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Introduction
In the RAN1#106-e meeting, the potential enhancements for UL time and frequency synchronization were extensively discussed and we have reached the following agreements [1]:
Agreement:
· A validity duration configured by the network for satellite ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris.
· FFS: Associated UE behaviour if the UE does not read the ephemeris within the validity duration.
· FFS: Whether the same validity duration can be applied for Common TA.


Conclusion:
Indication of common post-compensation frequency offset for Uplink is not needed.

Agreement:
Confirm the working assumption on non-extension of TAC 12-bit field in msg2 (or msgB) and that the UE follows the requirements on UL time pre-compensation for Msg1/MsgA transmission as defined by RAN4.


Agreement:
Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame.
· FFS: Whether this starting time is given by predefined rule or it is indicated by the Network

Agreement:
In NTN, to avoid that the UE over pre-compensates its TA during RACH procedure, down-select one option from below:
· Option 1: PRACH transmission is delayed by 
· Option 2: TA margin can be considered, and it is explicitly indicated to the UE
· Option 3: TA margin can be considered, and it is included within the Common TA
· Option 4: UE handles it via implementation

Agreement:
In NR NTN, NTA update based on TA Command field in msg2/msgB and MAC CE TA command is used for UL timing alignment correction as follows:
· When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
 , FFS: the value of ,

· When TACs ( provided within the MAC CE is received,  is updated as follows:
 ,



[bookmark: _Hlk81237118]Working assumption:
Common TA may include parameter(s) indicating timing drift.
· The UE will apply common TA according to the parameters provided by the network (if any). No offset between the common TA according to the parameters provided by the network and the actual feeder link RTT is considered when defining UE UL timing error requirements.

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. 

Discussion
Feeder link drift compensation
In last meeting, extensive discussions were conducted on the way of tracking feeder link delay. One option is to leave the network to indicate the common TA and a common TA drift. However, from our simulation results, it seems that with these two parameters and if we assume the target delay tracking error is no larger than 1 us, the UE can only correctly track the feeder link delay up to 3 s, after which an updated common TA and the corresponding drift rate should be provided to the UE. It is to note that up to the current release, the system information update rate is not very often. While for NTN system, if the system information update rate is drastically increased, it might raise serious question on the quality of service. To enhance the tracking stability, some companies proposed in the last meeting that the network additionally provides a second order derivative and a third order derivative. From our simulation results, it shows that with the aid of the second order derivative, the UE can already increase the tracking duration up to 27 s while keeping the delay tracking error under 1 us as shown in our simulation Fig. 1. 
[image: ]
Figure 1 Maximum delay error, where the source data is from the open data given in [2].
Observation 1: For feeder link delay tracking, when common TA and common TA drift rate are provided to the UE, the UE can track the FL delay up to 3 s assuming tracking error under 1 us. When a second order derivative is additionally provided to the UE, the tracking duration can be increased up to 35 s under the same tracking error assumption. 

In the following, we present another alternative for tracking the feeder link delay, which can significantly increase the tracking duration, resulting in a better tracking accuracy and smaller signaling overhead. In this alternative, when the network broadcasts a virtual reference point position, which is different from the actual RP position, it won’t cause any security issue. Then the UE can directly estimate the delay between the NTN satellite and the virtual RP position. A simulation result is provided in Fig. 2, where it can be clearly seen that the UE estimated delay is a time shifted version of the actual feeder link delay. In this case, the network can simply tell the UE the time shift value, so that the UE can accurately track the feeder link delay variation. In our simulation, we assume that the virtual RP position is arbitrarily located and the distance to the actual RP position is around 70 km. The delay tracking error using the virtual RP position and an indicated time shift is depicted in Fig. 3 for a tracking duration up to 1000 s, and the tracking error is always under 0.4 us. This is significantly lower than the previous alternative. Moreover, the virtual RP position as well as the time shift is not needed to be updated frequently, resulting in a much lower signaling overhead. 

[image: ]
Figure 2 A comparison of delay tracking using actual RP position vs. using virtual RP position
[image: ]
Figure 3 delay tracking error using proposed alternative

Observation 2: a delay between a virtual RP position and the NTN satellite is a time shifted delay of the one between the actual RP position and the NTN satellite. The delay tracking accuracy using a virtual RP position is better than those using common TA, common TA drift rate and second order derivative. 

Observation 3: network providing a virtual RP position does not cause any security issue as the actual RP position is not disclosed. 

Observation 4: Feeder link delay tracking using a virtual RP position can significantly reduce the signaling overhead. 

Proposal 1: for common TA estimation, support network providing a virtual RP position and a time shift. The UE estimates the common TA based on ephemeris, the virtual RP position and the time shift.

TA margin
In the last meeting, the TA margin was re-discussed and this issue has been discussion since quite some meetings already. 
Agreement:
In NTN, to avoid that the UE over pre-compensates its TA during RACH procedure, down-select one option from below:
· Option 1: PRACH transmission is delayed by 
· Option 2: TA margin can be considered, and it is explicitly indicated to the UE
· Option 3: TA margin can be considered, and it is included within the Common TA
· Option 4: UE handles it via implementation

For option 1: a fixed TA margin is proposed. The target is to ensure that there won’t be bi-polar TA adjustment due to TA estimation error. We agree that this option can achieve the target but it is not clear whether this spec impact is absolutely needed. 
Observation 5: it is not convinced that introducing a fixed TA margin is absolutely needed. 
There are some proposals to indicate the TA margin explicitly, where one option is to include the TA margin in common TA indication. We think this is not a good idea because the granularity of the common TA might be quite large while the TA margin should be in a number of samples. 
Observation 6: TA margin is not suitable to be indicated in common TA due to the mis-match of the granularity. 
Another option is to indicate the TA margin in a separate parameters. We disagree with is option as the network normally does not have any knowledge of the UE actual estimation error prior to the PRACH reception, thus there is no benefit to make this TA margin value configurable by gNB.  
Observation 7: gNB controlled TA margin configuration in system information is lack of motivation and the benefits are not clear. 
For option 4, since the UE knows its estimation accuracy margin, it can select an appropriate TA margin. Moreover, UE may also decide not to apply any TA margin if the UE deems that there is no such need. Thus, this can be left for UE implementation and the spec impact is not needed. 

