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Introduction
In last meeting of RAN1#103-e, the following agreements have been reached for UL time synchronization in NTN.
	Agreement:
1. In Rel-17 NR NTN, at least support UE which can derive based on its GNSS implementation one or more of:
0. its position 
0. a reference time and frequency
1. And, based on one or more of these elements together with additional information (e.g., serving satellite ephemeris or timestamp) signalled by the network, can compute timing and frequency, and apply timing advance and frequency adjustment at least for UE in RRC idle/inactive mode.
1. FFS:  Details on additional information signalled from network

Agreement:
In case of GNSS-assisted TA acquisition in RRC idle/inactive mode, the UE calculates its TA based on the following potential contributions:
1. The User specific TA which is estimated by the UE:
3. Option 1: The User specific TA is estimated by the UE based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network:
0. FFS: Details on serving satellite ephemeris indication 
3. Option 2: The User specific TA  is estimated by the UE based on the GNSS acquired reference time at UE together with reference time as indicated by the network
1. The Common TA if indicated by the network:
4. FFS: The need and details of Common TA indication 
1. FFS: The TA margin, if needed and indicated by the network (in order to account for the TA estimation uncertainty)




In this contribution, we will give our considerations on the issue of TA pre-compensation for UEs and put forward the observations and proposals accordingly.
[bookmark: OLE_LINK1]Discussions
UE-specific TA pre-compensation 
According to the discussions in last meeting, main companies support to use UE-specific TA pre-compensation to achieve UL time synchronization with gNB. One of remain problems is whether to use Full TA or Differential TA pre-compensation. In the timing relationship with Full TA compensation, gNB can just maintain one timer for DL transmission and UL detection, as shown in Fig.1. In Fig.1, if a UE sends the UL signal at time  after acquiring DL synchronization based on SSB or receiving a UL scheduling information, the corresponding UL resource before TA compensation is at time  and the UL signal will arrive at gNB at time . Here  stands for the propagation delay and  stands for the Full TA. 


FIG. 1 Timing relationship with Full TA compensation for UL Transmission
However, for Differential TA pre-compensation, the timer for UL signal detection shall be compensated with a Common TA, as shown in Fig.2. In Fig.2, We assume that a UE sends the UL signal at time , which is same as the scenario with Full TA pre-compensation in Fig.1. Then, the corresponding UL resource before TA compensation is at time  and the UL signal will arrive at gNB at time . Note that the UL signal arrival time is with a Common TA after the corresponding UL resource based on DL timer at gNB side. Therefore, gNB has to compensate a Common TA compared to the DL timer to detect the arrived UL signal.


FIG. 2 Timing relationship with Differential TA compensation for UL Transmission
From Fig.1 and Fig.2, we can see that it is more complicated at gNB side with Differential TA pre-compensation since it has to maintain separate timers for DL transmission and UL detection. It is even more complicated if the network is configured with multiple Common TAs. 
Another difference is that the duration between the UL scheduling information and the scheduled UL resource with Differential TA pre-compensation () can be shorter of Common TA than that with Full TA pre-compensation (), . However, this difference has no impact to the transmission efficiency. 
[bookmark: _GoBack]Someone might concern the signalling overhead for TA report with Full TA pre-compensation. In our observation, a UE can just report the differential TA no matter which TA pre-compensation method is adopted. In case of Full TA pre-compensation, gNB can derive the pre-compensated Full TA based on the reported differential TA from UE and the indicated Common TA. Therefore, the overhead for TA report is the same in the two cases of Full TA and Differential pre-compensation. 
Observation1: Comparisons between Full TA and Differential TA pre-compensation in case of UE specific TA pre-compensation include:
1) For differential TA pre-compensation, it needs to maintain separate timers for DL transmission and UL detection, while Full TA pre-compensation doesn’t need.
2) Duration between the UL scheduling information and the scheduled UL resource with Differential TA pre-compensation can be shorter of Common TA than that with Full TA pre-compensation, which has no impact to the transmission efficiency.
3) For TA report, a UE can only report the differential TA no matter which TA pre-compensation method to use, which leads to the same overhead cost.  
According to the observation, we suggest to adopt Full TA pre-compensation method in case of UE-specific TA pre-compensation.
Proposal 1: Adopt Full TA pre-compensation method in case of UE-specific TA pre-compensation.

