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1. Introduction
[bookmark: _Hlk528680199]In the last RAN4 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. 
Issue 1-1-1: Power control model 
· Agreement:
· Only consider fixed SNR at the UE or BS side to facilitate testing even if the SNR may be changed in the real network
Issue 1-1-2: UE speed
· Agreement:
· Do not consider explicit model UE speed into channel model for NTN demodulation requirements. 
· Companies are encouraged to check the impact of different UE speed on the simulation results.
Channel model for SAN demodulation
Issue 2-1-1: Doppler shift model
Agreements
· Consider 200Hz as the maximum Doppler shift for UL in service link
Candidate options
· Option 1: Do not consider the residual Doppler error for UL in feeder link
· Option 2: Consider the residual Doppler error for UL in feeder link. 0.5ppmis the worst case.
Issue 2-1-2: Delay spread model
Candidate options
· Option 1: Single delay spread
· Option 1a: 100ns
· Option 1b: 250ns 
· Option 2: Different delay spread
· Option 2a: 10ns/50ns/150ns
· Option 2b: 10ns/50ns/250ns.  

In this contribution, feeder link impact and channel model for both SAN and UE demodulation will be further analyzed.     

2. Discussion
2.1 	 Propagation model
It was agreed that to use NTN-TDLA and NTN-TDLC as the channel model for NTN demodulation. And then the different options for delay spread and maximum Doppler shift were proposed by companies in the previous meeting. But how to combine the propagation channel, delay spread and Doppler shift is not quite clear.  
By checking the TR38.811 [2], both NTN-TDLA and NTN-TDLC are evaluated with the satellite elevation angle 50o. Then the first question is “Is the 50o elevation angle the worst case for demodulation?”. In RF co-existence discussion, 90o is taken as the worst case, while 20o is taken as the worst case for RRM timing discussion. So, for demodulation part, the worst case should be evaluated at the first, then the corresponding requirements should be defined. 
There are a lot of deployment scenarios (LOS and NLOS) in the section 6.7.2 of TR38.811 [2]. The corresponding linear delay spread values of these scenarios in S band are captured in Table 2-1, and the mean of K-factor (mK ) are captured in Table 2-2. It can be seen that, the candidate delay spread values, 250ns/100ns/150ns/50ns/10ns, are based on different elevation angles in different scenarios. It seems not reasonable to apply these values arbitrary to the delay profile evaluated from 50o elevation angle.
From the table, we can see that the delay spread shows large value at the low elevation angle, but the K-factor shows much higher value at the low elevation angle at the meanwhile. It is hard to directly judge which angle would cause the worst demodulation performance. Further investigation is needed.
Table 2.1-1 Maximum RMS delay spread for different scenarios in S band
	max DS (ns)
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Dense Urban LOS
	478.6
	245.5
	169.8
	85.1
	51.3
	23.4
	16.6
	10.7
	5.2

	Dense Urban NLOS
	955.0
	631.0
	354.8
	223.9
	147.9
	87.1
	58.9
	39.8
	51.3

	Urban LOS
	107.2
	51.3
	29.5
	14.8
	10.2
	7.1
	6.3
	6.0
	5.6

	Urban NLOS
	955.0
	223.9
	123.0
	57.5
	55.0
	51.3
	41.7
	64.6
	31.6

	Suburban LOS
	67.6
	25.1
	11.7
	12.6
	25.1
	37.2
	14.8
	19.5
	19.5

	Suburban NLOS
	323.6
	117.5
	58.9
	41.7
	34.7
	24.5
	24.5
	16.6
	16.6

	Rural LOS
	1.3
	5.8
	6.6
	6.8
	7.1
	6.9
	7.6
	7.1
	7.4

	Rural NLOS
	38.0
	38.0
	74.1
	100.0
	89.1
	81.3
	81.3
	117.5
	117.5



Table 2.1-2 K-factors for different LOS scenarios in S band
	K-factor (mK ) [dB]
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	Dense Urban LOS
	4.4
	9
	9.3
	7.9
	7.4
	7
	6.9
	6.5
	6.8

