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Introduction
In RAN 94e meeting, the work item of further enhancements on MIMO for NR with respect to DMRS was proposed as follows [1]:
1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]
· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]
· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]
· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet
· [bookmark: OLE_LINK4][bookmark: OLE_LINK5]Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Note 2: FR2 specific enhancements are not precluded, if any.
Note 3: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2
· Source and target cells may be synchronized or non-synchronized
In RAN #93 and #94 meeting, most of the companies preferred to support L1/L2 based inter-cell mobility, L1/L2 mobility for short, in Rel-18 to reduce mobility latency. In this contribution, we will discuss the timing advance (TA) management to reduce the dynamic handover/switching latency.
Motivation of TA management
Generally, UE needs to perform RACH to get uplink synchronization to target cell during handover as illustrated in Figure1. In L1/L2 mobility, the same procedure which might take a few milliseconds may be needed because the TA of serving cell and candidate cell may be different. The handover latency can be further reduced if UE can get the TA of target cell in advance. Hence, the intention of TA management in this agenda is to measure the TAs of candidate cells before the dynamic handover/switching.


Fig.1 RACH in handover procedure
Observation 1: TA management in L1/L2 based inter-cell mobility can further reduce handover latency.
In agenda 9.1.1.2, the discussion on two TAs for m-DCI based MTRP UL transmission, including both intra-cell MTRP and inter-cell MTRP, is in progress. It can be a good reference for the TA management in L1/L2 mobility.
Observation 2: The discussion in agenda 9.1.1.2 about two TAs for MTRP UL transmission can be a good reference for the TA management in L1/L2 mobility.

Discussion on TA management
Network based TA measurement
In current specification, the TA used to UL transmission between UE and serving cell is measured by serving cell based on RACH or UL signal, which in denoted as Network based TA measurement. Then, the TA is indicated to UE via MAC CE. Similarly, the TA can be measured by candidate cell and indicated by network. A straightforward approach to measure the TA is to initiate a RACH to candidate cell and the candidate cell calculate the TA based on the preamble sequence, as shown in Figure 2. Or, the TA can be measured based on SRS, of which the configuration can be sent to candidate cells.


Fig.2 TA management of candidate cell
However, the overhead to obtain the TAs of candidate cells is huge especially when there are many candidate cells. Therefore, whether to support measure the TAs of candidate cells in advance should be decided based on UE capability.
Proposal 1: Whether to support TA management in L1/L2 mobility can be decided based on UE capability.
For the TA maintenance of UE in serving cell, the TA can be measured based on UL channel/signal. If needed, Network will send timing advance command to update the TA of UL transmission. However, in L1/L2 based inter-cell mobility, there is no uplink transmission between UE and candidate cell to further obtain the latest TA. After the TA of candidate cell is measured by network based on RACH/SRS, because of the mobility, it cannot be considered to be effective all the time. Therefore, the TA should be measured every once in a while. More specifically, the TA measurement can be performed periodically, which means the UE initiate a RACH periodically to candidate cell according to the period configured by network. In addition, the RACH can also be initiated by network, then UE can only send preamble sequence when the network signaling to initiate RACH is received, which can be called as semi-persistent TA measurement. What’s more, if the TA measurement is based on SRS, then the SRS can be configured as periodic or semi-persistent SRS.
Proposal 2: TA measurement can be performed periodically or semi-persistently to keep the TA effective.
After the network get the TA, usually, network will indicate the latest TA via timing advance command to UE to maintain uplink time alignment. In the TA management of L1/L2 mobility, network can maintain the TA of candidate cell too to support RACH-less dynamic handover. Actually, as we mentioned in section 2, how to maintain two TAs for MTRP UL transmission is discussed in MIMO session, which can be extend easily to the TA maintenance in L1/L2 mobility. 
Proposal 3: How to manage the TAs of candidate cells in L1/L2 mobility needs to be aligned with the way to maintain two TAs for MTRP UL transmission in MTRP UL transmission.
However, different from MTRP UL transmission, there is no UL transmission between UE and any candidate cell in L1/L2 mobility unless the network decide to trigger dynamic handover to get connect to target cell selected among all these candidate cells. Then, the TA is needed to perform UL transmission to target cell. Therefore, the TA of target cell can be indicated together with dynamic handover command.
Proposal 4: The TA of target cell can be indicated together with dynamic handover command.

UE based TA measurement
Usually, the TA of UL transmission is measured by network and then indicated to UE as we mentioned in section 3.1. Actually, from our understanding, there is another way, we can call it UE based TA measurement, to get the TA of candidate cell. As shown in figure 1,  the TA can be calculated by UE itself if the  can be measured by UE and the  can be indicated in advance. More specifically, , or . When serving cell and candidate cell is synchronous, the  is equal to 0, otherwise  is needed for UE to calculate the TA of candidate cell based the TA of serving cell.



Fig.4 UE based TA measurement
Observation 3: The TAs of candidate cells might be measured by UE itself.

Conclusion
In this contribution, we discussed the timing advance (TA) management in L1/L2 mobility. Based on above discusses, we provide the following proposals:
Observation 1: TA management in L1/L2 based inter-cell mobility can further reduce handover latency.
Observation 2: The discussion in agenda 9.1.1.2 about two TAs for MTRP UL transmission can be a good reference for the TA management in L1/L2 mobility.
Proposal 1: Whether to support TA management in L1/L2 mobility can be decided based on UE capability.
Proposal 2: TA measurement can be performed periodically or semi-persistently to keep the TA effective.
[bookmark: _GoBack]Proposal 3: How to manage the TAs of candidate cells in L1/L2 mobility needs to be aligned with the way to maintain two TAs for MTRP UL transmission in MTRP UL transmission.
Proposal 4: The TA of target cell can be indicated together with dynamic handover command.
Observation 4: The TAs of candidate cells might be measured by UE itself.
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