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1. Introduction
In RAN#94-e meeting, a new Rel-18 WID of ‘Further NR mobility enhancements’ was approved and the WID was further updated in RAN#97-e meeting [1]. 

In this contribution, we mainly discuss the enhancements for timing advance for L1/L2 triggered inter-cell mobility (LTM).
2. Initial TA acquisition of candidate cells
2.1 Enhancements of PDCCH ordered RACH
In previous RAN1 meeting, enhancement for PDCCH ordered RACH of candidate cells in Rel-18 LTM was discussed. And RAN1 has made following agreements in common for PDCCH ordered RACH with/without RAR.
	Agreement
The PDCCH order from the source cell contains the indication of candidate cell.
· The reserved bit(s) in DCI format 1_0 for PDCCH order can be used for indication of cell identity
Agreement
For PDCCH-order based PRACH for candidate cell study the following issues:
· whether/how prioritizations for transmission power reduction for a PRACH transmission to a LTM candidate cell is performed
· whether/how prioritizations for prioritization of a PARCH transmission to a LTM candidate cell compared to an overlapped (in time and frequency) serving cell UL transmission


There are a few open issues related to PDCCH ordered RACH. The first FFS is how the indication of candidate cell is indicated by the reserved bit(s) in PDCCH order. To decide how to do it we should consider the following two perspectives:
· whether all RRC configured candidate cells in LTM could be triggered with PDCCH order
· how many candidate cells could be indicated in a PDCCH order

Firstly, if we consider the number in Rel-17 ICBM as baseline, there can be at least 7 candidate cells. And for Rel-18 LTM, larger than 7 candidate cells may be configured. Then, for all candidate cells, performing DL synchronization, L1 measurement/reporting, and UL synchronization would lead to UE complexity. And UL synchronization would be not necessary for candidate cells on which DL synchronization and/or L1 measurement/reporting is not performed. Thus, it would not be necessary that all RRC configured candidate cells in LTM could be triggered with PDCCH order.
Observation 2.1
It would not be necessary that all RRC configured candidate cells in LTM could be triggered with PDCCH order.

Based on above observation, UE needs to know candidate cells to which PDCCH order can be sent to trigger PRACH in a separate configuration from LTM candidate configuration. And the separate configuration of candidate cells for UL synchronization can be explicit or implicit. One possible implicit method is that the candidate cells configured for L1 beam measurement/reporting could be assumed as candidate cells for UL synchronization by UE. Thus, we propose 
Proposal 2.1
Support separate configuration of candidate cells for UL synchronization to which PDCCH order can be sent to trigger PRACH explicitly or implicitly.

In addition to the limitation of candidate cells that require UL synchronization as described above, candidate cell for UL synchronization could be also selected by NW according to L1 measurement results. Considering multiple RACHs in parallel leads to great complexity, one candidate cell triggered by a PDCCH order would be considered sufficient.
Observation 2.2
It would be sufficient that one candidate cell is triggered by a PDCCH order.

If the number of candidate cells that require UL synchronization is limited, and one candidate cell is triggered by a PDCCH order, it would be better that indication of candidate cell is indicated in PDCCH order by codepoint as shown in Figure1. And the bit size in DCI format 1_0 for cell identify indication could be determined by the maximum number of configured candidate cells for UL synchronization. Thus, we propose
Proposal 2.2
The bit size of N in DCI format 1_0 for cell identity indication is determined by the maximum number (e.g., C) of configured candidate cells for UL synchronization, i.e., N = .
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Figure 1: Example of indication for cell identity in PDCCH order.

