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Introduction
In RAN1#98, the following has been agreed on the uplink timing advance[1].
	Agreement:
Following options can be considered to support TA adjustment for UL transmission:
· Option 1
· Autonomous acquisition of the TA at UE with known location and satellite ephemeris:   
· FFS: how to compensate the TA, e.g., full TA or only UE-specific differential TA 
· Note: If only UE-specific differential TA is compensated, timing offset between gNB DL and UL frame should be managed by network and acquisition of common TA is needed.
· FFS: additional TA signalling from BS considering the potential inaccuracy.
· Option 2
· Indication of common TA to all users within the coverage of the same beam with broadcasting as a baseline for signalling, e.g., via SIB/MIB
· FFS: additional UE-specific differential TA signalling from BS.
· FFS: the reference point(s)  for common TA calculation
· Additional enhancements to existing TA signaling in Rel-15 can be considered for TA maintenance
· Parameters indicated by gNB to enable the TA adjustment
· Cell/UE-group specific signalling



In addition, the following parameters were agreed for the differential delay in RAN2#107[2].
	Scenarios
	GEO based non-terrestrial access network (Scenario A and B)
	LEO based non-terrestrial access network (Scenario C & D)

	Max differential delay within a cell 
	10.3 ms
	3.12 ms and 3.18 ms for respectively 600km and 1200km



With these elements, we discuss further issues for more details.

Discussion
[3] presents the relationship between satellite beams, NR cells, and NR beams. As shown in [3], multiple satellite beams may be mapped to one NR beam in one cell. Alternatively, multiple satellite beams may be mapped to multiple NR beams. The UE recognizes the NR beam.
When the common TA is broadcast through SIB or MIB to all UEs within the coverage of the same beam, the UE can recognize the common TA per SSB. Therefore, if one NR beam is used in two satellite beams, one common TA may be required. In addition, when using multiple NR beams, one common TA or multiple common TAs may be required according to characteristics of beams. Accordingly, the gNB may adjust the number of broadcasted common TAs and may configure related information. This may be associated with the information of SSB.
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Fig. 1. Relationship between satellite beams, NR cells, and NR beams

This configuration can also occur primarily in service links. In other words, the feeder link may be maintained as one common TA and the service link may be configurable to multiple common TAs according to NR beams. Therefore, signaling that separates the common TA of the feeder link and the common TA of the service link may be useful in terms of overhead. Broadcasting the common TA of the feeder link separately may be utilized to consider only the RTT of the service link for UE-specific differential TA.

Proposal 1:	The gNB may adjust the number of broadcasted common TAs and may configure related information. This may be associated with the information of SSB. In addition, it may be useful to configure a signal by separating the common TA of the feeder link and the common TA of the service link in terms of overhead.

The common TA may be used for the RACH preamble transmission time, monitoring starting time offset for RAR, Msg4, MsgB, and beam management, and scheduling offset. When the UE without location information transmits the RACH preamble, it may be transmitted at a time earlier as the common TA than the corresponding RACH occasion. The UE with location information may transmit as soon as the estimated TA. In this case, the gNB transmits the estimated TA value through the RAR. The estimated TA value can result in a differential TA. On initial access in NR, the timing advance command consists of index values ​​from 0 to 3846. When the UE transmits at a time earlier as the common TA or the estimated TA, it may arrive earlier than the expected received time of the gNB due to the definition of common TA or estimation error. Since the TAC is composed of only positive values for initial access, it may be needed the negative values. Alternatively, the UE may transmit a bit later than a predetermined value, which may be an implementation issue.

Proposal 2:	The common TA may be used for the RACH preamble transmission time, monitoring starting time offset for RAR, Msg4, MsgB, and beam management, and scheduling offset. When configuring UE-specific differential TA signaling in initial access, the RACH preamble transmission time of UE may be considered.

When the common TA is broadcast in the LEO, the value of the common TA may change over time. This may depend on the definition of the common TA. If the common TA is changed, the update to the common TA is needed. In addition, when TA maintenance is performed for the connected UE, the reflection of the updated common TA for NTA_new and NTA_old may be considered. In this case, the updated common TA application timing between the UE and the gNB and signaling of common TA (SIB or MIB) may also be considered.
Proposal 3:	In the case of LEO, the update of the common TA may be considered in the TA adjustment procedure.

In RAN2 # 107, the maximum differential delay was approved to be 10.3 ms in GEO and 3.12 and 3.18 ms in LEO. Designing a new RACH preamble based on these parameters requires a variety of approaches in terms of overhead and performance. For UEs without location information, an approach may be needed to reduce the maximum differential delay that the new RACH preamble should consider. For example, a method of allocating the same RACH occasion for UEs having similar differential delay may be considered. In this case, UEs without location information need to know where the corresponding RACH occasion is and a scheme for this can be developed. To this end, measurement parameters for mobility enhancement such as RSRP/RSRQ may be used. In addition, it may be necessary to analyze the subframe number of random access configurations according to the RACH preamble design and the RACH capacity.

Proposal 4:	Methods to reduce the maximum differential delay that the RACH preamble should consider may be studied. As an example, a method of allocating the same RACH occasion for UEs having similar differential delay may be considered.

Conclusions
[bookmark: _GoBack]In this contribution, we present our considerations for uplink timing advance in NTN scenarios.  Based on the discussion, we make the following proposal.
Proposal 1:	The gNB may adjust the number of broadcasted common TAs and may configure related information. This may be associated with the information of SSB. In addition, it may be useful to configure a signal by separating the common TA of the feeder link and the common TA of the service link in terms of overhead.
Proposal 2:	The common TA may be used for the RACH preamble transmission time, monitoring starting time offset for RAR, Msg4, MsgB, and beam management, and scheduling offset. When configuring UE-specific differential TA signaling in initial access, the RACH preamble transmission time of UE may be considered.
Proposal 3:	In the case of LEO, the update of the common TA may be considered in the TA adjustment procedure.
Proposal 4:	Methods to reduce the maximum differential delay that the RACH preamble should consider may be studied. As an example, a method of allocating the same RACH occasion for UEs having similar differential delay may be considered.
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