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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. But gNB should configure the same HARQ-ACK feedback mode for a multicast TB transmission using same HARQ process ID (HPID) per UE. This can be implemented by configuring feedback mode per HARQ process per UE. The GC-DCI dynamically change the feedback mode by using different HPID.

Proposal 1: For RRC_CONNECTED UEs, ACK/NACK and NACK-only can be configured by unicast RRC signaling.
· FFS: ACK/NACK and NACK-only can be explicitly or implicitly selected via GC-PDCCH.

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 2: 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 3: 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. 

2.3 NACK-only-based HARQ-ACK feedback

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

For the PUCCH resource of Mode 2, RAN1 has agreed it is separate from that of unicast. 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, which can be based on separate PUCCH-config or PUCCH-ConfigurationList for ACK/NACK-based and NACK-only-based feedback.

Proposal 4: For RRC_CONNECTED UEs, support separate PUCCH configuration for ACK/NACK-based and NACK-only-based multicast HARQ feedback.


In case of more than one/two bits NACK-only-based HARQ-ACK feedback in a PUCCH slot, RAN1 has listed alternatives as follows:

Agreement:
When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, down-select from the following alternatives:
· Alt1: Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits. 
· Alt2: Support sub-slot based PUCCH for this case. 
· Alt3: Support UE transmitting more than one slot-based PUCCHs in the same PUCCH slot. 
· Alt4: Define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission. 
· Alt5: NACK-only bundling

Among the alternatives, we think Alt4 can be prioritized. The specific sequence can be adding the cyclic shift/scrambling on top of base PUCCH sequence. The maximum number of NACK-only-based HARQ-ACK feedback to be multiplexed in the same PUCCH slot may be subject to UE capability. 

Proposal 5: For RRC_CONNECTED UEs, when more than one NACK-only based feedback are available for transmission in the same PUCCH slot, at least support 
· Alt4: Define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission. 


2.4 Enabling/disabling of HARQ feedback
In previous RAN1 meeting, we have the updated the WA for feedback enabling/disabling function.
Agreement:
Update the WA made in RAN1#105-e meeting regarding enabling/disabling HARQ-ACK feedback as follows:
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.
· UE capability for enabling/ disabling function of group-common DCI indicating the enabling /disabling ACK/NACK based HARQ-ACK feedback is introduced and FFS details. 
· Note: It is up to network implementation to avoid any potential HARQ ACK mismatch between different UEs in the same multicast group

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 G-RNTI by unicast RRC signaling.


Proposal 7: For RRC_CONNECTED UEs, dynamic enabling/disabling function of GC-DCI is implicitly indicated by HARQ process ID.
· Enabling/disabling feedback is configured per HARQ process.

2.5 Priority index indication in GC-DCI
In previous RAN1 meeting, we have the following agreements for the priority index indication in GC-DCI.
Agreement:
The priority index is,
· for the second DCI format for GC-PDCCH, optionally configured to be included in the DCI format. If not configured, the priority index is not included in the DCI format and is low priory by default. 
· for the first DCI format for GC-PDCCH, down-select from:
· Alt1: Optionally configured to be included in the DCI format. If not configured, the priority index is not included in the DCI format and is low priory by default.
· Alt2: Always low priority, i.e., the priority index is not included in the DCI format. 

The first DCI format based on DCI format 1_0 is to support basic functions . Any additional functions 
We think the first DCI format based on DCI format 1_0  is to indicate basic scheduling information for GC-PDSCH. The priority configuration for multicast HARQ-ACK feedback is an optional feature. No need to add priority index in the first DCI format. If priority index is needed, just use the second DCI format. Therefore, we propose:

Proposal 8:
· The priority index is not included in the first DCI format for GC-PDCCH.
· UE assume low priority for multicast HARQ-ACK feedback indicated by the first DCI format by default.

2.6 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: For SPS GC-PDSCH for multicast RRC_CONNECTED UEs.
· Config A and Config B can be supported for SPS GC-PDSCH.
· (Config A) UE can be optionally configured with pdsch-AggregationFactor per SPS-Config-Multicast.
· (Config B) UE can be optionally configured with TDRA table with repetitionNumber as part of the TDRA table in PDSCH-Config-Multicast. 
· For Config A, if pdsch-AggregationFactor in SPS-Config-Multicast is not configured, default value is equal to 1.


[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, ACK/NACK and NACK-only can be configured by unicast RRC signaling.
· FFS: ACK/NACK and NACK-only can be explicitly or implicitly selected via GC-PDCCH.

For HARQ-ACK codebook,
Proposal 2: 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 3: 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 NACK-only-based feedback,
Proposal 4: For RRC_CONNECTED UEs, support separate PUCCH configuration for ACK/NACK-based and NACK-only-based multicast HARQ feedback.

Proposal 5: For RRC_CONNECTED UEs, when more than one NACK-only based feedback are available for transmission in the same PUCCH slot, at least support 
· Alt4: Define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission. 

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

Proposal 7: For RRC_CONNECTED UEs, dynamic enabling/disabling function of GC-DCI is implicitly indicated by HARQ process ID.
· Enabling/disabling feedback is configured per HARQ process.

