL
	UL
	DL
	UL

	GEO
	0
	-10.9
	-5.2
	-15.7

	LEO1200
	7.2
	-2.6
	1.2
	-8.6

	LEO600
	6.6
	2.8
	0.6
	-3.2



Observation 1: Elevation angle 30o could be considered as the worst case from link budget perspective. 

NLOS channel
For NLOS channel NTN-TDLA, the impact of different elevation angles could be equivalent to different delay spread in general. Table 2-2 contains all delay spread () for different scenarios based on TR38.811 [3]. The RMS delay spread is within range of 0.5~114.8ns regarding to elevation angle >= 30o. 
Table 2-2 RMS delay spread for different scenarios NLOS in S band
	 DS (ns)
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Dense Urban NLOS
	144.5
	154.9
	114.8
	72.4
	45.7
	29.5
	21.4
	15.1
	14.5

	Urban NLOS
	61.7
	23.4
	17.8
	10.7
	10.2
	9.8
	8.1
	10.7
	6.8

	Suburban NLOS
	12.3
	4.1
	2.0
	2.6
	2.3
	1.8
	1.0
	0.5
	0.5

	Rural NLOS
	1.0
	4.3
	8.9
	12.0
	12.0
	11.0
	12.3
	16.2
	18.2



According to our analysis on the timing limitation [6], the maximum channel dispersion could be 260ns (when DL SSB SCS is 15kHz and UL SCS is 30kHz). It’s normal to take the largest tap delay as the channel dispersion for TDL channel. Table 2-3 includes tap delay values for NTN-TDL-A with RMS delay 100ns/150ns/200ns. It shows that 100ns delay spread will have 285ns maximum tap delay which is almost fulfill the 260ns limitation. Based on our simulation results [4, 5], no big performance difference is seen for MCS4 and MCS13 between these delay spreads possibly because only one direction is considered in these simulations.  
Table 2-3 NTN-TDL-A tap delay with different RMS delay spread (resolution 5ns)
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution
	RMS Delay spread 

	
	
	
	
	100ns
	150ns
	200ns

	1
	0
	0
	Rayleigh
	0
	0
	0

	2
	1.0811
	-4.675
	Rayleigh
	110
	160
	215

	3
	2.8416
	-6.482
	Rayleigh
	285
	425
	570


 
Observation 2: Delay spread 100ns could basically fulfill the UL timing limitation and represent the worst case in NLOS scenarios regarding to >=30o elevation angel. 

LOS channel
For LOS channel NTN-TDLC, the relevant parameters are K-factor and delay spread. The Table 2-4 include the K-factor (, delay spread () and LOS probability for different elevation angles and scenarios according to TR38.811. 
Table 2-4 K, DS and LOS percentage for different LOS scenarios in S band
	Scenario
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Dense Urban LOS
	K [dB]
	4.4
	9
	9.3
	7.9
	7.4
	7
	6.9
	6.5
	6.8

