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1 Introduction
In this contribution we discuss aspects related to early timing advance management for L1/L2 triggered mobility (LTM).
2 Discussion
UE receives the configurations of one or more candidate cell(s) for L1/L2 triggered mobility (LTM) using RRC. Upon configuration of candidate cells, network can initiate random access for one or more these candidate cells to determine the TA before switching to a specific target cell is triggered. Random access can be avoided if TA is available for cell to be switched at the time cell switching command is received. 
2.1 RAN1 Agreements
RAN1 has discussed procedure for early timing advance management for LTM and made the following agreements [1]:
· PRACH Resource Configuration:
· 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 signaling is left to RAN2
· PRACH trigger

· For PDCCH-order based RACH for TA measurement for candidate cells, legacy CBRA is not supported
· 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

·   Detailed Procedure
· For PDCCH ordered-RACH for candidate cell(s), RAR reception can be configured/indicated. Whether RAR needs to be received is configured by RRC.

· 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

· RAR contains at least TA of candidate cell.

· FFS: whether other parameters such as UE ID, candidate cell ID etc. is contained in RAR 

· 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
· 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

· 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

· Capability

· The maximum number of TA values memorized by UE is a UE capability
2.2 Issues
Candidate Cell Identification

PDCCH order for early TA management of candidate cells for LTM is received by UE from one of the serving cells. PDCCH order needs to indicate non serving cell (i.e. one cell amongst the candidate cells for LTM). How to identify/indicate this non serving cell in PDCCH order?
· Approach 1: Each candidate cell configuration in list of candidate cell configuration can be sequentially numbered/indexed. This is index can be included in PDCCH order. Reserved bits in PDCCH order can be used for this index.
· Approach 2: Explicit index can be explicitly signaled in candidate cell configuration (e.g. ltmCellReconfigId-r18 as shown below) . This is index can be included in PDCCH order. Reserved bits in PDCCH order can be used for this index.
LTM_CellGroupReconfigToAddModList-r18::= SEQUENCE (SIZE (1.. maxNrofLTM_Cells-r18)) OF LTE_CellReconfigToAddMod-r18
LTE_CellConfigToAddMod-r18 ::=     SEQUENCE {

    ltmCellReconfigId-r18            LTM_CellReConfigId-r18,

    ltmCellReconfig-r18              OCTET STRING (CONTAINING RRCReconfiguration)          OPTIONAL,
    ...,

}

· Approach 3: PCI can be included in candidate cell configuration. PCI can be included in PDCCH order. Reserved bits in PDCCH order can be used for indicating PCI.
In our understanding based on modelling of candidate cell configuration agreed in RAN2#121, each candidate cell configuration is associated with an identity. So, this identity can be signaled in PDCCH order to identify the candidate cell. This has less overhead than indicating PCI in PDCCH order.

Proposal 1: Identity of candidate cell configuration is signaled in PDCCH order to identify the candidate cell for which UE initiate procedure for early TA management.
UL carrier identification

Upon reception of PDCCH order for early TA management, UE transmits RA preamble to the indicated candidate cell. The candidate cell can be configured with SUL. UE needs to identify whether UE uses NUL or SUL RA preamble transmission. One of the following approaches can be considered:
· Approach 1: RACH configuration for early TA is provided either for SUL or NUL. UE selects the carrier for which RACH configuration is provided in candidate cell configuration. This is feasible if the network has information about the latest DL measurements results of the candidate cell. One drawback of this approach is that due to time interval between candidate cell configuration signaling and command for early TA, carrier selection performed by network may not be valid at the time early TA procedure is initiated by UE. 

· Approach 2: Whether to select NUL or SUL is indicated in PDCCH order. This is feasible if the network has information about the latest DL measurements results of the candidate cell.

· Approach 3: UE select NUL or SUL based on RSRP measurement of the candidate cell. If the candidate Cell is configured with SUL and if the RSRP of the downlink pathloss reference is less than rsrp-ThresholdSSB-SUL: UE select the SUL carrier for performing Random Access procedure. Otherwise, UE select the NUL carrier for performing Random Access procedure. This option is feasible even if the network does not have information about the latest DL measurements results of the candidate cell.
Proposal 2: RAN2 to discuss how the UE selects the UL carrier (NUL or SUL) of candidate cell upon reception of PDCCH order for early TA management.
BWP Selection

UE needs to identify the UL BWP of candidate cell for RA preamble transmission. Note that candidate cell is a non serving cell and there is no active UL or DL BWP for non serving cell. UE needs to identify which UL BWP from candidate cell configuration is used by UE for RA preamble transmission. One of the following approaches can be considered:
· BWP indicated by firstActiveUplinkBWP field in configuration of candidate cell is selected by UE

· BWP Id of UL to be used can be indicated in PDCCH order

· BWP indicated by initialUplinkBWP field  in configuration of candidate cell is selected by UE

· if PRACH occasions are configured in BWP indicated by firstActiveUplinkBWP field in configuration of candidate cell, UE select this BWP. Otherwise UE selects  BWP indicated by initialUplinkBWP in configuration of candidate cell.
Proposal 3: RAN2 to discuss how the UE selects UL BWP of candidate cell upon reception of PDCCH order for early TA management.
SSB Selection

UE needs to identify the SSB of candidate cell for RA preamble transmission. One of the following approaches can be considered:
· Approach 1: For early TA management, contention free RACH resources for one or more SSBs are provided by network in candidate cell configuration. UE select an SSB with SS-RSRP above threshold amongst these SSBs. This is feasible if the network has information about the latest DL measurements results of the candidate cell. One drawback of this approach is that due to time interval between candidate cell configuration signaling and command for early TA, SSBs selected by network may not be valid at the time early TA procedure is initiated by UE. 

