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Introduction
This contribution addresses some of the aspects related to the maintenance aspects of time and frequency synchronization for NR over NTN. Some of these remaining aspects are the impacts of joint operation of open and closed loop timing advance, operation of the validity timer, and a discussion of related LS from different RAN WGs.
[bookmark: _Hlk510705081]Discussion
Joint operation of open and closed loop timing advance
In RAN1#104-e, the following agreements were made:
	Agreement:
An NTN UE in RRC_CONNECTED state is required to support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.
FFS: Operation of closed loop and open loop TA control

Agreement:
For TA update in RRC_CONNECTED state, combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops shall be supported for NTN.
FFS: Details of the combination of open and closed loop TA control



As further stated in FL summary of RAN1#105-e, many issues related to TA maintenance/update in connected mode are still open and following FFS were identified:
· FFS: Operation of closed loop and open loop TA control:
· FFS: details of NTA update/accumulation
· FFS: details of update
· FFS: details of update
· FFS: Details of the combination of open and closed loop TA control

Regarding the operation of closed and open look TA control, we believe that the update rate on the UE side should be the UE’s responsibility. In any case, the UE needs to read and update both  and  in such way that the NTA fulfilles the given RAN4 time synchronization requirements.
Proposal 1: The update rate that the UE applies for both the UE-specific TA and Common TA should be such that the applied TA fulfilles the RAN4 time synchronization requirements.
The way of calculation of the Common TA should be deterministic and same for all UEs. Ideally this should be given by an equation, based on input parameters and defined as a function of time. 
Proposal 2: The Common TA should be calculated in a deterministic way and applied at the same time for all UEs.
A combination of open and closed loop TA control needs careful study. As of now, it has been agreed for UEs in RRC connected state to support UE-specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris. At the same time, the network has the responsibility of providing the common TA value 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 that these cause instabilities .For example, there is a risk that UE autonomous estimation, when relying on inaccurate or outdated GNSS location information, leads to erroneous calculation of the UE-specific TA. Considering the large round-trip times during which the UE might be applying incorrect TA,this could lead to accumulation of large errors and potentially create instability to the closed loop procedure. 
Observation 1: 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.
Proposal 3: For UE in RRC connected mode, in case closed loop TA control is used, open loop TA control should be applied only in a way that does not impact the stability and accuracy as provided by closed loop TA control.
Referring to 38.133, this document contains the timing requirements for UEs: “The UE initial transmission timing error shall be less than or equal to ±Te.“. The possible values of Te can be found in 38.133 section 7.1.2 and are in the range of 0,098 and 0,391 μs. The timing is relative to the downlink reception. The challenge is however that the satellite that provides the downlink signal moves. This is shown in Figure 7 and works as follows:
· The gNB transmits the downlink frame at a certain point in time. The delays of the feeder and service link are at that point in time are d and c respectively.
· This downlink frame arrives at the UE after d+c+u1, where u1 is the change due to movement of the satellite.
· The UE may not respond immediately but first after a scheduling s. At that point the time is d+c+s+u1+u2, where u2 is due to the satellite movement during scheduling delay s. 
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[bookmark: _Ref84016015]Figure 1 Satellite movement and timing
 
Table 2 Example maximum values for u1 and u2 for different scheduling delays s for LEO at 600 km.
	RTT(ms)
	S (ms)
	u1 (μs)
	u2 (μs)
	u1+u2 (μs)

	28.4
	1
	0,355
	0,025
	0,38

	28.4
	5
	0,355
	0,126
	0,48

	28.4
	10
	0,355
	0,25
	0,61

	28.4
	100
	0,355
	2,5
	2,86

	28.4
	200
	0,355
	5,0
	5,36



The value of u1 depends on RTT/2, while the value of u2 depends on the scheduling delay s. Some example values for u1+u2, which represent the drift due to satellite movement can be seen in Table 2 for different values of the scheduling delay s. To solve this UE autonomous TA adjustment was added.  The challenge is that tight requirements need to be set to the UE timing so that this is aligned with network timing. That is, at which time and by which amount the UE shall auto-adjust its transmit timing. One critical element of the UE autonomously adjusting or adapting its transmit timing is that the gNB may potentially not be aware of such adjustments, and any TA command to the UE may be based on an UL signal that is no longer applicable. Such a situation could create error propagation and oscillations, and should be avoided.
· The network sends timing adjustment commands at a high rate so that the signals stay within the cyclic prefix.
· The UE autonomously adjusts its timing based on the satellite ephemeris data.