	
	DS [ns]
	75.9
	52.5
	35.5
	18.6
	12.3
	7.2
	5.9
	5.2
	4.4

	
	LOS perc [%]
	28.2
	33.1
	39.8
	46.8
	53.7
	61.2
	73.8
	82.0
	98.1

	Urban LOS
	K [dB]
	31.83
	18.78
	10.49
	7.46
	6.52
	5.47
	4.54
	4.03
	3.68

	
	DS [ns]
	10.7
	7.6
	6.2
	4.9
	4.3
	4.1
	4.2
	4.5
	4.6

	
	LOS perc [%]
	24.6
	38.6
	49.3
	61.3
	72.6
	80.5
	91.9
	96.8
	99.2

	Suburban LOS
	K [dB]
	11.4
	19.45
	20.8
	21.2
	21.6
	19.75
	12
	12.85
	12.85

	
	DS [ns]
	6.9
	2.8
	1.9
	1.9
	1.9
	2.2
	4.2
	4.6
	4.6

	
	LOS perc [%]
	78.2
	86.9
	91.9
	92.9
	93.5
	94.0
	94.9
	95.2
	99.8

	Rural LOS
	K [dB]
	24.72
	12.31
	8.05
	6.21
	5.04
	4.42
	3.92
	3.65
	3.59

	
	DS [ns]
	0.3
	2.1
	3.5
	4.4
	5.1
	5.5
	6.0
	6.3
	6.5

	
	LOS perc [%]
	78.2
	86.9
	91.9
	92.9
	93.5
	94.0
	94.9
	95.2
	99.8



If we only consider cases with LOS probability > 50% and elevation angle >= 30o, the range of K-factor is 3.59~21.6dB and the range of delay spread is 1.9~12.3ns. To determine the performance dominator between K-factor and DS, we compare the performance between combinations of K-factor = (3, 7, 12, 18 )dB and DS = ( 2, 6, 10 )ns by simulation. The available NTN-TDL-C model is a further evaluated model which could be applied for all scenarios/angles by using proper K-factor [7].  Each K-factor will define the tap power and corresponding tap delay according to TR38.901. Based on this methodology, the corresponding channel tap profile are listed in Table A-3 [4]. 
The simulation results [4, 5] show that the K-factor dominate the performance. K-factor =3dB have the worst performance and different DS have similar performance. There are 2dB difference between K = 3dB and K= 18dB, and the performance of K=18dB is quite close to AWGN results. 
Observation 3: Smaller K-factor leads to worse performance for LOS NTN channel. Delay spread impact is very small regarding to NTN LOS scenarios.   

Channel model for NTN demodulation
Here we can have two ways to define channel model for NTN demodulation. 
1. Set parameters by a certain elevation angle. 
We can see that DS =100ns is close to 30o elevation in Dense urban NLOS scenario (Table 2-2). Then we can take K_offset for 30o elevation angle and 100ns delay spread for NLOS channel. 
For LOS channel, the smallest K-factor 3.59dB in Table 2-4 belongs to 90o elevation angle in Rural LOS scenario. The corresponding delay spread is 6.5ns. Regarding the current 5ns resolution for delay profile, the 10ns delay would be suitable. In summary, we can take K = 3.59dB, DS = 10ns and K_offset for 90o elevation angle for LOS channel. 
2. Set parameters by an “artificial” way.
Since the frequency/timing estimation by NTN UE based on ephemeris and GNSS would be checked by other tests, demodulation tests don’t need to setup the satellite with ephemeris at a certain elevation angle and speed. The channel under test could be an “artificial” channel model with the worst parameter value which belongs to a reasonable range. For example, we can choose K = 3dB and DS =12ns for LOS channel because K is around 3.59 ~21.6dB and DS is around 1.9~12.3ns based on analysis above. For NLOS channel, DS =100ns could be enough to cover most of feasible scenarios. The K_offset could choose the value for 30o elevation angle which is not critical for demodulation performance. 
        
Proposal 1: RAN4 take following channel model for NTN demodulation. 
· NLOS: NTN-TDL-A, DS =100ns, Doppler = 220Hz, K_offset use the value for 30o elevation angle
· LOS: NTN-TDL-C
· Option 1: by a certain elevation angle. DS = 10ns, Doppler =200Hz, K=3.59dB, K_offset use the value for 90o elevation angle
· Option 2: by “artificial” parameters. DS=12ns, Doppler=200Hz, K=3dB, K_offset use the value for 30o elevation angle. 


3. Conclusions
Observation 1: Elevation angle 30o could be considered as the worst case from link budget perspective.
Observation 2: Delay spread 100ns could basically fulfill the UL timing limitation and represent the worst case in NLOS scenarios regarding to >=30o elevation angel.
Observation 3: Smaller K-factor leads to worse performance for LOS NTN channel. Delay spread impact is very small regarding to NTN LOS scenarios.  
Proposal 1: RAN4 take following channel model for NTN demodulation. 
· NLOS: NTN-TDLA, DS =100ns, Doppler = 200Hz, K_offset use the value for 30o elevation angle
· LOS: NTN-TDLC
· Option 1: by a certain elevation angle. DS = 10ns, Doppler =200Hz, K=3.59dB, K_offset use the value for 90o elevation angle
· Option 2: by “artificial” parameters. DS=12ns, Doppler=200Hz, K=3dB, K_offset use the value for 30o elevation angle. 
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