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1. Introduction
[bookmark: _Hlk528680199]The non-terrestrial network solution is a new deployment solution compared with traditional terrestrial network. RAN4 RF and RRM have several meeting discussions and achieves notable progress. In this contribution, general views on performance requirement for NTN will be discussed. 

2. Discussion
2.1 Architecture and scenario

A satellite non-terrestrial network refers to a network, or segment of networks using RF resources on board a satellite (or UAS platform). There are two typical architectures were discussed in 3GPP for now, transparent and non-transparent. And it is agreed that only transparent architecture is considered in Rel-17.
In transparent architecture, the gNB is integrated in the gateway (GW) and the satellite payload implements frequency conversion and a Radio Frequency amplifier in both up link and down link direction. The satellite repeats the NR-Uu radio interface from the feeder link (between the NTN gateway and the satellite) to the service link (between the satellite and the UE) and vice versa [2], see figure 2-1. 
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Figure 2-1 NTN transparent architecture
In non-transparent architecture, the gNB is part of the satellite payload and the satellite payload implements regeneration of the signals received from Earth including service link and feeder link [2], see figure 2-2. 
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Figure 2-2 NTN non-transparent architecture
It was agreed in RAN4#98bis-e that “RAN4 shall consider the architecture defined by RAN3 as baseline for test setup pending on further check on test feasibility.”, see figure 2-3.


Figure 2-3 Baseline architecture for RAN4 discussion
The satellite and NTN-gateway are considered as “one box” according to the figure. In current RAN1 and RAN4 discussion, feeder link is assumed as fibric like and ideal. Only service link performance is noticed. In that case, it looks no difference between transparent and non-transparent architecture from demodulation perspective.
Observation 1: If baseline architecture introduced by RAN3 is considered and feeder link is assumed as ideal transmission, there would be no difference between transparent and non-transparent architecture from demodulation perspective.
But feeder link impact could be different for two architectures if we look inside the “gNB box” in Figure 2-3. In transparent mode, 5G-RAN is integrated with gateway and would be impacted by feeder link for both UL and DL. In non-transparent mode, 5G-RAN is integrated with satellite then demodulation is only impacted by service link. In reality, there should be a certain error remained when signal transferred within the link, such as timing and frequency error. It might be needed for an error model for feeder link.
Beside this, it is also not clear about the satellite transmission power assumption. Does satellite transmit with “fixed gain” or “fixed PSD”? It would impact the received signal power and SNR on both UE and Gateway. Considering a LEO scenario and satellite is passing, for UL transmission, “fixed gain” assumption would make received signal power at Gateway vary during the connection due to different pathloss according to satellite positions, but “fixed PSD” assumption would make received signal power constant for all UE. The SNR variation is different between two assumptions in transparent architecture. Satellite industry could deliver a kind of model for further discussion on demodulation impact.
Observation 2: In reality, there should be remaining frequency, timing and channel impact after feeder link transmission which might impact on demodulation performance of transparent architecture.
Observation 3: It is not clear about the satellite transmission power assumption, “fixed gain” or “fixed PSD”.
It is to be expected that satellite companies have extensive experience of the feeder link and satellite residual effects on the signal in a transparent architecture and we kindly request satellite companies to provide an appropriate model that can be used for setting demodulation requirements.
Proposal 1: Satellite industry deliver a proper error and power model for satellite + feeder link. Companies could further study the impact on demodulation based on the model. 

