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1 Introduction

In RAN2# 124 meeting, RAN2 reached the following agreements for supporting RACH-less access for LTM including UE based TA measurement [1]:

· Procedure assumptions: At LTM cell switch: UE uses TA from the network if it is provided (target TA or TA=0 or TA=same as src). If not provided and the UE is configured for UE based TA, then UE based TA is used. If the UE does not have/cannot derive the TA for target, the cell switch uses RACH. (FFS if more details need to be considered). 

· Regardless if the UE is configured for UE based TA, the UE follows PDCCH-order, including requests to do RACH towards cand cells, for which the UE could derive the TA by itself. 

· Regardless if the UE has performed RACH towards cand cell, the UE will follow configuration for UE based TA, if configured.

· Assume that the TA value field is mandatory, using specific value “FFF” to indicate that no valid TA is provided (TA for the target)
In RAN1 #113 meeting, RAN1 confirmed the working assumption of supporting the UE based RACH-less TA acquisition [2]: 
	Agreement

Confirm the following Working Assumption, and sent LS to RAN4 to clarify the feasibility of supporting this mechanism

Working Assumption

From RAN 1 perspective, UE-based TA measurement (UE derives TA based on Rx timing difference between current serving cell and candidate cell as well as TA value for the current serving cell) is supported. 

· Corresponding UE capability is to be introduced to support UE-based TA measurement

· For a UE reports support of this capability, configuration of UE-based TA measurement is supported

· FFS: other impacts on RAN1 spec


In this contribution, for UE based TA measurement the source cell TA aging issue due to UE mobility is analysed. The options for possible solutions are further discussed.
2 Discussion
2.1 Serving cell TA aging Issue
As indicated in above RAN1 agreement [2], in UE based TA measurement scheme, the target cell TA is derived from the serving source cell TA and the UE measured reference signal time difference (RSTD):

Target_TA = Source_TA + 2* RSTD

The source cell TA is used as a reference for the UE to obtain the Target cell TA by RSTD adjustment. Therefore, the accuracy of source cell TA also impacts the accuracy of UE determined target cell TA. We all know that TA is serving cell measured RTD for the UE at current location., i.e., TA is UE location dependent. In a real system, it is not practical and not necessary to frequently update TA whenever the UE moves to another location. The serving cell only updates UE with delta TA change if the measured UL time alignment error (TAE) (= source cell measured delta TA) is not tolerable (e.g. more than a threshold).  Since the UE continues moving in the serving cell, the absolute source serving cell TA previously determined or updated at a corresponding location and maintained at the UE may become inaccurate/marginal over the time after the UE moves to different locations.
Observation 1: In legacy UL synchronization procedure, the TA update is not triggered at the serving cell as long as the UL TAE is within the tolerable margin. 

Observation 2:  Before updated by the serving cell, the absolute serving cell TA maintained at the UE may become inaccurate/marginal over the time after the UE moves to different locations.
After the initial absolute TA is applied to the UE UL transmission, the receiving UL signal timing alignment error experienced at the serving cell receiver has been compensated/removed. What is obtained by the serving cell subsequent TA measurement is only the delta difference or error of the initial absolute TA. When the serving cell measured delta TA error is larger than a tolerable value, the serving cell sends its measured delta TA to the UE, and the UE updates the absolute TA with the delta TA (as specified in clause 4.2, TS 38.213 [3]) to eliminate the new UL time alignment error, i.e., TA error due to mobility. 

