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RAN approved a WI on further mobility enhancements for NR [1]. The WI includes the following objective:
	· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]
· …
· Timing Advance management [RAN1, RAN2]


The WI also includes corresponding justification point:
	When the UE moves from the coverage area of one cell to another cell, at some point a serving cell change needs to be performed. Currently serving cell change is triggered by L3 measurements and is done by RRC signalling triggered Reconfiguration with Synchronisation for change of PCell and PSCell, as well as release add for SCells when applicable. All cases involve complete L2 (and L1) resets, leading to longer latency, larger overhead and longer interruption time than beam switch mobility. The goal of L1/L2 mobility enhancements is to enable a serving cell change via L1/L2 signalling, in order to reduce the latency, overhead and interruption time.


This contribution discusses timing advance management aspects of L1/2-based mobility.
TA acquisition of candidate cell before cell switch
RAN1 agreed to the following in RAN1#110bis-e:
	Agreement 
Support TA acquisition of candidate cell(s) before cell switch command is received in L1/L2 based mobility.
· FFS: whether this can be applied to candidate cell when it is deactivated SCell (if defined in RAN2)

Agreement
For TA acquisition of a candidate cell before cell switch command is received, study at least the following alternatives of associating TA/TAG to candidate cell:
· Alt1: Associate TA/TAG and candidate cell implicitly, e.g.,
· the association between TA/TAG and TCI states can be configured
· Alt2: Associate TA/TAG and candidate cell explicitly, e.g.,
· the association is provided as a part of candidate cell(s) configuration
· the association between TA/TAG and SSB(s)/TRS(s) is provided as a part of candidate cell(s) configuration


The second agreement above considers two alternatives for associating TA/TAG to candidate cell.
Alt. 1 does not directly associate TA/TAG to a candidate cell but instead relies on a configured association between TA/TAG and TCI state. This solution assumes that the UE has previously received configuration for a TCI state for which the QCL reference is a resource corresponding to the candidate cell (e.g. SSB with PCI of candidate cell). If the UE already knows the TA applicable to the TCI state, the cell switch command only needs to indicate the TCI state. Such situation is likely in ICBM scenario if the UE supports multiple TA’s. If the UE does not already know the TA applicable to the TCI state, the network can provide this TA (assuming it knows it) in the cell switch command along with the TCI state.
Alt. 2 directly associates TA/TAG to a candidate cell or to a resource associated to the candidate cell. This solution assumes that the UE has previously received configuration associating a TA/TAG to each resource, either by RRC or dynamically following L1/2 report from the UE indicating detection of these resources. As in Alt. 1, the cell switch command can contain TA or not depending on whether the UE already knows the TA applicable to the resource.
It seems that both alternatives are workable. However, in the scenario where TA is acquired before cell switch command it is likely that the cell switch command contains an indication of TCI state and Alt. 1 is a more natural mechanism in that situation.
Proposal 1: Support association of TA/TAG to a TCI state.
Mechanisms to acquire TA of candidate cell
RAN1 agreed to the following in RAN1#110bis-e:
	Agreement
On mechanism to acquire TA of the candidate cells, the following solutions can be further studied:
•         RACH-based solutions
e.g., PDCCH ordered RACH, UE-triggered RACH, higher layer triggered RACH from NW other than L3 HO cmd
•         RACH-less solutions
e.g., SRS based TA acquisition, Rx timing difference based, RACH-less mechanism as in LTE, UE based TA measurement (including UE based TA measurement with one TAC from serving cell)


