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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#110-bis-e meeting, the Rel. 18 NR_MIMO_evo_DL_UL WID [1] was discussed. The following was agreed [2] on the topic of two TAs for multi-DCI:
	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

Agreement
Multi-DCI multi-TRP operation with two TAs is supported for Rel-15/16/17 TCI frameworks and unified TCI framework extension discussed in 9.1.1.1 as well as UL beam indication via spatial relation.

Agreement
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

Agreement
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 

Agreement
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 

Agreement
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

Agreement
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.
 
Agreement
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
 
Agreement
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)


In this contribution, we present our views on two TAs for UL multi-DCI for multi-TRP operation and proposals for moving forward.

[bookmark: _Ref117701452][bookmark: _Ref52454871]Association of TA to UL Channels/Signals
[bookmark: _Hlk117700416][bookmark: _Hlk113624456]In RAN1 110-bis-e meeting, the following was agreed regarding the topic of association of TAG to UL channels/signals: 
	Agreement
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
· [bookmark: _Hlk117697985]Option 2: Associate TAG to CORESETPoolIndex
· [bookmark: _Hlk117676574][bookmark: _Hlk117676686]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.



Regarding Option 2, we understand the goal is to make coresetPoolIndex act as TRP ID, and an association between the coresetPoolIndex and UL channels/signals needs to be established.  For dynamically scheduled/activated PUSCH, this association may be fine where the scheduled/activated PUSCH can be associated with the coresetPoolIndex of the CORESET carrying the scheduling/activating PDCCH.  However, for periodic/semi-persistent UL channels/signals such as Type 1 CG PUSCH, P/SP-SRS, and P/SP-PUCCH, Option 2 requires that the coresetPoolIndex is RRC-configured for these channels.  Since Option 2 is to associate TAG to coresetPoolIndex, once a coresetPoolIndex is RRC-configured for these channels, the TAG that can be applied to these channels will be fixed until the next RRC configuration.  Applying a fixed TAG to these channels means that these channels can only be targeted at one specific TRP since different TAG/TA is for UL transmission to different TRP.  This is problematic, e.g., in the PUCCH scheduling request for per-TRP BFR case as we explain below using an example.  
Let’s assume there are two TRPs, TRP0 and TRP1, which is associated with coresetPoolIndex #0 and #1, respectively.  In Rel-17, when a TRP link fails, PUCCH is used to transmit scheduling request to the working TRP such that the working TRP can allocate resource for the UE to transmit MAC CE related to the BFR.  When the UE is provided only one configuration for PUCCH transmission with a link recovery request (LRR), the PUCCH is for transmitting scheduling request targeting either TRP0 or TRP1, depending on which one is the working TRP.  However, based on Option 2, once the PUCCH is configured with a specific coresetPoolIndex, the TAG/TA associated with that coresetPoolIndex has to be used for transmission of the PUCCH.  In other words, the PUCCH can only be targeted at one specific TRP, which is the one associated with that specific coresetPoolIndex.  If that specific TRP is not the working TRP, the PUCCH most likely will be received in error at the working TRP due to the use of a wrong TAG/TA. The consequence will then be a BFR failure.
