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Introduction
In RAN1#112 meeting, following agreements on TA management for R18 L1/L2 triggered mobility were achieved [1]:
	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


RACH-based TA scheme
Significant progress has been made on RACH based TA scheme in the last meetings and the basic framework of RACH-based (i.e., PDCCH order triggered) initial TA acquisition is clear; some details, e.g., PRACH transmission, RAR reception and timeline of PDCCH order need further discussion. Besides, TA maintenance also should be discussed when the reception of RAR is configured.
Initial TA acquisition for candidate cell(s)
Timeline of PDCCH order 

In Rel-15, if a random access procedure is initiated by a PDCCH order, the UE transmits a preamble in the selected PRACH occasion, for which a time between the last symbol of the PDCCH order reception and the first symbol of the PRACH transmission is larger than or equal to  msec. In LTM, the UE will transmit PRACH to candidate cell(s), which may be in a different frequency layer than the serving cell. In this case, whether the legacy timeline can be reused for LTM needs to be clarified, and if it can be reused, whether the current time duration between PDCCH order reception and the PRACH transmission is enough. 
For inter-frequency LTM scenarios, whether the legacy timeline of PDCCH order triggered RACH can be reused for LTM should be clarified.
According to the legacy transmission priority rule, a UE does not transmit PRACH and PUSCH/PUCCH/SRS in the same slot with respect to the smallest SCS configuration between the SCS configuration for the UL BWP with the PRACH and the SCS configuration for the UL BWP with the PUSCH/PUCCH/SRS transmissions or when a gap between the first or last symbol of a PRACH transmission in a first slot is separated by less than N symbols from the last or first symbol, respectively, of a PUSCH/PUCCH/SRS transmission in a second slot. In LTM, UL synchronization for the target cell is triggered by PDCCH order when the transmission quality of the serving cell is lower than a threshold, hence PRACH transmission towards potential target cell(s) should be of higher priority. If UE is not capable of multiple Tx chains, when PRACH is transmitted towards the potential target cell(s) (including any interruption due to RF retuning time), the UE would temporarily suspend the uplink transmission on serving cell(s).
[bookmark: _Hlk131791245]If UE is not capable of transmission with multiple Tx chains, when PRACH is transmitted towards the potential target cell(s) (including any interruption due to RF retuning time), the UE would temporarily suspend the uplink transmission on serving cell(s).
PRACH transmission without RAR reception
In the RAN1#112 meeting, both early TA acquisition with and without RAR reception had been agreed and it is up to RRC configuration. For the case of RAR reception is not configured, the TA value of candidate cell is indicated in cell switch command. To improve the transmission reliability of PRACH, re-transmission of PRACH was discussed and following two alternatives are listed for down selection.
· 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
For Alt-1, from resource efficiency point of view, it is better than Alt 2. However, another PDCCH order would not be triggered by source cell until it is informed of the PRACH transmission failure and the high-layer signaling interaction would introduce large delay, especially in inter-DU case. For LTM, the main motivation is to reduce the handover delay, hence alt 1 is not beneficial. In contrast, Alt 2 ensures low delay and high transmission reliability for LTM based on a little more PRACH resource overhead which is worthwhile. 
Support UE autonomous Re-transmission of PRACH to ensure low delay and high transmission reliability, when RAR reception is not configured. 
Reception of RAR
For the case of RAR reception being configured, whether the RAR is received from serving cell or candidate cell is to be further discussed. For this issue, first, the definition of RAR which is received from the serving cell should be clarified. In the current specification, the RAR is included in PDSCH scheduled by the PDCCH addressed to RA-RNTI. However, the serving cell cannot determine which PRACH occasion UE transmits preamble on, so it cannot calculate the RA-RNTI. In addition, UE is not required to simultaneously monitor PDCCHs addressed to RA-RNTI for RAR and C-RNTI for data transmission. Hence, if RAR for candidate cell is received from the candidate cell, the normal data transmission in the serving cell will be interrupted.  In additional, the function of RAR in LTM is to inform UE of TA value of candidate cell(s). Rather than interrupting transmission in serving cell, the TA value of candidate cell(s) carried in dedicated signaling, i.e., PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, from the serving is more appropriate. 
 if the TA value for the candidate cell(s) is received from the serving cell before cell switch, it is beneficial to carry by dedicated signaling, rather than RAR.  
On the issue of whether the command carrying the TA value for candidate cell(s) is received from the serving cell or candidate cell, we prefer the former with following considerations:
· Shorter interruption on serving cell. If the command carrying the TA value for candidate cell(s) is received from the candidate cell, and if the command is RAR, when monitoring the RAR in the predefined window, the UE would temporarily suspend the downlink reception on serving cell(s). Even if the command is dedicated signaling, in the case of inter-frequency LTM, interruption on serving cell can also occur. In contrast, if the dedicated signaling carrying the TA value for candidate cell(s) is received from the source cell, UE could receive both dedicated signaling and normal scheduling data simultaneously.