There are 3 scenarios are involved in current NTN solution discussion based on different satellite deployment, GEO (Geostationary-Earth Orbit), LEO (Low-Earth Orbit) 600 and LEO 1200. The basic deployment information for 3 scenarios with transparent architecture is captured in following table [2]. 
Table 2-1 Basic information for 3 scenarios
	Scenario
	GEO
	LEO 600
	LEO 1200

	Orbit type
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point
	circular orbiting around the earth
	circular orbiting around the earth

	Altitude
	35,786 km
	600 km
	1200 km

	Spectrum (service link)
	<6 GHz (e.g. 2 GHz)
>6 GHz (e.g. DL 20 GHz, UL 30 GHz)

	Max channel bandwidth capability (service link)
	30 MHz for band < 6 GHz
1 GHz for band > 6 GHz

	Earth-fixed beams
	Yes
	Yes for steerable beams satellite
No for moving beams satellite

	Max beam foot print size (edge to edge) regardless of the elevation angle
	3500 km
	1000 km

	Min Elevation angle for both sat-gateway and user equipment
	10° for service link and 10° for feeder link

	Max distance between satellite and user equipment at min elevation angle
	40,581 km
	1,932 km
	3,131 km

	Max Round Trip Delay (propagation delay only)
	541.46 ms
	25.77 ms
	41.77 ms

	Max differential delay within a cell (Note 6)
	10.3 ms
	3.12 ms
	3.18 ms

	Max Doppler shift (earth fixed user equipment)
	0.93 ppm
	24 ppm
	21ppm



According to the table, 3 scenarios have clear differences in max RTT, max Doppler shift and max Doppler shift variation etc. For example, in GEO, the Doppler shift mainly comes from UE speed on the earth; while in LEO, the relative Doppler shift is much higher due to both satellite and UE could be assumed with high speed. These parameters would impact the demodulation algorithm and the corresponding demodulation requirements could also be quite different from each other. It might be reasonable to define separate requirements for GEO and LEO scenarios.
Observation 4: GEO and LEO have quite different deployment which might need different demodulation requirements. 
Currently, S band (Downlink: 2170 - 2200 MHz, Uplink: 1980 - 2010 MHz) and L band are discussed in RAN4. 
Observation 5: Only FR1 band is considered for Rel-17 NTN requirement discussion. 
Another discussion topic in RAN4 is about the earth beam pattern of LEO, earth fixed beam and moving beam, see figure 2-4. Earth fixed beam scenario would cause much less hand over than moving beam which gives longer beam dwelling time. It will deliver a relative more stable link connection. Observing a single link between UE and satellite, it won’t be much different between two scenarios on Doppler variation and delay condition. Only received SNR could be different during the connected period. Under the same transmission power,  earth fixed beam would experience less SNR variant than moving beam since the directional beam forming gain of the former could be assumed constant. The final SNR would also depend on the assumption of “fixed gain” or “fixed PSD”. Anyway, it should be no much impact on demodulation performance because we generally iterate different SNR for a certain channel to get demodulation performance.     
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Figure 2-4 Earth fixed beam and moving beam
Observation 6: There should be no difference between earth fixed beam and moving beam from demodulation perspective.    

2.2 Channel model
The discussion will be split into two links, feeder link and service link. The service link is the mainly focused.
2.2.1 Feeder link
Feeder link is basically assumed as ideal in current RAN4 discussion as mentioned in 2.1. The Doppler shift and frequency error can be pre compensated. Assuming the high directional beam forming and LOS propagation between satellite and gateway, the delay spread can also be ignored.   
But as discussed above, there should be remaining error even after pre-compensation. A proper error model is needed to estimate the performance impact, especially for transparent architecture. If the impact can’t be ignored, then it should be combined with the service link channel model for requirement definition.RAN1#105-e agreement: 
The Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated by the GW and satellite-payload without any specification impacts in Release 17.

Observation 7: The delay spread in feeder link could be ignored due to high direction antenna and LOS propagation. The Doppler shift, frequency error could be pre-compensated by GW and satellite, but it would be good to have a model for the remaining error. 

