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1. BACKGROUND
RAN plenary #94e approved the WID in [1] for Rel-18 MIMO enhancements. As described in WID, one of the goals in Objective 7 is to study and specify the operation related to multi-DCI multi-TRP deployment allowing for two timing advance TAs loops. In RAN1 meeting #109-e discussions on this topic were held. As a result, certain agreements and further discussions points were outlined in the meeting that are listed below for convenience.

	For inter-cell multi-DCI based Multi-TRP operation with two TA enhancement, support one of the alternatives (down selection to be done in RAN1#111):
· Alt 1: PDCCH scheduling RAR will always be received from serving cell  there is no need for additional type 1 CSS configuration per additional PCI
· Alt 2: In addition to PDCCH scheduling RAR being received from serving cell, reception of PDCCH scheduling RAR from a TRP corresponding to an additional PCI for a RACH procedure associated to the additional PCI is supported  additional type 1 CSS configuration per additional PCI needs to be supported

For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, support PRACH configuration associated with additional configured PCIs different from the PCI of the serving cell.
· FFS: details 

For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, support a mechanism to determine which PRACH configuration (i.e., RACH configuration corresponding to serving cell PCI or an additional PCI) to be used in the RACH procedure triggered by PDCCH order
· FFS:  Explicit indication or implicit indication through PDCCH order 

For multi-DCI based Multi-TRP operation with two TA enhancement, support one of the following alternatives in RAN1#111:
· Alt 1: PDCCH order sent by one TRP triggers RACH procedure towards the same TRP
· note: with Alt 1, PDCCH order sent by one TRP triggering RACH procedure towards another TRP is not allowed
· Alt 2: PDCCH order sent by one TRP triggers RACH procedure towards either the same TRP or a different TRP
· This does not preclude PDCCH order triggering two RACH procedures for two TRPs

For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, the four options agreed in RAN1#110bis-e are refined as below (down-selection of one or a combination of the options to be performed in RAN1#111):
· Option 1: Associate TAG to TCI-state/spatial relation
· Configure TAG ID as part of UL/joint TCI state or spatial relation
· for UL transmission, the TAG ID associated with the UL/joint TCI state or spatial relation is utilized
· Option 2: Associate TAG to CORESETPoolIndex
· for dynamically scheduled/activated PUSCH, TAG associated with the CORESET pool index of the CORESET carrying the scheduling/activating PDCCH is utilized for UL transmission
· for Type 1 CG, P/SP-SRS, and P/SP-PUCCH, coresetPoolIndex is RRC-configured.
· FFS:   Other signals/channels:  AP-SRS, and dynamic HARQ-ACK
 
· Option 3: Associate TAG to SSB group (if such an association is agreed in agenda 9.1.1.2). For a UL transmission, UE adopts the TAG associated with the SSB group such that
· if the PL RS is an SSB, then the UE adopts the TAG associated with the SSB group which the PL RS of the UL transmission belongs to
· if the PL RS is a CSI-RS, then the UE adopts the TAG associated with the SSB group which the QCL source SSB of the PL RS belongs to 
· Option 4:  TAG association performed as follows:
· for dynamically scheduled/activated channels/signals, TAG associated with the CORESET pool index of the CORESET carrying the scheduling PDCCH is utilized for UL transmission
· for P/SP UL channels / signals (not scheduled or activated by DCI), TAG ID is RRC-configured.

For multi-DCI based Multi-TRP operation with two TA enhancement, support enhancements related to indicating TAG ID via absolute TA command:
· FFS: whether the indication is implicit or explicit
· Detailed indication schemes are FFS
· This does not preclude indication of two TAG IDs (if supported)
· Note: This applies at least to MSGB in case of C-RNTI
 
Conclusion
For multi-DCI based Multi-TRP operation with two TA enhancement, it cannot always be assumed that both TRPs have knowledge of the overlapping region between transmissions corresponding to the two TAs.
· Note: This doesn’t prevent the network from applying scheduling restrictions even if the TRPs have no knowledge of the overlapping region

