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1. Introduction
[bookmark: _Hlk54343086][bookmark: _Hlk117686400]The agreements made in RAN1 #112-bis-e are summarized below.  
	Agreement
For PDCCH ordered-RACH, if reception of RAR is not configured, UE autonomous re-transmission of PRACH is not allowed, regardless of the configuration of PreambleTransMax.

Agreement
When reception of RAR is configured, support RAR is received from serving cell at least in intra-DU case. 

Agreement
When reception of RAR is configured, support RAR is received from serving cell in inter-DU case.
· FFS: RA response window related issues

Agreement 
For PDCCH ordered RACH mechanism in R18 LTM, when reception of RAR is configured, 
· the UE stores(remembers/maintains/handles) a TA for at least one candidate cell
· storing(remembering/maintaining/handling) corresponding TAs for more than one candidate cell is up to UE capability
· detailed number of candidate cell is up to UE capability 

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

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

Agreement
Send LS to RAN4 with the following info 
· RAN1 discussed the time gap between a PDCCH order and the corresponding PRACH transmission for LTM. 
· RAN1 believes that this will require that the time gap is increased at least for the following scenario
· For PDCCH-order based PRACH on a candidate cell that is not a current serving cell with PUCCH/PUSCH or inter-frequency with the current serving cell
· RAN1 relies on RAN4 to verify the need for the above additional latency and, if so, the corresponding value is needed
· RAN1 relies on RAN4 to investigate any impact/interruption on UL Tx of serving cell due to the PRACH Tx on a candidate cell that is not a current serving cell with PUCCH/PUSCH
· RAN1 relies on RAN4 to verify the need for any update is required to ΔBWPSwitching, ΔDelay if so, the corresponding values and whether UE capability is needed
· Potential RAN1 spec update will be based on RAN4’s feedback.



[bookmark: _Hlk110089543][bookmark: _Hlk525732985]
2. [bookmark: _Hlk100679068][bookmark: _Hlk113199153]RACH Based TA Acquisition of Candidate Cell(s)

[image: A screenshot of a computer

Description automatically generated with medium confidence]

Figure 1: Support TA acquisition when candidate cell is deactivated SCell
[bookmark: _Hlk134773432][bookmark: _Hlk117928667]In RAN2 #119-bis-e, it is agreed that the current SCell can be configured as candidate cell. In addition, it is agreed in RAN1# 110-bis-e that TA acquisition is supported for candidate cell before cell switch command. A remaining question is that whether TA acquisition is applicable to candidate cell if it is deactivated SCell, since PRACH/SRS transmission is currently not allowed for deactivated SCell [2]. In our view, this restriction should be relaxed to minimize the TA acquisition latency when candidate cell is deactivated SCell. 
[bookmark: _Hlk130372488]
	RAN2 #119-bis-e
For L1L2 mobility, Target Pcell/SCell can be current SCell/PCell, i.e., current SCell/PCell can be configured as candidates



[bookmark: _Hlk117954704]Proposal 1: TA acquisition before cell switch command can be applied when candidate cell is deactivated SCell
· [bookmark: _Hlk126592231]At least PRACH/SRS transmission can be allowed on candidate cell when it is deactivated SCell

Another issue for PRACH based TA acquisition is the path loss measurement for the PRACH power control. In R17, the path loss RS for CFRA based PDCCH order is the serving cell’s SSB QCLed with the PDCCH DMRS. However, this is not applicable to PRACH Tx to candidate cell, where the PDCCH order and PRACH are associated with different cells. Therefore, a simple rule could be to use the indicated SSB in the PDCCH order as the path loss RS. In addition, to ensure good path loss measurement quality with filtering across sufficient samples, gNB should inform which SSB(s) of a candidate cell that UE should measure corresponding path loss for potential PRACH Tx. 

