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Introduction
In RAN1#103-e, the following agreements, working assumptions, and conclusions were achieved. 
	Agreement in RAN1#103-e:
In NTN, the network may broadcast 
· A common timing offset value 
· FFS details of the common timing offset
· FFS: A common timing drift rate
· Before Msg1/MsgA transmission, the NR NTN UE in idle/inactive mode calculates its TA as follows:
[bookmark: _Hlk61338819]
Where:
· is derived from the User specific TA self-estimation
·  is derived at least from the common timing offset value if broadcasted by the network. The granularity of  and whether  is indicated as a Timing Advance or as a Timing Offset value [unit] are FFS. Upon resolving the FFS, one of the X in the equation will be removed.
· depends on band and LTE/NR coexistence and is specified in TS 38.213 section 4.2.
·  is specified in TS 38.211 section 4.1. 
· Note: UE will not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.


As a recommendation from the moderator in R1-2009748, the following discussions were encouraged.
· For TA update in connected mode, combination of both open and closed control loops shall be supported for NTN. FFS: How to avoid uncontrolled behaviour between the two mechanisms shall be further discussed.
In this contribution, we will provide further discussion on 
· Common timing offset
· Common timing drift rate
· Timing offset value of X
· Coexist both open and closed control loops
Discussion
Common timing offset
As pointed out in RAN2#112-e, common TA shall help the UE to obtain the full UE-gNB RTT, shown below.
	Agreements in RAN2#112-e
RAN2 working assumption (for RRC idle. FFS for Inactive/Connected): Rel-17 UE with pre-compensation capability obtains UE specific UE-gNB RTT based on its GNSS in LEO/GEO. FFS how this is calculated and what/if anything needs to be broadcasted for the different pre-compensation methods (e.g., common TA) to help the UE to obtain the full UE-gNB RTT. 


Although RAN1 and RAN2 may have a different interpretation of the term “common TA”, the need to obtain the full UE-gNB RTT is quite clear. To handle this need, additional information is essential, related agreements shown below.
	Agreement in RAN1#102-e
· In Rel-17 NR NTN, at least support UE which can derive based on its GNSS implementation one or more of:
· its position 
· a reference time and frequency
· And, based on one or more of these elements together with additional information (e.g., serving satellite ephemeris or timestamp) signalled by the network, can compute timing and frequency, and apply timing advance and frequency adjustment at least for UE in RRC idle/inactive mode.
· FFS:  Details on additional information signalled from network


If the timestamp is not supported for initial access and sharing gNB location has security concern, then an NTN UE can only obtain the UE-Satellite RTT based on its GNSS and satellite ephemeris. Therefore, the missing part, i.e., Satellite-gNB RTT, shall be signaled by the NW by some means.
[bookmark: _Toc61853833]If the timestamp is not supported for initial access and if sharing gNB location has security concern, then NW shall provide the Satellite-gNB RTT, e.g., common TA, via system information.

Common timing drift rate
The intentions to introduce the common timing drift rate are 
1) to reduce the signaling overhead of using TA commands. UE may predict the required TA values for the near future and compensate for its UL transmission timing.  
2) to compensate the RTT used for sending a TA command if NW does not or cannot pre-compensated it.
However, for the first intention, if a UE can predict a TA value, then it may be unreliable for an earth fixed cell (EFC). According to our toy example given in the appendix, during the service period, the propagation delay distributes as a U shape, hence, if the UE miss some TA commands on the bottom of the U shape, that carry the common timing drift rate, then the prediction could go wrong badly. 
[bookmark: _Toc61853831]For earth fixed cells, the propagation delay distributes as a U shape, and signaling common timing drift rates might be risky when UEs miss some of them.
Moreover, for the second intention, if UE can compensate the RTT for a received TA command, e.g., make the applied TA value larger or smaller than the received TA value, then the maximum TA step provide by a TA command MAC CE, i.e., the new TA and the old TA applied on the UL transmission, may be larger than one slot. It would be unclear how to handle an error case if some overlaps happen between two consecutive UL transmission, shown in Figure 1.
[bookmark: _Toc61853832]If UE applies the common timing drift to increase the received TA value, then UL transmission may have overlap due to a large gap between a new TA value and an old TA value.
Based on these observations and considering the limited time budget in Rel-17, we then propose that.
[bookmark: _Toc61853834]Support of common timing drift rate in Rel-17 should be justified with reasonable reliability.
[image: ]
[bookmark: _Ref61337335]Figure 1: UL transmission overlap when UE compensates RTT on a received TA command 

Timing offset value of X
As pointed out by companies, the granularity of X and whether X is indicated as a Timing Advance or as a Timing Offset value [unit] are FFS.
For the granularity, X can be a slot number or msec by an easy transformation, e.g., X = X’/Ts, where Ts denotes a slot duration, and X’ denotes a value in msec. The equation can be simplified even companies cannot decide unit.
[bookmark: _Toc61853835][+X] in the equation can be removed and be equivalent, e.g., 
For whether X is timing advance or offset, considering NW shall guarantee UE’s processing time, e.g., absolute 3ms at the UE side, and evaluate possible overlap among DL and UL transmission for multiplexing. We prefer at least to support setting the reference point at the gNB for UL transmission timing to make fewer spec impacts.
[bookmark: _Toc61853836]X is indicated as a Timing Advance value

Coexist both open and closed control loops
As pointed out by the moderator, uncontrolled behavior between the two mechanisms shall be further discussed. However, it is still unclear how the open control loop works, for examples,
· If a UE can derive an adjustment TA value on its own, then when the UE can apply the adjustment. 
· If the UE can only update TA on the service link by itself, then how to coexist with a possible TA update for the feeder link signaled from a gNB.
· If the UE receives a possible common TA update, a TA, or a timing offset value, then when the UE shall apply. 
[bookmark: _Toc61853837]Wait more progress on the open control loop in initial access to discussion coexist both open and closed control loops for UL transmission timing.

Conclusion
In this contribution, we have the following observations
Observation 1	For earth fixed cells, the propagation delay distributes as a U shape, and signaling common timing drift rates might be risky when UEs miss some of them.
Observation 2	If UE applies the common timing drift to increase the received TA value, then UL transmission may have overlap due to a large gap between a new TA value and an old TA value.

Based on observations, the following proposals are made
Proposal 1	If the timestamp is not supported for initial access and if sharing gNB location has security concern, then NW shall provide the Satellite-gNB RTT, e.g., common TA, via system information.
Proposal 2	Support of common timing drift rate in Rel-17 should be justified with reasonable reliability.
Proposal 3	[+X] in the equation can be removed and be equivalent, e.g., 
Proposal 4	X is indicated as a Timing Advance value
Proposal 5	Wait more progress on the open control loop in initial access to discussion coexist both open and closed control loops for UL transmission timing.
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Appendix
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[bookmark: _Ref61276042]Figure 2. An example of the EFC deployment for the LEO-600km transparent-payload based NW
 As shown in Figure 2, for a fixed UE with 1000 km far from a serving gNB, under an assumption that the movement of a satellite aligns with a straight line between the UE and the serving gNB on the ground, the EFC deployment may provide a fixed cell connection for at most 354 seconds until either the feeder link or the service link is broken, e.g., out of the minimum elevation angle as 10 degrees. During the connection, the UE may experience a propagation delay from around 5ms to 10ms with the maximum change rate of time as 0.05ms per second. Note that even for the change rate of the propagation delay, it is time-varying from -0.04ms per second to 0.04ms per second.
Based on the evaluations, the propagation delay may not fit a simple linear regression model (it seems to fit a quadratic model better).
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