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1 Introduction

In RAN2# 123bis meeting, RAN2 reached the following agreements for supporting RACH-less access for LTM including UE based TA measurement [1]:

	· If UE is configured by RRC to perform UE based TA measurement, UE applies the measured TA value and performs RACH-less LTM, upon LTM cell switch. (assume similar config as for L2 reset)

· For RACH-less LTM, the UE determines successful reception of its first UL data based on receiving a PDCCH addressing the UE’s C-RNTI in the target cell scheduling a new transmission as first UL transmission. Can be either DL assignment or UL grant addressed to same HARQ process for the “new transmission”

· P11: As for providing the TA for “same TA value as source” case, RAN2 agree Option 1 is baseline without further impact. Option 1: Implicit way by directly providing the TA value; Can add additional option if needed. 

· P4: RAN2 to define the UE behaviour on the R18 CG for RACH-less LTM, if it is not released by NW after LTM completion:

Option 1: UE stops using those CG (FFS on the spec impact/wording details); 

· P13: In RACH-less LTM, TCI state field should be provided in the LTM cell switch MAC CE, i.e. UE uses the beam indicated by the NW in RACH-less LTM.


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, we discuss the remaining MAC issues to support UE based TA determination at least in certain mobility scenarios following above RAN1 agreement and RAN4 LS. The impact of serving cell TA is analysed in both cases that the UE measures the target TA and source/target cells are collocated. In addition, the scenario of two-TAs enabled for mTRP operation in serving cell is taken into consideration. The options for function indication in cell switch command (CSC) are also discussed.
2 Discussion
2.1 CSC MAC CE enhancement for RACH-less LTM
2.1.1 Handling of serving cell TA for derivation of target cell TA
As indicated in above RAN1 agreement [2], in UE based TA measurement scheme, the target cell TA is derived from the source serving cell TA and the UE measured reference signal time difference (RSTD). The UE based TA measurement is also rely on the accuracy of the source serving cell TA. Since the UE continues moving in the serving cell, the absolute source serving cell TA initially determined at UE initial location and maintained at the UE may become imperfect/inaccurate over the time after the UE moves to different locations.
Observation 1:  The absolute serving cell TA maintained at the UE may become imperfect/inaccurate over the time after the UE moves to different locations.
After the initial absolute TA is determined by RACH, the UE UL transmission timing is adjusted by the TA. The subsequent TA measurement based on the UL signal at the serving cell can only obtain the delta change of the initial absolute TA. When the serving cell measured delta TA is larger than a threshold, the serving cell sends the delta TA to the UE and the UE update the absolute TA with the delta TA. 

Observation 2:  After the initial absolute TA is obtained by the serving cell and sent to the UE, the UE maintains the absolute TA. The subsequent TA measurement at the serving cell can only obtain the delta TA for the UE.  

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. In the CSC MAC CE, there is already a TA field specified for the target cell TA. When UE based RACH-less TA measurement is enabled, this field can be indicated to carry the delta change of the source TA in the similar format as the existing Timing Advance Command MAC CE.
Proposal 1: The TA field in the cell switch command contains the delta change of the source serving cell TA if the UE based TA determination is enabled.

Proposal 2: Using the CSC MAC CE to carry either the target TA or the source TA adjustment with indication from the network showing which type of TA is carried.

Furthermore, in a mTRP two-TA enabled source serving cell, for UE based TA measurement, the UE cannot randomly select one of the serving TAs for deriving the target TA. The UE should use the source TA associated with the source SSB which should be paired with the target SSB for measuring the RSTD by the UE. In two TA case each serving cell TA associated with a TRP/SSB, the UE does not know which serving cell SSB is considered as the source cell SSB corresponding to the target SSB by the network. Therefore, the network should indicate the UE which serving SSB/TA should be used as the source SSB/TA. By providing UE via CSC the TAG ID of the desirable source TA with the most current delta source TA, the UE is able to use the right source reference signal for RSTD measurement and use the right source TA for target TA derivation. 
Similarly, in the source/target cell collocated case, the two TAs associated with different TRPs can be very different. The UE cannot blindly select the first or second serving cell TA as the source TA=target TA. The UE should use the source TA associated with the source SSB which is collocated with the target SSB. In two TA case each TA is corresponding to a TRP/SSB, the UE does not know which SSB is collocated with the target SSB and which serving cell TA should be used. The network should indicate the UE which serving TA should be used as the source TA by providing UE the TAG ID of the right source TA in CSC. 
Proposal 3: When the source cell TA is involved in the target cell TA determination by the UE, the cell switch command contains TAG ID of the source cell TA.
2.1.2 Function indication and activation in CSC
There are still debate on how UE based TA measurement/determination is enabled and activated. There are several options on the table. It depends on how the UE based scheme is configured and enabled which is discussed in our companion contribution [3]. 

