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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 Separate HARQ-ACK feedback codebook
In previous RAN1 meeting, there was some discussion on codebook generation when the UE is configured with different CB types or different PUCCH structures. 
Q1: Can UE be configured with different CB types for unicast and multicast respectively with the same priority? If yes, how is the CB generated for the overlapping/non-overlapping PUCCHs cases in the same PUCCH slot? 
· Possible candidate alternatives (Companies can indicate which one is you preferred): 
· Alt1: support generating the separate CBs with the same priority that are to be transmitted on two non-overlapping case. UE is not expected to be configured with different CB types for the overlapping cases. 
· Alt2: support generating separate sub-codebooks and concatenating them by appending one sub-codebook to the other sub-codebook for both overlapping and non-overlapping cases.
· Alt3: UE is not expected to be configured with different CB types for unicast and multicast with the same priority and it is to be captured into the spec.
· Alt4: Up to network to configure to avoid. No spec impact. 
· Alt5: The UE is not scheduled with unicast and multicast PUCCHs in the same slot with same priority, if unicast and multicast are configured to with CB types.

RAN1 has agreed to support separate CB configuration for multicast and unicast. For multicast, Type-1 and Type-2 are supported; but for unicast, Type 1, 2, 2 enh or 3 can be used. So, it is too restricted for unicast in case of Alt3 or Alt4. If unicast and multicast have same priority, for both overlapping and non-overlapping case, Alt2 is not preferred since it needs to consider too many combinations of CBs for multiplexing. 

Proposal 1: In case that unicast and multicast with same priority are configured with different codebook types, 
· For overlapping case, UE is not expected to be configured with different codebook types for unicast and multicast with the same priority.
· For non-overlapping case, support generating the separate codebooks with the same priority that are to be transmitted on two non-overlapping PUCCHs, subject to UE capability. 


Q2: Can UE be configured with slot-based PUCCH for multicast and sub-slot based PUCCH for unicast with the same priority? If yes, how is the CB generated?
· Possible candidate alternatives (Companies can indicate which one is you preferred): 
· Alt1: UE is not expected to be configured with different PUCCH structure for unicast and multicast with the same priority and it is to be captured into the spec.
· Alt2: up to network to configure to avoid. No spec impact. 

So far, the sub-slot PUCCH is not supported for multicast. If the unicast is configured with sub-slot-based PUCCH (e.g., for URLLC), the multicast and unicast will have different PUCCH structures. In such case, gNB should avoid the overlapping of the sub-slot PUCCH for unicast and slot PUCCH for multicast in the same slot. For the case of the non-overlapping PUCCH in a slot, it may be possible to generate separate codebooks with the same priority in the two non-overlapping PUCCHs. But it is optional and requires a separate UE capability, different from that of supporting two non-overlapping slot-based PUCCHs with different priorities in a slot. 

Proposal 2: In case that unicast and multicast with same priority are configured with different PUCCH structures, 
· UE is not expected to be configured with different PUCCH structures for unicast and multicast with the same priority in a slot.


2.2 SPS Multicast HARQ-ACK feedback selection
We have agreed the RRC-configured feedback mode selection for both dynamic and SPS multicast:
Agreement:
For UE supporting both ACK/NACK based and NACK-only based feedback for multicast, for the same G-RNTI, support the following
· UE can be configured with either ACK/NACK based or NACK-only feedback for a single G-RNTI.
· Note: Case1-1: if configured with ACK/NACK based feedback, UE can be optionally configured a separate PUCCH-Config/PUCCH-ConfigurationList for multicast. Otherwise, PUCCH-Config/PUCCH-ConfigurationList for unicast applies (This has been agreed.)
· Case 1-2: if configured with NACK-only based feedback, when separate PUCCH-Config/PUCCH-ConfigurationList for NACK-only is not configured, PUCCH-Config/PUCCH-ConfigurationList for unicast applies. 
Agreement:
For multicast SPS PDSCH without PDCCH scheduling, HARQ-ACK feedback option is configured by UE RRC signalling. 
· FFS: Whether the configuration is per SPS configuration index or per G-CS-RNTI.
· Note: Whether there is a UE capability for support of NACK-only based HARQ-ACK or not will be discussed as part of UE features discussion.

The ACK/NACK-based or NACK-only-based feedback schemes can be selected for a multicast service with different QoS requirements. A multicast service is associated with a G-RNTI or a G-CS-RNTI. It is more straightforward to configure the HARQ-ACK feedback option for SPS multicast without PDCCH scheduling per G-CS-RNTI.
For SPS multicast activation/deactivation, ACK/NACK-based feedback should be always used for gNB to get confirmation from every UE in the group, similar as unicast SPS. 