The second FFS is how/whether prioritization for PRACH is performed. Firstly, we think prioritization for transmission power reduction for a PRACH transmission to a LTM candidate cell should be performed. In legacy spec., PRACH transmission on a serving cell other than the PCell has the lowest priority. We need to compare this with PRACH transmission to a LTM candidate cell. Then, transmission power allocation of PRACH for a LTM candidate cell could have lower priority than PRACH transmission on a serving cell other than the PCell. Secondary, for prioritization of a PRACH transmission to a LTM candidate cell compared to overlapped serving cell UL transmission, collision between PRACH transmission to candidate cell and serving cell UL transmission should not be expected, which can be controlled by NW scheduling. Thus, we propose
Proposal 2.3
For PDCCH-order based PRACH for candidate cell,
· On prioritization for transmission power reductions, PRACH transmission to candidate cell has lower priority than PRACH transmission on a serving cell other than the PCell.
· Collision between PRACH transmission to candidate cell and serving cell UL transmission is not expected.
With RAR 
RAN1 has made following agreement for PDCCH ordered RACH with RAR and has discussed the following FL proposal.
	Agreement
If reception of RAR is configured/indicated, RAR contains at least TA of candidate cell.
· The maximum number of TA values memorized by UE is a UE capability 
FFS: whether other parameters such as UE ID, candidate cell ID etc. is contained in RAR

FL proposal
When reception of RAR is configured in Rel-18 LTM, study the following issues
　-whether the RAR information is carried in MAC PDU (like RAR MAC PDU in 4 step RACH) or MAC CE 
(like Absolute TAC in MsgB in 2 step RACH or like regular TAC)
    -QCL assumption for PDCCH scheduling RAR PDSCH and RAR PDSCH


From the above agreement and FL proposal, we should discuss the following two points:
· whether the RAR information of candidate cell is carried in MAC PDU or MAC CE
· QCL assumption for PDCCH scheduling RAR PDSCH

Firstly, RAR for candidate cell could be sent to UE to inform TA for candidate cell. Thus, other information in legacy MAC RAR (e.g., UL grant, Temporary C-RNTI) would not be needed. And if UE monitors PDCCH addressed to RA_RNTI for RAR for candidate cell on serving cell, since RA_RNTI is not unique within a cell, it may lead to collision between UEs. Thus, it would be better that RAR information is carried in new design MAC CE like absolute TAC MAC CE and RAR PDSCH is scheduled by DCI CRC scrambled with C_RNTI. Secondary, for QCL assumption for PDCCH scheduling RAR PDSCH, it would be simple that PDSCH is QCLed with PDCCH order like legacy PDCCH ordered RACH. Thus, we propose
Proposal 2.4
When reception of RAR is configured in Rel-18 LTM, RAR information is carried in new MAC CE.
· RAR PDSCH is scheduled by DCI scrambled with C_RNTI.
· PDCCH scheduling RAR PDSCH is QCLed with corresponding PDCCH order.

Without RAR 
RAN1 has made following agreement for PDCCH ordered RACH without RAR.
	Agreement
For PDCCH ordered-RACH, if reception of RAR is not configured
· Whether power ramping is performed or not is determined from PDCCH order
· If power ramping is performed, 
· whether PRACH is an initial transmission or retransmission is explicitly indicated in PDCCH order (FFS exact indication mechanism)
· power ramping-up value is configured 
· else, the power should be determined by open-loop power control


There is one FFS related to exact indication of power ramping for PRACH candidate cell. We should discuss how decision of power ramping is determined from PDDCH order. Firstly, in the agreement above, explicit indication in PDCCH order to indicate whether PRACH is an initial transmission or retransmission has already been supported. This indication can also indicate whether power ramping is performed or not, i.e., initial transmission: do not power ramping; retransmission: do power ramping. Thus, additional method to determine whether power ramping is performed or not would not be needed. Secondary, in legacy RACH configuration, one power ramping-up value is used, i.e., one value is selected from four values. Thus, it would be sufficient that one power ramping-up value is used for each candidate cell in Rel-18 LTM. So, it would be not necessary that PDCCH order indicates the power ramping-up value, and UE could apply the configured value for power ramping. Moreover, the retransmission number would not also be necessary since UE counts retransmission number. Thus, the 1 reserved bit in PDCCH order would be sufficient to indicate whether PRACH is transmission or retransmission, e.g., 0: initial transmission, 1: retransmission. Based on analysis above, we propose
Proposal 2.5
Whether power ramping is performed or not is determined, based on whether PRACH is an initial transmission or retransmission, and is indicated by 1 reserved bit in PDCCH order.

