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[bookmark: _Hlk521259925]In RAN1#106-e meeting, agreements were achieved on enhancements on UL time and frequency synchronization for NTN [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:
·  ,


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 will discuss UL time and frequency synchronization related aspects for NTN.
Discussion
[bookmark: _Toc80303172][bookmark: _Toc80303176]Issue#1: Feeder link timing drift handling
In RAN1#106-e meeting, a working assumption was made on feeder link timing drift handling for NTN [1]:
	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 RAN4#100-e, agreements were achieved on UE UL timing error requirement [2].
	[Agreement]:
[bookmark: _Hlk83645927]-	Te_NTN = Te + Te_GNSS + Te_SAT
-	Te is the legacy timing error
-	Te_GNSS is the GNSS accuracy
-	Note: Te_GNSS shall include the total RTT error
-	FFS how to derive Te_GNSS from the GNSS positioning accuracy
-	Te_SAT is the serving-satellite position estimation error
-	Note: Te_SAT shall include the total RTT error
-	FFS if the equation shall be included into the specification or only Te_NTN values shall be included


According to the RAN4 definition, the feeder link error is not included in Te_NTN. Thus, to align with RAN4’s agreement, it is preferred to confirm the above working assumption. The feeder link error needs to be considered when defining the maximum allowed Te_NTN value. For instance, the total timing error in NTN ( = Te_NTN + maximum feeder link error) <= x * CP, where, e.g. x = 30%~50%.
Proposal 1: Confirm the following working assumption on feeder link timing drift handling.
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.
Issue#2: Indication of Common TA drift parameters 
In RAN1#106-e meeting, there was a discussion on common TA drift parameters, but no consensus was achieved. Moderator suggested for more inputs in this RAN1 meeting [3].
	FL recommendation:
· For RAN1#106-bis-e: Companies are encouraged to provide more inputs on the suitable Common TA parameters that need to be indicated by the Network to allow accurate prediction of the common TA


According to the contributions in the last RAN1 meeting, in addition to common TA, at least common TA drift rate should be periodically broadcasted. Whether to indicate common TA drift rate variation can be FFS.
Proposal 2: In addition to common TA, at least periodically broadcast common TA drift rate. FFS indication of common TA drift rate variation.
[bookmark: _Toc80303180]Issue#3: Granularity and signaling of Common TA parameters
In RAN1#106-e meeting, there was a discussion on granularity and signaling of Common TA parameters, but no consensus was achieved. Moderator suggested for more inputs in this RAN1 meeting [3].
	Updated Proposal 3:
If feeder link timing drift is compensated by UE using Common TA parameters, the granularity of Common TA is set to be:
· Option 1:  The same as the granularity of , i.e., .
· Option 2 : 

μ is the highest allowed numerology for the given Frequency Range

FL recommendation:
· For RAN1#106-bis-e: Companies are encouraged to provide more inputs on the suitable granularity of Common TA parameters that need to be indicated by the gNB to allow accurate prediction of the common TA


As discussed in Issue#1, the total timing error in NTN ( = Te_NTN + maximum feeder link error) <= x * CP, where,
· Te_NTN = Te + Te_GNSS + Te_SAT, which is to be defined in RAN4
· The maximum feeder link error is affected by the quantization error of curve-fitting for Common TA calculation. The granularity of all Common TA parameters (e.g., common TA, common TA drift rate, [common TA drift rate variation]) may affect the feeder link error.
Thus, all error sources need to be considered when defining the granularity of common TA.
[bookmark: _Toc80303184]Issue#4: The need and the indication of TA margin
In RAN1#106-e meeting, agreements were achieved on TA margin [1]:
	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
· [bookmark: _Hlk83652800]Option 3: TA margin can be considered and it is included within the Common TA
· Option 4: UE handles it via implementation