Proposal 3: For multicast SPS PDSCH without PDCCH scheduling, HARQ-ACK feedback option is configured per G-CS-RNTI.

Proposal 4: For multicast SPS activation/deactivation, only support ACK/NACK-based feedback.


2.3 NACK-only-based HARQ-ACK 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, further decide based on the following subset of alternatives (from previous agreement) with potential further down-selection:
· 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

For Alt1, the PUCCH for ACK/NACK-based feedback may not be available. So, we think Alt4 should 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, support 
· Alt4: Define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission. 


2.4 Enabling/disabling of HARQ feedback
Agreement:
Confirm the WA made in RAN1#106-e meeting regarding enabling/disabling HARQ-ACK feedback. 
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:
The group-common DCI indicating the enabling/disabling ACK/NACK based HARQ-ACK feedback is configured per G-RNTI by UE RRC signalling.
Agreement:
If the group-common DCI indicating the enabling/disabling ACK/NACK based HARQ-ACK feedback is not configured, enabling/disabling ACK/NACK based HARQ-ACK feedback is configured per G-RNTI by UE RRC signalling. 
Agreement:
For group-common DCI indicating whether ACK/NACK based HARQ-ACK feedback is enabled/disabled, down-select from the following alternatives:
· Alt1: Reuse one existing field in the group-common DCI.
· Alt2: Introduce a new field in the group-common DCI. 

For the remaining issues, we think
· For dynamic GC-PDSCH, 
· The enabling/disabling of HARQ feedback can be extended to apply to NACK-only-based feedback.
· The GC-DCI enabling/disabling of HARQ feedback is only applied to Type-2 codebook. For Type-1 codebook, the benefits by using GC-DCI enabling/disabling of HARQ feedback is unclear, e.g., the disabled feedback, which has to use a fake ‘ACK or NACK’ bit when generating the codebook, is actually transmitted.
· For SPS GC-PDSCH 
· For SPS without PDCCH scheduling, the RRC-configured enabling/disabling of HARQ feedback is sufficient, which can be configured per G-CS-RNTI by unicast RRC signaling. The motivation to support GC-DCI enabling/disabling of HARQ feedback for SPS GC-PDSCH is unclear.
· For SPS GC-PDSCH activation/release, ACK/NACK-based feedback should be always used.  


Proposal 6: For GC-DCI indicating whether ACK/NACK based HARQ-ACK feedback is enabled/disabled, 
· Introduce a new field in the group-common DCI for a G-RNTI (Alt2). 
· Not supported for the group-common DCI for a G-CS-RNTI.
· Only applied to Type-2 HARQ-ACK codebook.

Proposal 7: For SPS GC-PDSCH without PDCCH scheduling, the enabling/disabling ACK/NACK based HARQ-ACK feedback can be configured per G-CS-RNTI by UE RRC signalling.
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	In this contribution, we discussed various aspects related to UE feedback for NR multicast with the following proposals: 
[bookmark: _Hlk512894710]
For separate HARQ-ACK feedback codebook,
Proposal 1: In case that unicast and multicast with same priority are configured with different codebook types, 
· For overlapping case, UE is not expected to be configured with different codebook types for unicast and multicast with the same priority.
· For non-overlapping case, support generating the separate codebooks with the same priority that are to be transmitted on two non-overlapping PUCCHs, subject to UE capability. 

Proposal 2: In case that unicast and multicast with same priority are configured with different PUCCH structures, 
· UE is not expected to be configured with different PUCCH structures for unicast and multicast with the same priority in a slot.

For SPS multicast feedback selection,
Proposal 3: For multicast SPS PDSCH without PDCCH scheduling, HARQ-ACK feedback option is configured per G-CS-RNTI.

Proposal 4: For multicast SPS activation/deactivation, only support ACK/NACK-based feedback.


For NACK-only-based feedback,
Proposal 5: For RRC_CONNECTED UEs, when more than one NACK-only based feedback are available for transmission in the same PUCCH slot, 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 GC-DCI indicating whether ACK/NACK based HARQ-ACK feedback is enabled/disabled, 
· Introduce a new field in the group-common DCI for a G-RNTI (Alt2). 
· Not supported for the group-common DCI for a G-CS-RNTI.
· Only applied to Type-2 HARQ-ACK codebook.

Proposal 7: For SPS GC-PDSCH without PDCCH scheduling, the enabling/disabling ACK/NACK based HARQ-ACK feedback can be configured per G-CS-RNTI by UE RRC signalling.
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