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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#104bis-e, the agreements related to uplink synchronization are as follows:
[image: ]
In RAN1#105e, the agreements on uplink time/frequency synchronization are as following:
R1-2106305	LS on broadcast of NTN GW or gNB position
Final LS endorsed in R1-210xxxx with removal of the sentence, “Such assistance information from the Network might also be used by the UE to derive the position of the NTN GW or the position of gNB.”

Agreement:
Specifications should support delivery of ephemeris information using both ephemeris formats, i.e., state vectors and orbital elements.

Agreement:
RAN1 should send an LS to SA3, SA1 and possibly SA3-LI to get more inputs regarding the security/regulatory aspects if the NTN GW/gNB position is broadcast or possible to be derived by the UE with assistance information from the network, and on any aspects related to accuracy of the position.

In this contribution, we discuss the issues related to time synchronization. 
2 Discussion
The formula to determine TA in RRC connected state is agreed in last meeting, and the granularity of the common timing offset NTA,common is still FFS.
There is discussion in RAN1#105e on  the granularity, and the FL’s proposal is as following:
In case of LEO/MEO based non-terrestrial access network:
· The granularity of Common TA is set to be 
In case of GEO based non-terrestrial access network:
· The granularity of Common TA is set to the same as the granularity of , i.e., .
 is the highest allowed numerology for the given Frequency Range
From our perspective, the indicated  is corresponding to the RTT between the satellite and the reference point. The reference point is where the DL and UL frame are aligned. The selection of TA command unit in legacy release is to address UE moving within the cell coverage area. The indication is due to moving of satellite. Although RTT for GEO and LEO/MEO are different, we prefer same granularity for different scenarios as the requirement on TA error are same. And the granularity for common TA is better to be comparable with the granularity of legacy TA command, as both common TA and legacy TA command are combined together to determine the final TA value. So we prefer same granularity as legacy TA command for both GEO and LEO/MEO.
Proposal 1: Support the granularity of to be same as granularity of TA command for both GEO and LEO/MEO scenario: .
Combination of open loop and close loop TA control is supported per previous meeting agreements, and the details of NTA update are still FFS. From our perspective, the issue related to contradiction between close loop and open loop TA should be resolved. For UE specific TA estimation, the UE may estimate NTA,UE-specific-1 based on satellite’s position  and UE’s positions in a first time instance, and as the satellite is moving, the UE may estimate an updated NTA,UE-specific-2 based on satellite’s position  and UE’s positions in a later second time instance. Between the first and the second time instance, uplink signal may be transmitted from UE to gNB to determine TAC in MAC CE. In this case, the impact of satellite moving are counted twice by both the UE specific TA calculation and the TAC determination, so the total TA value by adding these two values is not correct.
In legacy releases, there is close loop TA control by MAC CE, and there is also open loop TA control by SSB or DL signal reception. Actually there is also contradiction between close-loop and open-loop TA control, and there is a sentence in TS 38.213 to resolve the contradiction: “If the received downlink timing changes and is not compensated or only partly compensated by the uplink timing adjustment without timing advance command as described in TS 38.133, the UE changes N_TA accordingly”. Whether there is contradiction between open loop and close loop TA control is determined by the time domain order of the nearest SSB reception when applying the MAC CE and uplink signal reception associated with MAC CE. If the SSB reception is after the uplink signal reception, then the received downlink timing change is not fully compensated, otherwise, it is compensated. As the cell coverage area in TN is relatively small, it is not necessary to differentiate the time instance between transmission and reception, so at gNB side, it can be determined by the time domain order of SSB transmission and uplink signal reception, and at UE side, it can be determined by time domain order of SSB reception and uplink signal transmission. However, there is large propagation delay in NTN, so it is necessary to differentiate the time instance for DL/UL transmission and reception. Additionally, open loop TA in NTN is performed autonomously by UE and in NR SSB transmission/reception is known by both gNB and UE, so there should be some mechanisms to maintain common understanding between gNB and UE.
There can be several alternatives to resolve the contradiction issue:
· Alt1: Predefine a rule to determine the time instance to determine TAC in MAC CE; 
· e.g. Suppose the MAC CE is received at T_mac, and a predefined duration is T_duration, then the time instance can be determined to be the latest UL reception time instance at satellite side before T_mac – T_duration. T_duration is used to address the propagation delay between gNB and UE, and it can be configured or same as K-offset for DL reception and UL transmission timing relationship. 
· At UE side, the UL reception time instance can be determined based on the UE’s position and satellite’s position.
· Alt2: Explicit indicate a time instance to determine TAC in MAC CE;
· The explicit indication can be a time domain info. And the time domain info can be carried together with the MAC CE;
· The explicit indication can be also a DL signaling. The DL signaling indicates UE to determine a time instance based on reception of the DL signaling.