The first approach significantly increases the number of needed TA messages, which may be undesirable from network throughput point of view, whereas if the second method is used, tight requirements need to be set to the UE timing so that this is aligned with network timing. That is, at which time and by which amount the UE shall auto-adjust its transmit timing. One critical element of the UE autonomously adjusting or adapting its transmit timing is that the gNB may potentially not be aware of such adjustments, and any TA command to the UE may be based on an UL signal that is no longer applicable. Such a situation could create error propagation and oscillations, and should be avoided.
[bookmark: _Hlk83766361]Therefore, once current agreements enable TA autonomous compensation at the UE side, it is important to guarantee that the closed loop (legacy) mechanism can co-exist in harmonious way with the open loop TA operation which is based on TA autonomous compensation relying on NTA,UE-specific. The fundamentals and principles NR specifications are such that the central node (gNB) bares the main responsibility to manage the connection. In order to maintain this principle, the closed loop solution, i.e., the TA commands generated by the gNB may not be deactivated or ignored by the UE, in any circustance. 
Proposal 4: The gNB should be able to use the closed-loop solution (Timing Advance Commands over DL MAC-CE) at any time.  
There are different 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 innacurate. 
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 on the same direction, aiming for compensating twice for the deviation. 
Observation 2: 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 8).

[bookmark: _Ref84016043]Figure 2 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 are due to gNB implementations. 
Observation 3: If TAC is generated to introduce an offset in UE timing due to gNB internal optimizations, the TAC should be applied regardless of UE accuracy for timing estimation. 
While the 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. As a consequence, 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: 
Observation 4: In order to guarantee TA update loop stability, two operation states for TAC update are needed.
Proposal 5: The TAC should operate in two different states to allow both differential and absolute indication of the TAC updates.
Validity timer aspects
During the discussions related to the validity timer, RAN1 ended the discussions in RAN1#107-e by agreeing on the following:
Agreement
· When explicitly provided through SIB, Epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information. 
· Otherwise, when indicated in SIB (other than SIB1), epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is implicitly known as the end of the SI window during which the SI message is transmitted.
· When provided through dedicated signaling, epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number.

This agreement implies that the Epoch time of the provided information for the serving satellite ephemeris may be provided with reference to a point into the future as defined by a SFN and a sub-frame number. This opens for the situation where a UE has read the serving satellite ephemeris information still on time, e.g. “at the last moment”, just prior the validity timer expiring. In this case, the UE is having new ephemeris information available, but cannot use this yet before the Epoch time, and may risk declaring UL synchronization loss in case the (current) validity timer expires before the Epoch time of the new acquired information.
This problem can be explained by referring to Figure 3, where the green arrows point to the times where the UE reads the SIB. After the first SIB reading, the validity timer is started at the epoch time, as indicated by the beginning of the validity duration arrow in the fourth row. The UE reads again the SIB at the point of the second green arrow, but the timer expires before the next epoch time is reached and the point of validity, which is when the timer would be restarted. Due to the Gap, the timer expires and the UE assumes it has lost UL synchronization.
 [image: ]
[bookmark: _Ref95740587]Figure 3 Situation where there is a gap between validity timer expiration and the epoch time associated with the last SIB reading, where the validity timer shall be restarted. During this gap, the UE will lose synchronization.

