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1. Introduction
[bookmark: _Hlk30969022]The Rel-18 WID on further NR mobility enhancement [1] includes the following RAN1-centric objectives:
	· 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
· Timing Advance management [RAN1, RAN2]


Regarding the TA enhancement for mobility enhancement, the following pertinent agreements were made:
	 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
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)
 
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


In this contribution, we will discuss the potential issues of current timing advance mechanism for supporting L1/L2 based inter-cell mobility for mobility latency reduction and then identify the potential enhancements needed for timing advance management. 
2. Discussion on Timing Advance
Timing advance in NR is used to control the uplink signal transmission timing. The gNB can keep measuring the time difference between PUSCH/PUCCH/SRS reception and the uplink subframe timing and then send a Timing advance command to the UE that indicates the UE to adjust the PUSCH/PUCCH/SRS transmission so that they are better aligned with the uplink subframe timing at the gNB side.
NR supports two mechanisms for delivering the timing advance information to the UE: the first mechanism is through RAR message during RACH and the second mechanism is a MAC CE message carrying a Timing advance command. The method of RAR is appliable during the initial attaching to a cell. When the UE switches to a new cell, the UE can start a random RACH procedure and the system can provide an initial timing advance command to the UE in the RAR message. Once the initial access is completed, the UE can adjust the UL transmission based on MAC CE Timing advance command.
If the current mechanisms are applied to L1/L2 based inter-cell mobility, large latency could be caused and thus the performance of L1/L2 based inter-cell mobility would be impaired significantly.



Figure 1
Take the example shown in Figure 1. A UE moves from cell 1 to cell 2. If the current mechanism of TA is applied here, the procedure would be as shown in Figure 2.


Figure 2
As shown in Figure 2, to obtain the UL synchronization to the cell 2, the UE has to conduct RACH procedure to the cell 2 and receives the initial TA command in the RAR message. Then after the connection with cell 2 is completed, the cell 2 can send MAC CE TA command to adjust the uplink timing.
Observation 1: The current TA mechanism could cause large latency in L1/L2-based inter-cell mobility.
3. Enhancements of Timing Advance
It was agreed to support TA acquisition of candidate cells before cell switch command. As discussed in previous section, the current mechanism of TA could cause large latency to inter-cell mobility due to that the UE has to conduct RACH to obtain the initial TA towards the target cell. Therefore, to improve the latency of L1/L2 based inter-cell mobility, one enhancement is to enable the system to obtain the TA towards the target cell before the HO procedure is started. In other word, we need to support mechanism to enable the system to obtain TA of non-serving cell. One FFS point is whether this can be applied to a candidate cell when the candidate cell is a deactivated SCell. In our view, this shall be applied to such cells and it is needed to differential a deactivated SCell. The specification just provides technical features for the system to obtain TA of candidate cells and it is up to system implementation to obtain the TA of a non-serving cell. 
Proposal 1: The TA acquisition of candidate cell shall be applied to a deactivated cell if this cell is a candidate cell. 
As agreed, the solutions to obtain TA of the candidate cells can be further studied. In our view, one way to obtain TA of a non-serving cell is PDCCH order RACH. In current specification, the system can trigger RACH through PDCCI order. But, the current PDCCH order RACH can only be associated with SSB of serving cell. To support measuring the TA of a non-serving cell, the PDCCH order RACH shall be associated with SSB of a non-serving cell. With that, the serving cell gNB can trigger the UE to send a RACH towards an non-serving cell so that the system can measure and obtain the TA for that UE towards the non-serving cell.
Proposal 2: Support to enhance PDCCH order RACH to associate with SSB of a non-serving cell.
Another method to obtain the TA of one non-serving cell is to send SRS towards a non-serving cell. The gNB of the non-serving cell can receive and then measure the arrival timing of that SRS, which can then be used to calculate the TA of that non-serving cell. One thing to be noted is that NR positioning supports SRS resource for positioning, where the spatial relation info of one SRS resource for positioning can be SSB or PRS of a non-serving cell. The same mechanism can be utilized here. The gNB can configure a joint TCI state or UL TCI state with a SSB or CSI-RS resource of a non-serving cell to a SRS resource. That SRS resource can be measured by the non-serving cell to obtain the TA.
Proposal 3: Support transmitting SRS to a non-serving cell for measuring TA of non-serving cell.
Regarding how to associate TA to a candidate cell, in our view, the most preferred way is to associate the TA with a candidate explicitly. Each TA can be explicitly provided in configuration of each candidate cell. Other alternatives discussed in last meeting would cause unnecessary system complexity. For example, about the alt of associating TA with TCI state, the drawback is each cell would have multiple TCI states but the cell has only had one TA, configuring the same TA in each TCI state would definitely complicate the system and increase the configuration overhead. Another alternative of associating TA with SSB/TRS has the similar issue.
Proposal 4: The association between TA and candidate cell is provided explicitly.
Another necessary enhancement is to indicate the TA value of the target cell before the UE starts the HO procedure. In current specification, the earliest TA is delivered in RAR message and other TA values are delivered in MAC CE after the RRC connection is completed. To improve the latency of L1/L2-based inter-cell mobility, it is necessary to indicate the TA of a non-serving cell before the UE handovers to the target cell. The best way to indicate the TA of non-serving cell is to indicate the TA along with the handover command. 
Proposal 5: Support to indicate the TA of non-serving cell in the handover command.
4. Conclusions
In this contribution, we investigate the issues of TA management for L1/L2-based inter-cell mobility. Accordingly, the following proposals were made:
Observation 1: The current TA mechanism could cause large latency in L1/L2-based inter-cell mobility.
Proposal 1: The TA acquisition of candidate cell shall be applied to a deactivated cell if this cell is a candidate cell. 
Proposal 2: Support to enhance PDCCH order RACH to associate with SSB of a non-serving cell.
Proposal 3: Support transmitting SRS to a non-serving cell for measuring TA of non-serving cell.
Proposal 4: The association between TA and candidate cell is provided explicitly.
Proposal 5: Support to indicate the TA of non-serving cell in the handover command.
5. Reference

RP-222332 Further NR Mobility Enhancements  
image2.emf
UE Cell 1 Cell 2

HO command

UE 

reconfiguration

SSB

UE obtains the 

DL syn

UE obtains UL 

syn

HO complete

RACH prceodure

MAC CE TA command


Microsoft_Visio___1.vsdx
UE
Cell 1
Cell 2
HO command
UE reconfiguration
SSB
UE obtains the DL syn
UE obtains UL syn
HO complete
RACH prceodure
MAC CE TA command



image1.emf
UE

Cell 1 Cell 2

Cell 3

UE


Microsoft_Visio___.vsdx
UE
Cell 1
Cell 2
Cell 3
UE



