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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 #80 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 raised the potential impacts to RAN1 according to 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 fast handover. These factors will impact the system design in case of concrete design requirement. From the robustness point of view, we may only consider the worst case. 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 largest Doppler shift and shift variation in NTN
	Frequency (GHz)
	Max Doppler
	Relative Doppler
	Max Doppler shift variation
	Notes

	20
	+/- 480 kHz
	0.0024 %
	-5.44 kHz/s
	LEO 600km; 
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 beam handover and satellite handover. Depending on PCI configuration, cell handover or L1 beam handover should be studied. 


     Figure 1:  beam and satellite moving 

Main RAN1 standard impact
[bookmark: OLE_LINK20]The NTN channel characteristic may result in some RAN1 standard impact in the following aspects. 
Initial synchronization and regular tracking  
	In order to overcome the large Doppler shift and variation rate, the initial synchronization should be robust and fast. In general, one satellite beam only severs one UE for tens or hundreds of seconds. Then Doppler pre-compensation is necessary to overcome big Doppler shift. Furthermore, UE can do Doppler estimation based on synchronization signal. In some cases, UE may get initial Doppler shift based on GNSS positioning. During the process of synchronization, satellite ephemeris is needed to assist UE to do fast satellite orbit tracking.

	


After initial synchronization, regular tracking is needed due to fast satellite moving. In order to facilitate data demodulation, regular reference signal should be configured to help UE to compensate the Doppler shift.
Random access 
In the random access procedure of NTN, there are several differences compared to terrestrial network, one is larger Doppler shift, and the second is propagation latency, the third is large TA. 
[bookmark: OLE_LINK9]UL Doppler shift pre-compensation is needed to get rid of the rough frequency shift. And receiver side can do finer frequency correction. After initial DL synchronization, residual UL Doppler shift can be derived by GNSS or satellite ephemeris data. Propagation latency will require the long random access procedure in the design of receiving window of RACH response. In the end, large TA requires new PRACH format design. However, it depends on the location information available in the UE side. If UE is aware of its location within one cell, the PRACH design can be simplified, because it only requires to do timing alignment within one cell on the top of cell common propagation latency.
The RACH response window is also changed due to larger delay. Therefore, new detection window should be studied to help random access. 
Data transmission procedure
In NTN, UL power control and AMC will meet the challenge of out-of-date channel information due to the fast varying channel (LEO/MEO) or extremely high propagation delay (GEO). These aspects should be studied to improve the transmission efficiency.
AMC with prediction or time filtering based on channel status should be investigated. It may trigger new CSI measurement and reporting mechanism. In order to reduce latency, lower BLER target CQI feedback can be considered.
For UL power control, open loop power control should be further studied, for example with the aid of location information. Meanwhile, two-way links, service link and feed link, need joint consideration in power control.
HARQ protocol also suffers from low efficiency for a specific UE under current NR definition because the UE has to wait for most of the time. In the TR, HARQ with a high number of parallel processes and HARQ deactivation are proposed. HARQ with more processes increase the UE cost while the performance is worse with deactivated HARQ. In general, in one hand, new BLER target should be considered to reduce the probability of re-transmission, and in the other hand, effective HARQ design needs to be considered to support delay tolerant service.
Timing relationship 
Since NTN has to handle very large propagation delay and much fast delay variation as analyzed in the TR, the timing advance for NTN needs investigation. 
For differential delay in one cell, UL timing advance should consider the cell size. For the common propagation delay, this delay is varying since the satellite elevation angle is changing. The timing advance and timing relationship between the gNB and UE would be different from terrestrial network. Therefore timing issue in this scenario should be carefully studied to help UL signal reception. 
New modulation order
In order to keep low PAPR, new modulation type can be considered, such as PSK, APSK etc. Due to PA working in saturation range, constant or quasi-constant modulation is necessary. Even low PAPR design in waveform and sequence can be considered.
 RRM measurement and satellite beam switching 
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 implment effective beam measuremnet and beam switching is to be studied.
Besides the service link switching, the feeder link switching is also important. If the satellite links to one another gateway due to moving, the group of users should be transftered to one new gateway. Hence, how to handle this issue should be considered.

Conclusions
In this contribution, we review the NTN architecture and deployment scenario and provide our views on potential physical layer impact for NTN based on the channel charactistics.
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