Observation 5: Even if the UE has obtained new serving satellite ephemeris and Common TA related parameters prior to the time of the validity timer expiring, the UE may lose synchronization if the current validity timer expires before the Epoch time of the new serving satellite ephemeris and Common TA.
The validity duration is in line with how fast the aging of the satellite ephemeris and Common TA parameters happens. From the moment this information is generated, its aging depends mainly on the satellite location and relative speed vector to the NTN-GW/gNB and to the UE. Hence, the aging effect is symmetrical to a reference point in time when it is due to be used (see Epoch time), due to the nature of the satellite movement on a pre-defined orbit. Therefore, it is safe to use this information for a time interval symmetric around the Epoch time, already starting from a point in time earlier than the Epoch time by the new validity duration (Epoch time - new validity duration).
Practically, the UE can advance the validity timer restart point or suspend/hold the existing timer within a time window up to the new validity duration as provided in the updated SIB. For this, the UE uses the new acquired information for UL synchronization. The (restarted) validity timer will expire at a time instant as indicated by the new Epoch time and validity duration.
Proposal 6: If a UE has obtained new serving satellite ephemeris and Common TA related parameters prior to the time of the validity timer expiring, the UE is allowed to maintain its UL synchronization until the new Epoch time is reached. For this, the time interval from the expiration of the validity timer until the new Epoch time must not be larger than the new validity duration. In this case, 
· The UE restarts the validity timer before the new Epoch time, or,
· The UE suspends the timer during this period such that it does not expire.

Further, there is another case that may need discussion in RAN1 before closing up the NR over NTN. This is again the aspect of the UE deciding to make its attempt for reading the serving satellite ephemeris information at the last option prior to the validity timer expiring, but is not able to correctly extract the needed information. As there is no mechanism that mandates the UE to read the SIB at specific time instants, the gNB is not able to know the exact time of the most recent acquisition of assistance information by the UE and consequently know when the validity timer would expire. For  the case of not updating the needed information on time before timer expiration, the UE would need to declare loss of UL synchronization and re-initiate access to the cell. One aspect that should be kept in mind is the fact that the gNB is unaware of the situation at the UE, and would therefore potentially schedule UEs for cases where the UE is not allowed to perform uplink transmissions due to the loss of UL synchronization. Basically, the UE will simply disappear from the system without the gNB having any chance of detecting this (apart from the missing responses from the UE side, which may not be convenient method of detecting the problems on the UE side).
Observation 6: The network is not able to know whether the validity timer has expired at the UE side or is about to expire soon. This may lead to situations where the UE is not able to fulfil the requirements associated to the scheduling commands (PUCCH and PUSCH transmissions).
To avoid this situation, we propose the following:
Proposal 7: The UE shall at any time be able to guarantee that is has a valid UL synchronization.
In case RAN1 cannot agree to Proposal 7, RAN1 should consider introducing methods for allowing the gNB to become aware of the situation where the UE will soon enter a state of lost UL synchronization. 
One approach is that the UE sends an “alert signal” to the gNB, reporting that it will lose synchronization soon, as it knows its timer state combined with the SIB transmission configuration. This “alert signal” will cause the gNB to stop any traffic that causes UL transmissions immediately or with short notice to acknowledge and inform the UE that scheduling will stop.  
Proposal 8: In case the validity timer is about to expire, the UE informs the gNB that it will lose synchronization soon.