	38.213->7.4
If a PRACH transmission from a UE is in response to a detection of a PDCCH order by the UE that triggers a contention-free random access procedure and depending on the DL RS that the DM-RS of the PDCCH order is quasi-collocated with as described in clause 10.1, referenceSignalPower is provided by ss-PBCH-BlockPower



Proposal 2: For PDCCH order based PRACH to candidate cell, the candidate cell SSB indicated in the PDCCH order serves as the path loss RS for PRACH Tx power determination
· gNB should indicate which SSB(s) of a candidate cell that UE should measure corresponding path loss for potential PRACH Tx

As agreed in RAN1 #112be, for the case without RAR, the amount of PRACH power boost is determined by the initial/retrans indicator in the PDCCH order. Additional X dB power boost configured by network will be added if retrans is indicated. However, this may unnecessarily increase the power if the candidate cell or indicated SSB changes. For example, suppose UE has received 3 retrans indicators for SSB 1 of cell 1 before, and UE currently receives the 1st retrans indicator for SSB 2 of cell 2 but with corresponding initial trans indicator missed for SSB 2 of cell 2. In this case, the additional power boost for the 1st retrans for SSB 2 of cell 2 will be 4*X dB, instead of the desired X dB. The unnecessary power increase can be avoided by resetting the power increase counter if the candidate cell or indicated SSB changes. Therefore, the rule for UE to reset the counter should be clarified to avoid this issue. 

Proposal 3: For PDCCH order based PRACH without RAR, the PRACH power boost is increased by the configured power-ramping up value for every consecutive retransmission for the same candidate cell and SSB index indicated in the PDCCH order
· The previously increased power boost is reset to zero if different candidate cell and/or SSB are indicated in the PDCCH order, or if the same candidate cell and SSB are indicated in the PDCCH order but for initial transmission

Another issue is for UE how to determine the RACH procedure has finished for a pair of indicated candidate cell and SSB. One simple way is to declare successful RACH completion if no retrans indicator received for the same candidate cell and SSB within X ms from the end of last PRACH transmission.

[bookmark: _Hlk134781935]Proposal 4: For PDCCH order based PRACH without RAR, the RACH procedure is completed if no PDCCH order is received for PRACH retransmission for the same candidate cell and SSB index within X ms from the end of last PRACH transmission
[bookmark: _Hlk130890473]In RAN1 #112be, it is agreed to study prioritization between PRACH on candidate cell and UL Tx on serving cell. To simplify the design, we propose to prioritize the PDCCH order based PRACH on candidate cell that is not current serving cell with PUCCH/PUSCH when the PRACH Tx overlaps with UL Tx of interrupted serving cells with PUCCH/PUSCH, since the PRACH Tx is dynamically scheduled by gNB. In this case, UL Tx on any interrupted serving cell is dropped at least during the PRACH transmission plus required switching time before and after the PRACH Tx. Detailed definition of interruption start/end time and corresponding interrupted serving cell can be decided by RAN4.

[bookmark: _Hlk134781967]Proposal 5: For PDCCH-order based PRACH on a candidate cell
· If the candidate cell is serving cell, existing power prioritization rule is reused
· If the candidate cell is not serving cell, the PRACH is prioritized if overlapping in time with UL Tx on any interrupted serving cell, which can be determined by RAN4

In case of no RAR, a remaining issue is whether the PRACH Tx can be based on CBRA, i.e. the preamble and RO are selected by UE, instead of provided by gNB. Without RAR, the preamble/RO selected by the LTM UE may collide with those selected by another UE in legacy CBRA. In this case, the measured TA could be incorrect. Therefore, it would be beneficial to continue to discuss whether/how to support the PRACH Tx based on CBRA in case of no RAR.