· Approach 2: SSB index is indicated in PDCCH order. This is feasible if the network has information about the latest SSB measurements results of the candidate cell.

· Approach 3: UE select SSB based on SS-RSRP measurements of the candidate cell. If at least one of the SSBs with SS-RSRP above rsrp-ThresholdSSB is available: select an SSB with SS-RSRP above rsrp-ThresholdSSB. Otherwise, select any SSB. This option is feasible even if the network does not have information about the latest SSB measurements results of the candidate cell.
Proposal 4: RAN2 to discuss how the UE selects SSB of candidate cell upon reception of PDCCH order for early TA management.
RA preamble selection

RAN1 has agreed to use PDCCH ordered CFRA for early TA management. So as in legacy UE selects the RA preamble indicated by the preamble index field in DCI of PDCCH order.
Proposal 5:For RA initiated upon reception of PDCCH order for early TA management, UE selects the RA preamble indicated by the preamble index field in DCI of PDCCH order.

RA Type Selection

According to RAN1 agreements only PDCCH ordered CFRA is supported for early TA management. In case of early TA management, there is no critical information available to be transmitted in MsgA, so 4 step RA is sufficient for early TA management.
Proposal 6: UE select 4 step RA upon reception of PDCCH order for early TA management.

RAR Reception

According to RAN1 agreements, upon transmitting RA preamble, UE monitors for RAR if reception of RAR is configured by RRC for early TA management. For RAR reception, UE needs to identify the following:

· Cell for RAR reception: Upon transmitting the RA preamble to the candidate cell, UE can receive RAR as follows:
· Approach 1: UE can monitor the DL of candidate cell to which it has transmitted the RA preamble
· Approach 2: UE monitors the DL of SpCell 
Based on the random access, candidate cell determines the TA value. In approach 1, candidate cell directly provides the same to UE in response. This monitoring of candidate cell (non serving cell) may interrupt the DL monitoring of serving cells depending on UE capability. In approach 2, UE monitors DL of SpCell for response. In case SpCell and candidate cell belongs to different DU, target DU/candidate cell needs to send the TA value to source DU/SpCell. The approach to use can also be configurable by network. For example, for intra-DU cell, the RAR can be received via the candidate cell since the serving DU can know when the RAR is transmitted and the DL transmission over serving cell cannot be interrupted for a long period, while for inter-DU cell, the RAR can be received via the SpCell. 
Proposal 7: RAN2 to discuss whether UE monitors DL of a) candidate cell or b) SpCell or either candidate cell or SpCell based on network configuration, for RAR reception upon transmitting the RA preamble to the candidate cell.
· BWP for RAR reception: In case UE monitor the DL of candidate cell to which it has transmitted the RA preamble, UE needs to select the DL BWP of candidate cell for RAR reception. Note that candidate cell is a non serving cell and there is no active UL or DL BWP for non serving cell. One of the following approaches can be considered:

· BWP indicated by firstActiveDownlinkBWP field in configuration of candidate cell is selected by UE

· BWP Id of DL to be used can be indicated in PDCCH order

· BWP indicated by initialDownlinkBWP field  in configuration of candidate cell is selected by UE

· if PRACH occasions are configured in BWP indicated by firstActiveUplinkBWP field configuration of candidate cell, UE select this firstActiveDownlinkBWP. Otherwise UE selects  BWP indicated by initialDownlinkBWP in configuration of candidate cell. 

· UE selects DL BWP having the same BWP Id as the UL BWP selected by UE
Proposal 8: If UE monitors DL of candidate cell for RAR, RAN2 to discuss how the UE selects DL BWP of candidate cell for RAR reception.
· RAR Message
In legacy, for the PDCCH ordered CFRA, UE monitors PDCCH addressed to RA-RNTI. RA is completed when UE receives RAR MAC PDU which includes MAC subPDU with Random Access Preamble identifier corresponding to the transmitted PREAMBLE_INDEX. UE performs the following

· process the received Timing Advance Command;

· indicate the preambleReceivedTargetPower and the amount of power ramping applied to the latest Random Access Preamble transmission to lower layers (i.e. (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP);

· process the received UL grant value and indicate it to the lower layers
In case of PDCCH ordered CFRA for early TA management, amongst the above operation only processing of TA is needed. Other information is not useful. So, using the legacy mechanism would lead to unnecessary transmission of TC-RNTI, UL grant in MAC RAR. One can argue that UL grant can be used later for sending confirmation to cell switch command. However, this works only if cell switch command is sent immediately after TA is established, which would not be the case always.
An alternate approach would be that instead of monitoring PDCCH addressed to RA-RNTI, UE can monitor PDCCH addressed to C-RNTI which schedules DL TB including the absolute timing command MAC CE which indicates TA for the candidate cell.
Proposal 9: RAN2 to discuss which of the following approach is considered as an RAR for early TA management