At that point, the gNB may either provide the synchronization information (e.g. ephemeris information) as planned e.g. in the next SIB, or optionally provide UE-specific assistance signal to the UE with synchronization information, as part of the PDCCH, in order to assist the UE to maintain its synchronization before the timer expires. This solution is beneficial in case a particular (e.g. high priority) UE transmission must be maintained without interruption. In this case, the UE receives the UE-specific assistance signal before the validity timer expires, and can in this way maintain UL time synchronization. The assistance signal may include ephemeris information of the satellite, Common TA and potentially higher order derivatives of it. 
Proposal 9: Upon receiving a signal from the UE that the UE’s validity timer will expire soon, the gNB either  
· Stops scheduling the UE in the uplink and broadcast ephemeris information and Common TA as planned via SIB. 
· Provides UE-specific assistance signal including ephemeris information of the satellite, the relevant associated Common TA parameters. 
Finally, after the UE has either received UE-specific assistance signal or has read the SIB provided by the gNB, the UE sends a re-establishment signal to the gNB indicating that it has maintained/re-established the status of a synchronized UE in UL. The physical channel for this can be either the PUCCH or a set of dedicated and pre-configured resources. 
Proposal 10: After having received UE-specific synchronization information or after having read the SIB again while having earlier informed the gNB on an oncoming validity timer expiration, the UE indicates to the gNB that it has maintained or re-established UL synchronization and that it has reset the validity timer.
From the network point of view, the benefit is that lost DL transmissions and UE scheduling grants can be avoided. At the same time, from the UE perspective there is a clear benefit that the UE can faster re-establish synchronization by receiving UE-specific information, without waiting for the next opportunity when synchronization information is broadcasted again and without necessarily going again through RACH. 
An alternative approach to reach a common understanding on validity timer status between UE and gNB is the following. Whenever the UE reads a new satellite ephemeris/Common TA data, it should inform gNB via UE reporting so that both UE and gNB can update the validity timer status and keep common understanding. However, signalling overhead for UE reporting should be considered. One possible way is that, after UE reading new satellite ephemeris/Comon TA data, it will not always infrom gNB. Only when there is potential data transmission, UE informs gNB to maintain the validity timer status. E.g. for UL data transmission, UE will report the validity timer status to gNB if there is data in UL buffer. For DL data transmission, if there is data in DL buffer, the gNB will instruct UE (e.g. via PDCCH order) to start reading the latest ephemeris and report the status gNB. 
Proposal 11: To reduce the signalling overhead for UE reporting, UE only informs gNB to maintain the validity timer status when there is potential UL or DL data transmission. 
Aspects related to incoming LS from RAN2
RAN2 has sent an LS for RAN1 [1], where they present the groups view on the information that may be sent as broadcast information in a SIB. In the LS there is a question as to whether RAN1 sees any problems with the current RAN2 agreements.
From our side, we are in general OK with the content that has been agreed to be put into the SIBx, but we have two other issues that need addressing. The first point is related to the statement in the LS, which reads: “RAN2 also agreed that the validity duration for UL sync information applies to the whole SIBx and UE acquires the updated SIBx when the timer expires”.
The latter part of the statement is not in line with existing RAN1 agreements, which assumes that the UE will see itself having lost UL synchronization when the timer expires. Hence, it is essential that the UE acquires the updated SIBs prior to the expiry of the (validity) timer. Since the gNB is unaware of the exact time at which the UE reads the NTN related assistance information (serving satellite ephemeris and Common TA related parameters), it will not know whether or not the UE is considering itself having UL synchronization, and hence would be available for scheduling. 
The second issue is related to the fact that it seems to be RAN2 understanding that all the parameters within the SIBx are covered by the same validity timer, which means that K_mac and Cell-specific K_offset will apparently also be covered by the validity timer, which is contrary to the existing RAN1 agreements from RAN1#107-e, where it was agreed that:
Agreement
A single validity duration for both serving satellite ephemeris and common TA related parameters is broadcast on the SIB.
Following this agreement, there is a slight mismatch between the RAN1 understanding of the applicability of the validity timer/validity duration and the one that RAN2 is targeting. Further, as discussed in our contribution under AI 8.4.1 [2], there may be some aspects for the potential updating of the K_mac and Cell-specific K_offset which needs discussion prior to sending a response LS to RAN2.
Observation 7: RAN1 and RAN2 have different understandings of the applicability of the validity timer/validity duration.
Proposal 12: Inform RAN2 that the validity duration is only intended to be applicable for serving satellite ephemeris and common TA related parameters.
Observation 8: Is seems that RAN1 and RAN2 have different understandings of UE actions prior to the validity timer expiry.
Observation 9: There may be periods with uncertainty related to UE’s UL synchronization status if the UE is allowed to read serving satellite ephemeris and Common TA related parameters after the expiry of the validity timer.
Proposal 13: Inform RAN2 that under normal operation, a UE is expected to have read new and updated serving satellite ephemeris information prior to the expiry of the validity timer.
Further, RAN2 has another LS [3] related to the neighbor cell measurements, which contains the following questions/actions:
ACTION:	RAN2 respectfully asks RAN1 to take into account the above information and provide answer to the Question 1 on whether following parameters need to be provided to UEs for neighbor cell measurements and handover
1. A2/B2 (common TA parameters), 
1. A3/B3 (Validity timer information for neighbor cell measurements/target cell mobility, e.g. if it is different from that for serving cell open loop TA control),
1. Separate validity durations for PVT parameters and Orbital parameters, and
1. A5/B5 (DL and UL Polarization information).

