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1. Introduction
[bookmark: _Hlk54343086][bookmark: _Hlk117686400]The agreements made in RAN1 #112 are summarized below.  
	Agreemment
For Rel-18 LTM, Random Access Preamble indices and indication of RACH occasions with the associated SSB indices are configured for each candidate cell. 
Note: the detailed signalling is left to RAN2

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 ordered-RACH for candidate cell(s), RAR reception can be configured/indicated
· If reception of RAR is not configured/indicated (without RAR)
· TA value of candidate cell is indicated in cell switch command
· FFS: whether UE should re-transmit PRACH when reception of RAR is not configured/indicated
· FFS: how UE determine the transmit power of subsequent PRACH triggered by PDCCH order
· If reception of RAR is configured/indicated (with RAR), FFS
· whether RAR is received from serving cell or candidate cell
· if RAR is received from candidate cell, whether Type1-PDCCH CSS of the candidate cell is configured to the UE
· content of RAR
· FFS: signaling for configuration/indication of whether RAR needs to be received
· UE can report the support combination of with RAR only and without RAR only, where support of one default scheme is the baseline UE approach for LTM
· Send LS to RAN2 and RAN3 to check the feasibility about this agreement
· Note: Definition of candidate cells is up to RAN2
Agreement 
· For PDCCH-order based RACH for TA measurement for candidate cells, legacy CBRA is not supported

Agreement
on whether UE should initiate re-transmit PRACH when reception of RAR is not configured/indicated, down select one from the following alternatives.
· Alt 1: UE autonomous re-transmission of PRACH is not allowed (e.g., by setting the number of allowed PRACH transmission to the minimum value of PreambleTransMax=1)
· Alt 2: UE autonomous Re-transmission of PRACH is allowed, 
· The number of PRACH transmission will be defined e.g. set the times of RACH transmission to the minimum value of PreambleTransMax

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 

Agreement
Whether RAR needs to be received is configured by RRC.

Agreement
study at least the following issues on PDCCH-order based PRACH for candidate cell that is not UL serving cell, i.e. without PUCCH/PUSCH configured
· Whether gap between the DCI and PRACH longer than timeline defined in spec is needed
· Any impact/interruption on UL Tx of serving CCs due to the PRACH Tx

Working Assumption
UE-based TA measurement (UE derives TA based on Rx timing difference between current serving cell and candidate cell as well as TA value for the current serving cell) is supported. 
· Corresponding UE capability is to be introduced to support UE-based TA measurement
· For a UE reports support of this capability, configuration of UE-based TA measurement is supported
· FFS: other impacts on RAN1 spec



[bookmark: _Hlk110089543][bookmark: _Hlk525732985]
2. [bookmark: _Hlk100679068][bookmark: _Hlk113199153]RACH Based TA Acquisition of Candidate Cell(s)
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Figure 1: Support TA acquisition when candidate cell is deactivated SCell
[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
· At least PRACH/SRS transmission can be allowed on candidate cell when it is deactivated SCell

[bookmark: _Hlk126592231]As described in RAN1 #112 FL summary (R1-2302165), for PRACH on candidate cell not part of UL CA, UE needs to prepare/store separate RF config for each such candidate cell. This is because UE needs to change RF config from UL CA to that candidate CC for PRACH. The RF config includes the Tx filter to satisfy the corresponding CA/single CC emission mask requirement. In the existing time gap between PDCCH order DCI and PRACH in R17, the UE capability term  is introduced to account for the RF config switching action latency, which has max value of 210 us and assumes the corresponding source/target RF config has been generated/stored in memory. 

[bookmark: _Hlk130375152]However, in case of LTM, the candidate cells across all frequencies may have a large number, and generating/storing RF config in advance for every candidate cell for potential PDCCH order may consume significant amount of memory resource, especially when those candidate cells have no traffic. Therefore, we propose for PDCCH-order based PRACH on a candidate cell that is not UL serving cell, i.e. without PUCCH/PUSCH configured, an additional UE capability latency component   can be added to the existing time gap between the DCI and PRACH as defined in 38.213->8.1. The corresponding UE capability candidate value should at least include 0 and 7 ms with the non-zero value accommodating the RF config generation latency when UE does not in advance generate/store the corresponding RF config for PRACH. 

	38.213->8.1: Existing time gap between PDCCH order DCI and PRACH 
·  msec

38.331: UE capability on 

ULTxSwitchingBandPair-r16 ::=       SEQUENCE {
    bandIndexUL1-r16                    INTEGER(1..maxSimultaneousBands),
    bandIndexUL2-r16                    INTEGER(1..maxSimultaneousBands),
    uplinkTxSwitchingPeriod-r16         ENUMERATED {n35us, n140us, n210us},
    uplinkTxSwitching-DL-Interruption-r16 BIT STRING (SIZE(1..maxSimultaneousBands)) OPTIONAL
}
ULTxSwitchingBandPair-v1700 ::=     SEQUENCE {
    uplinkTxSwitchingPeriod2T2T-r17     ENUMERATED {n35us, n140us, n210us}     OPTIONAL
}



[bookmark: _Hlk130375070]Proposal 2: For PDCCH-order based PRACH on a candidate cell that is not a current serving cell with PUCCH/PUSCH, an additional UE capability latency component   can be added to the existing time gap between the PDCCH order DCI and PRACH as defined in 38.213->8.1 
·  msec
· The UE capability candidate values of  at least include 0 and 7 ms
· The non-zero candidate value is to accommodate the RF config generation latency when UE does not in advance generate the corresponding RF config for PRACH

In addition, the PRACH on candidate cell that is not current UL serving cell may interrupt UL Tx on serving cells with PUCCH/PUSCH. Similar issue exists for SRS carrier switching, where the SRS Tx on a serving cell without PUCCH/PUSCH will interrupt UL Tx of certain serving cells with PUCCH/PUSCH, which are indicated by gNB based on UE capability report. In addition, prioritization rule has been specified if the SRS Tx on a serving cell without PUCCH/PUSCH overlaps with PUCCH/PUSCH on other serving cells. 