For priority index indication in GC-DCI,
Proposal 8:
· The priority index is not included in the first DCI format for GC-PDCCH.
· UE assume low priority for multicast HARQ-ACK feedback indicated by the first DCI format by default.


For SPS GC-PDSCH repetition,
Proposal 9: For SPS GC-PDSCH for multicast RRC_CONNECTED UEs.
· Config A and Config B can be supported for SPS GC-PDSCH.
· (Config A) UE can be optionally configured with pdsch-AggregationFactor per SPS-Config-Multicast.
· (Config B) UE can be optionally configured with TDRA table with repetitionNumber as part of the TDRA table in PDSCH-Config-Multicast. 
· For Config A, if pdsch-AggregationFactor in SPS-Config-Multicast is not configured, default value is equal to 1.
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Appendix
In RAN1#106 meeting, we have the following agreements for UE feedback of Multicast RRC_CONNECTE UEs.
Agreement:
For UE supporting both unicast and multicast, the pdsch-HARQ-ACK-Codebook/pdsch-HARQ-ACK-CodebookList can be separately configured for multicast from that for unicast.

Agreement:
When UE is configured Type-1 codebooks for unicast and multicast with different priorities, respectively, the UE separately generates each of the Type-1 codebooks. 
· FFS: How UE is configured one codebook for unicast and one codebook for multicast and the two codebooks are of different priorities. 


[bookmark: _Hlk80364727]Agreement:
For a UE configured with Type-1 HARQ-ACK codebook,
· If UE is not configured to receive FDM-ed unicast and multicast, Type-1 HARQ codebook is generated as the agreement for TDM-ed unicast and multicast. 
· If UE is configured to receive FDM-ed unicast and multicast, Type-1 HARQ codebook is generated as the agreement for FDM-ed unicast and multicast.

Agreement:
For UEs supporting ACK/NACK-based HARQ-ACK feedback for multicast and unicast, the following values are unchanged compared to unicast in Rel-16:
· The maximum number of PUCCH resources sets in each PUCCH-Config, 
· The maximum number of PUCCH resources in a PUCCH resource set in each PUCCH-Config, 
· The maximum number of UCI information bits for the first PUCCH resource set. 
· The total number of PUCCH resources from all PUCCH-Config/PUCCH-ConfigurationList.
· Note: 
· This applies to both cases of whether or not UE is configured optionally with a separate PUCCH-Config or PUCCH-ConfigurationList for multicast.
· The case of NACK-only based is discussed separately. 

Agreement:
When UE is configured with the pdsch-HARQ-ACK-Codebook/pdsch-HARQ-ACK-CodebookList for ACK/NACK based feedback for multicast, it is applied to all G-RNTIs configured to UE.

Agreement:
For the separate PUCCH-ConfigurationList that is optionally configured to UE for NACK-only based HARQ-ACK feedback for multicast,
· The separate PUCCH-ConfigurationList for multicast configuration can be a list which includes up to 2 PUCCH-Config configurations corresponding low priority feedback and high priority feedback, respectively.
· FFS: how to handle the case when separate PUCCH-ConfigurationList is not configured to UE for NACK-only based HARQ-ACK feedback for multicast.

Agreement:
The priority index is,
· for the second DCI format for GC-PDCCH, optionally configured to be included in the DCI format. If not configured, the priority index is not included in the DCI format and is low priory by default. 
· for the first DCI format for GC-PDCCH, down-select from:
· Alt1: Optionally configured to be included in the DCI format. If not configured, the priority index is not included in the DCI format and is low priory by default.
· Alt2: Always low priority, i.e., the priority index is not included in the DCI format. 


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

Agreement:
When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, down-select from the following alternatives:
· Alt1: Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits. 
· Alt2: Support sub-slot based PUCCH for this case. 
· Alt3: Support UE transmitting more than one slot-based PUCCHs in the same PUCCH slot. 
· Alt4: Define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission. 
· Alt5: NACK-only bundling

Agreement:
When UE supports and is configured with more than one G-RNTI, 
· for Type-2 codebook construction, DAI is separately counted per G-RNTI. 
· Type-2 codebook is constructed by concatenating Type-2 sub-codebook of each RNTI following the ascending order of the G-RNTI value. 

Agreement:
Update the WA made in RAN1#105-e meeting regarding enabling/disabling HARQ-ACK feedback as follows:
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.
· UE capability for enabling/ disabling function of group-common DCI indicating the enabling /disabling ACK/NACK based HARQ-ACK feedback is introduced and FFS details. 
· Note: It is up to network implementation to avoid any potential HARQ ACK mismatch between different UEs in the same multicast group


Agreement:
For UE supports both ACK/NACK-based and NACK-only based HARQ-ACK feedback for multicast SPS PDSCH without PDCCH scheduling, select one or more of the following alternatives:
· Alt1: HARQ-ACK feedback option is configured per SPS configuration index.
· Alt2: HARQ-ACK feedback option is indicated in the SPS activation DCI. 
· Note: enabling/disabling HARQ-ACK feedback for multicast SPS can be discussed separately. 
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