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1. Introduction
In the RAN1#102-e meeting, the potential enhancements for UL time and frequency synchronization were extensively discussed and we have reached the following agreements [1]:

Agreement:
· In Rel-17 NR NTN, at least support UE which can derive based on its GNSS implementation one or more of:

· its position 

· a reference time and frequency

· 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.

· 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:

· The User specific TA which is estimated by the UE:

· 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:

· FFS: Details on serving satellite ephemeris indication 

· 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

· The Common TA if indicated by the network:

· FFS: The need and details of Common TA indication 

· FFS: The TA margin, if needed and indicated by the network (in order to account for the TA estimation uncertainty)

In this contribution, we further discuss some of the items that were already discussed in the last meeting but have not yet reached consensus. We hope that our contribution may help making some progresses on this agenda item. 

2. Discussion

2.1. GNSS-capability 
In last meeting, RAN1 has discussed the GNSS-capability and a controversial issue is that there might be a case that the UE is not able to use its GNSS-capability as the function of the capability highly depends on GPS system which is independent of the NTN system. One example is shown in Fig. 1, where the UE may not be able to obtain an accurate UE position or GPS time due to some degradation in the GPS system. However, the UE can still capture properly the NTN signal. In this typical case, the GNSS-capability cannot ensure the UE to maintain a requested error margin for the TA pre-compensation. In RAN1#103-e meeting, RAN1 needs to discuss if this use case should be supported in the Rel.17 NTN. 
Proposal 1: RAN1 needs to decide if the case that GNSS-capable UE cannot ensure a requested TA pre-compensation error margin due to GPS service degradation should be addressed in Rel.17 NTN.
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2.2. Reference point for UE autonomous TA pre-compensation

A remaining issue for UE pre-compensation TA is how the UE understands a reference point for which it will pre-compensate the TA. There were three options presented in the last meeting, namely option 1, 2 and 3. 

For option 1, it assumes the reference point is on the NTN satellite, so that the UE will basically only pre-compensate the TA for service link and the propagation delay on the feeder link is handled by the gNB and the feeder link handling is naturally becoming transparent to the UE. This option is the most straightforward solution and the gNB normally knows the NTN satellite position and it can nicely takes care of the feeder link delay. The potential drawback of the option is the burden on the gNB side. It cannot ensure a DL/UL frame boundary alignment which might raise some challenge for the gNB implementation. However, from the specification point of view the option 1 seems the simplest. 
Observation 1: RP option 1 is the simplest solution from the specification point of view and the UE only needs to obtain the NTN satellite ephemeris data. 
Observation 2: RP option 1 might request a new gNB implementation as the gNB DL/UL timings are not aligned. 
For option 2, it assumes that the reference point is on the gNB side, which implies that not only shall the UE pre-compensate the TA not the service link but also pre-compensates the TA for the feeder link completely. With this, the gNB’s DL/UL timing can be aligned and it definitely eases the gNB implementation. However, how to indicate the reference point is still open for discussion. There are two alternatives, in the first the network may indicate a common TA and it is added up to the UE autonomous estimated service link TA. The common TA can be seen as the feeder link TA. Since the NTN satellite may have high velocity, leading to a time varying feeder link TA. Therefore, the aging issue as well as the signaling overhead for indicating the common TA should be factored in. To address this issue, a second alternative is to signal the reference point position, similar to signaling NTN satellite position. The UE may estimate the service link and feeder link TA based on the signaled positions. This alternative can address the TA aging and signaling overhead issues. But the security issue might become problematic. 
Observation 3: RP option 2 leads to a simpler gNB implementation due to DL/UL timing alignment. 
For option 3, it assumes that the reference point can be flexibly set between the NTN satellite and the gNB, which can be implemented by the network, resulting in a more flexible implementation possibility. Moreover the option 3 can cover the option 1 and option 2, and it is up to the network to select the reference point. However the issues discussed for the option 2 might also exist for the option 3. 

Observation 4: RP option 3 seems have a great flexibility for gNB implementation. The RP may be up to network to select. 
Based on the above analysis, we propose to take RP option 3 as a baseline and further study the signaling mechanism. 

