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Introduction
During the past RAN1 meetings there have been discussions on the maintenance of Rel-17 NR over NTN. There are according to our understanding still a few points that need to be resolved since the system may be seen as incomplete if these aspects are not addressed. In this contribution we discuss further on the UE behavior related to reading the serving satellite ephemeris information as well as the UE’s operation when it comes to dealing with the associated validity timer. Additionally, we discuss some clarification needs that should be in place for the UE application of the UE autonomous application of the timing advance related parameters. Finally, we will re-iterate the need to address the aspect of UE transmit timing jumps that will happen if the UE is allowed to operate the open and closed loop timing advance adjustments in an independent manner.
[bookmark: _Hlk510705081]Discussion
UE behavior when reading ephemeris information
The starting point for this discussion is related to how to interpret the value of the Epoch time when explicitly provided as part of SIB19. According to earlier discussions there is an agreement from RAN1#107-e, there it is stated:
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.

Considering the case of a UE performing synchronization to a new cell, it will read the serving satellite ephemeris information and in case the ephemeris information is provided into the future, the UE will in principle not be able to perform access until the Epoch time of the ephemeris information. Hence it would be very limiting for system operation if a UE would have to wait until the Epoch time before being able to perform any UL transmissions towards the network (like random access preamble transmission). Given the agreement reached at RAN1#110, where it is stated that when explicitly provided, the SFN used for indicating the Epoch time is the current or next upcoming SFN, which leads to a potential “gap” in the UE’s reception of up to 1023 SFNs, which in turn is more than 10 seconds. Therefore it would be strongly preferable that it is assumed that the UE is able to support backward propagation modelling on the provided ephemeris information. Also, since the satellite’s movement in space is along a trajectory in the orbit, it would be safe to assume that the UE is able to calculate the satellite’s position in a symmetrical manner around the Epoch time, and hence be able to apply this information also prior to the Epoch time happening.
Proposal 1: The information provided in SIB19 is considered symmetrical around the Epoch time.
Proposal 2: The UE may apply the information obtained from SIB19 prior to the Epoch time.
Following this, it is beneficial that the value that the UE use to define the validity time is adjusted according to the expected total valididty time of the provided information (since the validity time is assumed to be symmetrical around the Epoch time).
Proposal 3: UE may assume that total Validity time for provided serving satellite ephemeris information is larger than explicitly indicated Epoch time.
Proposal 4: The gNB may assume that the UE supports backwards propagation of the serving satellite ephemrsis information.
UE behavior with respect to expiry of validity timer
One point that has been raised a few times by Nokia during the previous discussions has been the situation where the UE’s validity timer expires without the UE having re-acquired new ephemeris information. Such a situation may happen if a UE (a) has not read the relevant SIB19 in due time, or (b) attempts to read SIB19, but fails due to poor channel conditions. For such situations it is important that we have well-defined UE operation such that the network will not see UEs that looses responsiveness towards the network (which would be the result of losing UL synchronization). This UE behavior has been defined in the agreement from RAN1#106-e, where it is clearly stated that “The UE assumes that it has lost uplink synchronization if new or additional assistance information (i.e. serving satellite ephemeris data or Common TA parameters) is not available within the associated validity duration.”. There has been no subsequent agreements on how to deal with the UE obtaining synchronization to the system again. If/when this loss of UL synchronization happens, the gNB may try to schedule the UE for UL transmissions without any response from the UE, or schedule DL transmissions with expected HARQ-ACK feedback, which will be blocked due to the missing UL synchronization. For such cases the gNB will consider the UE to have lost connection to the network and will omit it from the scheduler, since non-responsive UEs are considered “out of reach”. It should be noted that such UEs that are disappearing at random will not suddenly be visible to the gNB again, since the gNB will stop sending scheduling messages for the UE. Hence, we need a mechanism for ensuring that a UE that has lost its UL synchronization due to not having valid ephemeris information is safely discovered by the gNB.
Proposal 5: If UE ephemeris information is expired without having new valid ephemersis information, the UE shall consider the UL synchronization to be lost until gNB is aware of the UE having re-acquired the ephemeris information.
A somewhat related aspect is that section 4.3.1 of 38.213 describes the UE updating of the UE autonomous parameters related the timing advance values ( and ), and these should only be updated when the validity timer is running. If the validity timer is not running, this is an indication that there is no valid UL synchronization, and the UE should refrain from updating its UL transmit timing related parameters.
Proposal 6: When validity timer is not running, the UE shall not update its transmit timing related parameters.
Proposal 7: Adopt the CR that is provided in R1-2210047.
Timing Advance clarification
The current specifications for the UE timing advance updates for the Common TA and for the UE specific TA in 38.213 does not capture the expected UE behavior for a number of specific situations. These are:
· Update of timing advance shall only happen when the validity timer is running.
· It is unclear at which time the UE is expected to update the values for the timing advance values that are specifically provided for NR over NTN operation.
· The reference distances for the propagation between UE and satellite is not clarified.
· The reference time related to the calculations of the common TA is not clarified.