· Minimal high-layer specification impacts. If the command carrying the TA value for candidate cell(s) is received from the candidate cell, and if the command is RAR, configuration of Type 1-PDCCH CSS of the candidate cell to the UE is required. While, if the command is dedicated signaling, configuration of the USS of the candidate cell is needed. Either way will lead to large impacts on high-layer specification. In contrast, in the case of dedicated signaling carrying the TA value for candidate cell(s) is received from the source cell, there is little or no additional high-layer specification impact. 
Support the dedicated signaling carrying the TA value for candidate cell(s) received from the serving cell, if the reception of TA value for candidate cell(s) before cell switch is configured.
When the dedicated signaling carrying the TA value for the candidate cell(s) is received from the serving cell, the timeline of UE monitoring the dedicated signaling should be defined. Similar to monitoring RAR, a monitoring window should be pre-defined to normalize UE behavior, which starts with the last symbol of the PRACH transmission + max (X, Y) msec. X is RF retuning time and Y is the duration required for exchange of information over X2 interface. And, after transmitting the preamble, UE will monitor the dedicated signaling within the pre-defined window. If the dedicated signaling is not monitored, similar to legacy RACH procedure, another PRACH transmission would be triggered if it does not exceed the maximum number of re-transmissions. As for the contents of the dedicated signaling, other information such as candidate cell identity and UE id are not needed. According to current specification, UE only maintains one RACH procedure. UE cannot transmit preamble to another candidate cell until receiving the dedicated signaling containing TA value of the candidate cell indicated in the last DCI. Therefore, there is no confusion between TA value and candidate cell. Since only CFRA triggered by PDCCH order has been agreed so far, when receiving exchanged information over X2 interface containing UE id and/or PRACH resource indicator, the serving cell could determine the corresponding UE and then feedback the dedicated signaling to the UE. 
[bookmark: _Hlk131791441]If the dedicated signaling carrying the TA value for candidate cell(s) is received from the serving cell before cell switch is supported, 
· The pre-defined window for UE to monitor the dedicated signaling should be considered;
· Besides TA value, other information such as candidate cell identity and UE id are not needed in the dedicated signaling.
TA maintenance for candidate cell(s)
UE capability on TA maintenance
After receiving the dedicated signaling carrying the TA value to achieve initial time alignment for candidate cells, multiple TAs for candidate cells are maintained by UE before handover. Thus, when receiving the cell switch command, UE can transmit UL signals based on the maintained timing advance corresponding towards the target cell at once.  However, maintenance of multiple TAs requires corresponding UE capability, since UE needs to monitor and maintain the synchronization of multiple uplinks simultaneously. And, in AI 9.1.1.2, two TAs is being discussed in MTRP scenarios and UE capability on maintaining TAs for two TRPs has been agreed. Similarly, a UE capability on multiple TAs maintenance for candidate cells should also be supported in LTM. As for the maximum number of TAs UE can maintain simultaneously, it should be no more than the maximum number of TA values memorized by UE has been agreed in the last meeting.
Maintenance of multiple TAs for candidate cell(s) and serving cell shall be a UE capability, and the maximum number of TAs UE can maintain should be no more than the maximum number of TA values memorized by UE.
If maintenance of multiple TAs for candidate cell(s) and serving cell is not supported by UE, the reception of TA value for candidate cell(s) before cell switch has no benefits. In this case, the most straightforward method is that UE only maintains the TA of the source gNB before handover and maintains the TA of the target gNB after handover. Thus, multiple TAs for candidate cells would be maintained at the gNB side based on Msg1 or SRS. And, when the network determines to perform handover, the TAC for the target gNB could be carried in cell switch command for the UE.
If the UE is not capable of maintaining multiple TAs for candidate cell(s) and serving cell, the reception of TA value for candidate cell(s) before cell switch should not be configured, and the TAC for the target cell could be carried in cell switch command for the UE.
Relative TA adjustment by UE-based TA measurement
For asynchronized scenarios, after initial time adjustment for candidate cell(s) achieved by early RACH procedure, the time offset p between serving cell and candidate cell(s) can be calculated by utilizing two initial TA values received from two RACH procedures and the DL timing difference between serving cell and candidate cell(s) measured by UE, and TAs for candidate cell(s) can maintained by UE-based TA measurement if supported. Corresponding details are referred to R1-2300475.
TA maintenance based on UE-based TA measurement has minimum spec impact, because once the TAC for the serving cell is indicated and other TACs for candidate cells can be acquired by UE implementation. Compared to the network-initiated RACH to update TA for candidate cell(s) agreed in the RAN1#111 meeting [2], it could save significant RACH overhead, especially when the number of candidate cell is large. Therefore, the working assumption of UE-based TA measurement should be confirmed.
