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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
A new SI on solutions evaluation for NR to support Non-Terrestrial network has been approved in RAN #80 plenary. RAN1 needs to identify the potential impacts and study the related solutions on physical layer. The target work was approved in RAN #83 with the update as follows [1]. 
Physical layer
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed  [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]

In this contribution we analyzed the channel differences of NTN over Non-terrestrial network and provided our views on some physical layer procedure enhancement based on the NTN channel differences.

Discussion 
Channel differences of NTN over Non-Terrestrial network
As identified in 38.811[2], the main scenarios difference of NTN over the terrestrial network are the long propagation distance and fast satellite moving. They will cause larger propagation delay and huge Doppler shift. Another impact is beam moving and frequent handover. These factors will impact the system design in order to guarantee the performance. From the robustness point of view, we may only consider the worst case, and other cases can be scaled. In the table 1 and table 2, the worst propagation delay and Doppler shift are shown. 

· Propagation delay
[bookmark: OLE_LINK14]Table 1: the largest propagation delay in NTN 
	 
	 GEO at 35786 km

	Elevation angle
	Path
	D (km)
	Time (ms)

	UE :10°
	satellite – UE
	40586
	135.286

	GW : 5°
	satellite – gateway
	41126.6
	137.088

	90°
	satellite – UE
	35786
	119.286

	Bent Pipe satellite

	One way delay
	Gateway-satellite_UE
	81712.6
	272.375

	Round trip Time
	Twice
	163425.3
	544.751






· Doppler shift
[bookmark: OLE_LINK8]Table 2: the larger Doppler shift and shift variation in LEO 600km
	Frequency (GHz)
	Max Doppler
	Relative Doppler
	Max Doppler shift variation
	Notes

	20
	+/- 480 kHz
	0.0024 %
	-5.44 kHz/s
	In case of bent pipe transmission, the doppler shift should take into account the impacts of both service link and feeder link. 

	30
	+/- 720 kHz
	0.0024 %
	-8.16 kHz/s
	




· Beam moving 
Due to fast satellite beam moving, it will cause frequent beam handover and satellite handover. Depending on PCI configuration, cell handover or L1 beam handover should be studied. 
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     Figure 1:  beam and satellite moving 

Doppler compensation enhancement 
Due to big Doppler shift in NTN case, UE or Gateway needs to compensate or remove the Doppler shift to guarantee the performance. In DL synchronization, we need assume UE has the capability to acquire the ephemeris information and location information. Otherwise UE will spend much time to search satellite synchronization and broadcast signal and do initial access. Without satellite angle information and frequency information, it is hard to get quick system access and improve user experience. With UE location on top of ephemeris information, it is beneficial to help UE to acquire propagation distance information to calculate the Doppler offset. Considering GNSS or other RAT independent location service popularity in real application, Doppler shift compensation is feasible upon the awareness of ephemeris information and location information.
Proposal 1: UE Doppler shift compensation should be performed based on available ephemeris information and location information.

RRM measurement and satellite beam switching enhancement  
Due to fast satellite beam moving, UE should track the serving beam change. Based on satellite ephemeris information, UE can conduct beam measurement before beam switching or handover. Actually one cell may include one or multple satellite beams, so UE can perform L1 beam switching or L3 cell handover accordingly. Based on information and network indication, UE can perform beam measurement in advance to track fast beam moving. How to implement effective beam measurement and beam switching is to be studied.
Besides the service link switching, the feeder link switching is also important in bent piple mode. If the satellite needs to hand over to one another gateway due to moving, the group of users of this satellite should be transferred to the new gateway. Hence, how to handle this issue should be considered.
[bookmark: OLE_LINK20]Another issue is antenna switching time. For VSAT antenna array, the switching time is very long, which impacts the RRM measurement and handover time. For phased array, typical switching is a few of million seconds. Actually it also impacts the RRM measurement configuration. For inter-satellite RRM measurement, UE measurement gap should take into account antenna switching time.
Proposal 2: Study beam switching mechanism and the impact of UE beam switching time for different antenna types.  

Power control enhancement   
In NTN, due to longer RTT, the close-loop power control is a bit slower, which is hard to track channel environment. If the channel is static in LOS scenario, using gNB DCI indication might waste the signaling overhead. 
Hence, open-loop power control based on distance can be considered. If UE is aware of its location, UE can derive the distance to satellite or gNB. Then UE can adjust its power level. For GEO case, due to small distance change, it will not be suitable for distance based power control. However, for LEO case, it is reasonable to have this feature. 
Another aspect is interference issue for power control. In terrestrial network, the interference is varied quickly. But in NTN case, the interference situation is different because frequency reuse factor is larger compared to terrestrial network. Hence, semi-static additional command from gNB may be enough on top of open-loop power control if considering the interference change.
  
Proposal 3: Support distance based UL power control in LEO case.  

CSI feedback and AMC enhancement   
For CSI measurement in NTN, in case of LOS scenario, the channel quality change is smaller. Hence, CSI feedback may not require frequent operation. In another aspect, the propagation delay is larger in NTN, it causes the AMC is not possible to perform very quickly.
If channel condition is changed quickly, additional AMC enhancement with prediction or time filtering based on channel status should be investigated. However, the necessity is not clear so far. The underlying reason is that the NTN network is not suitable in severe fast fading channel due to poor link budget.
In order to reduce latency, lower BLER target based CQI feedback can be considered. The reason is that larger propagation delay is not suitable to have many times re-transmission. Lower BLER target will definitely reduce the need of re-transmission. 
Proposal 4: CSI report should consider lower BLER target to reduce re-transmission possibility due to larger propagation delay.

Conclusions
[bookmark: _GoBack]In this contribution we analyzed the channel differences of NTN over Non-terrestrial network and provided our following proposals for physical layer procedure enhancement based on the NTN channel differences. 
Proposal 1: UE Doppler shift compensation should be performed based on available ephemeris information and location information.
Proposal 2: Study beam switching mechanism and the impact of UE beam switching time for different antenna types.  
Proposal 3: Support distance based UL power control in LEO case.  
Proposal 4: CSI report should consider lower BLER target to reduce re-transmission possibility due to larger propagation delay.
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