It should be noted that the agreement refers to a “mechanism to acquire TA of the candidate cells” without reference to whether such acquisition takes place before or following reception of cell switch command. With this understanding, a first observation is that TA acquisition is normally achieved as part of a RACH procedure and as such, at least RACH-based acquisition needs to be supported as baseline. 
Proposal 2: Support RACH-based acquisition of TA of candidate cells.
Multiple types of RACH procedures can be supported depending on the scenario. For acquisition of TA of candidate cell before cell switch, it is preferable that the network has control over the initiation of RACH procedure(s) since TA acquisition may not be required for all detected candidate cells. This means that PDCCH-ordered RACH should be supported. Whether this procedure includes a subset of, or all steps of legacy RACH procedure can be further discussed.
Proposal 3: Support PDCCH-ordered RACH procedure for acquisition of TA of candidate cells before cell switch.
In case acquisition of TA of candidate cell cannot be performed before cell switch (e.g. in case of unexpected change in radio conditions), it needs to be triggered following reception of the cell switch command. Different alternatives can be envisioned for this, e.g.:
· Alt. 1: UE gets explicit indication to initiate RACH in cell switch command (e.g. in MAC CE), possibly with a PRACH resource;
· Alt. 2: UE triggers RACH if it does not have valid TA for the candidate cell (TCI state), based on the TAG associated to this cell or TCI state.

Proposal 4: Support at least one of the following triggers of RACH procedure for acquisition of TA of candidate cell after reception of cell switch command:
· Explicit indication in cell switch command;
· No valid TA for TAG associated to target cell or TCI state.
In the LTE RACH-less solution, the handover command contains an indication of whether the timing advance in the target is zero (e.g. for small cell scenarios) or is the same as a TAG of the source configuration. In the LTM context, such type of RACH-less procedure may simply consist of a cell switch command indicating a TCI state (or target cell) and applicable TA. In case the cell switch command does not contain a TA indication, the UE maintains same TA for the TAG associated to the TCI state (or cell) if such TA is valid.
Proposal 5: Support explicit indication of TA applicable to TCI state (or target cell) in cell switch command.
Proposal 6: If UE has valid TA for TCI state (or target cell) indicated in cell switch command and no explicit indication of TA, the UE maintains same TA for that TCI state (or target cell).
UE-based solutions to acquire TA relying on measurement of Rx timing difference can also be considered in addition of the RACH-based and RACH-less mechanisms proposed in the above. However, it is suggested to focus on the basic mechanisms first and consider these potential additional solutions in a later stage.
Cell switch confirmation
Following reception of the cell switch command, the UE needs to transmit a confirmation of the execution of the cell switch in the target cell. Such confirmation can be a MAC CE transmitted on an uplink resource of the target cell. 
Proposal 7: Following reception of cell switch command, UE transmits MAC CE on uplink resource of target cell to confirm execution of the cell switch.
In case the UE performs RACH procedure after reception of cell switch command, the random-access response indicates the uplink resource. Otherwise, the MAC CE containing the cell switch command can indicate one of a set of uplink resources pre-configured by RRC.
Proposal 8: MAC CE containing cell switch command can indicate one of a set of uplink resources pre-configured by RRC for the confirmation of execution of the cell switch in target cell.
Conclusions
This contribution discussed timing advance management aspects of L1/2-based mobility and proposed the following:
Proposal 1: Support association of TA/TAG to a TCI state.
Proposal 2: Support RACH-based acquisition of TA of candidate cells.
Proposal 3: Support PDCCH-ordered RACH procedure for acquisition of TA of candidate cells before cell switch.
Proposal 4: Support at least one of the following triggers of RACH procedure for acquisition of TA of candidate cell after reception of cell switch command:
· Explicit indication in cell switch command;
· No valid TA for TAG associated to target cell or TCI state.
Proposal 5: Support explicit indication of TA applicable to TCI state (or target cell) in cell switch command.
Proposal 6: If UE has valid TA for TCI state (or target cell) indicated in cell switch command and no explicit indication of TA, the UE maintains same TA for that TCI state (or target cell).
Proposal 7: Following reception of cell switch command, UE transmits MAC CE on uplink resource of target cell to confirm execution of the cell switch.
Proposal 8: MAC CE containing cell switch command can indicate one of a set of uplink resources pre-configured by RRC for the confirmation of execution of the cell switch in target cell.
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