There was a discussion on potential deployment scenarios in RAN1#104b-e meeting.
· Scenario 1: RU located at gNB
· Scenario 2-a: RU located at gateway, with gateway and gNB co-located
· Scenario 2-b: RU located at gateway, with gateway and gNB located away from each other
· Scenario 3: RU located at satellite
In our view, Scenario 1 and Scenario 2-a are corresponding to DL & UL timing aligned at gNB, and Scenario 2-b and Scenario 3 are corresponding to DL & UL timing unaligned at gNB. Furthermore, Scenario 3 means transparent payload and the study of Scenario 3 is not within Rel-17 scope.
For scenario 1, scenario 2-a, and scenario 2-b, common TA and common TA drift rate are always needed to indicate the time-variant RTT in the feeder link (i.e., satellite-to-gNB RTT). Thus, TA margin absorbed in common TA configuration, which is transparent to the UE, is preferred with less spec impact and without additional signaling overhead.
Regarding the four options for TA margin indication, option 3 is preferred. 
Proposal 3: In NTN, to avoid that the UE over pre-compensates its TA during RACH procedure, support option 3 (i.e., TA margin can be considered and it is included within the Common TA). TA margin should be transparent to the UE.
Issue#6: TA update in RRC_CONNECTED state 
In RAN1#106-e meeting, agreements were achieved on NTA update [1].
	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:
[bookmark: _Hlk83654704] , FFS: the value of ,

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




Regarding the “FFS: the value of ”, it is related to the determination of  for PRCAH transmission.
As described in TS 38.133, NTA for PRACH is defined as 0 in the legacy spec.
As discussed in Issue#4, to avoid that the UE over pre-compensates its TA during RACH procedure, several options were considered.
For option 1, PRACH transmission is delayed by . In this case, NTA for PRACH can be set as , and .
For the other options, NTA for PRACH can be 0, and the legacy  update formula can be reused.
As discussed in Issue#4, option 3 (i.e., TA margin can be considered and it is included within the Common TA) is preferred with less spec impact and without additional signaling overhead. In this case,  is always 0.
Observation 1: If option 1 (PRACH transmission is delayed by ) is supported to avoid that the UE over pre-compensates its TA during RACH procedure, NTA for PRACH is set as , and  in the procedure of NTA update based on TA Command field in msg2/msgB.
Observation 2: To avoid that the UE over pre-compensates its TA during RACH procedure, if solutions other than option 1 (PRACH transmission is delayed by ) is supported, NTA for PRACH is defined as 0, and  in the procedure of NTA update based on TA Command field in msg2/msgB.
Proposal 4: In NTN, NTA for PRACH is defined as 0, and  in the procedure of NTA update based on TA Command field in msg2/msgB.

Moderator suggested for more inputs on the following remaining issues of TA update in RRC_CONNECTED state in this RAN1 meeting [3].
	FL Recommendation:  
For next RAN1 meeting: Companies are encouraged to provide more inputs on:
·  The update/maintenance of  NTA,UE-specific and NTA,common  
And provide details on the combination of open and closed loop TA control


On update/maintenance of UE-specific and NTA,common
[image: ]
Figure 1: Signal timing relationships for NTN.
As illustrated by Ericsson [4], to accurately calculate the service link delay and common TA, it is necessary to take into account that the UL and DL signals are offset in time and therefore subject to different service link delays and feeder link delay.
Taking a UL grant based UL transmission as an example.
From a gNB perspective, it sends a UL grant DCI at time , and it expects to receive the corresponding UL transmission at time , where, .
From a UE perspective, it receives the UL grant DCI at time . It needs to determine when (as shown as  in Figure 1) to send the corresponding UL transmission.
On one hand, let us consider the physical signal transmission procedure, it requires that:


Thus, 

On the other hand, let us consider the UE behaviour in spec, i.e.,

Based on the above two equations, it can be concluded that,

where, the first part  is derived from  indication, while the second part  is related to UE specific TA ().
Based on the above discussion, 
· Regarding the formula to be used for UE-specific TA (), the following formula proposed by Ericsson and Moderator is proposed.

· Regarding the formula to be used for Common TA (), the following formula is proposed, where both  and  are derived from the common TA parameters, such as Common delay, Common delay drift rate, [High-order derivative of Common Delay drift]

Proposal 5: For UE-specific TA () determination, the service link delays corresponding to UL and DL signals should both be considered, i.e.,

where  is the corresponding DL service link delay when UE receives the DL signal (e.g., DCI, MAC CE) in UE local time reference, and  is the corresponding UL service link delay of the UL signal to which the UE applies the TA.
Proposal 6: For common TA () determination, the feeder link delays corresponding to UL and DL signals should both be considered, i.e.,

where  is corresponding the DL feeder link delay when UE receives the DL signal (e.g., DCI, MAC CE) in UE local time reference,  is the corresponding UL feeder link delay of the UL signal to which the UE applies the TA, and both  and  are derived from the common TA parameters.
On update/maintenance of NTA
For NTA update, we propose to both support the legacy MAC CE TA command and the enhanced MAC CE TA command consists of , where,  indicates a delta TA, and indicates a TA drift rate. The enhanced MAC CE TA command is used to track the residual time variant TA error after open loop TA control. UE may alternatively receive the legacy MAC CE TA command and an enhanced MAC CE TA command, up to network implementation.
Proposal 7: The legacy MAC CE TA command and the enhanced MAC CE TA command consists of  to be both supported, where,  indicates a delta TA, and indicates a TA drift rate.

