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1 Introduction
In RAN2# 123 &123bis meetings, although discussion on UE based TA determination for RACH-less LTM was limited due to waiting for RAN1 conclusion, RAN2 reached some of the agreements for supporting the basic function of UE based TA determination for RACH-less LTM [1][2]:

	· 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)

· Define the association between CG occasion and beam in RRC and specify that the UE uses a CG occasion associated with the indicated beam in MAC 
· Observation: In cases for which it is desired that CG used for LTM is not used further once the UE has made the cell its new serving cell, it is assumed that the network could release Type1 CG resource on LTM completion (existing functionality) 


                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         In RAN1 #113 meeting, RAN1 confirmed the working assumption of supporting the UE based RACH-less TA measurement/determination [3]: 
	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


Based on above RAN1 agreement and RAN4 LS [4], at least in certain mobility scenarios, UE based TA measurement is feasible. Therefore, RAN2 support for the feature is required. As pointed out in [4], in most common source/target non-collocated mobility scenarios the time alignment error (TAE) between the source and target cells is a major factor impacting TA accuracy. On the other hand, RAN4 LS also indicates that as long as TAE can be compensated, UE based TA measurement is feasible. Therefore, RAN2 should continue to work on the solution to support UE based TA determination in common mobility scenario to overcome the asynchronous TAE. In this contribution, we discuss the remaining configuration issues for UE based TA determination including upper layer procedure for UE-based TA determination and RACH-less LTM. 
2 Discussion
2.1 Configuration issues for UE-based TA determination
Regarding configuration of different TA determination schemes, i.e., PDCCH ordered RACH and UE based TA measurement, there were debate on whether they can be configurated simultaneously for a candidate cell. In either approach, there are pros and cons:
Approach 1: If the UE based scheme and PDCCH ordered early RACH cannot be configured simultaneously at 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. This approach is simpler and causes less UE power consumption and operations. No need to use MAC CE to indicate which scheme is selected to the UE. On the other hand, it is less flexible. The TA determination scheme for a candidate cell has to be determined and configured at the LTM preparation and configuration phase. The early determined TA scheme may not be the best at the time of cell switch.
Approach 2: If the UE based scheme and PDCCH ordered early RACH can be configured simultaneously for a candidate cell, the both schemes may be enabled at the RRC pre-configuration phase. But only the TA of one of them can be finally used at the cell switch. This approach is more flexible for the serving cell to select the best scheme at the time of cell switch. For example, if the UE’s speed is uncertain, using this approach the serving cell can determine which TA scheme should be used at the cell switch. If at the time of cell switch the UE speed is high, UE based TA determination is selected. If at the time of cell switch the UE speed is low, PDCCH ordered RACH can be used. The drawback if this approach is increased complexity. Which scheme is used should be indicated at CSC MAC CE. Since both the schemes are enabled by RRC early, both schemes may start operation in parallel but eventually only the TA of one of schemes is used. Therefore, there is some wasted effort/operation. Fortunately, DL synchronization is required/shared by both schemes, the wasted UE operation is limited. The increased complexity is secondary. 

Based on the flexibility and better performance of the second approach, i.e., allowing the simultaneous TA scheme configurations, we have:
Proposal 1: Allow both UE based TA determination and PDCCH ordered early RACH schemes to be configured for the same candidate cell simultaneously.
As discussed in [2], RAN2 already agreed for CG based RACH-less initial transmission, CG occasions are associated with candidate beams and pre-configured to the UE. When the UE received cell switch command, it use the CG-occasion corresponding to the selected target beam (SSB) to perform initial data transmission. However, the number of CG-occasions is too small to support bigger number of candidate beams, especially when multiple UEs performing LTM at the same time. In addition, including SRS at initial RACH-less transmission is desirable for further target TA fine tuning. One possible solution is to preconfigure the dedicated SRSs jointly with CG occasions to be associated with the candidate beams to the UE(s). More candidate beams can be associated with CG occasions and SRS jointly. 
Proposal 2: Dedicated SRSs and CG occasions corresponding to candidate beams in a candidate cell are included in RRC message for LTM candidate cell configuration.

2.2 The asynchronous issue with source/target cells
As indicated in above RAN1 agreement that the UE based TA determination is based on the measurement of DL reference signal timing difference (RSTD) of the source and target cells. The UE measured DL RSTD includes not only intended paths’ delay difference but also the time alignment error (TAE) between the source and target cells. The RAN4 LS [2] indicates that even for NR synchronized network under current minimum synchronization requirement, the TAE between the non-collocated source and target carriers can be up to 3us. In most common mobility scenarios, source and target component carriers (CCs) are not collocated, the TAE of the source and target CCs can be too large for the UE TA measurement/derivation to meet the target TA accuracy requirement. If the issue of TAE between the source and target cells is not resolved, the UE based TA measurement solution cannot be used in most common mobility scenarios where the source and target cells are not collocated.  
Observation 1: If the issue of TAE between the source and target cells is not resolved, the UE based TA measurement cannot be used in most common mobility scenarios where the source and target cells are not collocated.
On the other hand, the RAN4 LS also points out if TAE is less than 260 ns, it is small enough for UE based TA measurement to obtain accurate target TA. It clearly indicates that UE TA measurement is feasible if impact of TAE can be removed or largely mitigated. This can be achieved by network assistance, i.e., the network can determine and configure the DL TX timing difference between the source and target cells (i.e., TAE) to the UE, then the UE removes it during TA measurement/determination. Without network assisted TAE compensation, only in source and target cells collocated corner scenario, precise synchronization and less than 260ns TAE can be achieved as noted in the RAN4 LS. While with network compensation in non-ideal synchronized network, the residual inaccuracy can be less than 260ns. In order to support fast cell switch and high throughput in common mobility scenarios, the work on network compensation of TAE for UE based TA measurement should be continued and completed.
Proposal 3: Continue the work on the UE based TA measurement with network configured TAE compensation in common mobility scenarios with the source/target cells non-collocated and imprecisely synchronized.
3 Conclusions

Based on the above discussion, we have the following observations and proposals:
Proposal 1: Allow both UE based TA determination and PDCCH ordered early RACH schemes to be configured for the same candidate cell simultaneously.
Proposal 2: Dedicated SRSs and CG occasions corresponding to candidate beams in a candidate cell are included in RRC message for LTM candidate cell configuration.

Observation 1: If the issue of TAE between the source and target cells is not resolved, the UE based TA measurement cannot be used in most common mobility scenarios where the source and target cells are not collocated.
Proposal 3: Continue the work on the UE based TA measurement with network configured TAE compensation in common mobility scenarios with the source/target cells non-collocated and imprecisely synchronized.
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