In the following we will provide our views on the elements raised in the questions above. For the first two questions on the Common TA paramters and validity timer for neighboring cell measurements it is important to observe that there may be three fundamental situations: (a) Neighbor cell is served from the same satellite as current serving cell, (b) Neighbor cell is served from a different satellite, but in the same orbit, and (c) Neighbor cell is served from a different satellite which is also in a different orbit. For the case (a), it would be fair to assume that the Common TA parameters, ephemeris information and associated timer configuration would be applicable for the neighbor as well. For cases (b) and (c), the feeder link behavior would be different, and it has not yet been discussed in RAN1 how to address potential time drift of the SSBs, which would happen if the UE is not aware of the feeder link time variability. This matter should rather be handled by RAN4.
Proposal 14: The need for providing A2/B2 should be evaluated by RAN4 rather than RAN1, as it relates to the UE’s ability to track SSB transmissions that are drifting in time relative to serving satellite transmissions if the cells are not transmitted from the same satellite.
Proposal 15: For neighbor measurements for cells that are not co-located in the same satellite, the validity timer (A3/B3) should be associated to the neighbor satellite rather than the serving satellite. 
During the RAN1 discussions on the assistance information for the serving satellite ephemeris there we no discussions as to whether any information would potentially last longer than other. Hence, from RAN1 point of view it would not be feasible to start separating the validity durations for PVT parameters and the orbital parameters.
Proposal 16: PVT and Orbital parameters (and Common TA related parameters) share a single validity duration.
With respect to the UL and DL polarization information, RAN1 has previously agreed that a serving cell may broadcast the polarization state of both UL and DL, but no agreements were reached on the actual use of the information. The general understanding in RAN1 was that the information may be useful for neighbor cell measurements, and hence this information may be provided as part of the configuration of neighbor cell measurements.
Proposal 17: DL and UL Polarization information may be supported for neighbor cell measurements.
Aspects related to incoming LS from RAN4
In the initial LS response from RAN4 [4] on timing requirements for the double-correction issue, it seems that RAN4 has only discussed the aspect of a UE location jump, while they have not addressed the aspects of the situation that arises when a UE re-reads the serving satellite ephemeris information and the Common TA related information. Both of these would also cause a sudden jump in the UE transmit timing. When the UE reads the serving satellite ephemeris information, it will obtain an updated view of the satellite’s position in space, and it would be able to apply a correct NTA,UE-specific. However, since the UE has been applying information that is based on the UE’s estimate of the satellite’s position, whenever the UE applies the updated ephemeris information, there will be a step-wise shift in the value that the UE applies for the NTA,UE-specific. Over the duration between the UE reading the first and second serving satellite ephemeris informations, the gNB would naturally attempt to compensate for any time drift that is due to the UE’s modelling error, and the gNB would experience a jump in the UL signals stemming from this UE. In a similar way, when a UE is applying the Common TA, there will inevitably be a modelling error, which will grow as a function of time, and as the gNB in a similar way would be tracking the UE’s reference timing and correct it, the adjustment of the Common TA parameters would also cause a sudden change of the UE transmit timing. Hence, it is proposed that RAN1 sends an LS to RAN4 with clarification on this matter.
Additionally, considering the two options that are being discussed in RAN4 for the gradual timing adjustments, we have a preference for the Option 2 which will ensure that at least the gradual timing adjustments will take into account the situation where the UE is not able to obtain a solid and accurate estimate of its own position.
Proposal 18: RAN1 to send LS to RAN4 in order to clarify the additional aspects that would need to be considered related to the sudden jumps in the UE transmit timing due to UE reading updated information for the serving satellite ephemeris.