Proposal 6: For PDCCH-order based PRACH without RAR, discuss whether/how to support the PRACH Tx based on CBRA, i.e. the preamble and RO are selected by UE

In R18 UL coverage enhancement, PRACH repetition over ROs for the same SSB have been agreed. The same mechanism can be extended to the PDCCH order based PRACH to further improve the UL coverage in addition to the PRACH power boost. 
Proposal 7: For PDCCH-order based PRACH, the PDCCH order DCI can dynamically indicate the PRACH repetition number

In case of with RAR, one major remaining issue is whether the RAR is from serving cell or candidate cell. In our view, the RAR from serving cell is preferred with the following reasons.
· In case of RAR from candidate cell, which is inter-frequency candidate cell, the Msg1/2/3 on the candidate cell may require a long RF tuning gap, which may significantly interrupt the serving cells. 
· In case of RAR from candidate cell, which is intra-frequency candidate cell in FR2, if UE only supports a single active TCI, UE cannot back-to-back switch the beam across serving and candidate cells. Therefore, UE may have to stick to the beam for the candidate cell in the RAR window till Msg2 is received. The gap for Msg1 + Msg2 waiting time + Msg3 may significantly interrupt the serving cells.
· In case of RAR from candidate cell, which is intra-frequency candidate cell in FR2, if UE supports two active TCIs, UE can back-to-back switch the beam across serving and candidate cells in the RAR window. However, the PDCCH decoding on candidate cell may consume part of the BD/CCE limit and affect the PDCCH decoding on serving cell. In addition, prioritization rule may be needed if Msg1/2/3 on candidate cell overlaps with traffic on serving cell. 

Therefore, given above issues, RAR reception from serving cell is preferred. In addition, using a new MAC-CE as the PRACH response from serving cell can be more flexible than using legacy RAR, which requires monitoring Type1 CSS in corresponding RAR window and Msg3. In the context of LTM, gNB can send the TA value in a new MAC-CE with scheduling PDCCH in any monitored search space. This provides more flexibility in terms of search space and saves Msg3. 
Proposal 8: For PDCCH-order based PRACH with gNB response from serving cell, the gNB response can be a MAC-CE, which at least carries TA for the corresponding candidate cell
· The RACH procedure is completed after UE receives the MAC-CE successfully

For the case with RAR, it should also introduce a response window for UE to determine retransmission. The response window can end at different times for different candidate cells to accommodate both intra-DU and inter-DU cases. In case of inter-DU, extra time is needed for target cell to feedback to source cell on whether the PRACH has been received.
Proposal 9: For PDCCH-order based PRACH with gNB response from serving cell, UE will receive the gNB response MAC-CE within a time window after PRACH transmission
· The start time and duration of the time window can be different for different candidate cells to accommodate both intra-DU and inter-DU cases 
· If not receiving the response within the time window, UE will retransmit PRACH to the next valid RO for the indicated SSB and candidate cell with PRACH power determined based on existing rule
3. RACH-Less Based TA Acquisition of Candidate Cell(s)
[image: ]

Figure 2: UE based TA acquisition via Rx timing difference measurement + TAC
[bookmark: _Hlk130482138]For UE based TA acquisition for candidate cell, without introducing additional overhead, SSB can be considered for the Rx timing difference measurement between serving and candidate cells. 

Proposal 10: For UE based TA acquisition, at least SSB can be considered for the corresponding Rx timing difference measurement between serving and candidate cells
For UE based TA acquisition for candidate cell, to measure the Rx timing difference between serving and candidate cells, UE needs to know the serving and candidate cell IDs. The knowledge of measured SSB ID per cell should also be beneficial to ensure that the derived/used TA matches the preferred SSB of the candidate/serving cell. In addition, the measured SSB occasions can be provided to ensure the measurement is sufficiently frequent and to avoid the ambiguity for QCL prioritization in FR2 when two SSBs of serving and candidate cells overlap in time. Finally, the info on the DL Tx timing difference between the serving and candidate cells is needed in case of different DL Tx timings.