Proposal 2: for TA margin, option 4: UE handles it via implementation can be adopted, which avoids further RAN1 discussions. 

Validity duration
In RAN1#105 meeting, the following agreement was agreed, where a validity duration was agreed to be configured by the network. 
Agreement:
· A validity duration configured by the network for satellite ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris.
· FFS: Associated UE behaviour if the UE does not read the ephemeris within the validity duration.
· FFS: Whether the same validity duration can be applied for Common TA.

However, it is not clear what the UE behavior is within the validity duration and outside the validity duration. From the agreement, the definition of this duration is clear and it says that within the validity duration the UE can apply the satellite ephemeris without having acquired new satellite ephemeris. In this regards, one interpretation is that the UE is not required to acquire new satellite ephemeris within the validity duration. This implies that the UE is required to acquire a new satellite ephemeris outside the validity duration. We can formulate this interpretation as a UE is required to acquire a new satellite ephemeris when the validity duration is finished. Another interpretation based on the companies discussions in the last meeting is that a UE is always required to acquire a new satellite ephemeris within the validity duration. Although this interpretation can be hardly derived from the RAN1 agreement, we would like to have clarification on which interpretation is a common understanding. 

Proposal 3: it is important to clarify the RAN1 agreement which interpretation is a common understanding
· A validity duration configured by the network for satellite ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris.
· Interpretation 1: UE is not required to acquire new satellite ephemeris within the validity duration
· Interpretation 2: UE is required to acquire new satellite ephemeris within the validity duration. 

If the interpretation 1 is a common understanding, we next further discuss the UE behavior when UE does not acquire new satellite ephemeris within the validity duration. In this case, the UE can no longer apply the stored satellite ephemeris as it is already out dated. However, the gNB is not aware that the UE’s validity duration is outdated, and might continue scheduling the UE to transmit uplink transmission. This will result in an ambiguity. To resolve this issue, we suggest that if the UE does not acquire any new satellite ephemeris within the validity duration, the UE shall declare an uplink synchronization lost. Then the UE shall follow the legacy mechanism in the case of the TA timer is not running. 

Proposal 4: When UE does not acquire any new satellite ephemeris within the validity duration, the UE shall declare an uplink synchronization lost and follow the legacy mechanism to re-establish the uplink synchronization. 

On the other hand, if the interpretation 2 is a common understanding, the UE shall acquire new satellite ephemeris within the validity duration. For this, RAN1 also needs to discuss how the UE acquires the new satellite ephemeris. In our understanding, the UE behavior can follow the legacy system information update, i.e. the gNB shall inform the UE about the system information update, then the UE will start to monitor system information scheduling. Moreover, for the UE who is not configured with common search space set, the new satellite ephemeris acquisition is handled by UE dedicated RRC signaling. Moreover, once the UE acquires a new satellite ephemeris, the UE will reset the validity duration. 

Proposal 5: When UE is required to acquire new satellite ephemeris within the validity duration, legacy system information update mechanism can be reused. 
Proposal 6: For UE who is not configured with common search space set in the active DL BWP, the satellite ephemeris update is via UE dedicated RRC signaling. 
Proposal 7: When UE acquires a new satellite ephemeris, the validity duration should be reset. 
 

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: For feeder link delay tracking, when common TA and common TA drift rate are provided to the UE, the UE can track the FL delay up to 3 s assuming tracking error under 1 us. When a second order derivative is additionally provided to the UE, the tracking duration can be increased up to 35 s under the same tracking error assumption. 
Observation 2: a delay between a virtual RP position and the NTN satellite is a time shifted delay of the one between the actual RP position and the NTN satellite. The delay tracking accuracy using a virtual RP position is better than those using common TA, common TA drift rate and second order derivative. 
Observation 3: network providing a virtual RP position does not cause any security issue as the actual RP position is not disclosed. 
Observation 4: Feeder link delay tracking using a virtual RP position can significantly reduce the signaling overhead. 
Observation 5: it is not convinced that introducing a fixed TA margin is absolutely needed. 
Observation 6: TA margin is not suitable to be indicated in common TA due to the mis-match of the granularity. 
Observation 7: gNB controlled TA margin configuration in system information is lack of motivation and the benefits are not clear. 

Proposal 1:TA margin is no longer needed to be discussed. 
Proposal 2: for TA margin, option 4: UE handles it via implementation can be adopted, which avoids further RAN1 discussions. 
Proposal 3: it is important to clarify the RAN1 agreement which interpretation is a common understanding
· A validity duration configured by the network for satellite ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris.
· Interpretation 1: UE is not required to acquire new satellite ephemeris within the validity duration
· Interpretation 2: UE is required to acquire new satellite ephemeris within the validity duration. 

Proposal 4: When UE does not acquire any new satellite ephemeris within the validity duration, the UE shall declare an uplink synchronization lost and follow the legacy mechanism to re-establish the uplink synchronization. 
Proposal 5: When UE is required to acquire new satellite ephemeris within the validity duration, legacy system information update mechanism can be reused. 
Proposal 6: For UE who is not configured with common search space set in the active DL BWP, the satellite ephemeris update is via UE dedicated RRC signaling. 
Proposal 7: When UE acquires a new satellite ephemeris, the validity duration should be reset. 
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