Page 1
3GPP TSG RAN WG1 #106-e			R1-2107370
e-Meeting, August 16th – 27th, 2021

Agenda item:	8.12.2
Source:	Qualcomm Incorporated
Title:	Views on UE feedback for Multicast RRC_CONNECTED UEs
Document for:	Discussion and Decision
1. Introduction 
In this document, we will present our views on the remaining details of UE feedback and retransmission to improve reliability for Multicast RRC_CONNECTED UEs.
2. Discussion 
2.1 Multicast HARQ-ACK feedback
We have agreed the following two modes for multicast HARQ-ACK feedback:
· Mode 1: ACK/NACK based HARQ-ACK feedback for multicast 
· Mode 2: NACK-only based HARQ-ACK feedback for multicast

The two feedback modes can be complementary to each other in different scenarios. The configuration of feedback mode can be per service or per UE. For example, a UE close to cell-edge can be configured to use Mode 1, based on which gNB can schedule PTP with unicast beam forming for retransmission; otherwise, Mode 2 can be used to save the power by skipping ACK feedback. For PTP (re)transmission, the HARQ-ACK feedback is always UE-specific ACK/NACK. For multicast PTM (re)transmission, the HARQ-ACK feedback per UE can be configured by unicast RRC signaling. In order to keep the same HARQ-ACK feedback mode for the PTM (re)transmission, the selection of the multicast HARQ-ACK feedback mode can be configured per HARQ process per UE.

Proposal 1: For RRC_CONNECTED UEs, selection of ACK/NACK, NACK-only can be configured per HARQ process by unicast RRC signaling.


For the PUCCH resource of Mode 2, RAN1 has agreed it is separate from that of unicast.

Agreement:
For RRC_CONNECTED UEs receiving multicast, for NACK-only based HARQ-ACK feedback if supported for group-common PDCCH scheduling, PUCCH resource configuration for HARQ-ACK feedback from per UE perspective is separate from PUCCH resource configuration for HARQ-ACK feedback for unicast. 
· FFS PUCCH format

However, it is not clear whether PUCCH-config for multicast, if separate from that of unicast, is jointly configured for the two modes or separately configured for each mode. For the PUCCH of Mode 1 and Mode 2, different PC chains should be applied, e.g., separate PUCCH-PowerControl. If PUCCH-config is configured separate for each feedback mode, the PUCCH-PowerControl in PUCCH-Config is applied to corresponding feedback mode. If PUCCH-Config is jointly configured for the two modes, RAN1 needs to discuss how to configure the parameters of PUCCH-PowerControl, which is currently shared by the PUCCH resources in a PUCCH-Config. For PUCCH-power control, at least OL-PC configurations of P0 is supported. RAN1 may need further study on whether/how to support CL-PC for Mode 1 and Mode 2.

Proposal 2: For RRC_CONNECTED UEs, support separate PUCCH power control configuration for ACK/NACK-based and NACK-based multicast HARQ feedback.
· FFS power control parameters
· FFS signaling details

2.2 HARQ-ACK Codebook
In this section, we discuss the details of the HARQ-ACK codebook design in case of the multiplexing of ACK/NACK-based feedback between unicast PDSCH and multicast GC-PDSCH or multiple GC-PDSCHs. The legacy mechanism could be reused as much as possible. 

Agreement:
For multiplexing the ACK/NACK-based HARQ-ACK feedback for multicast and unicast, determining the PUCCH resources for transmission is based on the PRI indicated in the “last DCI”, where the “last DCI” refers to, down-select the following alternatives:
· Alt.1: the last DCI for unicast;
· Alt.2: the last DCI across unicast and multicast;

Here, no matter whether the last DCI is unicast or multicast, the PUCCH resource is a UE-specific field for ACK/NACK-based feedback. gNB has the full control and can schedule sufficient PUCCH resources for multiplexing unicast and multicast. Comparing Alt1 and Alt2, we think Alt2 should be used to avoid codebook ambiguity, which may happen if the UE missed the last DCI for multicast, coming after the last DCI for unicast. 

Proposal 3: For multiplexing of ACK/NACK feedback for unicast and multicast, determining the PUCCH resources for transmission is based on the PRI indicated in the last DCI across unicast and multicast.