It is clear that the legacy MAC CE TA command can be seen as a special case of the enhanced MAC CE TA command with , i.e., when set , the enhanced MAC CE TA command degrades into the legacy one.
The generalized formula for  update based on 	the enhanced MAC CE TA command is shown as following:
For i-th uplink transmission occasion at  (),  can be determined as

where,
· m is the last received enhanced TA command before .
·  is the m-th accumulated TA command. 
· Note: When UE received the m-th enhanced TA command  at , it will update the m-th accumulated TA command  as 

Figure 2 illustrates the computational procedure of  update based on the enhanced MAC CE TA command.


Figure 2: Illustration of computational procedure of  update.
Proposal 8: For i-th uplink transmission occasion at  (),  can be determined as

where,
· m is the last received enhanced TA command before .
·  is the m-th accumulated TA command. 
· Note: When UE received the m-th enhanced TA command  at , then it updates the m-th accumulated TA command  as 

[bookmark: _Toc80303195]Issue#7: NTN UE Time Alignment Timers
In RAN1#106-e meeting, agreements were achieved on NTN UE Time Alignment Timers [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.


Regarding the “FFS: Associated UE behavior if the UE does not read the ephemeris within the validity duration”, it may be not a common case since the UE may always update the ephemeris before the ephemeris timer expires. Even if the validity timer expires,
· If a UL transmission is scheduled, the UE may drop the UL transmission due to uplink synchronization lost. Uplink synchronization can be rebuilt via legacy procedures, such as PDCCH ordering PRACH, or BFR.
· Otherwise, the UE may re-acquire the ephemeris or perform BFR operation to rebuild uplink synchronization. It may depend on UE’s implementation.
Observation 3: UE does not read the ephemeris within the validity duration is not a common case since the UE may always update the ephemeris before the ephemeris timer expires.
Proposal 9: If the validity timer expires and if a UL transmission is scheduled, the UE drops the UL transmission due to uplink synchronization lost.
Proposal 10: If the validity timer expires and if UL transmission is not scheduled, UE may rebuild uplink synchronization via re-acquire the ephemeris, which depends on UE’s implementation.
Issue#8: Broadcasting the position of a reference point
In RAN1#105-e meeting, there was a discussion on broadcasting the position of a reference point, and it was concluded to send an LS to SA to get more inputs regarding the security /regulatory aspects if the NTN GW position is broadcast [5].
	Agreement:
RAN1 should send an LS to SA3, SA1 and possibly SA3-LI to get more inputs regarding the security/regulatory aspects if the NTN GW/gNB position is broadcast or possible to be derived by the UE with assistance information from the network, and on any aspects related to accuracy of the position.

R1-2106305	LS on broadcast of NTN GW or gNB position
Final LS endorsed in R1-2106332 with removal of the sentence, “Such assistance information from the Network might also be used by the UE to derive the position of the NTN GW or the position of gNB.”


In our view, broadcast of a reference point would be definitely beneficial for UE to handle the time and frequency synchronization compensation on the feeder link. E.g., if the position of the GW is signaled to the UE, the UE can autonomously determine the time offset of both the service link (i.e., satellite-to-UE RTT) and the feeder link (i.e., satellite-to-GW RTT), which would simplify the time compensation procedures and reduce signaling overhead for frequent update of .
Observation 4: Broadcasting the position of a reference point of the feeder link (GW or gNB position) is beneficial to simplify the time compensation procedures and reduce signaling overhead for frequent update of .