For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, support at least one of the following alternatives (down selection to be done in RAN1#111):
· Alt 1:  indicate TAG ID as part of TA command in RAR
· Alt 2:  indicate TAG ID as part of PDCCH order
· Alt 3:  divide SSBs into two groups, one for each TRP.    If a SSB associated to a RACH procedure belongs to the nth group (n=1,2), then the TA obtained via the RACH procedure corresponds to the nth TRP.
· Alt 4:  divide RACH resources into two groups, where for a RACH procedure, if the corresponding RACH resource belongs to the nth group (n=1,2), then the TA obtained via the RACH procedure corresponds to the nth TRP.
· Alt 5:  divide preambles into two groups, where for a RACH procedure, if the corresponding preamble belongs to the nth group (n=1,2), then the TA obtained via the RACH procedure corresponds to the nth TRP
· Alt 6:   TAG ID is associated with CORESETPoolIndex and TAG ID is determined based on the CORESETPoolIndex of PDCCH order
· Alt 7:  Each TCI state is associated with a TAG ID, and the TAG ID corresponding to RACH triggered by a PDCCH order is determined based on the TCI state used to receive the PDCCH order
Note: If Alt 1 or Alt 2 is downselected, then it does not preclude indication of two TAG IDs (if supported)




2. DISCUSSION
In this contribution, we share our analysis of the discussion points mentioned in the meeting minutes and make further proposals.

2.1 PDCCH SCHEDULING RAR, PRACH CONFIGURATIONS AND RACH INDICATION
According to last meeting’s agreements the following alternatives for down-selection were suggested:
	For inter-cell multi-DCI based Multi-TRP operation with two TA enhancement:
· Alt 1: PDCCH scheduling RAR will always be received from serving cell  there is no need for additional type 1 CSS configuration per additional PCI
· Alt 2: In addition to PDCCH scheduling RAR being received from serving cell, reception of PDCCH scheduling RAR from a TRP corresponding to an additional PCI for a RACH procedure associated to the additional PCI is supported  additional type 1 CSS configuration per additional PCI needs to be supported



[bookmark: _Hlk68019238]We believe that for inter-cell multi-DCI based multi-TRP, the cells are fully configured and thus alternative 2 may have a simpler outcome as each cell would have its own and independent PDCCH orders as they may have a different timing beyond a CP as well.

Observations 1: For the inter-cell case, each cell is fully configured with its own PCI, and SIBs.

Proposal 1: Support alternative 2 for inter-cell multi-DCI based multi-TRP PDCCH scheduling RAR.

Subsequentially, the following agreements and FFS for details were reached:
	For multi-DCI based inter-cell multi-TRP operation with two TA enhancement, support PRACH configuration associated with additional configured PCIs different from the PCI of the serving cell.
· FFS: details 

For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, support a mechanism to determine which PRACH configuration (i.e., RACH configuration corresponding to serving cell PCI or an additional PCI) to be used in the RACH procedure triggered by PDCCH order
· FFS:  Explicit indication or implicit indication through PDCCH order 




When we have the cells fully equipped for a standalone operation, we believe that this paradigm can be maintained as the PRACH configurations are independent and PDCCH RAR orders can be implicitly decoded. Thus, we are proposing to maintain the implicit operation across the cell involved with multi-TRP configuration. Regarding the FFS issues on how to determine which PRACH configuration to be used, it may be decided with reusing some existing parameter such as an FDRA field value being all one or zero in a PDCCH order, or based on PDCCH search space ID or PDCCH candidate resource associated for identifying a target TRP/cell. 

[bookmark: _Hlk118374422]Observation 2: In a multi-DCI based inter-cell Multi-TRP operation, each cell is assumed to be properly configured for standalone operation.

Proposal 2: The PRACH configuration for CBRA can be retrieved from the SIBs for each cell from multi-TRP combo.

Observation 3: In a multi-DCI based inter-cell Multi-TRP operation, each cell has its own independent PRACH configuration.

Proposal 3: For inter-cell multi-DCI multi-TRP the RACH procedure order can be implicitly determined through PDCCH order origin identified by an existing parameter or PDCCH search space association.

