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Introduction
In the meeting RAN#88e, NTN WID has been approved. It aims to specify the enhancement according to the following principles [1] :

	· FDD is assumed for core specification work for NR-NTN.
· NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG
· Earth fixed Tracking area is assumed with Earth fixed and moving cells
· UEs with GNSS capabilities are assumed.
· Transparent payload is assumed




The one of objectives in RAN2 is the enhancement of random access as follows [1]: 
	· MAC
· Random access:
· Definition of an offset for the start of the ra-ResponseWindow for NTN.
· Introduction of an offset for the start of the ra-ContentionResolutionTimer to resolve Random access contention
· Solutions for resolving preamble ambiguity and extension of RAR window.
· Adaptation for Msg-3 scheduling
· Only for the case with pre-compensation of timing and frequency offset at UE side)



[bookmark: _Hlk47691076]In this contribution, we will describe our views on the enhancement of random access procedures based on the assumption of UEs with the location information and the transparent architecture in NTN.

Discussion

In NTN reference scenarios, the maximum beam size of GEO and LEO are 3,500 km and 1,000 km, respectively. The maximum round trip delay is 541.46 ms for GEO and 3.18ms for LEO. The maximum differential delay is 10.3ms for GEO and 3.18ms for LEO [2]. During the NTN SI phase, it was discussed that the large propagation delay and differential delay could have an effect on the size of the preamble, the time advanced value, and the RAR window size at the initial access, which can affect the performance of the entire system [2]. Meanwhile, the NTN WID describes the principles assumed by UEs with location information and the network deployment in the transparent payload scenario [1]. To minimize the impact of a large delay, we will address MAC enhancements by applying various offsets in the initial random access procedure with assumption of UEs with the location information and the transparent satellite architecture.
Observation 1. The assumption of UEs with the location information and the transparent architecture are considered as a priority in the initial access procedure.

1. Transmission timing of MSG1 and MSG-A 

Based on the TR 38.821, The UE could transmit the preamble by applying a certain of TA value in advance in order to compensate for the large value of TA and to shorten the design of the random access preamble. 
Observation 1. Applying Timing Advance in transmitting the MSG1 and MSG-A will help to compensate for the large TA, long random access preamble and large RAR window size on initial access.

Proposal 1.	NTN UE can apply a certain TA value when the transmission of a random access preamble for 4-step RACH and an MSG-A for 2-step RACH.


· UE specific and cell specific TA offset pre-compensation

There can be two methods of UE specific or cell specific TA pre-compensation depending on which node to determine the value of TA offset when transmitting the initial access preamble. For a UE specific TA pre-compensation method, the UE shall estimate propagation delay to the satellite associated with a gNB using the location information. Since the UE specific TA can be applied, there is an advantage that the differential TA can be relatively small, but an additional differential TA should be considered due to a position error of the GNSS. For a cell specific TA pre-compensation, the gNB provides a cell specific common delay and the UE should follow it when transmitting the preamble. There is a disadvantage of managing a large value of TA offset because of large differential delay. The gNB should be able to explicitly distinguish which mode is applied to the UE.
Observation 2. The network should be able to explicitly distinguish that the UE attempting to initial access has applied the UE based TA pre-compensation mode.

Proposal 2.	UEs with location information could support the UE specific TA pre-compensation mode as a baseline. It is FFS whether the cell specific TA pre-compensation is supported for UEs with location information. 


· Pre-compensated TA value in the transparent architecture


In NR, uplink frame number  for transmission from the UE shall start  before the start of the corresponding downlink frame at the UE [3]. If the TA pre-compensation is supported in NTN,  shall be denoted as .  is a value of pre-compensated TA for NTN. The value of it could be different depending on the NTN deployment scenario, i.e. regenerative or transparent payload.  can be assumed as the function of the service link delay and the feeder link delay. will be updated in the same way in NR by a timing advance command and RAR. UEs with location information will transmit the preamble in the initial access using where  shall be used.
Observation 3. UEs with location information will transmit the preamble in the initial access using    where  shall be used.

