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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The last meeting achieved the following agreements:
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;

There were also discussion on whether UE is configured to generate two separate codebooks, how Type-1 codebook is generated especially for the FDM-ed cases, and whether UE supports two non-overlapping PUCCH in the same slot, but the discussion does not converge to agreements in the end [1]. This contribution continues to discuss such issues based on the summary in [1] as well as other issues. 
[bookmark: _Ref70412145][bookmark: _Ref129681832]On non-overlapping PUCCH and codebook construction
When PUCCHs carrying HARQ-ACK for unicast and multicast, respectively, overlap in the same slot, it was agreed to multiplex the HARQ-ACK bits with the same priorities and prioritize the HARQ-ACK bits with different priorities. It is nature to extend the agreement to the sub-slot cases, when UE supports sub-slot based PUCCH and the configuration of the sub-slot is the same, although whether UE supports sub-slot PUCCH for multicast is another issue. 
Regarding the cases of non-overlapping PUCCH, there was discussion on whether multicast UE supports such features:
· sub-slot based PUCCH for multicast 
· two non-overlapping slot-based PUCCHs for multicast of the same priority in the same slot.
· two non-overlapping slot-based PUCCHs for multicast with different priorities in the same slot.
· two non-overlapping slot-based PUCCHs for multicast and unicast, respectively, with different priorities, in the same slot.
· two non-overlapping slot-based PUCCHs for multicast and unicast, respectively, with the same priority, in the same slot. 

For UE supporting mTRP, UE can be configured to generate separate codebooks with the same priority that can be transmitted in two non-overlapping PUCCH in the same slot. If multicast UE supports two non-overlapping PUCCH with the same priority in the same slot, there was argument that UE has to support mTRP also. Moreover, it was argued that the motivation of this feature for mTRP was due to non-ideal backhaul, if the case is not mTRP with non-ideal backhaul, there is no reason for multicast UE to support. On the other hand, it was also mentioned that multicast UE may be configured with unicast in mTRP manner or even the case that UE is configured with unicast and multicast from two different TRPs, respectively. All these aspects are analysed in the following subsections. 
[bookmark: _Ref70416759]Single TRP cases
The cases considered in this section include that UE does not support mTRP, UE is not configured with mTRP, or UE is configured with mTRP but unicast and multicast are scheduled from the same TRP. The issues discussed include whether UE supports two non-overlapping PUCCH with the same priority in the same slot and details for Type-1 codebook construction. 
As introduced by URLLC work item since Rel-16, UE can be configured to generate two separate codebooks corresponding to two PUCCH-config and to different priority indexes and UE can transmit two non-overlapping PUCCH in the same slot with different priorities. 
Given it has been agreed to introduce two priorities for multicast, the motivation to introduce such features for UE supporting URLLC still holds for UE supporting multicast with different priorities and supporting multicast and unicast with different priorities. The UE capabilities should be discussed separately, i.e., whether the capabilities relying on UE capability of supporting URLLC or is separately defined. 
Although UE being configured with two separate codebooks specified for URLLC is corresponding to two different priorities, being restricted to different priorities is not necessary for UE supporting multicast, so that UE can be configured to generate two codebooks which correspond to unicast and multicast, respectively, with the same priority, e.g., when the separate PUCCH configuration for MBS is configured. How UE is configured to generate separate codebooks can be further discussed or can be left to RAN2 designing the signalling. 
Therefore, the features in the following proposal are supported for UE supporting multicast: 
Proposal 1: For the cases of unicast and multicast scheduled from the same TRP,
· UE can support two non-overlapping PUCCHs for multicast and unicast, respectively, with different priorities in the same slot. 
· UE can be configured to generate two separate codebooks for unicast and multicast, respectively.
· Unicast and multicast can be with the same or different priorities. 
Type-1 codebook
Regarding Type-1 codebook construction, RAN1#104 agreed to generate the codebook based on the union TDRA sets to solve the TDM-ed unicast and multicast cases and FFS on the FDM-ed cases. RAN1#104bis meeting further discussed whether to optimize Type-1 codebook based on the intersection of K1 sets for TDM-ed cases and some open options for FDM-ed cases Type-1 codebook construction as in [1]. 
As discussed in RAN1#104bis, when UE is configured to monitor DCI formats 1_1 and 1_2 for the same serving cell, Type-1 codebook generation is based on the union of K1 sets for DCI format 1_1 and K1 sets for DCI format 1_2. Without optimization, based on the union of K1 sets should be the default option for Type-1 codebook generation. 
Regarding the FDM-ed cases, the four options can all work and supporting option 1 only is sufficient and slightly preferable since it seems better compatible with the mTRP cases. It is worth pointing out that the Type-1 codebook size for FDM-ed cases is clearly different and larger than that for TDM-ed cases regardless which option is supported for the FDM-ed cases. Even though whether unicast and multicast in the same slot is TDM-ed or FDM-ed can be dynamically scheduled in principle, Type-1 codebook construction should be based on the semi-static configuration instead of dynamic scheduling, which is the essential difference from Type-2 HARQ-ACK codebook. Therefore, unless UE is configured with the “FDM-ed” unicast and multicast, Type-1 codebook is constructed per the option specified for the FDM-ed cases. Otherwise, UE generates the Type-1 codebook based the TDM-ed cases and does not expect the unicast and multicast will be FDM-ed in the same slot for the same serving cell. 
Proposal 2: For FDM-ed unicast and multicast from the same TRP, support Opt 1 for Type-1 HARQ-ACK codebook construction:
· [bookmark: OLE_LINK11][bookmark: OLE_LINK12]Opt 1: HARQ-ACK bits for all the PDSCH occasions over all the slots for unicast, precede, HARQ-ACK bits for all the PDSCH occasions over all the slots for multicast, for a given serving cell. 
Proposal 3: UE generates Type-1 HARQ-ACK codebook per the option specified for the FDM-ed cases only when UE is configured with FDM-ed unicast and multicast. 