Conclusion
In this contribution we have presented our observations and conclusions. They are as follows:
Observation 1: 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 2: 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 8).
Observation 3: If TAC is generated to introduce an offset in UE timing due to gNB internal optimizations, the TAC should be applied regardless of UE accuracy for timing estimation. 
Observation 4: In order to guarantee TA update loop stability, two operation states for TAC update are needed.
Observation 5: Even if the UE has obtained new serving satellite ephemeris and Common TA related parameters prior to the time of the validity timer expiring, the UE may lose synchronization if the current validity timer expires before the Epoch time of the new serving satellite ephemeris and Common TA.
Observation 6: The network is not able to know whether the validity timer has expired at the UE side or is about to expire soon. This may lead to situations where the UE is not able to fulfil the requirements associated to the scheduling commands (PUCCH and PUSCH transmissions).
Observation 7: RAN1 and RAN2 have different understandings of the applicability of the validity timer/validity duration.
Observation 8: Is seems that RAN1 and RAN2 have different understandings of UE actions prior to the validity timer expiry.
Observation 9: There may be periods with uncertainty related to UE’s UL synchronization status if the UE is allowed to read serving satellite ephemeris and Common TA related parameters after the expiry of the validity timer.

Proposal 1: The update rate that the UE applies for both the UE-specific TA and Common TA should be such that the applied TA fulfilles the RAN4 time synchronization requirements.
Proposal 2: The Common TA should be calculated in a deterministic way and applied at the same time for all UEs.
Proposal 3: For UE in RRC connected mode, in case closed loop TA control is used, open loop TA control should be applied only in a way that does not impact the stability and accuracy as provided by closed loop TA control.
Proposal 4: The gNB should be able to use the closed-loop solution (Timing Advance Commands over DL MAC-CE) at any time.  
Proposal 5: The TAC should operate in two different states to allow both differential and absolute indication of the TAC updates.
Proposal 6: If a UE has obtained new serving satellite ephemeris and Common TA related parameters prior to the time of the validity timer expiring, the UE is allowed to maintain its UL synchronization until the new Epoch time is reached. For this, the time interval from the expiration of the validity timer until the new Epoch time must not be larger than the new validity duration. In this case, 
· The UE restarts the validity timer before the new Epoch time, or,
· The UE suspends the timer during this period such that it does not expire.

Proposal 7: The UE shall at any time be able to guarantee that is has a valid UL synchronization.
Proposal 8: In case the validity timer is about to expire, the UE informs the gNB that it will lose synchronization soon.
Proposal 9: Upon receiving a signal from the UE that the UE’s validity timer will expire soon, the gNB either  
· Stops scheduling the UE in the uplink and broadcast ephemeris information and Common TA as planned via SIB. 
· Provides UE-specific assistance signal including ephemeris information of the satellite, the relevant associated Common TA parameters. 
Proposal 10: After having received UE-specific synchronization information or after having read the SIB again while having earlier informed the gNB on an oncoming validity timer expiration, the UE indicates to the gNB that it has maintained or re-established UL synchronization and that it has reset the validity timer.
Proposal 11: To reduce the signalling overhead for UE reporting, UE only informs gNB to maintain the validity timer status when there is potential UL or DL data transmission. 
Proposal 12: Inform RAN2 that the validity duration is only intended to be applicable for serving satellite ephemeris and common TA related parameters.
Proposal 13: Inform RAN2 that under normal operation, a UE is expected to have read new and updated serving satellite ephemeris information prior to the expiry of the validity timer.
Proposal 14: The need for providing A2/B2 should be evaluated by RAN4 rather than RAN1, as it relates to the UE’s ability to track SSB transmissions that are drifting in time relative to serving satellite transmissions if the cells are not transmitted from the same satellite.
Proposal 15: For neighbor measurements for cells that are not co-located in the same satellite, the validity timer (A3/B3) should be associated to the neighbor satellite rather than the serving satellite. 
Proposal 16: PVT and Orbital parameters (and Common TA related parameters) share a single validity duration.
Proposal 17: DL and UL Polarization information may be supported for neighbor cell measurements.
Proposal 18: RAN1 to send LS to RAN4 in order to clarify the additional aspects that would need to be considered related to the sudden jumps in the UE transmit timing due to UE reading updated information for the serving satellite ephemeris.
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