Proposal 11: For UE based TA acquisition, gNB should at least provide the following info for UE to derive the TA for candidate cell
· [bookmark: _Hlk130202588]For each of measured serving cell and candidate cell
· Cell ID, measured SSB ID and corresponding measured occasions
· DL Tx timing difference between the serving and candidate cells

As the baseline, the UE based TA acquisition can have periodic TA update for the candidate cell, where the UE measures the Rx timing difference periodically and updates the derived TA based on the latest TAC for the serving cell as well. To ensure the measurement is performed frequently enough and to provide gNB better knowledge when the TA is updated, it would be beneficial for gNB to indicate the periodic reference time instances at which UE should update the TA for candidate cell. In addition, the minimum interval of the periodic reference time instances should be up to UE capability. 
Proposal 12: For UE based TA acquisition, gNB indicates the periodic reference time instances at which UE should update the TA for candidate cell based on the latest measurement results
· The minimum interval of the periodic reference time instances is up to UE capability

As for the use of the derived TA, after receiving the cell switch command, UE should apply the derived TA to the initial UL Tx on the new cell with same TAG as the candidate cell associated with the derived TA. Based on the gNB’s knowledge of the last UE TA update time instance, the initial UL Tx could be aperiodic SRS triggered by the cell switch command to refresh the TA for the new cell.
Proposal 13: For UE based TA acquisition, after receiving cell switch command, UE will apply the derived TA to the initial UL Tx on the new cell with the same TAG as the candidate cell associated with the derived TA
For UE based TA acquisition, the maximum number of simultaneously maintained TAs should be up to UE capability. To effectively utilize the UE capability, gNB can dynamically activate or deactivate the UE based TA update for a candidate cell through MAC-CE, e.g. based on the L1 measurement report. 
Proposal 14: For UE based TA acquisition, the maximum number of maintained TAs for different candidate cells is up to UE capability
Proposal 15: For UE based TA acquisition, gNB can dynamically (de)activate the UE based TA update for a candidate cell via MAC-CE
In case of periodic UE based TA update, the last update time instance could be long from the ideal time instance for cell switch. In this case, the initial UL Tx based on the outdated TA may not be reliable. Therefore, aperiodic TA update can be supported for gNB to trigger on-demand TA update before the cell switch, and the initial UL Tx is more likely to go through with the refreshed TA.
Proposal 16: For UE based TA acquisition, support gNB to trigger aperiodic TA update for a candidate cell
4. Latency Reduction for TA Refinement after Cell Switch Cmd
If TA refinement is desirable upon cell switch, the cell switch command can also trigger SRS for TA refinement, where the SRS transmission is based on the initial TA determined for the new cell before the cell switch command. If the initial TA is determined by gNB, e.g. based on PRACH/SRS transmission, it can be signalled in the cell switch command. If the initial TA is determined by UE, e.g. via UE based TA acquisition, it can be autonomously applied by UE upon the new cell selection.


[image: ]

Figure 3: Cell update command can trigger SRS to refine TA for the new cell
Proposal 17: Cell update command can trigger SRS to refine the TA for the new cell
· UE can use the initial TA either indicated in cell update command or derived by UE for the transmission of the triggered SRS
5. Association of TA/TAG with Candidate Cell(s)
As for the association between TA/TAG and candidate cell, it can be discussed separately for candidate cells with single or two TAGs. For candidate cell with single TAG, we prefer the TAG is directly configured under the candidate cell, i.e. reuse the R15 TAG configuration per cell. Other alternatives unnecessarily complicate the TAG configuration in this case, e.g. associating the TAG per TCI or per SSB. For candidate cell with two TAGs, if this is supported for L1/L2 mobility, we can reuse the same association decided for mDCI mTRP with 2 TAGs in Agenda 9.1.2.1. 

