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1. Introduction

In the RAN1#96-bis meeting [1], the following progress was made with respect to multi-TRP/panel transmissions:

Agreement
At least for eMBB with multi-DCI based multi-TRP/panel transmission, different PDSCH scrambling sequences can be supported for PDSCHs, and selection one from the following alternatives in RAN1#97: 
· Alt 1: enhance c_init, FFS detailed design in RAN1 97
· Alt 2: enhance RRC configurations to support multiple dataScramblingIdentityPDSCH

Agreement
For PDCCH monitoring and blind decoding for multi-DCI based multi-TRP/panel transmission,  
· Increase the maximal number of CORESETs per “PDCCH-config” up to N=[4, 5, or 6] subject to UE capability
· Increase the maximal number of BD/CCE per slot per serving cell, subject to UE capability

Agreement
For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used 
· Support TDMed PUCCH transmission within a slot to convey, at least separate ACK/NACK only feedback, with separated HARQ-ACK codebook for two TRPs
· FFS: Details on how this feature is supported in the specifications (for examples, introduction of restrictions and/or further enhancements)
Above applies at least for FR1 

Agreement
Take into account following principles for single-PDCCH multi-TRP DMRS port indication:  
· Whether/how MU pairing cases between, e.g. UE1 from TRP1 and TRP 2 and UE 2 from TRP 1 and TRP 2, or UE1 from TRP1 and TRP 2 and UE 2 from TRP 1, is needed 
· Whether/how DMRS port indication using DMRS type 1 with 1 or 2 frontloaded symbols, and DMRS type 2 with 1 or 2 frontloaded symbols need to be enhanced

Agreement
For multi-TRP based URLLC, scheduled by single DCI, support scheme 3 and 4 agreed in email discussion [96-NR-09]
· FFS any restrictions/modification of supporting scheme 3/4 for FR2
· For example, considering the number of beam switches within the slot, and the delay from scheduling DCI indicating beam switch to scheduled PDSCH
· Note how to address M-TRP/panel based URLLC operation in FR2 can be discussed from RAN1 #98 

Agreement
For multi-TRP based URLLC, scheduled by single DCI, 
· Support scheme 1a as agreed in email discussion [96-NR-09]
· FFS: Whether additional specification impact is necessary for URLLC
· On the support of schemes 2a, 2b
· Select one of the following: support 2a only, support 2b only, support both 2a and 2b, support none
· To facilitate further comparisons among 2a, 2b and baseline to understand technical benefits and use cases, consider both SLS and LLS simulation results
· Specification impact, and UE complexity need to be considered as well.
· Companies are encouraged to provide simulation results for LLS using at least the following parameters
· Pathloss delta between two TRPs: 0dB, 3dB, 6dB 
· Details on blockage to be provided by each company if any (for example, the probability that one out of 2 links is blocked is 5% or 10% with 10dB blockage loss for the blocked link)

Conclusion
No consensus in RAN1 on the support enhancing codeword layer mapping, by which transmission layers from each TRP can be mapped to a separate codeword when the total number of layers is ≤4.

Agreement
For TDMed PUCCH transmission within a slot for separate ACK/NACK, study following alternatives for PUCCH resource configurations: 
· Alt 1: PUCCH resource groups can be explicitly configured by the NW.
· All PUCCH resources configured within the first PUCCH resource group do not overlap in time with any PUCCH resources configured within the second PUCCH resource group, considering 
· how to support PUCCH resource groups composed with resources or resource sets
· Alt 2: PUCCH resources can be configured by the NW to ensure TDM PUCCH resources among M-TRPs 
· PUCCH resource groups are not needed.
· Alt 3: PUCCH resources configured by the NW may be overlapped among M-TRPs. 

This contribution discusses various issues in multi-TRP transmissions.