· DL TB scheduled by PDCCH addressed to RA-RNTI, DL TB includes RAR MAC PDU which includes MAC subPDU with Random Access Preamble identifier corresponding to the transmitted PREAMBLE_INDEX. TC-RNTI in MAC RAR is ignored by UE. FFS whether to discard UL grant or not.
· DL TB scheduled by PDCCH addressed to C-RNTI, DL TB includes absolute timing command MAC CE which indicates TA for the candidate cell.
· TA applicability: Several cells amongst the candidate cells for LTM may have the same TA. Instead of initiating RA for each of them separately, TAG concepts can be reused for early TA management. Each of the candidate cells for LTM can be assigned a TAG Id in the candidate cell configuration. Upon receiving TA value in RAR, UE applies the TA for TAG of candidate cell to which UE has transmitted RA preamble and starts the corresponding TAT.
Proposal 10: TAG concept is reused for early TA management.
Proposal 11: Upon receiving TA value in RAR for early TA management, UE applies the TA for TAG of candidate cell to which UE has transmitted RA preamble and starts the corresponding TAT.
Random Access Configuration

· According to RAN1 agreement, 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 signaling is left to RAN2
Candidate cell configuration is provided by RRC and is expected to include BWP configuration(s) as in serving cell configurations. So, UE can simply apply the RACH configuration signaled in the BWP configuration for RA preamble transmission. If any RACH parameters need to be different for RACH initiated for LTM and RACH for other purpose, same can be separately indicated in RACH configuration.
Proposal 12: RACH configuration for early TA management is signaled in BWP configuration as in legacy.
RACH Trigger upon reception of cell switch command
Based on RAN1 agreements TA for a candidate cell (say cell A) is provided using one of the following options

· Option 1: PDCCH order + PRACH + RAR (TA). UE stores TA and starts TAT timer. Early TA command can be sent much earlier than the time at which cell amongst the candidate cell is selected for switching.
· Option 2: PDCCH order + PRACH + Cell Switch Command (TA).
UE receives Cell switch command for switching to Candidate cell (Cell A). In this case UE determine whether to initiate RACH can be as follows:

· If TA is included in Cell switch command OR if TAT is running for Cell A (or for TAG of Cell A)

· UE does not initiate RACH

· Else

· UE initiates RACH
Proposal 13: Upon reception of cell switch command for switching to Candidate cell (Cell A): if TA is included in Cell switch command OR if TAT is running for Cell A (or for TAG of Cell A), UE does not initiate RACH; otherwise UE initiates RACH.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposal:
Proposal 1: Identity of candidate cell configuration is signaled in PDCCH order to identify the candidate cell for which UE initiate procedure for early TA management.
Proposal 2: RAN2 to discuss how the UE selects the UL carrier (NUL or SUL) of candidate cell upon reception of PDCCH order for early TA management.
Proposal 3: RAN2 to discuss how the UE selects UL BWP of candidate cell upon reception of PDCCH order for early TA management.
Proposal 4: RAN2 to discuss how the UE selects SSB of candidate cell upon reception of PDCCH order for early TA management.
Proposal 5: UE select 4 step RA upon reception of PDCCH order for early TA management.

Proposal 6:For RA initiated upon reception of PDCCH order for early TA management, UE selects the RA preamble indicated by the preamble index field in DCI of PDCCH order.

Proposal 7: RAN2 to discuss whether UE monitors DL of a) candidate cell or b) SpCell or either candidate cell or SpCell based on network configuration, for RAR reception upon transmitting the RA preamble to the candidate cell.
Proposal 8: If UE monitors DL of candidate cell for RAR, RAN2 to discuss how the UE selects DL BWP of candidate cell for RAR reception.
Proposal 9: RAN2 to discuss which of the following approach is considered as an RAR for early TA management

· DL TB scheduled by PDCCH addressed to RA-RNTI, DL TB includes RAR MAC PDU which includes MAC subPDU with Random Access Preamble identifier corresponding to the transmitted PREAMBLE_INDEX. TC-RNTI in MAC RAR is ignored by UE. FFS whether to discard UL grant or not.
· DL TB scheduled by PDCCH addressed to C-RNTI, DL TB includes absolute timing command MAC CE which indicates TA for the candidate cell.
Proposal 10: TAG concept is reused for early TA management.
Proposal 11: Upon receiving TA value in RAR for early TA management, UE applies the TA for TAG of candidate cell to which UE has transmitted RA preamble and starts the corresponding TAT.
Proposal 12: RACH configuration for early TA management is signaled in BWP configuration as in legacy.
Proposal 13: Upon reception of cell switch command for switching to Candidate cell (Cell A): if TA is included in Cell switch command OR if TAT is running for Cell A (or for TAG of Cell A), UE does not initiate RACH; otherwise UE initiates RACH.
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