For Type-1 HARQ-ACK codebook construction of ACK/NACK-based unicast and multicast to be multiplexed in the same PUCCH resource, RAN1 has discussed the following two alternatives to determine PDSCH reception candidate occasions. 
· Alt 1 assuming K1 set for unicast termed as set A and K1 set for multicast termed as set B
· for slot timing values K1 in the intersection of A and B, based on union of the PDSCH TDRA sets, 
· for slot timing values K1 in set A but not in set B, based on PDSCH TDRA set for unicast, and
· for slot timing values K1 in set B but not in set A, based on PDSCH TDRA set for multicast. 
· Alt 2: for slot timing values K1 in the union of A and B, based on the union of PDSCH TDRA sets.

We think Alt1 is straightforward without adding redundant bits for multicast or unicast if not overlapping in the same slot. 

Proposal 4: For HARQ-ACK codebook construction of ACK/NACK-based unicast and multicast to be multiplexed in the same PUCCH resource, prefer Alt1 to determine PDSCH reception candidate occasions.
· Alt 1 assuming K1 set for unicast termed as set A and K1 set for multicast termed as set B
· for slot timing values K1 in the intersection of A and B, based on union of the PDSCH TDRA sets, 
· for slot timing values K1 in set A but not in set B, based on PDSCH TDRA set for unicast, and
· for slot timing values K1 in set B but not in set A, based on PDSCH TDRA set for multicast. 

For Type-1 HARQ-ACK codebook, RAN1 agreed to support separate TDM-pattern and FDM-pattern.

Agreement:  TDM pattern
For ACK/NACK based feedback if supported for multicast, construction of Type-1 HARQ-ACK codebook based on the union of the PDSCH TDRA sets of the unicast service and the multicast service (if they are separately configured), at least of the same priority, is supported
· FFS details of Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast. 
· FFS details of Type-1 HARQ-ACK codebook construction for FDM-ed multicast and multicast if supported. 
· FFS: whether/how to optimize the Type-1 codebook construction to reduce the HARQ-ACK feedback payload size. 
Agreement:  FDM pattern
For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast with the same priority from the same TRP, support 
· Opt 4: HARQ-ACK bits for all the PDSCH occasions over all the slots for all serving cells for unicast, precede, HARQ-ACK bits for all the PDSCH occasions over all the slots for all serving cells for multicast. (This is similar to the joint Type-1 codebook for mTRP).
· FFS: If UE reports the capability of supporting the FDM-ed unicast and multicast in the same slot, UE can be indicated semi-statically to generate Type-1 HARQ-ACK codebook as FDM-ed manner (i.e., Opt 4).
· Otherwise, UE does not expect unicast and multicast are to be scheduled in FDM-ed. 

However, a UE, if capable of FDMed unicast and multicast, may receive mixed multiplexing of unicast and multicast, e.g., one slot with TDMed and another slot with FDMed unicast and multicast. Now the question is how to generate the Type-1 HARQ-ACK codebook for such case. We have following alternatives based on companies’ inputs in last meeting’s email discussion:
Alt1: UE always assume FDMed multiplexing for Type-1 codebook generation
Alt2: UE is semi-statically indicated to switch between FDMed manner and TDMed manner for Type-1 codebook generation
Alt3: UE is dynamically indicated to switch between FDMed manner and TDMed manner for Type-1 codebook generation

We think Alt3 does not work for semi-static Type-1 HARQ-ACK codebook. Compared with Alt1, we slightly prefer Alt2 for sake of flexibility and compressed codebook size. For example, even if the UE can support TDMed/FDMed unciast and multicast, but gNB only schedule TDMed, the TDM pattern is sufficient with much less redundant dummy bits for the candidate slots.

For Type-2 HARQ-ACK codebook, the number of HARQ-ACK bit(s) and the bit order for multicast are based on the DAI(s) of the DL DCI(s) for multicast. Each multicast GC-PDSCH with the associated G-RNTI has a separate DAI. The concatenation of Type-2 HARQ-ACK codebook for multicast and multicast is based on G-RNTI order.