	Urban LOS
	31.83
	18.78
	10.49
	7.46
	6.52
	5.47
	4.54
	4.03
	3.68

	Suburban LOS
	11.4
	19.45
	20.8
	21.2
	21.6
	19.75
	12
	12.85
	12.85

	Rural LOS
	24.72
	12.31
	8.05
	6.21
	5.04
	4.42
	3.92
	3.65
	3.59



Observation 1: The candidate delay spread values are based on different elevation angels in different scenarios. 
Observation 2: The delay spread in low elevation angle is generally higher than high elevation angle which imply the worse performance at low elevation angle.
Observation 3: K-factor in low elevation angle is normally higher than high elevation angle which imply the better performance at low elevation angle.
Once the elevation angle in a certain scenario with the worst performance is figured out, then the requirement could be defined based on that. It is no necessary to test all elevation angles. 
Proposal 1: Define the NTN demodulation requirement only based on the worst case of elevation angle in a certain scenario. The delay and Doppler configuration should be based on the agreed worst case.  
Dense urban LOS scenario shows the smallest K-factor than other scenarios, so it would be suitable for the LOS channel scenario for demodulation. For NLOS channel, dense urban scenario might be too critical for NTN deployment, and urban NLOS could be a better choice. 
Observation 4: Dense urban LOS scenario could be the best choice for LOS channel evaluation. Urban NLOS scenario could be the best choice for NLOS channel evaluation.

[bookmark: _Hlk101732090]2.2 	 Delay spread
Based on RRM discussion on timing, the approved UE UL initial timing Error T_e are listed in Table 2.2-1. 
Table 2.2-1 NTN UE UL initial timing Error 
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1
	15
	15
	29*64*Tc

	
	
	30
	24*64*Tc

	
	
	60
	N.A

	
	30
	15
	24*64*Tc

	
	
	30
	22*64*Tc

	
	
	60
	N.A

	NOTE:	Tc is the basic timing unit defined in TS 38.211



The basic uncertainty budget for UE UL can be written as:
		(2-1)
Where  is Cyclic Prefix, Dispersion is radio channel delay dispersion,  is UE UL initial timing error (TS 38.133, 7.1.2),  is TA command quantization error () and  is UE TA adjustment error (TS 38.133, 7.3.2). The factor of 2 originates from the fact that one UE can be off  and another UE in the same cell can be off . The same is true for the other error factors.
Based on the formula (2-1) and Table 2.2-1, we can get following calculation to get channel dispersion margin (Table 2.2-2).
Table 2.2-2 Channel dispersion margin for different SCS 
	DL SCS (kHz)
	UL SCS (kHz)
	CP (µs)
	 (µs)
	 (µs)
	(µs)
	Dispersion (µs)

	15
	15
	4.69
	0.94
	0.26
	0.13
	2,02

	15
	30
	2.34
	0.78
	0.13
	0.13
	0,26

	30
	15
	4.69
	0.78
	0.26
	0.13
	2,34

	30
	30
	2.34
	0.72
	0.13
	0.13
	0,39


It shows that the smallest channel dispersion margin is 0.26us when SSB SCS is 15kHz while UL SCS is 30kHz. Generally, channel dispersion could be interpreted as two ways, one is RMS delay spread and the other is the largest non-neglectable tap delay. Currently, it is hard to figure out which tap could be taken as “the largest non-neglectable tap”. To simplify the discussion, here we take RMS delay spread for channel dispersion. Then the table above shows that RMS delay spread is better be <260ns.  
Observation 5: The maximum RMS delay spread is 260ns based on RRM timing calculation.
Comparing 260ns with Table 2.1-1, most of cases could be covered except dense urban LOS 10o, dense urban NLOS 10o ~ 30o, urban NLOS 10o, suburban NLOS 10o. Taking Observation 1 into account, we can get following candidate scenarios for further channel model evaluation:
· Dense urban LOS scenario with elevation angle from 20o to 90o.
· Urban LOS scenario with elevation angle from 20o to 90o.
To reduce effort, starting with 20o, 50o and 90o could be evaluated. 
Proposal 2: RAN4 compare demodulation performance with combinations of scenarios and satellite elevation angles. Following angles could be starting point:
· Dense urban LOS scenario with elevation angle 20o, 50o and 90o.
· Urban LOS scenario with elevation angle 20o, 50o and 90o.