2. On PUCCH resource grouping and UL TRP differentiation

In RAN1#96-b, PUCCH resource grouping was discussed in the context of TDM of the PUCCH resources within a slot to send separate ACK/NACK to different TRPs for PDSCHs scheduled by multiple DCIs. Another context in which PUCCH resource grouping is important is in the case of updating the PUCCH-SpatialRelationInfo of PUCCH resources to be transmitted to different TRPs. The simultaneous update of a group of PUCCH resources is an issue discussed in the multi-beam agenda item to address beam management (BM) latency. In our opinion, the issue of PUCCH resource grouping should be approached from the perspective of UL TRP differentiation. Any method to group PUCCH resources to update their associated PUCCH-SpatialRelationInfo collectively would result in reducing the signaling overhead and UL beam management latency. Therefore, the method to group the PUCCH resources for simultaneously updating their spatialRelationInfo should be discussed in the multi-TRP agenda item to come up with a unified solution for both single TRP and multi-TRP scenarios for UL TRP differentiation.

Proposal 1: The discussion on PUCCH resource grouping for simultaneous PUCCH-SpatialRelationInfo update should be shifted to the multi-TRP agenda item. RAN1 shall come up with a unified solution for the same in single-TRP and multi-TRP scenarios.

PUCCH resource grouping shall be discussed from two perspectives: TDM of PUCCH resources in the same slot carrying ACK/NACK to different TRPs, beamforming of PUCCH resources to be transmitted to different TRPs.

The TDM of PUCCH resources is a task to be handled by the gNB. A grouping of the PUCCH resources is required from the gNB’s perspective to schedule TDMed PUCCH resources for the separate transmission of the ACKs/NACKs to the two TRPs. In our perspective, there is no requirement for the UE to be indicated via RRC configuration of the grouping of the PUCCH resources for them to be TDMed. Concerns for the UE arise only in the following cases for TDMed PUCCH resources:
· When two PUCCH resource transmissions overlap, the dropping rules the UE must follow have to be decided. Their dependence on having explicit resource groups must be studied.
· In FR2, the beam switching time must be considered, while transmitting two TDMed PUCCH resources with different spatial filters, one after the other.
On the other hand, in the case of beamforming the PUCCH resources to different TRPs, the grouping of PUCCH resources might be helpful to indicate the PUCCH-SpatialRelationInfo for a group of resources. All the PUCCH resources to be transmitted to a particular TRP are applied with a specific PUCCH-SpatialRelationInfo. Grouping PUCCH resources based on a CORESET or a CORESET group enables the separation of PUCCH resources based on the TRPs they must be transmitted to. The update of their spatialRelationInfo settings as a group helps in reducing UL beam management (BM) latency and overhead. The following options for grouping can be studied for the simultaneous update of PUCCH-SpatialRelationInfo for a group of PUCCH resources:
· The PUCCH resources can be grouped according to the CORESET that they are associated with, i.e., the PUCCH resources are configured with a CORESET ID.
· The PUCCH resources can be grouped according to the CORESET group that they are associated with, i.e., the PUCCH resources are configured with a CORESET group ID. The CORESETs are also grouped based on a CORESET group ID. The CORESET group ID essentially serves as a TRP ID.
· The PUCCH resources can be grouped according to a PUCCH resource group ID that is not connected to a CORESET.
· The PUCCH resources can be grouped implicitly (for ACK/NACK feedback) – the update of the PUCCH-SpatialRelationInfo of a PUCCH resource can be updated depending on the CORESET on which the DCI containing the PUCCH resource indication for ACK/NACK feedback was transmitted. The PUCCH-SpatialRelationInfo of a PUCCH resource is thus dynamically updated depending on the CORESET on which the DCI containing the indication is transmitted.

Proposal 2: The discussion on PUCCH resource grouping shall take two issues into account:
· TDM of PUCCH resources in the same slot carrying ACK/NACK to different TRPs
· beamforming of PUCCH resources transmitted to different TRPs.
Proposal 3: The following PUCCH resource grouping methods shall be studied/discussed for TDM of PUCCH resources and simultaneous spatial relation update:
· Grouping of PUCCH resources based on CORESET ID
· Grouping of PUCCH resources based on CORESET group ID
· Grouping of PUCCH resources based on an ID that is not connected to a CORESET
· Implicit grouping of PUCCH resources based on the CORESET on which the DCI containing the PUCCH resource indication is transmitted.