Note that the issue mentioned above for Option 2 does not apply to Options 3 and 1.  In Options 3, the PUCCH can be configured/activated/indicated with two PL RSs, each of which is associated with one of the two TRPs, respectively.  As an example, the two PL RSs can be included in/associated with two configured/activated/indicated joint/UL TCI states or two spatial relations, each of which is associated with one of the two TRPs, respectively.  From the two PL RS, the UE can derive their associated SSB groups and therefore the associated TAGs.  For transmission of PUCCH, depending on the targeted TRP, the UE can then dynamically select one of the two PL RSs and its associated TAG/TA.  Similarly, in Option 1, depending on the targeted TRP, the UE can dynamically select one of the two TCI states/spatial relations and its associated TAG/TA for transmission of PUCCH.
[bookmark: _Hlk117698049]In general, for periodic/semi-persistent UL channels/signals such as Type 1 CG PUSCH and P/SP-PUCCH, if those channels/signals are to be targeted at different TRP dynamically, e.g., based on Rel-17 mTRP PUSCH/PUCCH repetition schemes, Option 2 is problematic in transmitting those channels/signals targeted at one of the TRPs.  The reason is that Option 2 requires those channels/signals to be RRC-configured with one of the coresetPoolIndexes, which is then associated with one of the TAGs.  But since each TAG/TA is only suitable for transmission to one specific TRP, transmission of those channels/signals to the other TRP will result in error.   
Based on the above analysis, we have the following observation:
[bookmark: _Hlk117758240][bookmark: _Hlk117758211][bookmark: _Hlk117757901]Observation 1: For periodic/semi-persistent UL channels/signals such as Type 1 CG PUSCH and P/SP-PUCCH, if those channels/signals are to be targeted at different TRP dynamically, Option 2 (e.g., associate TAG to coresetPoolIndex) is problematic in transmitting those channels/signals at one of the TRPs.
Regarding Option 1, one main drawback is that spatial relation is not supported in FR1, therefore it is not viable to associate TAG to spatial relation in FR1.
Regarding Option 4, it requires that for P/SP UL channels/signals (not scheduled or activated by DCI), TAG ID is RRC-configured.  Then similar issue discussed above for Option 2 also apply to Option 4 if the P/SP UL channels/signals are to be targeted at different TRP dynamically.  Besides, it requires different ways to associate TAG to UL channels/signals depending on whether the UL channels/signals are periodic/semi-static or dynamic.  In our opinion, it invites unnecessary complexities which should be avoided.  
[bookmark: _Hlk113627195][bookmark: _Hlk115267258]Regarding Option 3, in our view, it is the most promising one among the four options.  In Option 3, A TAG ID may be configured for a SSB. Multiple SSBs configured with the same TAG ID will then form a SSB group.  Any UL signals/channels that are QCLed to the SSB, directly or indirectly, or whose PL RSs are the SSB or are QCLed to the SSB, are then associated with the TAG configured for the SSB.  When the SSB is associated with an additionalPCI-r17, the TAG configured for the SSB/TRS is then associated with a TRP associated with the additionalPCI-r17.  In this way, inter-cell multi-DCI multi-TRP can be supported easily.  As discussed above, different from Option 2, Option 3 does not have issue in supporting transmission of periodic/semi-persistent UL channels/signals targeted at different TRP dynamically.  Furthermore, compared to Option 1, Option 3 can also work in FR1 since transmission of any UL signals/channels requires a PL RS.  In our view, Option 3 should be supported.  
[bookmark: _Hlk117700816]During the discussion in RAN1 110-bis-e meeting, a combination of Option 1 and Option 3, where Option 1 for FR2 and Option 3 for FR1 were discussed.  This combination can avoid the drawback of Option 1 and the issue mentioned above for Option 2, therefore we are also supportive of this combination for progress.  
Based on the above analysis, we propose the following:
Proposal 1: For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, support Option 3 (e.g., associate TAG to SSB group) or a combination of Option 3 and Option 1 (e.g., associate TAG to TCI-state/spatial relation), where Option 1 is for FR2 and Option 3 is for FR1.  