2.2 UE-based TA measurement
In previous RAN1 meeting, we discussed UE-based TA measurement. However, there is no agreement on it because time is not enough for discussion and RAN1 spec. impact is not clear. So, we should further discuss it. Procedure of UE-based TA measurement in our assumption is shown in Figure 2. To support UE based TA measurement, some enhancements are needed, so, we analyse it below. Firstly, UE needs to be notified by NW whether to perform UE based TA measurement or not. For UE-based TA measurement, a reference cell needs to be set up for the UE to measure the DL difference timing. The reference cell to be set should be configured as part of the LTM candidate cell configuration, as it is simple for the UE to refer to the same cell after cell switch. Secondly, for UE based TA measurement, an offset value from the reference cell needs to be configured for the UE to calculate the DL difference timing when DL is unsynchronized between reference cell and a candidate cell. Since this offset value is a fixed value assuming that the reference cell is fixed, it is considered better to be configured as part of LTM candidate cell configuration as well.
Proposal 2.6
For UE based TA measurement, the reference cell and the offset values should be configured as part of LTM candidate cell configuration.
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Figure 2: Assumed procedures of UE-based TA measurement.

[bookmark: _Hlk126670112]Thirdly, for UE-based TA measurement, it needs to be considered when to trigger it. NW needs to know whether UE-based TA measurement is performed or not for candidate cell (i.e., NW needs to know whether UE has available TA for candidate cell.). Thus, UE-based TA measurement can be triggered by NW. For this purpose, two alternatives (Alt1: PDCCH order for serving cell, Alt2: TAC MAC CE for serving cell) can be considered as triggering signal. We analyse these as shown in Table 1 below.



Table 1: Analysis of signal to trigger UE-based TA measurement
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From analysis above, both signals can be supported because of small difference.
Proposal 2.7
Support the following signals to trigger UE based TA measurement for candidate cell(s).
· PDCCH order for serving cell
· TAC MAC CE for serving cell

Fourthly, for UE-based TA measurement, it needs to be considered when to apply the TA of candidate cell. As for the TA derived by UE-based TA measurement, it is considered appropriate to be applied after cell switch command, since it is for a candidate cell. Also, after the cell switch, the candidate cell to which the TA is applied becomes a serving cell, and the subsequent TA derivation is considered to follow the legacy procedure, so it is better to apply it to the first UL transmission after cell switch command.
Proposal 2.8
For UE based TA measurement, TA of target cell is applied after cell switch command for first UL transmission.

Fifthly, we think UE-based TA measurement can UE optional. And new UE capability can be introduced for it. For TA acquisition of candidate cells, PDCCH ordered RACH should be supported by default. 

Proposal 2.9
For TA acquisition of candidate cells for Rel-18 LTM, PDCCH ordered RACH is supported by default.
· UE-based TA measurement is UE optional.
	
3. Configuration for TA acquisition
In 110bis-e meeting, TA acquisition of the candidate cell(s) before cell switch command is received in L1/L2 based mobility was agreed, but whether this can be applied to the candidate cell when it is deactivated SCell was FFS. This is because some companies said that definition of deactivated SCell as candidate cells is ambiguous. On the other hand, in the RAN2#119bis meeting, the following agreements were made.        
	・A L1/L2 inter-cell mobility candidate (target) configuration is received within an RRC message before the L1/L2 dynamic switch is triggered.
・For L1L2 mobility, Target Pcell/SCell can be current SCell/PCell, i.e., current SCell/PCell can be configured as candidates.