	38.214->6.2.1.3	UE sounding procedure between component carriers

A UE can be configured with SRS resource(s) on a carrier c1 with slot formats comprised of DL and UL symbols and not configured for PUSCH/PUCCH transmission. For carrier c1, the UE is configured with higher layer parameter srs-SwitchFromServCellIndex and srs-SwitchFromCarrier the switching from carrier c2 which is configured for PUSCH/PUCCH transmission. During SRS transmission on carrier c1 (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of SRS-SwitchingTimeNR), the UE temporarily suspends the uplink transmission on carriers in the set S(c2).



[bookmark: _Hlk130387330]In case of  LTM, 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: _Hlk130890473]Proposal 3: For PDCCH-order based PRACH on a candidate cell that is not a current serving cell with PUCCH/PUSCH, the PRACH is prioritized if overlapping in time with UL Tx on any interrupted serving cell
· In this case, UL Tx on any interrupted serving cell is dropped at least during the PRACH Tx plus required switching time before and after the PRACH Tx
· Detailed definition of interruption start/end time and interrupted serving cell can be decided by RAN4

In RAN1 #112, two options are listed for PRACH retransmission in case of no RAR. In Option 2, UE transmits PRACH for X times with X configured by RRC. This may unnecessarily increase overhead and latency. Compared with Option 2, Option 1 indicates PRACH initial transmission or retransmission via PDCCH order. Specifically, 2 or 3 bits can be borrow from the 10 reserved bits to indicate the amount of PRACH Tx power boost, which is added by UE on top of P_RACH_target_fc in the PRACH power control equation. For example, in case of 2 bits, “00” means initial transmission without power boost, “01” means retransmission with 3 dB power boost, etc.

Proposal 4: For PDCCH-order based PRACH without RAR, support that UE autonomous re-transmission of PRACH is not allowed, e.g. PreambleTransMax=1

· the PDCCH order DCI dynamically indicates the amount of PRACH Tx power boost, which is added by UE on top of [image: ] in the PRACH power control equation  

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 5: 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 6: 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 7: For PDCCH-order based PRACH with gNB response, support gNB response from serving cell

Proposal 8: For PDCCH-order based PRACH with gNB response from serving cell, the gNB response can be a new MAC-CE
3. RACH-Less Based TA Acquisition of Candidate Cell(s)
For SRS based TA acquisition on candidate cell, it can be jointly considered with PDCCH-order based RACH to refine the initial TA obtained via the latter. To maximize the scheduling flexibility, periodic, semi-persistent, and aperiodic SRS transmission can be supported for TA acquisition on candidate cell.

[image: ]
Figure 2: SRS based TA acquisition for candidate cell

[bookmark: _Hlk117874086]Proposal 9: Support SRS based TA acquisition for candidate cell
· P/SP/AP SRS can be transmitted on candidate cell
[bookmark: _Hlk117692697]
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Figure 3: 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 4: 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 on a candidate cell that is not a current serving cell with PUCCH/PUSCH, an additional UE capability latency component   can be added to the existing time gap between the PDCCH order DCI and PRACH as defined in 38.213->8.1 
·  msec
· The UE capability candidate values of  at least include 0 and 7 ms
· The non-zero candidate value is to accommodate the RF config generation latency when UE does not in advance generate the corresponding RF config for PRACH

Proposal 3: For PDCCH-order based PRACH on a candidate cell that is not a current serving cell with PUCCH/PUSCH, the PRACH is prioritized if overlapping in time with UL Tx on any interrupted serving cell
· In this case, UL Tx on any interrupted serving cell is dropped at least during the PRACH Tx plus required switching time before and after the PRACH Tx
· Detailed definition of interruption start/end time and interrupted serving cell can be decided by RAN4

Proposal 4: For PDCCH-order based PRACH without RAR, support that UE autonomous re-transmission of PRACH is not allowed, e.g. PreambleTransMax=1

· the PDCCH order DCI dynamically indicates the amount of PRACH Tx power boost, which is added by UE on top of [image: ] in the PRACH power control equation  

Proposal 5: 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 6: For PDCCH-order based PRACH, the PDCCH order DCI can dynamically indicate the PRACH repetition number

Proposal 7: For PDCCH-order based PRACH with gNB response, support gNB reception from serving cell

Proposal 8: For PDCCH-order based PRACH with gNB response from serving cell, the gNB response can be a new MAC-CE

Proposal 9: Support SRS based TA acquisition for candidate cell
· P/SP/AP SRS can be transmitted on candidate cell

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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