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Introduction
In this contribution, we discuss various remaining aspects related to two TAs for multi-DCI based mTRP.
Issue 1: Power control for cross-TRP PDCCH order  
Cross-TRP PDCCH order is agreed for both inter-cell and intra-cell multi-DCI based multi-TRP, but no solution is agreed yet for PRACH power control. In legacy specification, for CFRA-based PDCCH order, PL-RS and referenceSignalPower for PRACH power control are based on the DL-RS that the DMRS of PDCCH order is QCLed with. Given that this legacy rule is not applicable to cross-TRP PDCCH order, without a solution for PRACH power control, cross-TRP PDCCH order is also not supported.

Note that for CFRA-based PDCCH order, UE does not measure the indicated SSB as a result of PDCCH order (hence the reason the legacy rule above). In mTRP case, the UE already maintains an active beam toward that TRP. The purpose of PDCCH order CFRA is not to change the active beam, but only to acquire the TA for the existing working beam. Multiple solutions have been discussed/proposed for power control. We analysis these below:
If the power control is based on the indicated SSB in the PDCCH order DCI, there are multiple drawbacks both in terms of network flexibility as well as UE complexity as discussed in detail below:
· (1) The indicated SSB should be limited and cannot be any arbitrary SSB. At the very least, the SSB should be associated with indicated / activated TCI states. Otherwise, additional switching delay would be needed. For example, see RAN4 spec 38.133, Section 8.14.3, which defines that this additional delay is equal to 5 periodicities of SSB plus processing delay (which can be very large) even when the SSB is “known”. As another example, additional delay (TSSB) is defined for LTM when indicated SSB is not in the active TCI state list of a candidate cell before the cell switch command, which is being discussed and finalized by RAN4.
· (2) The limitation / restriction discussed in (1) results in a restriction as to which SSB can be indicated by the PDCCH order DCI. This restricts which RO can be used for the PRACH. Note that in legacy CFRA based PDCCH order, network is free to indicate any SSB in the PDCCH order DCI for RO determination.
· (3) Even if we limit the indicated SSB in the PDCCH order DCI to be associated with the indicated / activated TCI states, there is an additional UE complexity. This is because the PL-RS associated with the indicated / activated TCI states may not be SSB, and can be CSI-RS / TRS instead. This means that UE has to now “maintain” some SSBs for the purpose of PRACH power control in addition to the PL-RS (CSI-RS) associated with active TCI states, which the UE maintains for PUSCH/PUCCH/SRS power control.

On the other hand, if the power control is based on PL-RS associated with the first/second indicated TCI state, all drawbacks above will be addressed: No restriction will be imposed on the network as to which SSB can be indicated in the PDCCH order DCI for RO determination, and UE complexity is not increased because the UE already maintains PL-RS associated with indicated / activated TCI states.
Given the above discussions, we do not see a technical justification for using the indicated SSB for PRACH power control. However, if this direction becomes the only way forward, we can be okay with a solution that restricts the indicated SSB in the PDCCH order DCI to be associated with either the first or second indicated TCI state so that at least the complexity concern described in (3) above is addressed to some extent such that UE does not have to “maintain” SSB for PRACH power control for all activated TCI states, and just maintains two additional SSBs associated with the indicated TCI states.
Proposal 1: For multi-DCI based inter-cell multi-TRP and intra-cell multi-TRP operation with two TAGs configured in a CC, when PRACH is transmitted towards a TRP that is different from the TRP that transmits PDCCH order
· Alt1 (preferred): The PL-RS for determining the transmit power of the triggered PRACH transmission is based on a PL-RS associated with the indicated TCI state for the coresetPoolIndex value corresponding to the TRP that the PRACH is transmitted toward.
· Alt2 (not preferred but can accept): SSB indicated in the CFRA based PDCCH order is used as the PL-RS for determining the transmit power of the triggered PRACH transmission.
· UE expects the indicated SSB in PDCCH order to be associated with either the first indicated TCI state or the second indicated TCI state.
Issue 2: PRACH transmission timing and differentiation between same-TRP versus cross-TRP PDCCH order  
In legacy specification, the timing for a PRACH is based on DL reference timing minus NTA offset×Tc (given that NTA=0 is assumed for PRACH).
The UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus [image: ]. The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell. NTA for PRACH is defined as 0.