The first point is addressed in the previous section, and need no further discussion here, while the remaining points are addressed in the following:
The specification text provided in 3GPP 38.211 [1] and 3GPP 38.213 [2] explain how a NTN UE should use the higher layer parameters for the serving cell satellite in order to maintain appropriate timing advance. 
	TS 38.211, 4.3.1:

Uplink frame number  for transmission from the UE shall start  before the start of the corresponding downlink frame at the UE where
-  and  are given by clause 4.2 of [5, TS 38.213], except for msgA transmission on PUSCH where  shall be used;
-	 given by clause 4.2 of [5, TS 38.213] is derived from the higher-layer parameters TACommon, TACommonDrift, and TACommonDriftVariation if configured, otherwise ;
[bookmark: _Hlk86996296]-	 given by clause 4.2 of [5, TS 38.213] is computed by the UE based on UE position and serving-satellite-ephemeris-related higher-layers parameters if configured, otherwise .




So, from TS 38.211 it is defined that the UE UL frame number shall start at a given point in time given by updated timing advance parameters. It is clear that this defines the requirements for a UE transmission, and therefore,  should be the same for two different UEs in the same location at a given point in time, assuming all the components of  are clearly defined. But that does not to seem the case:
a) Downlink timing: “timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell.“. Once the DL is received by the UE, it is very clear what point in time this refers to as defined by section 7.1.2 of 38.113.
b) NTA-offset: It is a constant, defined in TABLE 7.1.2-2 of 38.113. For SA deployments, this corresponds to a value of 25600.  
c) NTA: It is assigned by the gNB. Once the UE receives this parameter, it treats it as a constant, until it receives an updated value. But even when the value is updated by gNB there is a clear definition of the point in time this becomes valid (the application time of timing advance commands provided through MAC CE).  
	38.133 7.3C.2.1 [3]
“UE shall adjust the timing of its uplink transmission timing at time slot n+ k+1 for a timing advance command received in time slot n”



Observation 1: The application time of downlink timing reference, NTA-offset  and NTA is well defined in the timing advance requirements as outlined by 38.113.

d) : The application of this parameter is defined in TS 38.213[3]:

	TS 38.213 4.2
“To pre-compensate the two-way transmission delay between the uplink time synchronization reference point and the serving satellite, the UE determines [4, TS 38.211] based on one-way propagation delay  that the UE determines as:

where , , and  are respectively provided by ta-Common, ta-CommonDrift, and ta-CommonDriftVariant and  is the epoch time of , , and  [12, TS 38.331].  provides a distance at time  between the serving satellite and the uplink time synchronization reference point divided by the speed of light. The uplink time synchronization reference point is the point where DL and UL are frame aligned with an offset given by .”




So, at any given a time “t”, it is possible to calculate the value of the one-way common delay, and then the UE is instructed  to use this formula to compensate for the round trip delay. But there is no clear definition what the time “t” should be used in the formula at the UE side. If two UEs are in the same location, and one decides to updates the parameter at the beginning of the frame whereas the other decides to update it only in the subframe where an uplink transmission is expected they end up with different values for  even if perfect correction is applied in both cases. But for testing purposes, only one of them can be true. 

Observation 2: The application of NTA,common lacks the definition of the expected point of application. 

Moreover, in the common delay equation in 38.213 the delay is represented in seconds, whereas in the timing advance formula, is given in terms of Tc units, so a conversion is needed. 
Based on the text in 38.211 these adjustments must happen at the beginning of the frame. 

e) : The text of 38.213 [3] is not very clear about the value to be used in NTA,UE-specific given the satellite ephemeris and UE GNSS position. The text is limited to say:
	TS 38.213 4.2
“Using higher-layer ephemeris parameters for a serving satellite, if provided, a UE pre-compensates the two-way transmission delay on the service link based on  that the UE determines using the serving satellite position and its own position.”



The problem is similar to the one described in d). Again, two UEs may decide do refresh : at different point in times. As there are no requirements defined yet, a UE with a running validity timer may choose not to update the value of  NTA,UE-specific for the entire duration of the validity timer without breaking any requirements. 

Based on the text in 38.211 these adjustments must happen at the beginning of the frame.

Proposal 8: Both  and  shall be updated at the beginning of every UL frame. 
Another issue was presented in [4] and discussed in [5], about the expectation on the common delay and the UE specific components on the timing advance formula presented above. It discusses if the components must consider factors accounting for the satellite mobility during the time the uplink signal travels until reaching the satellite.  
	From [4]: 
“It is agreed that NTA,common = F3+F4 and  NTA,UE-specific = S3 + S4 for reference timing for UE transmit timing.”