2.3 	 Doppler configuration
The legacy TDL channel model uses the maximum Doppler shift as only input to evaluate the Doppler spectrum because the BS doesn’t move, and the Doppler spread for each tap is caused by UE movement (f_v). The Jakes model will create a spectrum curve within the range [-f_v, f_v]. 
The satellite will have a very high speed (LEO deployment) in NTN scenarios, and it would cause additional Doppler frequency shift () according to TR 38.811 6.7.1. 

                             (2-2)



Where  denotes the satellite speed, c denotes the speed of light, R denotes the earth radius, h denotes the satellite altitude,  denotes the satellite elevation angle, and  denotes the carrier frequency. 
The corresponding Doppler spectrum is like the following figure shows in TR38.811. 
[image: ]
Regarding the figure above, we can get following information:
· For GEO deployment, =0, then legacy TDL model evaluation could be applied.
For LEO deployment, satellite motion can reach to 8km/s, especially at lower altitude. Considering the realistic test cases, the additional frequency shift should be considered in the channel model. Then  could be calculated by formula (2-2). 
If we take , R=6371.4km, h=600km, , then
 .

For UL, the UE could do pre-compensation and residual frequency error was agreed as 0.1ppm (200Hz @2GHz). Then the  for UL service link could be ±200Hz. 
For DL, there is no gateway (GW)/satellite pre-compensation implementation, so the  should be added in the channel model and depends on chosen elevation angle. 
Proposal 3: Additional frequency shift caused by satellite motion should be added into the channel model.
· For UL service link,  
· For DL service link, , where  is the chosen satellite elevation angle. 
· UE motion will impact on the maximum Doppler shift in legacy TDL channel model. This can’t be pre-compensated and dominate the coherent time for both UL and DL. In that case, the UE speed is quite essential to the channel which should be explicit mentioned in the requirement. 
In current RAN4 NTN coexistence study, only TN UE with normal speed is discussed. The HST and aircraft scenario are not in the scope. Furthermore, the deployment scenarios of high-speed train (HST) and aircraft are also different from normal speed UE. For example, normal speed UE are generally deployed in dense urban or urban scenario, high speed UE are generally deployed on the train in suburban or rural, and aircraft would be in another environment. The channel model should be further investigated for HST and aircraft if they will be considered. Regarding the current WI and time plan, we should narrow down the scope to only normal speed UE (~120km/h). In that case, the maximum Doppler shift is 222Hz@2GHz, and it could be rounded to 220Hz@2GHz. 
Observation 6: UE speed will dominate the maximum Doppler shift which is essential to demodulation performance.
Observation 7: The HST and aircraft NTN UE are not in the current RAN4 discussion scope.
Proposal 4: Only define NTN demodulation requirements for UE speed up to 120km/h. The maximum Doppler shift is 220Hz (@2GHz).    
Comparing GEO and LEO deployment, LEO would cause the worse performance due to very high satellite motion. Furthermore, there is no capability difference for NTN GW and UE to support GEO and LEO. So only LEO requirement would be enough and LEO600 have the larger Doppler shift which could be better for requirement. 
Proposal 5: Define NTN demodulation requirement based on LEO600 deployment. 