RAN1 has already agreed to use two different DL reference timing associated with the two TAGs:
Agreement
For multi-DCI multi-TRP operation with two TAs in a CC, two DL reference timings are supported where each DL reference timing is associated with one TAG
· baseline assumption is that the Rx timing difference between the two DL reference timings is no larger than CP length 
· as an optional UE capability, Rx timing difference between the two DL reference timings can be assumed to be larger than CP length
· FFS: the maximum Rx timing difference (could be up to RAN4)
· Other than UE capability details and relevant configuration, no additional RAN1 specification enhancement specific for this case is expected

For inter-cell case, UE knows the corresponding PCI based on PDCCH order, and hence, knows whether PRACH transmission is associated with the first or second DL reference timing.
For intra-cell case, it is not clear how the UE can determine whether to use the first or the second DL reference timing for PRACH transmission. Also, in the RAN1 #114 agreement, the note “Note: For intra-cell multi-DCI based Multi-TRP operation, only a single NTA,offset is configured” does not resolve the issue for DL reference timing. Hence, an indication in PDCCH order DCI is needed to address this issue.
In addition to the issue of PRACH transmission timing discussed above, UE needs to differentiate between same-TRP versus cross-TRP PDCCH order as agreed in RAN1 #114bis for intra-cell mTRP:
   Agreement
The following working assumption is confirmed
· “For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, support the case where a PDCCH order sent by TRPX triggers RACH procedure towards either TRPX or TRPY.”
Above confirmation does not change power control for the same TRP PDCCH order.

For both purposes above, the single bit in PDCCH order DCI that is already agreed for inter-cell (currently named as “PCI indicator” in endorsed CR of 38.212) can be reused also for intra-cell case. Furthermore, even for inter-cell mTRP, the interpretation of the single bit is not currently captured yet in 38.212 given that the editor would like to see more detailed agreements. 

Given the discussions above, we propose the following, which addresses how the single bit in the PDCCH order DCI should be interpreted for both inter-cell and intra-cell mTRP, as well as using this single bit for the purpose of differentiation between same-TRP versus cross-TRP PDCCH order as well as for the purpose of determining the DL reference timing for PRACH transmission timing.

Proposal 2: For multi-DCI based Multi-TRP operation with two TA enhancement, 
· The single bit in the PDCCH order DCI (currently named as “PCI indicator” in 38.212) is interpreted as follows
· If SSB-MTC-AddtionalPCI is configured and an additionalPCI is associated with active TCI states (inter-cell case): 
· Value 0 indicates that the RACH transmission is associated with the serving cell PCI
· Value 1 indicates that the PRACH transmission is associated with the additionalPCI
· Otherwise (intra-cell case) 
· Value 0 indicates that the PRACH transmission is associated with the first TAG
· Value 1 indicates the PRACH transmission is associated with the second TAG.
· The single bit indication in PDCCH order DCI is used to determine:
· Whether PRACH power control is based on legacy rule (same-TRP PDCCH order) or is based on new rule (cross-TRP PDCCH order).
· DL reference timing for PRACH transmission timing.
Issue 3: Differentiation between mTRP and LTM   
In RAN1 #114bis, there were some discussions about whether both features of “multi-DCI based multi-TRP with 2 TAs” and LTM can be configured simultaneously, and how to differentiate between them when a PDCCH order DCI is received. For this, we do not think any complicated mechanism would be needed. Specifically, any of the options below can work.
· Option 1 (no spec impact): Conclude that if both multi-DCI based multi-TRP with 2 TAs and LTM are configured, PDCCH order DCI can either tigger PRACH associated with the second TAG (for mTRP) or associated with a candidate cell (for LTM), but not both.
· Option 2: Specification to capture “UE does not expect both “Cell indicator” field and “PCI indicator” field of the PDCCH order DCI to be non-zero”
· Option 3: Specification to capture that if the “Cell indicator” field in the PDCCH order DCI indicates a non-zero value, UE ignores the “PCI indicator” field.

Proposal 3: To differentiate between multi-DCI based multi-TRP with 2 TAs and LTM, support one of the following options:
· Option 1 (no spec impact): Conclude that if both multi-DCI based multi-TRP with 2 TAs and LTM are configured, PDCCH order DCI can either tigger PRACH associated with the second TAG (for mTRP) or trigger PRACH associated with a candidate cell (for LTM), but not both.
· Option 2: Specification to capture “UE does not expect both “Cell indicator” field and “PCI indicator” field of the PDCCH order DCI to indicate a non-zero value”
· Option 3: Specification to capture that if the “Cell indicator” field in the PDCCH order DCI indicates a non-zero value, UE ignores the “PCI indicator” field.
Issue 4: Non-ideal backhaul for inter-cell   
For inter-cell mTRP, if PRACH is toward the additional PCI, given that RAR is always transmitted from the serving cell PCI, additional delay for starting the MSG2 response window would be needed to accommodate the non-ideal backhaul between two TRPs.
Proposal 4: For inter-cell multi-DCI based multi-TRP operation with two TAGs:
· When PRACH is toward the additional PCI, support to configure an additional delay/timer for starting the RAR response window to accommodate the non-ideal backhaul.