Following the above discussion, two alternatives were proposed for down-selection regarding the RACH procedure itself:
	For multi-DCI based Multi-TRP operation with two TA enhancement, support one of the following alternatives in RAN1#111:
· Alt 1: PDCCH order sent by one TRP triggers RACH procedure towards the same TRP
· note: with Alt 1, PDCCH order sent by one TRP triggering RACH procedure towards another TRP is not allowed
· Alt 2: PDCCH order sent by one TRP triggers RACH procedure towards either the same TRP or a different TRP
· This does not preclude PDCCH order triggering two RACH procedures for two TRPs




We believe that a streamlined design, as in Alt1, may have the advantage of being a simpler implementation. However, from our perspective, Alt2 provides a higher flexibility for the network. For example, in cases like beam recovery or other beam management situations, we see an advantage with Alt2 proposal that supports a higher flexibility and efficiency.

Observation 4: Alt1 may have the advantage of being a simpler implementation, however Alt2 provides a higher flexibility for the network.

Proposal 4: Support Alt 2 for the multi-DCI multi-TRP RACH target TRP indication.
	
2.2 TAG ASSOCIATION WITH UL CHANNELS/SIGNALS FOR MULTI-DCI-BASED MTRP OPERATION
In the last meeting, the following options for TAG association were agreed for down-selection:
	For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, the four options agreed in RAN1#110bis-e are refined as below (down-selection of one or a combination of the options to be performed in RAN1#111):
· Option 1: Associate TAG to TCI-state/spatial relation
· Configure TAG ID as part of UL/joint TCI state or spatial relation
· for UL transmission, the TAG ID associated with the UL/joint TCI state or spatial relation is utilized
· Option 2: Associate TAG to CORESETPoolIndex
· for dynamically scheduled/activated PUSCH, TAG associated with the CORESET pool index of the CORESET carrying the scheduling/activating PDCCH is utilized for UL transmission
· for Type 1 CG, P/SP-SRS, and P/SP-PUCCH, coresetPoolIndex is RRC-configured.
· FFS:   Other signals/channels:  AP-SRS, and dynamic HARQ-ACK
 
· Option 3: Associate TAG to SSB group (if such an association is agreed in agenda 9.1.1.2). For a UL transmission, UE adopts the TAG associated with the SSB group such that
· if the PL RS is an SSB, then the UE adopts the TAG associated with the SSB group which the PL RS of the UL transmission belongs to
· if the PL RS is a CSI-RS, then the UE adopts the TAG associated with the SSB group which the QCL source SSB of the PL RS belongs to 
· Option 4:  TAG association performed as follows:
· for dynamically scheduled/activated channels/signals, TAG associated with the CORESET pool index of the CORESET carrying the scheduling PDCCH is utilized for UL transmission
· for P/SP UL channels / signals (not scheduled or activated by DCI), TAG ID is RRC-configured.




[bookmark: _Hlk118374770]As we discussed in the previous section, in a multi-DCI based inter-cell Multi-TRP operation, each cell is configured independently. Further, CORESETPoolIndex is already configured. Therefore, we believe either of Options 1 or 2 can be used based on the baseline configuration for a multi-DCI-based inter-cell Multi-TRP operation. From our perspective, Options 3 and 4 can be considered as a subset of Options 1 and 2.

Observation 5: Options 3 and 4 can be considered as a subset of Options 1 and 2.

Proposal 5: Adopt Option 1 or 2 for TAG association for further discussions on the multi-DCI multi-TRP operation.