The frequency drift model was proposed by companies in the last meeting. For LEO600 deployment, the maximum frequency drift can achieve 0.27ppm/s (~544Hz/s@2GHz). The RTT of LEO600 is around 4ms which lead to 2Hz shift, then the frequency drift caused by satellite motion won’t be an issue at such RTT level. The PLL in the receiver side would be able to follow the drift. 
On the other hand, a simple frequency drift model could be applied to estimate the imperfection in real network. 
· The Doppler trajectory in NTN won’t have large discontinuity when earth fixed beam is used. Furthermore, the beam switching between satellites is not transparent to UE based on current RRM discussion. The UE should re-do the access, then the Doppler won’t suddenly change without any indication. In other words, the multi-TCI transmission is not in current NTN discussion scope.  
Observation 8: No large Doppler trajectory discontinuity happens during NTN satellite motion.
· For UL service link, the frequency shift is always pre-compensated, then the uniform distribution model within residual error ([-200, 200] Hz) could be applied. 
· For DL service link, the frequency shift would be monotonically increasing/decreasing with the time passing by at a certain satellite elevation angle . If we assume the UE PLL adjustment period is 400ms (which might be too long), the frequency shift will also reach to ~±200Hz. Then it could also use a uniform distribution model with a certain shift range (i.e., [-200, 200] Hz) to estimate both directions.  
Proposal 6: To estimate the real NTN network frequency drift, a uniform distribution model with the drift range [-200, 200] Hz could be applied for both UL and DL demodulation. 
2.4 	 Sampling offset model
In NTN deployment, satellite moves fast toward to or away from UE, then the transmitting signal sample duration becomes short or long due to the delay changing. In that case, if UE keep the same sampling rate, it could be possible to missing some samples or involve more samples for a symbol. Some companies mentioned the sampling offset would be an issue for NTN, especially for DL side. Based on our understanding, this might be a synchronization issue but not a demodulation performance issue. There is no requirement for synchronization in RAN4 demodulation specification. 
On the other hand, the NTN UE could estimate the delay between satellite and UE based on GNSS and ephemeris, then UE could adjust the sampling clock follow the Doppler shift changing to track the sampling offset. If we assume 24ppm sampling offset, it would lead to 7.4 sample offset per 10ms at 30kHz SCS which is about 10% CP. It seems not a big issue for a UE to follow it. Furthermore, if UE don’t have implementation on sampling clock adjustment, the LEO network could also indicate UE to do the timing adjustment to avoid too large accumulate sampling offset. 
In summary, we don’t think it is necessary to define a model for sampling offset from the demodulation perspective.
Proposal 7: Do not define sampling offset model for NTN demodulation requirement.

2.5 	 Feeder link impact
Figure 2-1 shows the basic test setup for SAN RF and it is also possible for demodulation. The “Feederlink Emulator” will represent the feeder link in the real network. Based on current transparent architecture, the feeder link will do frequency shift on the received signal and transmit it to GW or UE.
Similar as the analysis in 2.3, GW is fixed and won’t cause Doppler spread, so only Doppler frequency shift is caused by satellite motion. Based on the satellite companies comment, not all satellite could compensate the Doppler shift in feeder link. If we consider feeder link as ideal (AWGN like channel), only this additional frequency shift in feeder link   should be added in the whole channel model (“NTN Channel Emulator” in the figure). 
[image: ]
Figure 2.5-1 SAN RF test setup
Regarding the satellite elevation angle respect to GW could be random from 0o to 90o, and the possibility of direction to GW is also random. So the worst case could be assumed (i.e., ±48kHz for LEO600 feeder link). 
However, GW might also have capability to pre-compensate the frequency shift as UE when it transmits signal to satellite. In that case, the feeder link Doppler frequency shift in DL could be ignored, then UL and DL would have different conditions:
· For UL (UE à satellite à GW), could be ±48kHz for LEO600
· For DL (GW à satellite à UE),  is residual error after GW pre-compensation and it could be very small. A possible assumption is the residual error can be covered by the 0.1ppm range in Proposal 6.
Observation 9: If it is always true that GW can do the pre-compensation on Doppler frequency shift, then could be ignored for DL (GW à satellite à UE).
Proposal 8: Consider additional frequency shift (i.e., ±48kHz for LEO600) caused by feeder link into the total channel model for both UL and DL demodulation. Furthermore, DL could just take 0.1ppm as  if NTN GW can pre-compensate frequency shift. 

