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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, focusing on mobility procedures.
Need for random-access procedure
RAN2 initiated discussions on this WI and sent LS to report on agreements made at RAN2#119-e [2]. Some agreements of specific relevance to timing advance management aspects include:
	Assumption: To reduce HO interruption time, investigate e.g. solutions to reduce the time for UE reconfiguration (already in the WID), downlink and uplink synchronization after handover decision (other parts of dynamic switch not precluded).
Confirm to Support L1/L2-based inter-cell mobility for inter-DU scenario (as well as intra-DU scenarios).  
The design for intra-DU and inter-DU L1/L2-based mobility should share as much commonality as reasonable. FFS which aspects need to be different.
R2 will initially focus on PCell mobility. 
R2 assumption: Rel-18 L1/L2 mobility includes both non-CA (PCell only) and CA scenarios (PCell and SCell). This includes the following cases
a) the target PCell/target SCell(s) is not a current serving cell (CA  CA scenario with PCell change)
b) FFS the target PCell is a current SCell
c) FFS the target SCell is the current PCell.


Contributing factors to the latency model are described in a companion contribution [3]. As indicated by above agreement, a significant contribution to handover interruption time is related to acquisition of downlink/uplink synchronization in the target cell. In L3-based mobility, RRC reconfiguration with sync procedure triggers a random-access procedure for this purpose. 
In R17, the random-access procedure enables the UE and network to identify initial downlink beam in the target cell. In L1/2-based mobility, the UE can be expected to perform L1 measurement from the target cell before the switch. In some cases, it is also possible to determine the uplink timing advance in the target cell before the switch. For example, if signals from both source and target cells are transmitted from geographically co-located TRPs, the timing advance would normally not change after the switch. Therefore, for these cases it appears that there is scope to reduce the interruption time by supporting a handover procedure that does not trigger random access, i.e. RACH-less handover.
Proposal 1: Support a L1/2-based mobility procedure without random access procedure (i.e. RACH-less).
As it cannot be assumed that uplink timing advance in the target cell can always be determined before switching, a mobility procedure that includes random access also needs to be supported.
Proposal 2: Support a L1/2-based mobility procedure including random access procedure.
RACH-less L1/2 mobility procedure
A RACH-less solution is specified for LTE in R14, as summarized in 3GPP TR 21.914 [4]:
	RACH-less:
The RACH-less solution is to reduce the mobility interruption time by removing the RACH procedure during the mobility events including handover and SeNB change. The RACH-less solution is determined only by the target eNB, and only applicable for the scenarios where the uplink transmission timing does not change (i.e. intra-site) or equals to "0" (i.e. small cell). The following components are specified to support the RACH-less solution:
-	Indicate the uplink timing (i.e. NTA) to be used for the target cell in the handover command
-	Provide the pre-allocated uplink grant in the handover command. The minimal interval of the pre-allocated uplink grant is 2ms. The non-adaptive retransmission in the pre-allocated uplink grant is prioritized over the new transmission. The redundancy version of the HARQ retransmission in the pre-allocated uplink grant is fixed to "0". The pre-allocated uplink grant is released upon the successful completion of the mobility event.


A RACH-less L1/2-based mobility procedure in NR can generally follow same principles as in LTE. The UE can receive uplink timing of the target cell and uplink resources. The uplink resources could be a configured grant configuration or scheduling request configuration, with former option having possible benefit of lower latency. The UE also needs to receive PDCCH configuration information of the target cell, initial BWP and other resources such as C-RNTI. Following reception of a handover command by MAC CE or DCI (in source cell), the UE starts monitoring PDCCH in the target cell and transmit a MAC CE confirming the switch using e.g. the configured grant. The procedure can be completed successfully if the UE receives a MAC CE or DCI confirming completion.
Proposal 3: For RACH-less procedure, UE transmits MAC CE on uplink resource (e.g. configured grant) of target cell following reception of mobility command.
In LTE, RACH-less procedure is L3-based which means that resources and parameters are included in RRC reconfiguration message. For L1/2 mobility procedure, the UE would need to use resources pre-configured by RRC for each potential target cell of the L1/2 mobility area. To facilitate resource management at the network side, it should be possible to support dynamic indication of a resource out of a set of RRC pre-configured resources for at least the uplink resource(s) and possibly C-RNTI.
Proposal 4: For RACH-less L1/2 mobility procedure, UE receives dynamic indication of uplink resource in mobility command from a set of resources pre-configured by RRC for the target cell.
L1/2 mobility procedure with RACH
In case the L1/2 mobility procedure requires random access, the network should be able to provide dedicated RACH resources as in regular L3-based mobility. Similar as the RACH-less case, reserving a unique dedicated RACH configuration for each UE and potential target cell would likely result in resource management issues from network perspective, and a dynamic indication mechanism seems very desirable.
Proposal 5: For L1/2 mobility procedure with RACH, UE receives dynamic indication of dedicated RACH resource in mobility command from a set of resources pre-configured by RRC for the target cell.
Conclusions
This contribution discussed timing advance management aspects of L1/2-based mobility, focusing on mobility procedures, and proposed the following:
Proposal 1: Support a L1/2-based mobility procedure without random access procedure (i.e. RACH-less).
Proposal 2: Support a L1/2-based mobility procedure including random access procedure.
Proposal 3: For RACH-less procedure, UE transmits MAC CE on uplink resource (e.g. configured grant) of target cell following reception of mobility command.
Proposal 4: For RACH-less L1/2 mobility procedure, UE receives dynamic indication of uplink resource in mobility command from a set of resources pre-configured by RRC for the target cell.
Proposal 5: For L1/2 mobility procedure with RACH, UE receives dynamic indication of dedicated RACH resource in mobility command from a set of resources pre-configured by RRC for the target cell.
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