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[bookmark: _Ref47278890]1	Introduction 
[bookmark: _Ref32352040][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In RAN1 #112 meeting, following key agreements regarding Rel-18 mobility enhancement TA management had been achieved:[1]:
Agreement
· [bookmark: _Hlk131764216]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
· 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
· For PDCCH ordered-RACH for candidate cell(s), RAR reception can be configured
· If reception of RAR is not configured (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 (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
· 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

In this contribution, we discuss the details of PDCCH ordered RACH to support TA acquisition of candidate cell(s) before the cell switch command is received in L1/L2-triggered mobility (LTM).
2	PDCCH order RACH procedure
According to the previous RAN1 agreement, UE need to acquire TA of the candidate cell(s) in Rel-18 LTM. As shown in Figure 1, UE might switch to the beams of neighboring cell and need to transmit PRACH toward candidate beams of multiple cells before the cell switch command. 
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[bookmark: _Ref118727418]Figure 1: Activate asynchronous TCI states of different cells before the cell switch command

[bookmark: _Hlk131767886]In last meeting, RAN1 agreed that Random Access Preamble indices and indication of RACH occasions with the associated SSB indices are configured for each candidate cell and the reserved bit(s) in DCI format 1_0 for PDCCH order can be used for indication of cell identity. However, how the Network indicates the cell identity is unclear. In our understanding, there exist three possible methods. The first one is an explicit method, i.e., to carry the entire cell identity in the reserved bit(s). The disadvantage of this method is that it may cost too many bits, and there is another risk that this cell may not have been measured by the UE at all. 
[bookmark: _Ref131776829]Observation 1: The reserved bit(s) in DCI format 1_0 for PDCCH order is not long enough to carry the entire cell identity

[bookmark: _Hlk131768563]Using the implicit method seems to be the better way. We assume the LTM procedure as shown in Figure 2, the PDCCH order is indicated before the cell switch command. Before Network commands the cell switching, the RRC configuration of TCI states will be given first, then UE measures corresponding L1-RSRP and reports the results to Network. Here, each TCI state will associate with one SSB of a candidate cell. Therefore, indicating the TCI stats ID in the PDCCH order is a possible way to let the UE know which cell it should transmit PRACH to. The disadvantage of this method is that UE may not have completed fine time-frequency tracking and the chosen TCI state may not be activated. Another possibility way is Network indicates the index of activated TCI stats in the PDCCH order. The advantage of this method is that the UE may have completed fine time-frequency tracking and the maintained TA is for an activated TCI state, which will be more useful. 
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[bookmark: _Ref131767168]Figure 2: LTM procedure

[bookmark: _Ref118738668][bookmark: _Ref131784417][bookmark: _Ref127509693]Proposal 1: The cell identity is implicitly indicated by indicating the TCI state ID or the index of the activated TCI state in the DCI format 1_0 of the PDCCH order 

The next issue to be studied is detail behaviour when reception of RAR is configured or not configured. We first discuss the scenario when reception of RAR is not configured and TA value of candidate cell is indicated in cell switch command. In this case, our understanding is re-transmission can be certainly triggered by the Network. The question is how can UE know whether to perform power ramping and/or whether to reset the counter value for power ramping? Similar with RACH occasions, this power ramping behaviour can be configured in RRC or indicated in the PDCCH ordered. So we suggest
[bookmark: _Ref131784423]Proposal 2: For PDCCH ordered-RACH for candidate cell(s), if reception of RAR is not configured (without RAR) and the re-transmission is triggered by Network, whether the UE should perform power ramping and/or reserve the counter value for power ramping are configured in RRC or indicated in the PDCCH ordered

In fact, the original PDCCH ordered-RACH procedure has a retransmission mechanism, so it is very intuitive to allow UE autonomous retransmission. Here, the need to UE re-transmission is not because the uplink power is too small to be received by gNB, but because the TA monitoring toward candidate cell must be kept until the reception of the cell change command. Therefore, we think that power ramping should be disabled if not needed. So we suggest
[bookmark: _Ref131784425]Proposal 3: For PDCCH ordered-RACH for candidate cell(s), if reception of RAR is not configured (without RAR) and UE autonomous re-transmission is allowed, 
· UE transmits PRACH for N times, where the value of N is configured in RRC or indicated in the PDCCH ordered and 
· Whether the UE should perform power ramping is configured in RRC or indicated in the PDCCH ordered 