PRACH/Random Access Procedure Enhancements
Need for Configure Type1 CSS for Receiving RAR from Additional PCI
In RAN1 110-bis-e meeting, the following was agreed regarding PDCCH scheduling RAR.
	Agreement
[bookmark: _Hlk117605041]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):
· [bookmark: _Hlk117605062]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



In Rel-17 inter-cell beam management, it was agreed that cell common channel can only be received from serving cell.  However, Alt 2 above is against that agreement and requires additional Type 1 CSS configuration per additional PCI to be supported.  In our view, the Rel-17 design principle should be kept and therefore Alt 1 should be supported.
Based on the above analysis, we propose the following:
Proposal 2: For inter-cell multi-DCI based Multi-TRP operation with two TA enhancement, support
·  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

[bookmark: _Ref117760531]Per TRP vs Cross TRP PDCCH Order
In RAN1 110-bis-e meeting, the following was agreed regarding PDCCH order triggering RACH procedure.
	Agreement
[bookmark: _Hlk117609284]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
· [bookmark: _Hlk117609307]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



Alt 2 above allows one TRP triggers RACH procedure towards a second TRP to obtain a second TA value for UL transmission to the second TRP.  This is important for inter-cell multi-TRP operation, especially for mobility enhancement where the TRP of a serving cell can send a PDCCH order triggering RACH procedure towards a second TRP (e.g., a TRP of a candidate cell) to obtain a second TA value corresponding to the second TRP.  This will help reduce the potential interruption time caused by the RACH procedure toward the second TRP.  Alt 1, on the other hand, in this case requires PDCCH order triggering RACH procedure to be sent from the TRP of the candidate cell, which is not supported.
Based on the above analysis, we propose the following:
Proposal 3: For multi-DCI based Multi-TRP operation with two TA enhancement, support
· [bookmark: _Hlk117760572]Alt 2: PDCCH order sent by one TRP triggers RACH procedure towards either the same TRP or a different TRP

TA/TAG Identification for Intra-cell Multi-DCI
In RAN1 110-bis-e meeting, the following was agreed regarding TA/TAG identification for intra-cell multi-DCI RACH procedure triggered by PDCCH order.
	Agreement
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
· [bookmark: _Hlk117764100]Alt 2:  indicate TAG ID as part of PDCCH order
· [bookmark: _Hlk117765446]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)



Regarding Alt 6 and Alt 7, as discussed in Section 3.2, PDCCH order sent by one TRP should be able to trigger RACH procedure towards either the same TRP or a different TRP. In cross TRP PDCCH order case, Alt 6 and Alt 7 will not work since in these two alternatives, the TAG ID is associated with the TRP sending the PDCCH order, while the RACH procedure is triggered towards a different TRP and therefore a different TAG ID should be used. 
Regarding Alt 4 and Alt 5, they are similar in the sense that they need to divide the RACH resource/preamble into two groups, each corresponding to a TRP.  In our view, this is not necessary and will cause a waste of RACH resources/preambles since the RACH resources/preambles reserved for one TRP cannot be used for transmission towards another TRP.
To support cross TRP PDCCH order, the UE needs to identify the TRP at which the triggered RACH is targeted such that an appropriate PL RS from the targeted TRP can be used to measure the path loss and the UE can then have appropriate power settings for the RACH transmission.  Identification of the targeted TRP can be explicit or implicit.  In Alt 2, TAG ID acts as TRP ID and is indicated as part of PDCCH order.  Therefore Alt 2 belongs to the explicit ways to identify the targeted TRP.  In Alt 3, on the other hand, different SSB group is associated with different TRP and implicitly indicate the targeted TRP.  Therefore Alt 3 belongs to the implicit ways to identify the targeted TRP.  Since existing PDCCH order already includes “SS/PBCH index” field indicating the SS/PBCH that shall be used to determine the RACH occasion for the PRACH transmission, this “SS/PBCH index” can implicitly indicate the targeted TRP based on Alt 3.  Alt 2, on the other hand, needs to add additional field to indicate the TAG ID, which is redundant given the existing field of “SS/PBCH index” and will incur unnecessary specification work.
Regarding Alt 1, as we discussed above, to support cross TRP PDCCH order, the UE needs to identify the TRP at which the triggered RACH is targeted before transmitting the RACH.  Alt 1, however, only provide the TAG ID, which acts as TRP ID, after the RACH is transmitted.  This will be too late and is redundant if such information is already needed and provided before the transmission of RACH.
Based on the above analysis, we propose the following:
Proposal 4: For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, support
· 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.


 
 
Conclusions
In this contribution, we present our views on two TAs for UL multi-DCI for multi-TRP operation.  Based on the discussions in the previous sections we propose the following: 
Observation 1: For periodic/semi-persistent UL channels/signals such as Type 1 CG PUSCH and P/SP-PUCCH, if those channels/signals are to be targeted at different TRP dynamically, Option 2 (e.g., associate TAG to coresetPoolIndex) is problematic in transmitting those channels/signals at one of the TRPs.
Proposal 1: For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, support Option 3 (e.g., associate TAG to SSB group) or a combination of Option 3 and Option 1 (e.g., associate TAG to TCI-state/spatial relation), where Option 1 is for FR2 and Option 3 is for FR1.  
Proposal 2: For inter-cell multi-DCI based Multi-TRP operation with two TA enhancement, support
·  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
Proposal 3: For multi-DCI based Multi-TRP operation with two TA enhancement, support
· Alt 2: PDCCH order sent by one TRP triggers RACH procedure towards either the same TRP or a different TRP
Proposal 4: For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, support
· 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.
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