2.6 	 Channel model parameter combination
In summary, the channel model for NTN could be constructed as following:
NTN-TDLX<Angle>-<DS>-<Fd>-<Doppler>
Where, NTN-TDLX<Angle> represents the tap delay profile based on a certain TDL-X channel model with 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. Considering DS is generally high relevant to elevation angle, the combined parameters could be represent as 
NTN-TDLX<DS>-<Fd>-<Doppler>.
If the study shows that Urban 20o is the worst case for NLOS scenario, then DS is ~250ns. For LEO600 deployment, DL Fd = 20, and Doppler is 220Hz. So the final channel model for DL is NTN-TDLA250-45000-220. For UL in the same condition, Fd = the final channel model is NTN-TDLA250-48000-220.
Proposal 9: 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.

2.7 	 Antenna configuration
For this issue, there are three questions need clarification at the first. 
First, which antenna will be tested, satellite’s antenna or GW’s antenna? Based on the test setup in RF study (Figure 2.5-1), the SAN as a whole DUT box includes satellite, feeder link, GW and gNB.  The reference sensitivity is tested at the satellite receiver part. Furthermore, the whole feeder link is assumed as ideal which means the transmission is perfect no matter how many antenna branches used on GW. The satellite antenna configuration would dominate the whole UL demodulation performance. On the other hand, the GW interface has not been standardized yet. It’s not reasonable to define the requirement for it. 
Observation 10: Satellite antenna configuration will dominate the UL demodulation performance. 
Observation 11: The GW interface has not been standardized yet.
Second, what kind of antenna configuration is typical for satellite? Most of satellite networks use 1Rx (linear polarization) and 2Rx (right-hand or left-hand circular polarizations), and S band and Ka band satellites normally use 2Rx. If polarization is used, network could indicate UE the information. In that case, 1Rx and 2Rx is typical for satellite deployment, but the polarization is different from the implementation in TN deployment (cross polarization).
Observation 12: 1Rx (linear polarization) and 2Rx (circle polarization) are typical for satellite deployment, but the polarization is different from the implementation in TN deployment (cross polarization).  
Third, what is the relationship between linear/circular polarization and cross polarization? From channel perspective, there should be no difference between cross polarization and circular polarization. Both ±45o polarizations and left/right circular polarizations indicate 2 spatial orthogonal propagation channels. But the problem might be the “depolarization” between transmitter and receiver when different polarizations are used. According to section 6.1.1 of TR38.821 [4], following conditions could be assumed. 
· For downlink transmission, a combination of the two Rx branches allows to prevent depolarization loss. (cf. Figure 6.1.1.1-3)
· For uplink transmissions,
-	A 3dB depolarization loss should be taken into account assuming polarization reuse is applied and satellite reception implements circular polarization (e.g., when frequency reuse option 3 is considered) (cf. Figure 6.1.1.1-4 – configuration A)
-	A 0dB depolarization loss can be assumed when satellite reception implements dual polarization per beam (e.g., for the frequency reuse 1 and 3 cases) (cf. Figure 6.1.1.1-4 – configuration B)


Figure 6.1.1.1-3: Example of DL RX/TX configuration for handheld use cases


Figure 6.1.1.1-4: Example of UL RX/TX configurations for handheld use cases

Based on the analysis above, the additional 3dB depolarization loss could be listed in Table 2.7-1. 
Table 2.7-1 Depolarization loss consideration for NTN demodulation
	Direction
	Tx
	Rx
	Depolarization gain [dB]
	Combination gain [dB]
	Total gain [dB]