Proposal 5: For multiplexing of ACK/NACK feedback for unicast + multicast, or multicast + multicast
· For Type-1 codebook, 
· For a UE capable of supporting the FDM-ed unicast and multicast in the same slot, UE can be indicated semi-statically to generate Type-1 HARQ-ACK codebook as FDM-ed manner (i.e., Opt 4); otherwise, UE does not expect unicast and multicast are to be scheduled in FDM-ed
· For Type-2 codebook, 
· DAI per multicast G-RNTI is separately counted
· The concatenation of Type-2 HARQ-ACK codebook for multicast and multicast is based on G-RNTI order


2.3 Enabling/disabling of HARQ feedback
In previous RAN1 meeting, we have the following WA for feedback enabling/disabling function.
Working assumption:
For enabling/disabling ACK/NACK-based HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast via dynamic group-common PDSCH:
· RRC signaling configures the enabling/ disabling function of group-common DCI indicating the enabling /disabling ACK/NACK based HARQ-ACK feedback.
· If RRC signaling configures the function of group-common DCI based indication, group-common DCI indicates (explicitly or implicitly) whether ACK/NACK based HARQ-ACK feedback is enabled/disabled 
· Otherwise, enabling/disabling ACK/NACK based HARQ-ACK feedback is configured by RRC signaling. 
· FFS details on RRC signaling and group-common DCI indicating. 
· FFS whether/how this option is extended to apply to NACK-only based feedback and multiple G-RNTI cases. 
· FFS the relation to the HARQ-ACK codebook types and HARQ-ACK codebook construction.
· FFS the relation to the enabling/disabling ACK/NACK based HARQ-ACK feedback for retransmission.  
· FFS whether/how to allow UE not to react to the DCI signaling, but instead follow UE-specific RRC configuration for HARQ feedback.
· FFS whether/how to apply it to SPS group-common PDSCH.

For Rel-17 NR NTN, similar feature of enabling/disabling on HARQ feedback for downlink transmission has been supported, which is configured per HARQ process via UE specific RRC signaling. If the dynamic enabling/disabling HARQ-ACK feedback is supported for multicast use case, it is necessary to consider some restriction rules. For a multicast service, the same QoS requirement should be applied to both initial and retransmission of a multicast TB using the same HARQ process. It is desirable to enable/disable HARQ-ACK feedback per HARQ process. Based on the indicated HARQ process ID, the UE is implicitly indicated by GC-DCI whether HARQ-ACK feedback is enabled or disabled. The same way can be extended to select ACK/NACK-based or NACK-only based feedback per HARQ process.

Proposal 6: For RRC_CONNECTED UEs, HARQ-ACK feedback can be enabled/disabled per HARQ process by unicast RRC signaling.

Whether to support dynamic enabling/disabling function of GC-DCI should be subject to UE capability. The UE who does not support the dynamic enabling/disabling HARQ-ACK feedback assume that the HARQ-ACK feedback for PTM transmission is enabled or disabled no matter which HARQ process is scheduled. Regarding the FFS on HARQ-ACK codebook type, the dynamic enabling/disabling can be applied to Type-2 codebook. But whether to apply to Type-1 HARQ-ACK codebook need further study.

Proposal 7: For RRC_CONNECTED UEs, dynamic enabling/disabling function of GC-DCI is subject to UE capability.
· Dynamic enabling/disabling in GC-DCI is applicable to Type-2 HARQ-ACK codebook, FFS Type-1 codebook

2.4 SPS GC-PDSCH feedback
For SPS GC-PDSCH feedback, we have the following agreements. The other details for SPS GC-PDSCH are discussed in [1].
Agreement: 
For RRC_CONNECTED UEs, support HARQ-ACK feedback for SPS group-common PDSCH for MBS
· FFS: The retransmission scheme(s)
· FFS: The HARQ-ACK details for SPS PDSCH and activation/deactivation, which can be discussed in AI 8.12.2

Agreement:
For support of ACK/NACK based HARQ-ACK feedback for SPS multicast, 
· the HARQ-ACK codebook index corresponding the HARQ-ACK codebook for SPS PDSCH is included in the configuration for SPS multicast. 
· UE determines a priority index from the HARQ-ACK codebook index
· UE can be optionally configured a separate SPS-PUCCH-AN-List for all SPS multicast configurations. Otherwise, a common SPS-PUCCH-AN-List applies to all SPS unicast and SPS multicast configurations.

Although more than one HARQ-ACK feedback mode is supported for multicast GC-PDSCH, UE-specific ACK/NACK feedback is needed for the activation/release for SPS GC-PDSCH. For SPS GC-PDSCH without PDCCH, it can be configured with no feedback, ACK/NACK-based or NACK-based feedback, FFS per UE or per SPS-Config.