We next discuss the scenario where RAR is configured to receive. In this case, RAN1 has already agreed that at least TA of candidate cell should be included in RAR. Considering that UE might only be able to receive candidate cell’s RAR from the serving cell, we think that information of cell identity should also be included. So that UE can distinguish which cell the current RAR is sent from. Also, for the same reason as above, we think it should be possible for Network to disable the power ramping.
[bookmark: _Ref131784426]Proposal 4: For PDCCH ordered-RACH for candidate cell(s), if reception of RAR is configured (with RAR), the content of RAR should include
· TA of candidate cell, 
· explicit indication or implicit indication of candidate cell identify (can be cell ID or TCI state ID/index of activated TCI state), 
· C-RNTI 
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


The remaining issue is whether to extend the timing gap between DCI and PRACH defined in spec and interruption on UL Tx of serving CCs due to the PRACH Tx. 
Spec 38.213
If a random access procedure is initiated by a PDCCH order, the UE, if requested by higher layers, transmits a PRACH in the selected PRACH occasion, as described in [11, TS 38.321], 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, where 
-	 is a time duration of  symbols corresponding to a PUSCH preparation time for UE processing capability 1 [6, TS 38.214] assuming  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH order and the SCS configuration of the corresponding PRACH transmission 
-	 if the active UL BWP does not change and  is defined in [10, TS 38.133] otherwise 
-	 msec for FR1 and  msec for FR2
-	 is a switching gap duration as defined in [6, TS 38.214] 


As we known, legacy timing gap only applies on cell that UE is going to handover to and legacy interruption only applies on the serving cells. For these scenarios, there is no need to consider the receiving timing difference between serving cell and target cell, i.e., RTD value. However, In LTM, the receiving timing difference between serving cell and target cell might be larger than 1 CP length. Both timing gap and interruption need to consider the RTD impact. For timing gap between DCI and PRACH, at least the definition of Tswitch and corresponding symbol value need to be modified. The exact MRTD value is actually discussed and defined in the RAN4, so we suggest to send an LS to RAN4 to ask for its evaluation result. The impact of MRTD on the UL Tx interruption of serving CCs can be deferred since currently RAN2 is not sure whether to maintain CA during the LTM process.
[bookmark: _Ref131784428]Proposal 5: Introduce MRTD into the time gap between DCI and PRACH, send LS to RAN4 to ask for its evaluated MRTD value
 

3	Summary
In this contribution, we have following observations
Observation 1: The reserved bit(s) in DCI format 1_0 for PDCCH order is not long enough to carry the entire cell identity

and we propose
Proposal 1: The cell identity is implicitly indicated by indicating the TCI state ID or the index of the activated TCI state in the DCI format 1_0 of the PDCCH order 
Proposal 2: For PDCCH ordered-RACH for candidate cell(s), if reception of RAR is not configured (without RAR) and the re-transmission is triggered by Network, whether the UE should perform power ramping and/or reserve the counter value for power ramping are configured in RRC or indicated in the PDCCH ordered
Proposal 3: For PDCCH ordered-RACH for candidate cell(s), if reception of RAR is not configured (without RAR) and UE autonomous re-transmission is allowed, 
· UE transmits PRACH for N times, where the value of N is configured in RRC or indicated in the PDCCH ordered and 
· Whether the UE should perform power ramping is configured in RRC or indicated in the PDCCH ordered
Proposal 4: For PDCCH ordered-RACH for candidate cell(s), if reception of RAR is configured (with RAR), the content of RAR should include
· TA of candidate cell, 
· explicit indication or implicit indication of candidate cell identify (can be cell ID or TCI state ID/index of activated TCI state), 
· C-RNTI
Proposal 5: Introduce MRTD into the time gap between DCI and PRACH, send LS to RAN4 to ask for its evaluated MRTD value 
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