Proposal 18: For candidate cell with single TAG, support explicit TA/TAG association provided as a part of candidate cell configuration, i.e. reuse R15 TAG configuration per cell
· For candidate cell with 2 TAGs (if supported), reuse the association decided for mDCI mTRP with 2 TAGs in Agenda 9.1.2.1
6. Conclusion
[bookmark: _Hlk83741726]In this contribution we discussed TA management to reduce latency for L1/L2 based mobility. Below is the summary of the corresponding proposals.
Proposal 1: TA acquisition before cell switch command can be applied when candidate cell is deactivated SCell
· At least PRACH/SRS transmission can be allowed on candidate cell when it is deactivated SCell

Proposal 2: For PDCCH order based PRACH to candidate cell, the candidate cell SSB indicated in the PDCCH order serves as the path loss RS for PRACH Tx power determination
· gNB should indicate which SSB(s) of a candidate cell that UE should measure corresponding path loss for potential PRACH Tx

Proposal 3: For PDCCH order based PRACH without RAR, the PRACH power boost is increased by the configured power-ramping up value for every consecutive retransmission for the same candidate cell and SSB index indicated in the PDCCH order
· The previously increased power boost is reset to zero if different candidate cell and/or SSB are indicated in the PDCCH order, or if the same candidate cell and SSB are indicated in the PDCCH order but for initial transmission

Proposal 4: For PDCCH order based PRACH without RAR, the RACH procedure is completed if no PDCCH order is received for PRACH retransmission for the same candidate cell and SSB index within X ms from the end of last PRACH transmission
Proposal 5: For PDCCH-order based PRACH on a candidate cell
· If the candidate cell is serving cell, existing power prioritization rule is reused
· If the candidate cell is not serving cell, the PRACH is prioritized if overlapping in time with UL Tx on any interrupted serving cell, which can be determined by RAN

Proposal 6: For PDCCH-order based PRACH without RAR, discuss whether/how to support the PRACH Tx based on CBRA, i.e. the preamble and RO are selected by UE

Proposal 7: For PDCCH-order based PRACH, the PDCCH order DCI can dynamically indicate the PRACH repetition number

Proposal 8: For PDCCH-order based PRACH with gNB response from serving cell, the gNB response can be a MAC-CE, which at least carries TA for the corresponding candidate cell
· The RACH procedure is completed after UE receives the MAC-CE successfully

Proposal 9: For PDCCH-order based PRACH with gNB response from serving cell, UE will receive the gNB response MAC-CE within a time window after PRACH transmission
· The start time and duration of the time window can be different for different candidate cells to accommodate both intra-DU and inter-DU cases 
· If not receiving the response within the time window, UE will retransmit PRACH to the next valid RO for the indicated SSB and candidate cell with PRACH power determined based on existing rule

Proposal 10: For UE based TA acquisition, at least SSB can be considered for the corresponding Rx timing difference measurement between serving and candidate cells
Proposal 11: For UE based TA acquisition, gNB should at least provide the following info for UE to derive the TA for candidate cell
· For each of measured serving cell and candidate cell
· Cell ID, measured SSB ID and corresponding measured occasions
· DL Tx timing difference between the serving and candidate cells

Proposal 12: For UE based TA acquisition, gNB indicates the periodic reference time instances at which UE should update the TA for candidate cell based on the latest measurement results
· The minimum interval of the periodic reference time instances is up to UE capability

Proposal 13: For UE based TA acquisition, after receiving cell switch command, UE will apply the derived TA to the initial UL Tx on the new cell with the same TAG as the candidate cell associated with the derived TA
Proposal 14: For UE based TA acquisition, the maximum number of maintained TAs for different candidate cells is up to UE capability
Proposal 15: For UE based TA acquisition, gNB can dynamically (de)activate the UE based TA update for a candidate cell via MAC-CE
Proposal 16: For UE based TA acquisition, support gNB to trigger aperiodic TA update for a candidate cell
Proposal 17: Cell update command can trigger SRS to refine the TA for the new cell
· UE can use the initial TA either indicated in cell update command or derived by UE for the transmission of the triggered SRS

Proposal 18: For candidate cell with single TAG, support explicit TA/TAG association provided as a part of candidate cell configuration, i.e. reuse R15 TAG configuration per cell
· For candidate cell with 2 TAGs (if supported), reuse the association decided for mDCI mTRP with 2 TAGs in Agenda 9.1.2.1
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