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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 PRACH and UL timing advance issues in NTN system. Potential problems and solutions are presented.

Discussion 
PRACH format design  
As identified in 38.811[2], firstly NTN PRACH design should consider the impact of larger cell size and larger transmission distance from UE to gateway. Another issue is that if UE can get the ephemeris information and location information. If UE is able to get the above information, open-loop PRACH mechanism can be used, otherwise, close-loop PRACH mechanism should be considered. Open-loop PRACH means UE can shorten the CP length based on its location information, while close-loop means UE has to use longer PRACH to cover the distance difference within a big cell. 
Given that GNSS positioning is very popular in UE device, open-loop PRACH mechanism can be prioritized. In the open-loop solution, the assumption is that UE can get accurate location information and ephemeris information. In this case, the CP and GT length can be shortened. Meanwhile, UE can transmit the PRACH with timing advance. For TA calculation, UE can calculate it based on a common cell specific distance. 
An example of PRACH format design is shown as follows:
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                         Figure 1: PRACH format and TA configuration

In the figure 1, UE required to get accurate TA information to make UL synchronization. Preamble repetition is used for improving the coverage. In NTN scenario, coverage is critical. Thus preamble repetition can be configurable based on coverage requirement.
Regarding the subcarrier space in PRACH format, actually it depends on residual frequency offset in UL. Before sending the PRACH signal, UE should finish DL synchronization. Based on ephemeris information and UE location information, UL residual frequency offset is smaller. However, depending on UE mobility, for example, for air plane, the Doppler shift will reach 27K Hz when UL carrier frequency is 30Ghz and UE speed is 1000km/h. in this sense, UL Doppler shift will dominate the UL frequency offset.

Proposal 1: UL PRACH design should assume ephemeris information and UE location are available in UE side. 

Random access response window 
In random access operation, UE will wait for RACH response after sending out the Preamble (message 1). Due to larger transmission delay, UE has to wait for long time to get gateway response. In the table 1, one worst case with larger propagation delay is shown. The RTT in the table reaches to 544ms. In this case, the RA (RACH access) response receiving window should be configured based on real RTT (round trip delay) and processing 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
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                 Figure 2: RA response receiving window configuration

In the figure 2, RA response recovering is illustrated. After UE sending the message 1, the RA response window should be configured based possible RTT. Otherwise, UE has to monitor the RA response without any time guidance.

Proposal 2: RA response window configuration should consider RTT delay.


Conclusions
In this contribution we analyzed PRACH and UL timing advance issues in NTN system. The following proposals are provided.  
[bookmark: _GoBack]Proposal 1: UL PRACH design should assume ephemeris information and UE location are available in UE side.  
Proposal 2: RA response window configuration should consider RTT delay.
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