2.2.2 Service link
There are several channel models recommended by RAN1 study including NTN-CDL-A/B/C/D and NTN-TDL-A/B/C/D [1]. A/B are for NLOS and C/D are for LOS scenario. RAN4 generally take TDL channel mode for demodulation requirements definition. Considering simplicity and only the worst case should be tested, it can be further discussed that choosing one or two channel models from NTN-TDL-A/B/C/D for requirement definition. 
Proposal 2: Channel model for service link demodulation requirement could base on  NTN-TDL_A/B/C/D. 
In RAN1 discussion, it is agreed that NTN UE should have capability to pre-compensate Doppler shift by its GNSS-acquired position and the serving satellite ephemeris. In that case, there would be small remaining frequency error for UL transmission. In RAN4 RF discussion, the error is assumed as 0.1ppm within 1ms period. And also considering the satellite is LOS respect to UE, the UL delay spread can also be very small. 
Observation 8: In service UL transmission, the Doppler shift and delay spread at satellite side could be small due to frequency pre-compensation and typical LOS scenario. 

But in DL, it seems no frequency error compensation according to RAN1 agreements. Then the Doppler shift for DL channel could be very high specially for LEO deployment. As UE deployment is possibly same as in TN deployment (urban, rural etc.), the delay spread at UE side could also be similar. Although the UE speed can be ignored compared to satellite, normal speed UE as in Rel-15 (up to 120km/h) could be the baseline for demodulation requirement considering GEO scenario and possibly different UE capabilities on Doppler estimation. UE on high-speed train and aircraft is assumed with different capability from TN UE and possibly be handled by other WI.  RAN1#103-e agreements: 
An NR NTN UE in RRC_IDLE and RRC_INACTIVE states shall be capable of at least using its acquired GNSS position and satellite ephemeris to calculate frequency pre-compensation to counter shift the Doppler experienced on the service link.
RAN4#98-bis-e agreement:
The mean value of basic measurements of UE modulated carrier frequency shall be accurate to within ±0.1 ppm observed over a period of 1ms of cumulated measurement intervals compared to the carrier frequency received from the gNB.
· Note: The gNB refers to RAN3 NTN architecture.

RAN1#107-e agreements:
DL frequency compensation by gNB for the service link Doppler is not supported in Release 17.


 
Observation 9: In service DL transmission, the Doppler shift and delay spread at UE side could be high due to no frequency pre-compensation and typical NLOS scenario.     
Proposal 4: Consider normal speed UE in Rel-15 (up to 120km/h) as start point for further discussion on NTN NR demodulation.  

   

3. Conclusions
Observation 1: If baseline architecture introduced by RAN3 is considered and feeder link is assumed as ideal transmission, there would be no difference between transparent and non-transparent architecture from demodulation perspective.
Observation 2: In reality, there should be remaining frequency, timing and channel impact after feeder link transmission which might impact on demodulation performance of transparent architecture.
Observation 3: It is not clear about the satellite transmission power assumption, “fixed gain” or “fixed PSD”.
Proposal 1: Satellite industry deliver a proper error and power model for satellite + feeder link. Companies could further study the impact on demodulation based on the model. 
Observation 4: GEO and LEO have quite different deployment which might need different demodulation requirements. 
Observation 5: Only FR1 band is considered for Rel-17 NTN requirement discussion. 
Observation 6: There should be no difference between earth fixed beam and moving beam from demodulation perspective.    
Observation 7: The delay spread in feeder link could be ignored due to high direction antenna and LOS propagation. The Doppler shift, frequency error could be pre-compensated by GW and satellite, but it would be good to have a model for the remaining error.
Proposal 2: Channel model for service link demodulation requirement could base on  NTN-TDL_A/B/C/D.
Observation 8: In service UL transmission, the Doppler shift and delay spread at satellite side could be small due to frequency pre-compensation and typical LOS scenario.
Observation 9: In service DL transmission, the Doppler shift and delay spread at UE side could be high due to no frequency pre-compensation and typical NLOS scenario.     
Proposal 4: Consider normal speed UE in Rel-15 (up to 120km/h) as start point for further discussion on NTN NR demodulation.
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