Issue 5: Closed loop reset for power control after PRACH   
In existing specification, the closed loop power control adjustment state for  (the first closed loop) for PUSCH/PUCCH is reset any time after receiving a RAR (see the text copied below for PUSCH from 38.213 Section 7.1.1): 
-	If the UE receives a random access response message in response to a PRACH transmission or a MsgA transmission on active UL BWP  of carrier  of serving cell  as described in clause 8
-	, where  and
-	…

In the case of two TAGs, CFRA based PDCCH order can specifically trigger PRACH toward either the first TRP or the second TRP. When two closed loop adjustment states are configured for PUSCH or PUCCH (twoPUSCH-PC-AdjustmentStates or twoPUCCH-PC-AdjustmentStates are configured), the resetting mechanism above results in unnecessary interruption if PRACH is triggered toward the second TRP. This is because, the first closed loop index () that may be configured for the first TRP is reset instead of the second closed loop index ().
To address this issue, UE needs to determine whether to reset the first closed loop power control adjustment state () or reset the second closed loop power control adjustment state () based on whether the PRACH is toward the first TRP or the second TRP. For this, the same indication in PDCCH order that discussed in Issue 1 / 2 can be reused. That is, for inter-cell, it can be based on the indicated PCI, and for intra-cell, it can be based on the proposed 1-bit indication. Alternatively, for intra-cell, the indication in RAR (TAG ID) can be also used given that such reset is anyway after reception of the RAR.
Proposal 5: For CFRA-based PDCCH order in multi-DCI based multi-TRP operation with two TAGs, when UE receives a corresponding RAR and is configured with twoPUSCH-PC-AdjustmentStates or twoPUCCH-PC-AdjustmentStates
· The UE determines whether to reset the closed loop adjustment state for  or  based on whether the PRACH is toward the first TRP or the second TRP.
· For inter-cell: The determination is based on whether the serving cell PCI or the additional PCI is indicated in the PDCCH order.
· For intra-cell: The determination can be either based on an indication in PDCCH order (option 1), or based on the TAG that is indicated in the RAR (option 2).
· Note: The initialization after the reset is similar to legacy.

Conclusion 
In this contribution, we proposed:
Proposal 1: For multi-DCI based inter-cell multi-TRP and intra-cell multi-TRP operation with two TAGs configured in a CC, when PRACH is transmitted towards a TRP that is different from the TRP that transmits PDCCH order
· Alt1 (preferred): The PL-RS for determining the transmit power of the triggered PRACH transmission is based on a PL-RS associated with the indicated TCI state for the coresetPoolIndex value corresponding to the TRP that the PRACH is transmitted toward.
· Alt2 (not preferred but can accept): SSB indicated in the CFRA based PDCCH order is used as the PL-RS for determining the transmit power of the triggered PRACH transmission.
· UE expects the indicated SSB in PDCCH order to be associated with either the first indicated TCI state or the second indicated TCI state.

Proposal 2: For multi-DCI based Multi-TRP operation with two TA enhancement, 
· The single bit in the PDCCH order DCI (currently named as “PCI indicator” in 38.212) is interpreted as follows
· If SSB-MTC-AddtionalPCI is configured and an additionalPCI is associated with active TCI states (inter-cell case): 
· Value 0 indicates that the RACH transmission is associated with the serving cell PCI
· Value 1 indicates that the PRACH transmission is associated with the additionalPCI
· Otherwise (intra-cell case) 
· Value 0 indicates that the PRACH transmission is associated with the first TAG
· Value 1 indicates the PRACH transmission is associated with the second TAG.
· The single bit indication in PDCCH order DCI is used to determine:
· Whether PRACH power control is based on legacy rule (same-TRP PDCCH order) or is based on new rule (cross-TRP PDCCH order).
· DL reference timing for PRACH transmission timing.

Proposal 3: To differentiate between multi-DCI based multi-TRP with 2 TAs and LTM, support one of the following options:
· Option 1 (no spec impact): Conclude that if both multi-DCI based multi-TRP with 2 TAs and LTM are configured, PDCCH order DCI can either tigger PRACH associated with the second TAG (for mTRP) or trigger PRACH associated with a candidate cell (for LTM), but not both.
· Option 2: Specification to capture “UE does not expect both “Cell indicator” field and “PCI indicator” field of the PDCCH order DCI to indicate a non-zero value”
· Option 3: Specification to capture that if the “Cell indicator” field in the PDCCH order DCI indicates a non-zero value, UE ignores the “PCI indicator” field.

Proposal 4: For inter-cell multi-DCI based multi-TRP operation with two TAGs:
· When PRACH is toward the additional PCI, support to configure an additional delay/timer for starting the RAR response window to accommodate the non-ideal backhaul.

Proposal 5: For CFRA-based PDCCH order in multi-DCI based multi-TRP operation with two TAGs, when UE receives a corresponding RAR and is configured with twoPUSCH-PC-AdjustmentStates or twoPUCCH-PC-AdjustmentStates
· The UE determines whether to reset the closed loop adjustment state for  or  based on whether the PRACH is toward the first TRP or the second TRP.
· For inter-cell: The determination is based on whether the serving cell PCI or the additional PCI is indicated in the PDCCH order.
· For intra-cell: The determination can be either based on an indication in PDCCH order (option 1), or based on the TAG that is indicated in the RAR (option 2).
· Note: The initialization after the reset is similar to legacy.
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