With either Alt 1 or Alt 2, the time instance to determine TAC in MAC CE can be determined, so that UE can calculate the NTA,UE-specific for the determined time instance, and apply TAC to the determined NTA,UE-specific, so there is no contradiction. Meanwhile, common understanding between gNB and UE is also achieved. 
Proposal 2: Study mechanisms to resolve the contradiction between open loop and close loop TA control. The mechanism can be to define a time instance to determine TAC in the MAC CE.
There are also discussions on whether a drift rate of common timing offset indication is necessary. The common timing offset is corresponding to RTT between satellite and the reference point. As the satellite moves, the common timing offset is also changed. If there is no drift rate indication, the change of common timing offset can only be maintained by frequent common timing offset indications, which imposes large signaling overhead. Therefore, we propose to support indication of the drift rate of common timing offset.
In addition, the drift rate as a linear function of time can have significant variations, hence demanding indication of drift rate variations. If the drift rate variation is described by a constant, the result is TA indication as a quadratic function of time, which provides further degree of freedom and, as a result, a further reduction of the signaling overhead.
Proposal 3: Support indication of common timing offset drift rate and indication of drift rate variation.
Furthermore, for NTN based on regenerative payload, the TA change rate is proportional to the satellite velocity’s component along the UE-satellite line, which is also proportional to the Doppler shift observed by the UE. Therefore, the UE can use Doppler measurements to estimate a TA change rate and update the TA value with lower-overhead signaling. 
There are discussion in RAN1#105e on the validity timer, and the FL proposal is as following:
From RAN1 perspective validity timers for satellite ephemeris and common TA are needed to maintain UL synchronization in NTN:
· A validity timer configured by the network for satellite ephemeris defines the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris. 
· A validity timer configured by the network for Common TA defines the maximum time during which the UE can apply the Common TA without having acquired new Common TA parameters to be used for Common TA calculation.
FFS: Whether only one validity timer is configured for both Common TA and satellite ephemeris information
From our perspective, a semi-static configuration of timeAlignmentTimer would not take into account the significant variation of the duration that a timer value remains valid as the satellite moves with respect to the horizon. For example, when the satellite is close to the zenith with respect to the UE’s location, the duration of validity is significantly longer than the case that the satellite is closer to the horizon, in which case the TA timer must expire significantly faster. Therefore, instead of a semi-static configuration, a timer value can be included in the TA indication message, hence allowing the satellite to indicate shorter validity duration when the relative velocity between the satellite and the UE is large.
Proposal 4: Support indication of TA validity timer value in the TA indication signaling.
3 Conclusion
In this contribution, we discussed the issues related to TA in NTN network, and our proposals are as following:
Proposal 1: Support the granularity of to be same as granularity of TA command for both GEO and LEO/MEO scenario: .
Proposal 2: Study mechanisms to resolve the contradiction between open loop and close loop TA control. The mechanism can be to define a time instance to determine TAC in the MAC CE.
Proposal 3: Support indication of common timing offset drift rate and indication of drift rate variation.
Proposal 4: Support indication of TA validity timer value in the TA indication signaling.
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Agreement :   The Timing Advance applied by an NR NT N UE in   RRC_IDLE/INACTIVE and RRC_CONNECTED   is given by:     Where:          is defined as 0 for PRACH and up dated based on TA Com mand   field in msg2/msgB and MAC CE TA  command.     o   FFS :   details of   N TA   update/accumulation .          is UE  self - estimat ed TA to pre - compensate for the service link delay.        is network - controlled common TA, and may   includ e any timing offset c onsidered necessary by the  network.        with   value   of   0 is supported .     o   FFS:    details of  signaling including gran ularity.              is a   fixed offset used to calculate the timing advance.       Note - 1: Definition of     is different f rom that in   RAN1#103 - e  agreement.     Note - 2: UE might not assume that the RTT between UE and gNB is  equal to the calculated  TA for Msg1/Msg A.   Note - 3:     is the common timing offset   X   as agreed in RAN1 #103 - e.     Ag reement :   Supp ort  serving - satellite   ephemeris broadcast based   on   one or more  of the following :   -   Set   1:  S atellite position and velocity state vectors:    o   positio n X,Y,Z in ECEF (m)       o   velocity VX,VY,VZ in ECEF (m/s)   -   Set   2 :  At  least  the  following  parameters in  orbital paramet er ephemeris format:   o   Semi - major axis α [m]    o   Eccentricity e    o   Arg ument of periapsis ω [rad]    o   Longitude of ascending node Ω [rad]    o   Inclination i [ rad]    o   Mean anomaly M [rad] at epoch time t o      FFS: Whether pre - provisioned ephemeris based on orbital elements can  be used as  reference.   Thereby, only delta corrections can be br oadcast in order to reduce the overhead   -   FFS: The field size for each parameter   -   F FS:  The impact on signaling due to  t he required accuracy of serving - satellite ephemeris   -   FFS: Whether down - selecti on is needed or both  sets   are supported     Conclu sion :   The orbital propagator model to be used at UE side can be left to implementation.    