Note that anyway the position of the NTN GW or the position of gNB can be derived by the UE with the assistance information broadcasted by the network, such as satellite ephemeris and , via inverse engineering, thus, the concern related to disclosing the network architecture seems not a big issue.
Whether broadcasting the position of a reference point of the feeder link (GW or gNB position) would be at the discretion of the network operator.
Furthermore, the position of a reference point of the feeder link may be broadcasted with certain artificial bias to address the security issue.
Note that when TAC () in msg2/msgB is received, UE receives the first adjustment and  is updated as follows.

where , and  is an integer between 0 and 3846. The maximum TA values for different numerology are illustrated in Table 2.
Table 2: Maximum TA value when .
	Subcarrier spacing
	15 kHz
µ= 0
	30 kHz
µ= 1
	60 kHz
µ= 2
	120 kHz
µ= 3
	240 kHz
µ= 4
	480 kHz
µ= 5

	Maximum timing advance ( = 3846) (ms)
	0.67
	0.335
	0.1675
	0.0838
	0.0419
	0.0209

	Maximum timing advance ( = 3846) (km)
	300 
	150
	75 
	37.5 
	18.75 
	9.38 



It can be concluded that for TA pre-compensation, broadcasting the position of a reference point of the feeder link with certain accuracy (<= 9.38km) is feasible. Thus, security may be not a big issue if the broadcasted position of the reference point position is with artificial bias.
Observation 5: For TA pre-compensation, broadcasting the position of a reference point of the feeder link with certain accuracy is feasible.
Observation 6: Security issue can be fixed by broadcasting the position of a reference point of the feeder link with certain artificial bias.
Proposal 11: Support broadcasting the position of a reference point of the feeder link with certain artificial bias.
Conclusions
In this contribution, we share our views on related issues on UL time and frequency synchronization enhancements for NTN. The observations and proposals are summarised as follows:
Observation 1: If option 1 (PRACH transmission is delayed by ) is supported to avoid that the UE over pre-compensates its TA during RACH procedure, NTA for PRACH is set as , and  in the procedure of NTA update based on TA Command field in msg2/msgB.
Observation 2: To avoid that the UE over pre-compensates its TA during RACH procedure, if solutions other than option 1 (PRACH transmission is delayed by ) is supported, NTA for PRACH is defined as 0, and  in the procedure of NTA update based on TA Command field in msg2/msgB.
Observation 3: UE does not read the ephemeris within the validity duration is not a common case since the UE may always update the ephemeris before the ephemeris timer expires.
Observation 4: Broadcasting the position of a reference point of the feeder link (GW or gNB position) is beneficial to simplify the time compensation procedures and reduce signaling overhead for frequent update of .
Observation 5: For TA pre-compensation, broadcasting the position of a reference point of the feeder link with certain accuracy is feasible.
Observation 6: Security issue can be fixed by broadcasting the position of a reference point of the feeder link with certain artificial bias.
Proposal 1: Confirm the following working assumption on feeder link timing drift handling.
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.
Proposal 2: In addition to common TA, at least periodically broadcast common TA drift rate. FFS indication of common TA drift rate variation.
Proposal 3: In NTN, to avoid that the UE over pre-compensates its TA during RACH procedure, support option 3 (i.e., TA margin can be considered and it is included within the Common TA). TA margin should be transparent to the UE.
Proposal 4: In NTN, NTA for PRACH is defined as 0, and  in the procedure of NTA update based on TA Command field in msg2/msgB.
Proposal 5: For UE-specific TA () determination, the service link delays corresponding to UL and DL signals should both be considered, i.e.,

where  is the corresponding DL service link delay when UE receives the DL signal (e.g., DCI, MAC CE) in UE local time reference, and  is the corresponding UL service link delay of the UL signal to which the UE applies the TA.
Proposal 6: For common TA () determination, the feeder link delays corresponding to UL and DL signals should both be considered, i.e.,

where  is corresponding the DL feeder link delay when UE receives the DL signal (e.g., DCI, MAC CE) in UE local time reference,  is the corresponding UL feeder link delay of the UL signal to which the UE applies the TA, and both  and  are derived from the common TA parameters.
Proposal 7: The legacy MAC CE TA command and the enhanced MAC CE TA command consists of  to be both supported, where,  indicates a delta TA, and indicates a TA drift rate.
Proposal 8: For i-th uplink transmission occasion at  (),  can be determined as

where,
· m is the last received enhanced TA command before .
·  is the m-th accumulated TA command. 
· Note: When UE received the m-th enhanced TA command  at , then it updates the m-th accumulated TA command  as 

Proposal 9: If the validity timer expires and if a UL transmission is scheduled, the UE drops the UL transmission due to uplink synchronization lost.
Proposal 10: If the validity timer expires and if UL transmission is not scheduled, UE may rebuild uplink synchronization via re-acquire the ephemeris, which depends on UE’s implementation.
Proposal 11: Support broadcasting the position of a reference point of the feeder link with certain artificial bias.
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