3. On joint update of TCI-state and PUCCH-SpatialRelationInfo
In our companion Tdoc in the multi-beam agenda item [2], a joint update of the TCI-state of CORESETs/PDSCH and the PUCCH-SpatialRelationInfo of a group of PUCCH resources is proposed to reduce signalling overhead and beam management latency. This feature would be especially helpful for UEs supporting beam correspondence as the UE’s Tx and Rx beams can be simultaneously aligned, with a single MAC-CE message. In a multi-TRP scenario, this feature would enable the UE to simultaneously align its Tx and Rx beams associated with a TRP. With any of the PUCCH resource grouping techniques discussed above, this feature would be compatible and hence, readily applicable in a multi-TRP scenario. 

A joint signaling of TCI-state and PUCCH-SpatialRelationInfo can be employed via a MAC-CE or RRC configuration as indicated by one the following methods:
· A single MAC-CE containing a CORESET ID, TCI-state ID and a PUCCH-SpatialRelationInfo ID can be used to update the TCI-state of a CORESET and the PUCCH-SpatialRelationInfo for a group of PUCCH resources. The PUCCH resources can be grouped explicitly by configuring them with a CORESET ID. The PUCCH resources may also be grouped according to a CORESET group via RRC configuration. In that case, indicating a CORESET group ID in the MAC-CE message instead of the CORESET ID would jointly update the TCI-state of the CORESETs in the CORESET group and the PUCCH resources configured with the indicated CORESET group ID. In another option, the indicated PUCCH-SpatialRelationInfo can be dynamically updated for multiple PUCCH resources. Here, the PUCCH resources are not grouped according to a CORESET or a CORESET group via RRC configuration. They can be implicitly and dynamically grouped based on the CORESET(s) on which the DCI indicating them is transmitted, i.e., any PUCCH resource indicated in a DCI transmitted on the CORESET/the CORESETs in a CORESET group can be applied with the indicated PUCCH-SpatialRelationInfo.
· The RRC configuration of a TCI-state can be included with the ID of a PUCCH-SpatialRelationInfo. The ‘reference RS’ parameter of the PUCCH-SpatialRelationInfo may contain the same reference RS as the RS mentioned in the TCI-state with ‘qcl-typeD’, so that the UE can form Tx and Rx beams in the same direction. When a TCI-state containing a PUCCH-SpatialRelationInfo ID is indicated via MAC-CE for a CORESET, the joint update of the TCI-state and the PUCCH-SpatialRelationInfo for the CORESET and a group of PUCCH resources can be made. When a TCI-state with a PUCCH-SpatialRelationInfo ID is indicated in DCI format 1_1, the TCI-state and the PUCCH-SpatialRelationInfo can be applied to the PDSCH scheduled by the DCI and the PUCCH resource indicated to carry the ACK/NACK for the scheduled PDSCH, respectively.
The methods described above are two examples for realizing the joint update of the TCI-state and PUCCH-SpatialRelationInfo for CORESET(s)/PDSCH and a group of PUCCH resources, respectively. These methods reduce beam management latency and overhead for both single-TRP and multi-TRP scenarios, and for UEs satisfying beam correspondence.

Proposal 4: The simultaneous update of the TCI-state of CORESET(s)/PDSCH and the PUCCH-SpatialRelationInfo of a group of PUCCH resources shall be introduced in Rel. 16 to reduce signaling overhead.

4. Conclusion

The following proposals are made from the discussions.

Proposal 1: The discussion on PUCCH resource grouping for simultaneous PUCCH-SpatialRelationInfo update should be shifted to the multi-TRP agenda item. RAN1 shall come up with a unified solution for the same in single-TRP and multi-TRP scenarios.

Proposal 2: The discussion on PUCCH resource grouping shall take two issues into account:
· TDM of PUCCH resources in the same slot carrying ACK/NACK to different TRPs
· beamforming of PUCCH resources transmitted to different TRPs.
Proposal 3: The following PUCCH resource grouping methods shall be studied/discussed for TDM of PUCCH resources and simultaneous spatial relation update:
· Grouping of PUCCH resources based on CORESET ID
· Grouping of PUCCH resources based on CORESET group ID
· Grouping of PUCCH resources based on an ID that is not connected to a CORESET
· Implicit grouping of PUCCH resources based on the CORESET on which the DCI containing the PUCCH resource indication is transmitted.

Proposal 4: The simultaneous update of the TCI-state of CORESET(s)/PDSCH and the PUCCH-SpatialRelationInfo of a group of PUCCH resources shall be introduced in Rel. 16 to reduce signaling overhead.
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