Proposal 8:
· Support UE-specific ACK/NACK-based feedback for activation/release of SPS GC-PDSCH
· Support configuration of no feedback, ACK/NACK-based or NACK-based feedback for SPS GC-PDSCH without PDCCH

2.5 SPS GC-PDSCH repetition
RAN1 has agreed to support semi-static or dynamic configuration of GC-PDSCH repetition. We would like to clarify that the scheme can be applied to dynamic GC-PDSCH as well as SPS GC-PDSCH. The repetition value configured for dynamic GC-PDSCH could be different than that of SPS GC-PDSCH. Similar as dynamic GC-PDSH, the semi-static repetition and dynamic repetition is not simultaneously applied to the same SPS GC-PDSCH. 
Proposal 9: Support semi-static and dynamic slot-level repetition for SPS GC-PDSCH for multicast RRC_CONNECTED UEs.
· Repetition configuration for SPS GC-PDSCH can be different than that of dynamic GC-PDSCH.

2.6 CSI acquisition
RAN1 has agreed that the existing CSI measurement/reporting framework can be largely reused for multicast communication, but some modifications may be needed. 
The multicast beam is targeting a group of UE, different than that of unicast beam. The CSI-RS for multicast beam measurement should be limited within the MBS CFR, so that common CSI-RS is shared among the UE group. The CSI-RS if out of the CFR cannot be group-common since it may be out of some UE’s dedicated BWP. From network point of view, it is too much overhead to send UE-specific CSI-RS for the multicast CSI measurement. 
For legacy CSI-RS configuration, the CSI-RS power is defined relative the PDSCH DMRS configured per dedicated BWP for RRC_CONNECTED UEs. In case of CSI-RS for multicast, the CSI-RS power should be common for the group UEs. Therefore, the common CSI-RS power needs to be associated with GC-PDSCH DMRS, instead of unicast PDSCH DMRS. 

Proposal 10: For RRC_CONNNECTED UES, configure the CSI-RS resource per MBS CFR.
· CSI-RS bandwidth is limited within the MBS CFR.
· CSI-RS power is associated with GC-PDSCH power.
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(a) UL Grant to trigger A-CSI-RS for multicast transmission 
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(b) DL Grant to trigger A-CSI-RS for multicast transmission
Figure 2 UL Grant vs. DL grant to trigger A-CSI-RS for multicast transmission

The existing procedure for CSI measurement/reporting is designed mainly for single UE case. How to efficiently trigger CSI-RS transmission and CSI reporting for a group of multicast UEs need to be further studied.  
In NR, UE-specific UL grant is used to trigger aperiodic CSI-RS transmission, where the A-CSI-RS will be transmitted after the PDCCH slot carrying UL grant with an RRC-configured time offset. Following the legacy A-CSI-RS procedure, the gNB has to send multiple UL grants for every UE in a multicast group to trigger multiple A-CSI-RS transmissions. As shown in Figure 2(a), two A-CSI-RSs are to be transmitted for UE1 and UE2 in the MC BWP. More users in the multicast group will result in significant DL CSI-RS overhead. 
A more efficient way is to use group-common DL grant (GC-PDCCH to schedule GC-PDSCH) to trigger one A-CSI-RS transmission. As shown in Figure 2(b), the A-CSI-RS transmitted by gNB is used for a group of multicast UEs. Based on the common A-CSI-RS, each UE can report CSI measurement results on per-UE PUSCH scheduled by gNB separately. 

Proposal 11: Support GC-PDCCH to trigger A-CSI-RS transmission in MBS CFR.

[bookmark: _Toc4628301][bookmark: _Toc4689599][bookmark: _Toc512892215][bookmark: _Toc505612407][bookmark: _Toc505612410]3. Conclusion
	In this contribution, we discussed various aspects related to UE feedback for NR multicast with the following proposals: 
[bookmark: _Hlk512894710]
For ACK/NACK and NACK-only feedback,
Proposal 1: For RRC_CONNECTED UEs, selection of ACK/NACK, NACK-only can be configured per HARQ process by unicast RRC signaling.

Proposal 2: For RRC_CONNECTED UEs, support separate PUCCH power control configuration for ACK/NACK-based and NACK-based multicast HARQ feedback.
· FFS power control parameters
· FFS signaling details

For HARQ-ACK codebook,
Proposal 3: For multiplexing of ACK/NACK feedback for unicast and multicast, determining the PUCCH resources for transmission is based on the PRI indicated in the last DCI across unicast and multicast.