Proposal 2:  Consider RP option 3 as a baseline and FFS for detailed signaling design. 
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2.3. TA margin

The TA margin was also discussed in the last meeting, the motivation is to avoid the RAR TAC to have negative values. Thus a TA margin can be intentionally introduced for TA when transmitting the Msg 1. There were different proposals for the TA margin handling. 
Alt-1:  the TA margin can be signaled by the network in SIB1.

Alt-2: the TA margin is fixed to CP/2, where the CP is the cyclic prefix length of the PRACH.

Alt-3: the TA margin can be handled by the network and transparent to the UE.

First of all, we believe that these 3 alternatives can all achieve the same goal. The main difference between Alt1 and Alt-2 is the UE TA estimation accuracy. If the accuracy is within +/- CP/4, Alt-2 can work nicely. However, if the accuracy is worse than +/- CP/2, Alt-2 might have problem. Regarding the Alt-3, it does not differ much from the Alt-1, as the TA margin is a cell-specific signaling. On the other hand, we think that the TA margin issue should be jointly discussed or considered with the reference point of the previous section. In fact, if the RP option 1 is adopted, the network will not signal a common TA to the UE and the SIB signaling TA should be avoided, in this case Alt-2 or Alt-3 are preferred. On the other hand, if RP option 2 or RP option 3 is adopted, the Alt-2 should be avoided, as the Alt-1 can be naturally supported in the signaled common TA. 
Observation 5: If RP option 2 or option 3 is adopted, TA margin can be absorbed in the signaled common TA. 

Observation 6: If RP option 1 is adopted, the gNB shall handle the feeder link TA anyway, the TA margin should be handled by the network.  

Proposal 3:  decide RP option first before deciding the TA margin. 
2.4. TA maintenance after RRC connection

So far, the main discussions were focused on the initial access. Seldom discussion was triggered for the TA maintenance after the UE has connected to the network. In the TN system, the TA maintenance is surely handled by the network by means of the MAC-CE carrying TA command. In NTN system, we see the necessity of enhancing the TA maintenance by allowing also UE autonomous TA adjustment, e.g. open loop TA adjustment. In complementary to the open loop TA adjustment, the legacy close-loop by TAC can also be reused. The reasoning of the open loop TA adjustment is quite straightforward, i.e. only relying on the close-loop it might suffer from heavy signaling overhead. 

Observation 7: The legacy TN TA maintenance after RRC connection might suffer from unnecessary signaling overhead and it can be reduced by relying on open-loop TA maintenance. 

Proposal 4: NTN system should support open-loop TA maintenance by relying on UE autonomous TA adjustment. 
3. Conclusion

In this contribution, we further discuss some of the items that were already discussed in the last meeting but have not yet reached consensus. The following observations and proposals were made, e.g. 

Observation 1: RP option 1 is the simplest solution from the specification point of view and the UE only needs to obtain the NTN satellite ephemeris data. 

Observation 2: RP option 1 might request a new gNB implementation as the gNB DL/UL timings are not aligned. 
Observation 3: RP option 2 leads to a simpler gNB implementation due to DL/UL timing alignment. 
Observation 4: RP option 3 seems have a great flexibility for gNB implementation. The RP may be up to network to select. 
Observation 5: If RP option 2 or option 3 is adopted, TA margin can be absorbed in the signaled common TA. 

Observation 6: If RP option 1 is adopted, the gNB shall handle the feeder link TA anyway, the TA margin should be handled by the network.  

Observation 7: The legacy TN TA maintenance after RRC connection might suffer from unnecessary signaling overhead and it can be reduced by relying on open-loop TA maintenance. 

Proposal 1: RAN1 needs to decide if the case that GNSS-capable UE cannot ensure a requested TA pre-compensation error margin due to GPS service degradation should be addressed in Rel.17 NTN.

Proposal 2:  Consider RP option 3 as a baseline and FFS for detailed signaling design. 
Proposal 3:  decide RP option first before deciding the TA margin. 
Proposal 4: NTN system should support open-loop TA maintenance by relying on UE autonomous TA adjustment. 
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