Option 1: If the UE based scheme and PDCCH ordered early RACH are not configured simultaneously for a candidate cell, i.e., they are mutually exclusive, the UE based TA determination can be enabled at a per cell basis by RRC at pre-configuration. Only 1 bit indication is needed to indicate whether basic RACH is activated since basic RACH as a fallback solution is anyway simultaneously configured for all the candidate cells. The rest schemes, enabling UE TA determination, PDCCH ordered RACH and source=target, are enabled implicitly by the RRC configuration. At the time of cell switch, CSC carries the target TA or the delta source TA plus TAG ID accordingly.
Option 2: If the UE based scheme and PDCCH ordered early RACH can be configured simultaneously at a candidate cell, the both functions can be enabled at the RRC pre-configuration. But only the TA of one of them can be finally used at the cell switch.  In order to support UE based RACH-less TA determination and allow different TA determination schemes to be configured for the same candidate cell, a 2-bit indication field in CSC can be used to at least identify the following three cases:

1. Target TA is already available and the MAC CE command carries target TA,

2. UE base TA determination and the MAC CE command carries delta source TA and associated TAG ID,

3. RACH based access.

In this option, the target_TA = Source_TA case is imbedded in the UE based TA measurement scheme.

Option 3: It is prudent to treat the target TA = source TA case as an independent one. Then there are four cases to be identified:
1. Target TA is already available and the CSC MAC CE carries target TA,

2. UE base TA determination, and the CSC MAC CE carries delta source TA with associated TAG ID, 
3. Target TA = Source TA, and the CSC MAC CE carries associated TAG ID
4. RACH based access.

RAN2 should further discuss and decide how many cases to be indicated in CSC, and how to indicate the different cases – whether we use RRC or MAC CE.
Proposal 4: Further discuss and decide how to indicate the TA determination schemes in cell switch command MAC CE.
2.2 Related MAC procedure
In last RAN2 meetings, it was agreed: “If UE is configured by RRC to perform UE based TA measurement, UE applies the measured TA value and performs RACH-less LTM, upon LTM cell switch. (assume similar config as for L2 reset)” Regarding when the UE based TA measurement is activated, there was proposal to use low layer command to trigger the early UE based TA determination before a cell switch, then the UE stores the early measured TA similar to PDCCH ordered early RACH with RAR at the source cell. In this way, the early TA determination should be triggered periodically to overcome the TA inaccuracy due to mobility. In addition, UE storing the early TAs for all the candidates also introduce more complexity. A better alternative is to let the UE performing early RSTD measurement started at DL synchronization after the LTM pre-configuration. As 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 candidate reference signal(s)’ timing and storing the timing difference from its local reference timing (i.e., RSTD which is anyway stored for early DL synchronization). Therefore, the RSTD measurement is starting with DL synchronization at the UE. The periodicity of RSTD measurement update can be RRC pre-configured. When the CSC is received, the UE simply uses the most recently stored RSTD and the most updated source cell TA by CSC carried delta source cell TA to derive the target cell TA. The UE applies the finally derived target TA to perform initial UL transmission. The target TA measured in this way is more accurate with less complexity comparing with network ordered early UE based TA measurement.

Proposal 5: For UE based TA determination, RSTD measurement and update can be started at DL synchronization by the UE itself. RSTD update frequency is RRC pre-configured.

Proposal 6: Upon reception of the CSC, the UE performs the final target TA derivation using the most updated RSTD and source TA, and applies the final target TA for UL transmission.

3 Conclusions

Based on the above discussion, we have the following observations and proposals:
Observation 1:  The absolute serving cell TA maintained at the UE may become imperfect/inaccurate over the time after the UE moves to different locations.
Observation 2:  After the initial absolute TA is obtained by the serving cell and sent to the UE, the UE maintains the absolute TA. The subsequent TA measurement at the serving cell can only obtain the delta TA for the UE.  

Proposal 1: The TA field in the cell switch command contains the delta change of the source serving cell TA if the UE based TA determination is enabled.

Proposal 2: Using the CSC MAC CE to carry either the target TA or the source TA adjustment with indication from the network showing which type of TA is carried.
Proposal 3: When the source cell TA is involved in the target cell TA determination by the UE, the cell switch command contains TAG ID of the source cell TA.
Proposal 4: Further discuss and decide how to indicate the TA determination schemes in cell switch command MAC CE.
Proposal 5: For UE based TA determination, RSTD measurement and update can be started at DL synchronization by the UE itself. RSTD update frequency is RRC pre-configured.

Proposal 6: Upon reception of the CSC, the UE performs the final target TA derivation using the most updated RSTD and source TA, and applies the final target TA for UL transmission.
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