Proposal 4: For HARQ-ACK codebook construction of ACK/NACK-based unicast and multicast to be multiplexed in the same PUCCH resource, prefer Alt1 to determine PDSCH reception candidate occasions.
· Alt 1 assuming K1 set for unicast termed as set A and K1 set for multicast termed as set B
· for slot timing values K1 in the intersection of A and B, based on union of the PDSCH TDRA sets, 
· for slot timing values K1 in set A but not in set B, based on PDSCH TDRA set for unicast, and
· for slot timing values K1 in set B but not in set A, based on PDSCH TDRA set for multicast. 

Proposal 5: For multiplexing of ACK/NACK feedback for unicast + multicast, or multicast + multicast
· For Type-1 codebook, 
· For a UE capable of supporting the FDM-ed unicast and multicast in the same slot, UE can be indicated semi-statically to generate Type-1 HARQ-ACK codebook as FDM-ed manner (i.e., Opt 4); otherwise, UE does not expect unicast and multicast are to be scheduled in FDM-ed
· For Type-2 codebook, 
· DAI per multicast G-RNTI is separately counted
· The concatenation of Type-2 HARQ-ACK codebook for multicast and multicast is based on G-RNTI order


For enabling/disabling of HARQ feedback,
Proposal 6: For RRC_CONNECTED UEs, HARQ-ACK feedback can be enabled/disabled per HARQ process by unicast RRC signaling.

Proposal 7: For RRC_CONNECTED UEs, dynamic enabling/disabling function of GC-DCI is subject to UE capability.
· Dynamic enabling/disabling in GC-DCI is applicable to Type-2 HARQ-ACK codebook, FFS Type-1 codebook

For SPS GC-PDSCH feedback,

Proposal 8:
· Support UE-specific ACK/NACK-based feedback for activation/release for SPS GC-PDSCH
· In addition to NACK-based feedback, also support no feedback, ACK/NACK-based or NACK-based feedback for SPS GC-PDSCH without PDCCH


For SPS GC-PDSCH repetition,
Proposal 9: Support semi-static and dynamic slot-level repetition for SPS GC-PDSCH for multicast RRC_CONNECTED UEs.
· Repetition configuration for SPS GC-PDSCH can be different than that of dynamic GC-PDSCH.

For CSI acquisition,
Proposal 10: For RRC_CONNNECTED UES, configure the CSI-RS resource per MBS CFR.
· CSI-RS bandwidth is limited within the MBS CFR.
· CSI-RS power is associated with GC-PDSCH power.
Proposal 11: Support GC-PDCCH to trigger A-CSI-RS transmission in MBS CFR.
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Appendix
In RAN1#105-e meeting, we have the following agreements for UE feedback of Multicast RRC_CONNECTE UEs.
Agreement:
The signaling for URLLC feature can be reused to configure separate codebooks for unicast and multicast, respectively, at least for the case of different priorities, at least for Type-2 HARQ codebook
· FFS: The case for the same priority.
· FFS: The case of Type-1 HARQ codebook
· FFS: Whether this applies to separate PUCCH transmissions only


Agreement:
Support PUCCH format 0 and format 1 for NACK-only based HARQ-ACK feedback for multicast. 

Agreement:
Support NACK-only based HARQ-ACK feedback at least for multicast SPS PDSCH without PDCCH scheduling.
· FFS for SPS activation/deactivation. 

Agreement:
The priority of multicast is the same as the priority of unicast for the same priority index of HARQ-ACK at least for ACK/NACK based feedback. 

Agreement:
NR supports at least the following cases for UE supporting multicast:
· UE supports two non-overlapping slot-based PUCCHs for ACK/NACK based HARQ-ACK feedback for multicast with different priorities in a slot subject to UE capability. 
· UE supports two non-overlapping slot-based PUCCHs for ACK/NACK based HARQ-ACK feedback for multicast and unicast with different priorities, respectively, in a slot subject to UE capability.

Agreement:
For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast with the same priority from the same TRP, support 
· Opt 4: HARQ-ACK bits for all the PDSCH occasions over all the slots for all serving cells for unicast, precede, HARQ-ACK bits for all the PDSCH occasions over all the slots for all serving cells for multicast. (This is similar to the joint Type-1 codebook for mTRP).
· FFS: If UE reports the capability of supporting the FDM-ed unicast and multicast in the same slot, UE can be indicated semi-statically to generate Type-1 HARQ-ACK codebook as FDM-ed manner (i.e., Opt 4).
· Otherwise, UE does not expect unicast and multicast are to be scheduled in FDM-ed. 

Conclusion:
PUCCH resource for NACK-only can be shared by UEs transmitting the NACK-only based HARQ-ACK feedback.