Observation 3:  After the initial absolute TA is obtained by the serving cell and sent to the UE, the UE maintains the absolute TA. The serving cell subsequent TA measurement only obtains the delta TA change.  
Since there is relatively large margin existing for legacy serving cell TA, the legacy updating rule is more relaxed allowing the UE moving around in the serving cell without the need of frequent TA update. At cell switch, very likely the aging serving TA is still in legacy TA error tolerance margin and can be ok for serving cell (without triggering an update), but the TA inaccuracy/error due to mobility is not acceptable for UE based TA measurement. For example, for 15kHz SCS the CP tolerance is 4.69 us. If the UE moves away from the serving gNb around 450m since last TA update, it could cause about 3us UL time alignment error (TAE). The 3us is still within the CP tolerance margin and the legacy TA update may not be triggered. However, same as DL asynchronous TAE of 3us being not acceptable, UL TAE of 3us caused by aged source cell TA due to mobility is also not acceptable for UE TA measurement. Hence, to ensure the accuracy of the target TA derived by the UE with the accurate source TA, it is critical to update any delta change of the source cell TA at the time of issuing CSC. 
Observation 4: At cell switch, the current source serving cell TA maintained at the UE can be inaccurate and marginal due to mobility. The source TA error may not be tolerable for UE based TA measurement.
Proposal 1: RAN2 support to update the source cell TA at the cell switch via the LTM cell switch command for UE based TA measurement, to ensure the latest source cell TA sufficiently accurate.
2.2 Discussion on possible solutions
For updating the source cell TA value, one possible solution is to make use of legacy Timing Advance Command (TAC).  However, since it is difficult for a serving cell to predict at what time and which candidate beam will be selected as the target beam with associated serving cell, it is hard to determine when to update serving cell TA earlier. If the legacy TAC is sent together with CSC, at least new TAC update triggering condition need to be added to the legacy TAC update procedure.  An additional MAC CE will increase the decoding delay at cell switch and signalling overhead. An alternative option is to increase the serving cell TA update frequency for LTM. It will largely increase the signalling overhead and impact the existing TA update procedure. In general, tangling with legacy MAC CE will have impact to legacy serving TA update procedure and cause more work and signalling overhead. 
Since currently CSC is still in design phase, it is a good time to adopt the most accurate and efficient approach, that is providing UE the source TA adjustment in CSC upon the serving cell making the cell switch decision. As UE based TA measurement has been started earlier by UE implementation, the UE just need to update its most recently measured/stored target TA with the serving cell TA adjustment and apply the final target TA for UL TX in the same way as for serving cell TA update specified in clause 4.2, TS 38.213 [3].
As is agreed in RAN2 #124 meeting, the UE based TA scheme and PDCCH ordered early RACH can be configured simultaneously at a candidate cell, these functions can be both enabled at the RRC pre-configuration. But only the TA determined by one of the methods is finally used at the cell switch instructed by CSC.

In the CSC MAC CE, there is already a TA field specified for the absolute target cell TA. When UE based RACH-less TA measurement is enabled and network provided target cell TA is not available, this field can be indicated to carry the delta change of the source TA in the same format as in the existing Timing Advance Command MAC CE. 
In order to support source cell TA update at cell switch for UE based TA measurement, a 1-bit indication field can be added in CSC to indicate the following:

1.    The bit is set to 0: the Timing Advance Command field carries the absolute target cell TA. The UE simply applies this target TA for UL transmission.
2.    The bit is set to 1: the Timing Advance Command field carries delta source TA adjustment, the UE updates its most recently stored target cell TA with the source cell TA adjustment, and applies the finally updated target cell TA for UL transmission.
The details of proposed TS38.321 text change for source cell TA update can be found in our companion contribution [4]. Based on above discussion we have the following proposal:
Proposal 2: Using the CSC MAC CE to carry either the target TA or the source TA adjustment with indication from the network in CSC showing which type of TA is carried.
In previous RAN2 meetings, it was agreed: “R2 assumes that the exact time the UE performs TA measurement is up to UE impl (no need to specify in R2 TS)”. It is desirable to let the UE implementation performing RSTD measurement as early as possible starting at DL synchronization after the LTM pre-configuration. As it was agreed, before CSC is issued the early DL synchronization with the candidate cells/beams should be achieved first. Then the UE starts tracking the RSTD/target TA. When the CSC is received and source TA update is indicated, the UE simply uses the most recently stored RSTD/target TA, and CSC carried delta source cell TA adjustment to get the final target cell TA. The UE applies the finally updated target TA to perform initial UL transmission. The target TA measured in this way is more accurate with less complexity comparing with other alternatives.

Proposal 3: Upon reception of the CSC with indication that source cell TA adjustment is provided, the UE may perform the target TA update using the source cell TA adjustment, and applies the updated target TA for UL transmission.
3 Conclusions

Based on the above discussion, we have the following observations and proposals:
Observation 1: In legacy UL synchronization procedure, the TA update is not triggered at the serving cell as long as the UL TAE is within the tolerable margin. 

Observation 2:  Before updated by the serving cell, the absolute serving cell TA maintained at the UE may become inaccurate/marginal over the time after the UE moves to different locations. 
Observation 3:  After the initial absolute TA is obtained by the serving cell and sent to the UE, the UE maintains the absolute TA. The serving cell subsequent TA measurement only obtains the delta TA change.  

Observation 4: At cell switch, the current source serving cell TA maintained at the UE can be inaccurate and marginal due to mobility. The source TA error may not be tolerable for UE based TA measurement.
Proposal 1: RAN2 support to update the source cell TA at the cell switch via the LTM cell switch command for UE based TA measurement, to ensure the latest source cell TA sufficiently accurate.
Proposal 2: Using the CSC MAC CE to carry either the target TA or the source TA adjustment with indication from the network in CSC showing which type of TA is carried.
Proposal 3: Upon reception of the CSC with indication that source cell TA adjustment is provided, the UE may perform the target TA update using the source cell TA adjustment, and applies the updated target TA for UL transmission.
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