That discussion speaks to the definition of the  and  components in the requirements. And it is important to define the expectations for UE application of its autonomously updated timing advance components. If the satellite movement is not accounted, the UE must correct only for the distance between UE and gNB at the moment UE updates both components.
 
Proposal 9: The timing advance must be fully corrected considering any DL and UL offsets, and satellite mobility, at the moment the UL signal is received by the satellite. 
Based on the aforementioned input, we therefore propose:
Proposal 10: Adopt the CR that is provided in R1-2210048.
Joint operation of open and closed loop timing advance
In RAN1#104-e [1], 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 loop 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 a way that the NTA fulfilles the given RAN4 time synchronization requirements at any point in time.
Proposal 11: 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.
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. 
Observation 3: 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 12: 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.
To illustrate the point of having two independent transmit timing regulation mechanisms working in parallel, we have set up a set of simulations to illustrate the effects. The simulations are showing the results of applying a UE reading of the NTN SIB once every validity time (this is a possible configuration for the UE for the cases where the Epoch time of the ephemeris and common TA information is explicitly provided), and we have evaluated the impact of the Common TA error only for this scenario. The common TA error is a constant modelling error which will be present at any point in time due to the gNB not being able to provide a full description of the time-wise progression of the feeder link delay. The common TA error will increase as the common TA information gets outdated as shown in Figure 1, where it is seen that introducing a prediction time exceeding 10 seconds will introcduce significant Common TA errors which would have to be compensated by the closed loop TA. It should be noted that the prediction time can be mapped into the validity timer configuration, since the UE is allowed to assume the common TA (and ephemeris) information to be valid throughout the time interval defined by the validity timer.
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[bookmark: _Ref101457321]Figure 1 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.

The challenge for the network for this case is that the gNB will not know the exact reading time by which the UE reads the ephemeris and common TA information, and hence would not know the exact timing of the UE adjusting the error to “0”, which would be the case each time the UE applies the newly acquired information. To further illustrate the point, we have performed simulations for four cases;
1) Satellite at elevation angle of 40 degrees at t=0, and UE reading of NTN SIB every 10 seconds
2) Satellite at elevation angle of 40 degrees at t=0, and UE reading of NTN SIB every 20 seconds
3) Satellite at elevation angle of 60 degrees at t=0, and UE reading of NTN SIB every 10 seconds
4) Satellite at elevation angle of 60 degrees at t=0, and UE reading of NTN SIB every 20 seconds