Support to confirm the work assumption of UE-based TA measurement.
If the number of cells configured with the reception of TA value is larger than the maximum number of TAs UE can maintain, and if multiple TA maintenance based on UE-based TA measurement is supported by UE, in this case the network would not have knowledge of which candidate cell TA is maintained by the UE, such that when transmitting cell switch command, the network cannot judge whether the TA for the target is valid or not. To avoid confusion, a default mapping rule for TA maintenance by UE should be introduced, such as the UE only maintains TA for the first N cells in the list of candidate cells configured with the reception of TA value before cell switch. Or an indicator for TA maintenance by UE should be introduced in the dedicated signaling carrying the TA value for candidate cell(s) before cell switch. In another way, the root of the confusion is the number of cells configured with the reception of TA value is larger than the maximum number of TAs UE can maintain. Therefore, the most straightforward way is to limit the number of cells configured with the reception of TA value is no more than the maximum number of TAs UE can maintain. 
If the multiple TA maintenance based on UE-based TA measurement is supported by UE, it is not expected that the number of cells configured with the reception of TA value before cell switch is larger than the maximum number of TAs UE can maintain.
TAT related issues
If maintenance of multiple TAs for candidate cells is supported by UE, the TAT-related issues should be further discussed, e.g., TAT configuration, and the condition of TAT to be started/restarted. To simplify multiple TA maintenance procedure, independent TAT configuration should be supported. As shown in Figure 4, serving cell and candidate cells are associated with 4 TAGs, and each TAG is configured with TAT. When UE receives initial TA value or relative TAC, the corresponding TAT would be started/restarted. 
Support independent TAT configuration for candidate cell(s), and when UE receives initial TA value, corresponding TAT would be started.


TAG configuration for candidate cell(s)
When UE receives a PDCCH order from the PCell, it would send a preamble to candidate cell#2. After that, UE would monitor dedicated signaling carrying the initial TA value from the PCell with the same QCL-type assumption as the SSB indicated in the PDCCH order. If the RAR is received by UE within a pre-configured window, the TAT associated with TAG#2 would be started. In the procedure of TA maintenance, if multiple TAs are maintained by UE-based TA measurement with one TAC from the serving cell, once receiving one TAC associated with TAG#1 from the serving cell, UE would calculate and update the TA value for TAG#1, TAG#2, TAG#3 and TAG#4 respectively. Due to the TA updating, the TATs associated with TAG#1, TAG#2, TAG#3 and TAG#4 need to be restarted. 
If TAs of multiple candidate cells are maintained by UE with UE-based TA measurement, when one TAC is received for the serving cell, all running TATs that UE maintains need to be restarted.
Conclusions 
Observation 1:	if the TA value for the candidate cell(s) is received from the serving cell before cell switch, it is beneficial to carry by dedicated signaling, rather than RAR.  
Proposal 1:	For inter-frequency LTM scenarios, whether the legacy timeline of PDCCH order triggered RACH can be reused for LTM should be clarified.
Proposal 2:	If UE is not capable of transmission with multiple Tx chains, when PRACH is transmitted towards the potential target cell(s) (including any interruption due to RF retuning time), the UE would temporarily suspend the uplink transmission on serving cell(s).
Proposal 3:	Support UE autonomous Re-transmission of PRACH to ensure low delay and high transmission reliability, when RAR reception is not configured.
Proposal 4:	Support the dedicated signaling carrying the TA value for candidate cell(s) received from the serving cell, if the reception of TA value for candidate cell(s) before cell switch is configured.
Proposal 5:	If the dedicated signaling carrying the TA value for candidate cell(s) is received from the serving cell before cell switch is supported, 
· The pre-defined window for UE to monitor the dedicated signaling should be considered;
· Besides TA value, other information such as candidate cell identity and UE id are not needed in the dedicated signaling.
Proposal 6:	Maintenance of multiple TAs for candidate cell(s) and serving cell shall be a UE capability, and the maximum number of TAs UE can maintain should be no more than the maximum number of TA values memorized by UE.
Proposal 7:	If the UE is not capable of maintaining multiple TAs for candidate cell(s) and serving cell, the reception of TA value for candidate cell(s) before cell switch should not be configured, and the TAC for the target cell could be carried in cell switch command for the UE.
Proposal 8:	Support to confirm the work assumption of UE-based TA measurement.
Proposal 9:	If the multiple TA maintenance based on UE-based TA measurement is supported by UE, it is not expected that the number of cells configured with the reception of TA value before cell switch is larger than the maximum number of TAs UE can maintain.
Proposal 10:	Support independent TAT configuration for candidate cell(s), and when UE receives initial TA value, corresponding TAT would be started.
Proposal 11:	If TAs of multiple candidate cells are maintained by UE with UE-based TA measurement, when one TAC is received for the serving cell, all running TATs that UE maintains need to be restarted.
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