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Introduction
[bookmark: OLE_LINK9]In this contribution, the remaining issues of solutions for NR to support non-terrestrial networks (NTN) are discussed.

UL timing synchronization for NTN
TA update in RRC_CONNECTED state
In RAN1#107e, the following working assumption on TA update in RRC_CONNECTED state had been achieved [1].
	Working assumption:
When TAC () in msg2/msgB is received, UE receives the first adjustment and  is updated as:
· Option 1: . 
where,  is the TAC field in msg2/msgB



For NTA update based on TA Command field in msg2/msgB, the NTA_old can be removed from equation since it should be 0. Therefore, when TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
 , 
Proposal 1: Confirm the Working assumption on TA update in RRC_CONNECTED state:
Working assumption:
When TAC () in msg2/msgB is received, UE receives the first adjustment and  is updated as:
· Option 1: . 
where,  is the TAC field in msg2/msgB

UE behaviour w.r.t Validity timer expiry
In RAN1#106b_e, the following agreement on UE behaviour w.r.t validity timer expiry had been achieved. The details on how to acquire new or additional assistance information is FFS.
	Agreement:
The UE assumes that it has lost uplink synchronization if new or additional assistance information (i.e. serving satellite ephemeris data or Common TA parameters) is not available within the associated validity duration.
· FFS: details on how to acquire new or additional assistance information


In our view, the UE can always re-acquire new assistance information (read the NTN-specific SI) before expiry of UL validity timer. If a UE has obtained new serving satellite ephemeris and Common TA related parameters prior to the time of the validity timer expiring, the UE is allowed to maintain its UL synchronization until the new Epoch time is reached. The time interval from the expiration of the validity timer until the new Epoch time must not be larger than the new validity duration. In this case, the UE restarts the validity timer before the new Epoch time or suspends the timer during this period such that it does not expire. UE shall always apply new assistance information obtained within uplink sync validity duration. 
Proposal 2: If a UE has obtained new serving satellite ephemeris and Common TA related parameters prior to the time of the validity timer expiring, the UE is allowed to maintain its UL synchronization until the new Epoch time is reached.

Text proposals for common TA
Reason for change: The formula of   agreed in previous RAN1 meeting is essential because it provides how the UE interpret/use the Common TA related parameters indicated by the Network. It is also used by the UE to compute/derive the . From this perspective, the agreement on  made at RAN1#107_e meeting should be captured in the specs. TS 38.213 is the right place for that.
	Agreement
Using indicated Higher-layer Common TA parameters, if configured, the UE can determine the one-way propagation time ( used for  calculation as follows:

where:
· ,  and 
· TACommon, TACommonDrift and TACommonDriftVariation are Common TA parameters defined in RAN1#106-bis-e
·  is the distance between the satellite and the uplink time synchronization reference point divided by the speed of light. DL and UL are frame aligned at the reference point with an offset given by .
·  is derived by the UE based on  to pre-compensate the two-way transmission delay between the uplink time reference point and the satellite.


[bookmark: _GoBack]Summary of change: Clarified computation of the one-way propagation time ( used for  calculation.
Consequences if not approved: Incomplete support for NTN operation in NR.

Proposal 3: Adopt the text proposal in section 3.
	----------------------------------------- Start of Text Proposal for 3GPP TS 38.213 ----------------------------------------
[bookmark: _Toc12021440][bookmark: _Toc20311552][bookmark: _Toc26719377][bookmark: _Toc29894808][bookmark: _Toc29899107][bookmark: _Toc29899525][bookmark: _Toc29917262][bookmark: _Toc36498136][bookmark: _Toc45699162][bookmark: _Toc83289634]4.2	Transmission timing adjustments
A UE can be provided a value of a timing advance offset for a serving cell by n-TimingAdvanceOffset for the serving cell. If the UE is not provided n-TimingAdvanceOffset for a serving cell, the UE determines a default value of the timing advance offset for the serving cell as described in [10, TS 38.133]. 
If a UE is configured with two UL carriers for a serving cell, a same timing advance offset value  applies to both carriers. 
Upon reception of a timing advance command for a TAG, the UE adjusts uplink timing for PUSCH/SRS/PUCCH transmission on all the serving cells in the TAG based on a value that the UE expects to be same for all the serving cells in the TAG and based on the received timing advance command where the uplink timing for PUSCH/SRS/PUCCH transmissions is the same for all the serving cells in the TAG. 
For a band with synchronous contiguous intra-band EN-DC in a band combination with non-applicable maximum transmit timing difference requirements as described in Note 1 of Table 7.5.3-1 of [10, TS 38.133], if the UE indicates ul-TimingAlignmentEUTRA-NR as ‘required’ and uplink transmission timing based on timing adjustment indication for a TAG from MCG and a TAG from SCG are determined to be different by the UE, the UE adjusts the transmission timing for PUSCH/SRS/PUCCH transmission on all serving cells part of the band with the synchronous contiguous intra-band EN-DC based on timing adjustment indication for a TAG from a serving cell in MCG in the band. The UE is not expected to transmit a PUSCH/SRS/PUCCH in one CG when the PUSCH/SRS/PUCCH is overlapping in time, even partially, with random access preamble transmitted in another CG.
Using higher-layer ephemeris parameters for the serving satellite, if configured, the UE calculates , using serving satellite position and its own position, to pre-compensate the two-way transmission delay on the service link.
To pre-compensate the two-way transmission delay between the uplink time synchronization reference point and the satellite, is derived by the UE based on  ,which can be obtained as:

where  is the epoch time of the higher-layer parameters TACommon, TACommonDrift, and TACommonDriftVariation.
This  gives the distance at time  between the satellite and the uplink time synchronization reference point divided by the speed of light.
The uplink time synchronization reference point is the point at which DL and UL are frame aligned with an offset given by .
For a SCS of [image: cid:image039.png@01D82EED.31ED45F0] kHz, the timing advance command for a TAG indicates the change of the uplink timing relative to the current uplink timing for the TAG in multiples of [image: cid:image040.png@01D82EED.31ED45F0]. The start timing of the random access preamble is described in [4, TS 38.211].
----------------------------------------- End of Text Proposal  for 3GPP TS 38.213 ----------------------------------------




Conclusion
As summary, we have the following proposals.
Proposal 1: Confirm the Working assumption on TA update in RRC_CONNECTED state:
Working assumption:
When TAC () in msg2/msgB is received, UE receives the first adjustment and  is updated as:
· Option 1: . 
where,  is the TAC field in msg2/msgB

Proposal 2: If a UE has obtained new serving satellite ephemeris and Common TA related parameters prior to the time of the validity timer expiring, the UE is allowed to maintain its UL synchronization until the new Epoch time is reached.
Proposal 3: Adopt the text proposal in section 3.
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