Common TA pre-compensation 
For common TA pre-compensation, the TA compensated at the UE is fully controlled by the network. If there is more than one reference points for common TA calculation leading to multiple common TAs, a solution for which common TA is applied is necessary. In our observation, reference point usually means the central point of a cell coverage. If the network use different beams to cover different areas, we can build an association relationship between the common TA and SSB indexes or PRACH resources. Therefore, the network or UEs can apply the common TA according to associated the SSB indexes or PRACH resources.    
Proposal2: In case of multiple common TAs due to more than one reference points, it is suggested to build an association relationship between the common TA and SSB indexes or PRACH resources, such that the network or UEs can apply the common TA according to associated the SSB indexes or PRACH resources. 
In addition, extension of value range for TA indication in RAR might be necessary to satisfy a large coverage of NTN, if the value range for TA indication in RAR is smaller than twice of largest differential propagation delay between gNB and UEs in the cell coverage. Here the TA value range extension can be achieved explicitly by using more bits for TA indication in RAR, or implicitly by some modifications in the RAR detection procedure, for example, for a UE with its measured TA value over the TA indication range, the gNB indicate the UE with largest TA in RAR, and the UE attempt a new RACH procedure by compensating the indicated largest TA to PRACH till the received TA in RAR is smaller than the TA indication range.
Proposal3: In case of common pre-compensation, it is suggested to extend the TA indication value range in RAR by using more bits for TA indication in RAR, or implicitly by some modifications in the RAR detection procedure.

UE-specific TA VS Common TA pre-compensation
For UE-specific TA pre-compensation, the initial TA applied at UE side is not known by the network. As a result, the timing offset indicated by the network for scheduling next UL feedback or data transmission shall be set according to the largest possible TA in the cell coverage. The transmission delay for UEs near the reference point would be enlarged. For common TA pre-compensation, there would be no such problem since the TA applied UE is fully controlled by the gNB. Therefore, we prefer to adopt common TA pre-compensation. Otherwise, we suggest that UE can report its TA to the network in case of UE-specific TA pre-compensation to reduce the UEs’ transmission delay. 

Proposal4: It is suggested to adopt common TA pre-compensation without enlarging the UE’s transmission delay, otherwise it is suggested UE can report its TA to the network in case of UE-specific TA pre-compensation.

Conclusions
In this contribution, we have present our considerations on the issue of TA pre-compensation for UEs and put forward the following observations and proposals: 

Observation1: Comparisons between Full TA and Differential TA pre-compensation in case of UE specific TA pre-compensation include:
4) For differential TA pre-compensation, it needs to maintain separate timers for DL transmission and UL detection, while Full TA pre-compensation doesn’t need.
5) Duration between the UL scheduling information and the scheduled UL resource with Differential TA pre-compensation can be shorter of Common TA than that with Full TA pre-compensation, which has no impact to the transmission efficiency.
6) For TA report, a UE can only report the differential TA no matter which TA pre-compensation method to use, which leads to the same overhead cost. 
Proposal 1: Adopt Full TA pre-compensation method in case of UE-specific TA pre-compensation.
Proposal2: In case of multiple common TAs due to more than one reference points, it is suggested to build an association relationship between the common TA and SSB indexes or PRACH resources, such that the network or UEs can apply the common TA according to associated the SSB indexes or PRACH resources.
Proposal3: In case of common TA pre-compensation, it is suggested to extend the TA indication value range in RAR by using more bits for TA indication in RAR, or implicitly by some modifications in the RAR detection procedure.
Proposal4: It is suggested to adopt common TA pre-compensation without enlarging the UE’s transmission delay, otherwise it is suggested UE can report its TA to the network in case of UE-specific TA pre-compensation.
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