Agreement:
For ACK/NACK based HARQ-ACK feedback for multicast, the multiplexing/prioritizing rule between the HARQ-ACK for multicast and SR/CSI can reuse Rel-16 multiplexing/ prioritizing rule between the HARQ-ACK for unicast and SR/CSI.

Agreement:
For support of ACK/NACK based HARQ-ACK feedback for SPS multicast, 
· the HARQ-ACK codebook index corresponding the HARQ-ACK codebook for SPS PDSCH is included in the configuration for SPS multicast. 
· UE determines a priority index from the HARQ-ACK codebook index
· UE can be optionally configured a separate SPS-PUCCH-AN-List for all SPS multicast configurations. Otherwise, a common SPS-PUCCH-AN-List applies to all SPS unicast and SPS multicast configurations.

Agreement:
For TDM-ed unicast and multicast, for Type-1 HARQ-ACK codebook construction for ACK/NACK-based unicast and multicast to be multiplexed in the same PUCCH resource, determining PDSCH reception candidate occasions is based on down-selecting one of the two alternatives as follows:
· Alt 1:
· for slot timing values  in the intersection of  set for unicast (termed set A) and  set for multicast (termed set B), based on union of the PDSCH TDRA sets, 
· for slot timing values  in set A but not in set B, based on PDSCH TDRA set for unicast, and
· for slot timing values  in set B but not in set A, based on PDSCH TDRA set for multicast. 
· Alt 2: for slot timing values  in the union of  set for unicast and  set for multicast, based on the union of the PDSCH TDRA sets.
Companies are encouraged to continue discussion of pros and cons for each alternative for further down-selection in the next meeting.

Working assumption:
For enabling/disabling ACK/NACK-based HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast via dynamic group-common PDSCH:
· RRC signaling configures the enabling/ disabling function of group-common DCI indicating the enabling /disabling ACK/NACK based HARQ-ACK feedback.
· If RRC signaling configures the function of group-common DCI based indication, group-common DCI indicates (explicitly or implicitly) whether ACK/NACK based HARQ-ACK feedback is enabled/disabled 
· Otherwise, enabling/disabling ACK/NACK based HARQ-ACK feedback is configured by RRC signaling. 
· FFS details on RRC signaling and group-common DCI indicating. 
· FFS whether/how this option is extended to apply to NACK-only based feedback and multiple G-RNTI cases. 
· FFS the relation to the HARQ-ACK codebook types and HARQ-ACK codebook construction.
· FFS the relation to the enabling/disabling ACK/NACK based HARQ-ACK feedback for retransmission.  
· FFS whether/how to allow UE not to react to the DCI signaling, but instead follow UE-specific RRC configuration for HARQ feedback.
· FFS whether/how to apply it to SPS group-common PDSCH.



In RAN1#104bis-e meeting, we have the following agreements for UE feedback of Multicast RRC_CONNECTE UEs.
Agreement:
Support NACK-only based HARQ-ACK feedback for RRC_CONNECTED UEs receiving multicast. 


Agreement:
Two priority indexes are introduced for multicast, with
· Index 0 meaning low priority and index 1 meaning high priority.
· Priority index can be included in DCI formats scheduling the group-common PDSCH. 
· FFS details for DCI formats.
· FFS: the priority comparison between multicast and unicast with the same priority index. 

Agreement:
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]For a separate PUCCH-ConfigurationList for multicast that is optionally configured, at least for ACK/NACK based HARQ-ACK feedback, 
· The separate PUCCH-ConfigurationList for multicast configuration can be a list which includes up to 2 PUCCH-Config configurations corresponding low priority codebook and high priority codebook, respectively.
· FFS other configurations 

[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Agreement:
For Type-2 HARQ-ACK codebook concatenation to be multiplexed in the same PUCCH resource,
· The first Type-2 HARQ-ACK sub-codebook for unicast precedes the second Type-2 HARQ-ACK sub-codebook for multicast.
· FFS: The number of Type-2 HARQ-ACK sub-codebooks for multicast. 
· Note: The case of SPS PDSCH will be discussed separately. 


Agreement:
For multiplexing the ACK/NACK-based HARQ-ACK feedback for multicast and unicast, determining the PUCCH resources for transmission is based on the PRI indicated in the “last DCI”, where the “last DCI” refers to, down-select the following alternatives:
· Alt.1: the last DCI for unicast;
· Alt.2: the last DCI across unicast and multicast;
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