For regenerative satellite-based architecture, it could be determined only by the service link delay. In the case of transparent satellite-based architecture, it comes from the sum of the service link delay and the feeder link delay. Moreover, the feeder link could be connected directly or via ISL to the gateway. The satellite movement and connections using ISLs could have impact both on the service and feeder link delay. The UE with location information could update the service link delay by the satellite movement. For UEs to estimate the feeder link delay, additional information provided by the network is required. It could be assumed that the management of the feeder link delay is left to the implementation issues between the gNB and the satellite. For simplicity, we prefer not to consider the feeder link delay in this release.

For the timing adjustment,  are updated by a timing advance command as 
Observation 4. The feeder link delay can be affected by the satellite movement and the number of ISL connections.

Proposal 3.	It is assumed that the management of the feeder link delay is left to the implementation issues. The TA adjustment by feeder link delay is not considered in this release.

2. Offset for RAR monitoring window

In NR, the ra-ResponseWindow starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set that is at least one symbol, after the last symbol of the PRACH occasion corresponding to the PRACH transmission [4]. 
In NTN SI, it was discussed to introduce an offset for the start of the ra-ResponseWindow and RAR monitoring duration because of the long propagation delay [2]. The value of offset should be considered as the round trip time from UEs to the gNB in transparent payload scenario. It should be the sum of the service and the feeder link delay. By the way the feeder link could be connected directly or via ISL to the gateway. So, the UE with location information could not estimate the feeder link delay. It should be provided by the network in the broadcast manner and configured to minimize the impact of its changes.

Proposal 4.	The feeder link delay should be provided by the network for the offset of ra-ResponseWindows. It should be configured to minimize the impact of its changes.

3. Scheduling offsets

[bookmark: _GoBack]During the initial access procedure, the network has no information about the pre-compensated TA used by the UE when transmitting the preambles. It is necessary for the network to use for the uplink scheduling offset. So, the UE should inform the network of the estimated TA value used to transmit the preamble in MSG3 or MSG5. 
For the scheduling offset of MSG3 or MSG5 in the 4-step RACH without knowing the value of the pre-compensate TA, the network should consider at least the maximum round trip time for the scheduling offset between the uplink grant and the uplink resources. It can be applied to transmission of MSG3 and MSG5, the HARQ feedback transmission for RAR and so on.

Proposal 5.	The pre-compensated TA should be reported to the network by MSG3 or MSG5 in the 4-step RACH for the UE with the location information. Without the information, the network should consider at least the maximum round trip time for the scheduling offset between the uplink grant and the uplink resources.


Conclusion
RAN2 is kindly asked to consider following observations and proposals:
Observation 1. Applying Timing Advance in transmitting the MSG1 and MSG-A will help to compensate for the large TA, long random access preamble and large RAR window size on initial access.
Observation 2. The network should be able to explicitly distinguish that the UE attempting to initial access has applied the UE based TA pre-compensation mode.
Observation 3. UEs with location information will transmit the preamble in the initial access using    where  shall be used.
Observation 4. The feeder link delay can be affected by the satellite movement and the number of ISL connections.

Proposal 1.	NTN UE can apply a certain TA value when the transmission of a random access preamble for 4-step RACH and an MSG-A for 2-step RACH.
Proposal 2.	UEs with location information could support the UE specific TA pre-compensation mode as a baseline. It is FFS whether the cell specific TA pre-compensation is supported for UEs with location information. 
Proposal 3.	It is assumed that the management of the feeder link delay is left to the implementation issues. The TA adjustment by feeder link delay is not considered in this release.
Proposal 4.	The feeder link delay should be provided by the network for the offset of ra-ResponseWindows. It should be configured to minimize the impact of its changes.
Proposal 5.	The pre-compensated TA should be reported to the network in MSG3 or MSG5 for the UE with the location information. Without the information, the network should consider at least the maximum round trip time for the scheduling offset between the uplink grant and the uplink resources.
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