From the agreements above, we can assume that current PCell/SCell can be configured as candidate cells by RRC signaling. In other words, these agreements clarify that deactivated SCell is supported as the candidate cell. So, we can support TA acquisition of candidate cell(s) before cell switch command is received in L1/L2 based mobility when it is deactivated SCell.



Proposal 3.1
Support TA acquisition of candidate cell(s) before cell switch command is received in L1/L2 based mobility when it is deactivated SCell.

RAN1 has made following agreement for association between TA/TAG and candidate 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


For the alternatives, some companies have concern on scenario, and this is not done down-select yet. We do not think this association is for multi-TRP. In our view, when NW knows that a candidate cell has same TA as other candidate cell, it would be beneficial to provide this information to UE. If UE has this information, when UE acquires a TA of a candidate cell, UE also applies this TA for other candidate cells. This function would be also useful for subsequent LTM, i.e., if after cell switch UE has TA for next target cell, TA acquisition is not necessary.  However, the key point is that if we follow legacy spec., the legacy TAG ID is configured for serving cell, so if different candidate cells have same TA, UE cannot know which candidate cells have same TA and cannot apply TA for other candidate cells. Thus, we could design a new TAG between candidate cells as shown in Figure3. Based on analysis above, we propose
Proposal 3.2
Support Alt2: Associate TA/TAG and candidate cell explicitly. 
· New TAG between TAGs for each candidate cell is provided as part of configuration for candidate cell(s).
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Figure 3: Example for new TAG for between candidate cells

4. Conclusion
In this contribution, we discussed enhancements on timing advance management. Based on the discussion, we made following observations and proposals.
Observation 2.1
It would not be necessary that all RRC configured candidate cells in LTM could be triggered with PDCCH order.
Proposal 2.1
Support separate configuration of candidate cells for UL synchronization to which PDCCH order can be sent to trigger PRACH explicitly or implicitly.
Observation 2.2
It would be sufficient that one candidate cell is triggered by a PDCCH order.
Proposal 2.2
The bit size of N in DCI format 1_0 for cell identity indication is determined by the maximum number (e.g., C) of configured candidate cells for UL synchronization, i.e., N = .
Proposal 2.3
For PDCCH-order based PRACH for candidate cell,
· On prioritization for transmission power reductions, PRACH transmission to candidate cell has lower priority than PRACH transmission on a serving cell other than the PCell.
· Collision between PRACH transmission to candidate cell and serving cell UL transmission is not expected.
Proposal 2.4
When reception of RAR is configured in Rel-18 LTM, RAR information is carried in new MAC CE.
· RAR PDSCH is scheduled by DCI scrambled with C_RNTI.
· PDCCH scheduling RAR PDSCH is QCLed with corresponding PDCCH order.
Proposal 2.5
Whether power ramping is performed or not is determined, based on whether PRACH is an initial transmission or retransmission, and is indicated by 1 reserved bit in PDCCH order.
Proposal 2.6
For UE based TA measurement, the reference cell and the offset values should be configured as part of LTM candidate cell configuration.
Proposal 2.7
Support the following signals to trigger UE based TA measurement for candidate cell(s).
· PDCCH order for serving cell
· TAC MAC CE for serving cell
Proposal 2.8
For UE based TA measurement, TA of target cell is applied after cell switch command for first UL transmission.
Proposal 2.9
For TA acquisition of candidate cells for Rel-18 LTM, PDCCH ordered RACH is supported by default.
· UE-based TA measurement is UE optional.
Proposal 3.1
Support TA acquisition of candidate cell(s) before cell switch command is received in L1/L2 based mobility when it is deactivated SCell.
Proposal 3.2
Support Alt2: Associate TA/TAG and candidate cell explicitly. 
· New TAG between TAGs for each candidate cell is provided as part of configuration for candidate cell(s).
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