	DL
	1
	2
	-3
	3
	0

	
	2
	4
	-6
	6
	0

	UL
	1
	1
	-3
	0
	-3

	
	1
	2
	-3
	3
	0


 Observation 13: Depolarization will offset branch combination gain. 
If the 3dB depolarization loss is general in NTN network, then 1Tx2Rx and 2Tx4Rx would have similar performance for DL. 1Tx1Rx would be more challenging for UL than expectation regarding quite limited power. However, this issue would not be so relevant to receiver algorithm, but it is normal in NTN network. RAN4 need to think how to consider this issue for the requirement and test.  
Proposal 10: RAN4 to discuss how to consider depolarization loss between satellite and UE in Table 2.7-1 into the demodulation requirement.
· Option 1: Do not consider it since it is not relevant to receiver algorithm.
· Option 2: Consider it in the link simulation and test setup. 

3. Conclusions
Propagation model
Observation 1: The candidate delay spread values are based on different elevation angels in different scenarios. 
Observation 2: The delay spread in low elevation angle is generally higher than high elevation angle which imply the worse performance at low elevation angle.
Observation 3: K-factor in low elevation angle is normally higher than high elevation angle which imply the better performance at low elevation angle.
Proposal 1: Define the NTN demodulation requirement only based on the worst case of elevation angle in a certain scenario. The delay and Doppler configuration should be based on the agreed worst case.  

Delay spread
Observation 4: Dense urban LOS scenario could be the best choice for LOS channel evaluation. Urban NLOS scenario could be the best choice for NLOS channel evaluation.
Observation 5: The maximum RMS delay spread is 260ns based on RRM timing calculation.
Proposal 2: RAN4 compare demodulation performance with combinations of scenarios and satellite elevation angles. Following angles could be starting point:
· Dense urban LOS scenario with elevation angle 20o, 50o and 90o.
· Urban LOS scenario with elevation angle 20o, 50o and 90o.

Doppler configuration
Proposal 3: Additional frequency shift caused by satellite motion should be added into the channel model.
· For UL service link,  
· For DL service link, , where  is the chosen satellite elevation angle. 

Observation 6: UE speed will dominate the maximum Doppler shift which is essential to demodulation performance.
Observation 7: The HST and aircraft NTN UE are not in the current RAN4 discussion scope.
Proposal 4: Only define NTN demodulation requirements for UE speed up to 120km/h. The maximum Doppler shift is 220Hz (@2GHz).
Proposal 5: Define NTN demodulation requirement based on LEO600 deployment. 

Observation 8: No large Doppler trajectory discontinuity happens during NTN satellite motion.
Proposal 6: To estimate the real NTN network frequency drift, a uniform distribution model with the drift range [-200, 200] Hz could be applied for both UL and DL demodulation.

Sampling offset model
Proposal 7: Do not define sampling offset model for NTN demodulation requirement.

Feeder link impact
Observation 9: If it is always true that GW can do the pre-compensation on Doppler frequency shift, then could be ignored for DL (GW à satellite à UE).
Proposal 8: Consider additional frequency shift (i.e., ±48kHz for LEO600) caused by feeder link into the total channel model for both UL and DL demodulation. Furthermore, DL could just take 0.1ppm as  if NTN GW can pre-compensate frequency shift.

Channel model parameter combination
Proposal 9: 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.

Antenna configuration
Observation 10: Satellite antenna configuration will dominate the UL demodulation performance. 
Observation 11: The GW interface has not been standardized yet.
Observation 12: 1Rx (linear polarization) and 2Rx (circle polarization) are typical for satellite deployment, but the polarization is different from the implementation in TN deployment (cross polarization).
Observation 13: Depolarization will offset branch combination gain. 
Proposal 10: RAN4 to discuss how to consider depolarization loss between satellite and UE in Table 2.7-1 into the demodulation requirement.
· Option 1: Do not consider it since it is not relevant to receiver algorithm.
· Option 2: Consider it in the link simulation and test setup. 
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Figure 6.9.2-1: lllustration of Doppler power spectrum in NTN in LOS conditions
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