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Introduction
During RAN1#106-e meeting, the RAN1 group discussed the issue of open and closed loop combination of TA control and in particular solutions to avoid the TA jump caused by double correction of closed loop and opened loop TA component. To this end, different solutions proposed by the companies were discussed but no consensus could be reached on which solution to adopt. It was acknowledged that the problem due to the new combination of open and closed loop TA control in NTN is not solved yet.
Moreover, an LS to RAN4 on the combination of open and closed loop TA control in NTN [1] was sent with the following main question:
Question 1: Considering the new open-loop TA control for NTN, will the requirement of gradual timing adjustment as defined in R4-2115347 apply and, if applies, what is the reference timing in the requirement?
The RAN4 reply to the LS was provided in [2], where RAN4 informed about the consensus of RAN4 group that “double-correction” issue should be verified by RAN4 requirements and that RAN4 has reached an agreement that it defines a requirement to ensure that the impact on NTN UE UL timing accuracy due to “double-correction” issue is properly addressed. Two alternative options were proposed for further discussion on how to define the UE requirements for NTN.
Moreover, in a further LS reply by RAN4 [3], as response to the LS [4] previously sent from RAN1 to RAN4, the RAN4 group provided further information on UE transmit timing error requirements for both initial access and RRC_CONNECTED state.
During RAN1#107-e meeting, the RAN1 group processed all the valuable information received so far from RAN4, as well as own observations and proposals related to the issue, which companies contributed to the meeting. The understanding of the RAN1 group has been that the RAN4 gradual timing adjustment requirements are yet to be defined, and meeting those has been so far left up to UE implementation.
With the above in mind, and based on the the views expressed during first round of email discussions, following Updated Proposal 6 was considered for discussion:
Updated Proposal 6:

Conclusion:
The solution to resolve the issue on combination of open and closed loop TA control is up to the UE implementation to meet the RAN4 gradual timing adjustment requirement.
Many companies were supportive of this conclusion. Few companies prefer not to conclude for now. The issue is within the hands of RAN4. RAN1 to come back on this issue during maintenance phase of release 17
In this contribution we describe the problem of the combination of open and closed loop TA control and propose a way forward.
Discussion

During RAN1#106-e and RAN1#107-e, Nokia elaborated in RAN1 on the challenges and risks of open and closed loop combination of TA control, and why we believe that such solutions need careful study and design. As of now, it has been agreed for UEs in initial access and RRC connected state support UE-specific TA calculation based at least on their GNSS-acquired position and the serving satellite ephemeris. At the same time, the network has the responsibility of providing the Common TA value (and related information) to all UEs in the cell. It is still unclear how to handle the potential risks that are associated with having two control loops acting at the same time, and how to avoid these causing instabilities. For example, UE autonomous estimation, when relying on inaccurate or outdated GNSS location information, may lead to erroneous calculation of the UE-specific TA. Considering the large round-trip times during which the UE would be applying incorrect UE-specific TA, this could lead to accumulation of large errors and potentially create instability to the closed loop procedure. 
To provide more insight into the problem, let us consider following situations where the gNB may need to issue a TAC (timing advance command). We now refer to two main cases from which other scenarios may derive: 
A. The UE autonomous compensation (for both the service link and/or the common delay) is inaccurate. 
B. The gNB needs to offset UE timing. 
 
In case A, the UE algorithms for the autonomous compensation component may become inaccurate (for example, for GNSS instability), or delayed. The algorithms themselves, which are not under control of the RAN, may also present rounding or interpolation errors that may sum up for a timing deviation. A potential problem in this scenario is that the gNB may generate a TAC, and due to the very large RTT times observed in NTN, the situation that created the timing deviation at the UE side may be in the meantime mitigated by the UE algorithms. For example, by the acquisition of updated data on one or more of the following: GNSS, ephemeris, or common delay parameters. In this case, the TAC and the UE updates will act in the same direction, aiming to compensate twice for the deviation. 
Observation 1: If TAC is generated to fix a temporary deviation in the UE transmission timing, when UE updates their autonomous components on the timing advance formula, there may be an overcompensation of the timing advance, generating a similar deviation on the opposite direction (Figure 1).
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Figure 1 Example of timing overcompensation by the UE, when TAC and UE correction are both applied together. The solid line represents the UE estimation of Timing Advance (open-loop only) with some error deviations. The dotted line represents the Timing Advance when closed loop and open loop are applied together leading to instability.
 
In case B, the gNB may just require the UE to offset its transmission timing. For example, this may happen if the gNB has identified a jitter caused by the processing times at the satellite or gateway or simply to cause some offset that allows for a buffer as part of the cyclic prefix such that there is a headroom to absorb timing inaccuracies in the UE transmit timing. Another situation that may entice such offset is due to gNB implementations. 
Observation 2: If TAC is generated to introduce an offset in UE timing due to gNB optimizations, the TAC should be applied regardless of UE accuracy for timing estimation.
Case A can be triggered by different components, as the UE estimates the service and feeder link delay based on information provided by the network. Another source is for instance the common TA prediction by the UE. Figure 2 shows the common TA prediction error based on a 2nd order predictor. According to our understanding it would not be sufficient to rely on gradual timing adjustment for the UE obtaining new information on Common TA. On the other hand, relaxing further the UE timing accuracy requirement would cause interference and would be harmful for the system performance. When obtaining new Common TA information, the UE has been following a model of the Common TA, which over time has drifted due to a systematic error in the modelling. When the UE applies the new Common TA value, there will be a “jump” in the transmit timing, which the UE is not able and possibly not allowed to correct in a fast manner, as it must apply the new value. At the same time, the gNB will not be able either to correctly detect and react quickly to the discontinuities in the UL transmissions from the UE. 