2.3 INTRA-CELL MULTI-DCI MULTI-TRP TAG ID INDICATION

In the last meeting the following alternatives were agreed for further down-selection:
	For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, support at least one of the following alternatives (down selection to be done in RAN1#111):
· Alt 1:  indicate TAG ID as part of TA command in RAR
· Alt 2:  indicate TAG ID as part of PDCCH order
· Alt 3:  divide SSBs into two groups, one for each TRP.    If a SSB associated to a RACH procedure belongs to the nth group (n=1,2), then the TA obtained via the RACH procedure corresponds to the nth TRP.
· Alt 4:  divide RACH resources into two groups, where for a RACH procedure, if the corresponding RACH resource belongs to the nth group (n=1,2), then the TA obtained via the RACH procedure corresponds to the nth TRP.
· Alt 5:  divide preambles into two groups, where for a RACH procedure, if the corresponding preamble belongs to the nth group (n=1,2), then the TA obtained via the RACH procedure corresponds to the nth TRP
· Alt 6:   TAG ID is associated with CORESETPoolIndex and TAG ID is determined based on the CORESETPoolIndex of PDCCH order
· Alt 7:  Each TCI state is associated with a TAG ID, and the TAG ID corresponding to RACH triggered by a PDCCH order is determined based on the TCI state used to receive the PDCCH order
Note: If Alt 1 or Alt 2 is downselected, then it does not preclude indication of two TAG IDs (if supported)




For the intra-cell case, the PDCCH order is given by a same scheduler and thus a clear scheduling coordination is possible at the base station level to avoid collisions between PUSCH/PUCCH and RACH transmissions. However, the PDCCH order association with the specific TRP(TAG) must be clear for the UE to appropriately select the correct initial timing and proper UL resources and spatial information.

 According to the current specifications, the PDCCH order is carried by DCI format 1_0 scrambled by C-RNTI. If the bit field corresponding to "Frequency Domain Resource Assignment" are of all ones, then the remaining fields are interpreted as follows: 
· Random Access Preamble index – 6 bits, 
· If the value of the "Random Access Preamble index" is not all zeros:
· UL/SUL indicator – 1 bit,
· SS/PBCH index – 6 bits,
· PRACH Mask index – 4 bits,
· Reserved bits – 10 - 12 bits 

We can see from the above field description that DCI format 1_0 that it is oriented towards single cell operation. To avoid any confusion, we believe that either of Alt 1 or 2 is at least appropriate that would be also in line with our other proposals and their corresponding justifications. Alt 4 may also be considered since a PRACH occasion corresponding to an SS/PBCH index associated with which TRP needs to be identified, where the TRP identification may be decided based on some existing parameter such as an SS/PBCI index or PRACH Mask index in the PDCCH order.

Observation 6: PDCCH order that is carried by DCI format 1_0 scrambled by C-RNTI is primarily envisioned for a single cell operation.

Proposal 6: Consider Alt 1, 2 for TAG ID indication and Alt 4 for a TRP-specific RACH procedure on the multi-DCI multi-TRP operation.

 
3. CONCLUSIONS
This contribution discussed the issues raised in the last meeting for intra-cell and inter-cell M-TRP operation with the two TAs loops. Based on the presented discussion, we make the following observations and proposals:

Observations 1: For the inter-cell case, each cell is fully configured with its own PCI, and SIBs.

Observation 2: In a multi-DCI based inter-cell Multi-TRP operation, each cell is assumed to be properly configured for standalone operation.

Observation 3: In a multi-DCI based inter-cell Multi-TRP operation, each cell has its own independent PRACH configuration.

Observation 4: Alt1 may have the advantage of being a simpler implementation, however Alt2 provides a higher flexibility for the network.

Observation 5: Options 3 and 4 can be considered as a subset of Options 1 and 2, respectively.

Observation 6: PDCCH order that is carried by DCI format 1_0 scrambled by C-RNTI is primarily envisioned for a single cell operation.

Proposal 1: Support alternative 2 for inter-cell multi-DCI based multi-TRP PDCCH scheduling RAR.

Proposal 2: The PRACH configuration for CBRA can be retrieved from the SIBs for each cell from multi-TRP combo.

Proposal 3: For inter-cell multi-DCI multi-TRP the RACH procedure order can be implicitly determined through PDCCH order origin identified by an existing parameter or PDCCH search space association.

Proposal 4: Support Alt 2 for the multi-DCI multi-TRP RACH target TRP indication.

Proposal 5: Adopt Option 1 or 2 for TAG association for further discussions on the multi-DCI multi-TRP operation.

Proposal 6: Consider Alt 1, 2 for TAG ID indication and Alt 4 for a TRP-specific RACH procedure on the multi-DCI multi-TRP operation.
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