As time increases from t=0, the satellite will gradually increase its elevation angle relative to the NTN GW (and thereby the gNB), and the Common TA error will cause any UE connected to the system to implement a systematic error, which, due to the undefined UE reading time of ephemeris and common TA information, will cause the UE’s to “reset” the Common TA error at random times. The results from the timing advance simulations are shown in Figure 2, Figure 3, Figure 4, and Figure 5. The presented results shows the scenarios for a UE having a validity timer of either 10 seconds or 20 seconds, and having a satellite elevation angle relative to the NTN GW of either 40⁰ or 60⁰ at the start of the evaluation time, while the satellite will traverse the sky during the 60 seconds evaluation period. The presented results show how the modelling error of the feeder link will evolve as a function of time in part (a) of the figures. As can be seen, the Common TA error is reset every time the UE acquires new serving satellite ephemeris and common TA information (and would thereby apply updated values for the Common TA parameters). Whenever the TA error drifts beyond the TA granularity of 0.52 ms, the gNB will provide a TA command for the UE to adjust its transmit timing as shown in subfigure (c) of the provided results. When the UE applies the TA command, the residual TA error will be reduced as shown in subfigure (b) of the provided results. In subfigures (d), the accumulated TA commands at the UE side are shown. 
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[bookmark: _Ref101520567]Figure 2 Simulation results for Common TA operation for a LEO scenario, where the satellite elevation angle between NTN GT (gNB) and satellite is 40⁰ at time=0 seconds (covering elevation angles from 40⁰ to 69.5⁰ at t=60 seconds), and UE reading intervals of NTN SIB is 10 seconds. (a) Plot of the Common TA error (feeder link modelling error) as a function elapsed time. (b) Plot of the residual TA error after TA compensation. (c) Plot of the communicated TA commands towards the UE. (d) Plot of the accumulated TA commands at UE side.
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[bookmark: _Ref101520570]Figure 3 Simulation results for Common TA operation for a LEO scenario, where the satellite elevation angle between NTN GT (gNB) and satellite is 60⁰ at time=0 seconds (covering elevation angles from 60⁰ to 90⁰ and further to 79.4⁰ at t=60 seconds), and UE reading intervals of NTN SIB is 10 seconds. (a) Plot of the Common TA error (feeder link modelling error) as a function elapsed time. (b) Plot of the residual TA error after TA compensation. (c) Plot of the communicated TA commands towards the UE. (d) Plot of the accumulated TA commands at UE side.
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[bookmark: _Ref101520572]Figure 4 Simulation results for Common TA operation for a LEO scenario, where the satellite elevation angle between NTN GT (gNB) and satellite is 40⁰ at time=0 seconds (covering elevation angles from 40⁰ to 69.5⁰ at t=60 seconds), and UE reading intervals of NTN SIB is 20 seconds. (a) Plot of the Common TA error (feeder link modelling error) as a function elapsed time. (b) Plot of the residual TA error after TA compensation. (c) Plot of the communicated TA commands towards the UE. (d) Plot of the accumulated TA commands at UE side.
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[bookmark: _Ref101520574]Figure 5 Simulation results for Common TA operation for a LEO scenario, where the satellite elevation angle between NTN GT (gNB) and satellite is 60⁰ at time=0 seconds (covering elevation angles from 60⁰ to 90⁰ and further to 79.4⁰ at t=60 seconds), and UE reading intervals of NTN SIB is 20 seconds. (a) Plot of the Common TA error (feeder link modelling error) as a function elapsed time. (b) Plot of the residual TA error after TA compensation. (c) Plot of the communicated TA commands towards the UE. (d) Plot of the accumulated TA commands at UE side.
From the provided results it is apparent that when the gNB is trying to control the UE’s transmit timing to be within the FFT window through closed loop TA commands, there will be situations where the gNB will have to provide double compendation, as shown in subfigures (c), where the common TA modeling error is within one TA command granularity, but the gNB would have to “undo” earlier TA commands, since the UE will automatically cancel the systematic error that has earlier been allowed to accumulate in the system. For relative short validity timers, this may not be that much of a problem (Figure 2 and Figure 3), while for situations where the valitiy timer has been set to 20 seconds (or higher), as seen on Figure 4 and Figure 5, the impacts will be much more severe, and the gNB may potentially experience a need for providing a TA compensation in excess of 7 ms. Such TA compensation may be possible to address by the TA commands, but the gNB may have significant challenges in addressing a non-controlled TA jump from UE side that exceeds the CP for the UE.
Although the above analysis has been made for the feeder link through the potential systematic modeling errors, it is important to note that similar issues may arise for the service link. That is, the “TA jump” issue will happen for cases where the UE is not implementing a sufficiently accurate model for the satellites location in space (aging of information), as well as for cases where the UE’s estimate of its geographical position is hinghly unstable.
Observation 4: In order to guarantee TA update loop stability, it is preferred to have well-defined UE behavior when updating the serving satellite ephemeris and common TA information.
Proposal 13: When applying updated Common TA parameters or serving satellite epehemris information, the UE shall reset the impacts by received TA commands during the operation.
Proposal 14: Adopt the CR that is provided in R1-2210046.

Conclusion
In this contribution we have presented our observations and proposals. These are as follows:
Observation 1: The application time of downlink timing reference, NTA-offset  and NTA is well defined in the timing advance requirements as outlined by 38.113.
Observation 2: The application of NTA,common lacks the definition of the expected point of application. 
Observation 3: 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 4: In order to guarantee TA update loop stability, it is preferred to have well-defined UE behavior when updating the serving satellite ephemeris and common TA information.

Proposal 1: The information provided in SIB19 is considered symmetrical around the Epoch time.
Proposal 2: The UE may apply the information obtained from SIB19 prior to the Epoch time.
Proposal 3: UE may assume that total Validity time for provided serving satellite ephemeris information is larger than explicitly indicated Epoch time.
Proposal 4: The gNB may assume that the UE supports backwards propagation of the serving satellite ephemrsis information.
Proposal 5: If UE ephemeris information is expired without having new valid ephemersis information, the UE shall consider the UL synchronization to be lost until gNB is aware of the UE having re-acquired the ephemeris information.
Proposal 6: When validity timer is not running, the UE shall not update its transmit timing related parameters.
Proposal 7: Adopt the CR that is provided in R1-2210047.
Proposal 8: Both  and  shall be updated at the beginning of every UL frame. 
Proposal 9: The timing advance must be fully corrected considering any DL and UL offsets, and satellite mobility, at the moment the UL signal is received by the satellite. 
Proposal 10: Adopt the CR that is provided in R1-2210048.
Proposal 11: 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 12: 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 13: When applying updated Common TA parameters or serving satellite epehemris information, the UE shall reset the impacts by received TA commands during the operation.
Proposal 14: Adopt the CR that is provided in R1-2210046.
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