Observation 3: Discontinuities on the Common TA function have a similar effect as Time Advance Commands, but are problematic to handle by the UE, because Common TA updates are created at the gNB at time instants unknown to the UE and the respective time of application would be unclear to the UE as well.

Observation 4: Relying on gradual timing adjustment for the UE updating of Common TA may lead to discontinuities in the UE transmit timing due to the errors from applying the tracking model and the large delay to the gNB.
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Figure 2. Common TA prediction error using 2nd order approximation when the LEO elevation angle is 20⁰, 40⁰, 60⁰, and 80⁰ at time t=0, i.e., at the epoch time. 

Observation 5: Operation of closed loop and open loop TA control in RRC connected state needs careful design to avoid instability due to erroneous calculation of the UE-specific TA value by the UE.

Since current agreements enable TA autonomous compensation on the UE side, it is at the same time essential to guarantee that the closed loop (legacy) mechanism can coexist in a harmonious way with the new open loop TA component. The fundamentals and principles of NR specifications are –and must remain- such that the gNB has the main responsibility to manage the connection and provide all necessary information and instructions to the UE. Therefore, without deviating from the common understanding that every UE must fulfill the RAN4 timing requirements in UL, we do not see it as sufficient to leave the responsibility of solving the issue related to combining open and closed loop TA control solely to the UE and its implementation. 

Observation 6: Solving the issues related to combining open and closed loop TA control must be under the control and responsibility of the gNB and needs further specified solutions. 
In principle, we see the design of a stable combinatorial solution for TA compensation embracing open and closed-loop components, so that large TA discontinuities caused by double correction or other error sources are avoided, as part of RAN1 and not RAN4 responsibility.
[bookmark: _Hlk92707006]Proposal 1: The solutions to resolve the issue on combination of open and closed loop TA control should not be left up to the UE implementation only and further study and specification of solutions involving the gNB is needed.

Proposal 2: RAN4 sends an LS to RAN1 to clarify that stability of the TA control mechanism cannot be guaranteed by RAN4 specifications and dedicated solutions must be specified in RAN1.
The LS can be found in [6]. 
Proposal 3: RAN4 evaluates whether the existing UL timing requirements are sufficient or need to be refined.
One possibility of solving this was pesented in [xxx] based on the case A and B presented earlier. While Case A creates a scenario where TAC may come in bursts, as there will be overcompensation by the fact closed-loop and open-loop are acting in similar directions, and therefore generating overhead and potential loop instability in the PHY. On the other hand, in case B. the TAC is required to create a unique long-lasting offset on UE timing. Therefore, both cases should be treated differently by the UE. In the first case, both nodes would benefit if the TAC would be a “temporary” Timing Advance Command, that lasts until UE autonomous compensation is updated. So, regarding the agreements of previous meetings that state the details for NTA update/accumulation merit further studies, we then propose: 
[bookmark: _Hlk92707029]Observation 7: In order to guarantee TA update loop stability, two operation states for TAC update are needed.

Conclusion
In this contribution the following observation and proposal have been made:
Observation 1: If TAC is generated to fix a temporary deviation in the UE transmission timing, when UE updates their autonomous components on the timing advance formula, there may be an overcompensation of the timing advance, generating a similar deviation on the opposite direction (Figure 1).
Observation 2: If TAC is generated to introduce an offset in UE timing due to gNB optimizations, the TAC should be applied regardless of UE accuracy for timing estimation.
Observation 3: Discontinuities on the Common TA function have a similar effect as Time Advance Commands, but are problematic to handle by the UE, because Common TA updates are created at the gNB at time instants unknown to the UE and the respective time of application would be unclear to the UE as well.
Observation 4: Relying on gradual timing adjustment for the UE updating of Common TA may lead to discontinuities in the UE transmit timing due to the errors from applying the tracking model and the large delay to the gNB.
Observation 5: Operation of closed loop and open loop TA control in RRC connected state needs careful design to avoid instability due to erroneous calculation of the UE-specific TA value by the UE.
Observation 6: Solving the issues related to combining open and closed loop TA control must be under the control and responsibility of the gNB and needs further specified solutions. 
Proposal 1: The solutions to resolve the issue on combination of open and closed loop TA control should not be left up to the UE implementation only and further study and specification of solutions involving the gNB is needed.
Proposal 2: RAN4 sends an LS to RAN1 to clarify that stability of the TA control mechanism cannot be guaranteed by RAN4 specifications and dedicated solutions must be specified in RAN1.
Proposal 3: RAN4 evaluates whether the existing UL timing requirements are sufficient or need to be refined.
Observation 7: In order to guarantee TA update loop stability, two operation states for TAC update are needed.
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