 mTRP cases
mTRP cases include that unicast and multicast are scheduled from individual TRP, a single multicast service is scheduled from individual TRP, or two different multicast services if UE supports are scheduled from separate TRPs. For all of these cases, the current mTRP framework is applicable , i.e., the coresets used for scheduling unicast is associated with coreset pool index 0 and the coresets used for scheduling multicast is associated with coreset pool index 1. UE can support two non-overlapping PUCCHs with the same priority in the same slot corresponding to the scheduled PDSCH from separate TRPs. UE can be configured to generate a “joint” or “separate” HARQ-ACK codebooks for the scheduled PDSCH from separate TRPs. 
If UE is configured with “separate” HARQ-ACK codebooks, multicast UE can naturally support two non-overlapping PUCCHs for multicast and unicast or for multicast and multicast, with the same priority in the same slot. 
If UE is configured with a “joint” HARQ-ACK codebook, the Type-1 codebook is naturally constructed by concatenating the sub-codebook for TRP0 (implying unicast) followed by the sub-codebook for TRP1 (implying multicast). 
It is worth pointing out that the “joint” Type-2 codebook construction introduced for mTRP is not applicable for mTRP cases for multicast discussed in this section because DAI for unicast and multicast or for two multicast scheduling cannot be jointly counted since multicast is received by a group of UEs as agreed earlier. 
Proposal 4: For the cases of unicast and multicast scheduled from different TRPs, 
· UE can support two non-overlapping PUCCHs for unicast and multicast, respectively, with same priorities in the same slot.
Mixed cases
The mixed cases mainly include UE is configured with mTRP but for a given UE only unicast is scheduled from different TRPs or each TRP can schedule both unicast and multicast for the same UE. For all of these cases, the nature way is to firstly treat the TRPs independently for each of which the rule for the same TRP is applied and then apply the mTRP rule to treat the result from each TRP regardless the result is from unicast or multicast or both as shown in Fig. 1. 
[image: ]
[bookmark: _Ref71389638]Fig. 1: HARQ-ACK codebook construction for mixed cases
For each TRP, UE can be configured to generate two separate codebooks with the same or different priorities and accordingly UE can support two non-overlapping PUCCHs in the same slot with different priorities for multicast and unicast from the same TRP, e.g., TRP0, as discussed in section 2.1. Now the question is whether UE can additionally support one or two more PUCCHs in the same slot for scheduling from TRP1 which is not overlapped with either PUCCH for scheduling from TRP0. For this question, there could be two options:
· Opt1: UE can support one or two more non-overlapping PUCCHs from TRP 1 in addition to the two non-overlapping PUCCHs in the same slot, i.e., three or four non-overlapping PUCCH s in the same slot.
· Opt2: UE at most supports two non-overlapping PUCCH in the same slot, i.e., when UE is configured mTRP and at least one of which is configured to schedule both unicast and multicast, for the TRP configured to schedule both unicast and multicast, UE can at most support one PUCCH in the same slot but UE can still be configured with two separate HARQ-ACK codebooks if needed for unicast and multicast, respectively, with the same or different priorities as discussed for the single TRP cases. 
Opt1 apparently needs to boost UE capability on top of the capability for supporting two non-overlapping PUCCHs in the same slot for mTRP but Opt2 can basically reuse such capability from mTRP. Moreover, Opt2 is also preferable due to less specification impact than Opt1. 
Proposal 5: For the cases of UE being configured with mTRP and for the TRP configured to schedule both unicast and multicast, 
· UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot. 

NACK-only based HARQ-ACK feedback
As agreed in RAN1#104bis, NACK-only based HARQ-ACK feedback is supported. Some details about NACK-only based HARQ-ACK feedback should be further studied. 
Regarding the PUCCH format used for NACK-only based HARQ-ACK feedback, PUCCH format 0 and format 1 have been discussed in previous meetings. Considering PUCCH format 0 is sequence-based, as introduced in NR V2X for NACK-only based feedback, PUCCH format 0 should be supported for NACK-only based HARQ-ACK feedback for multicast. However, PUCCH format 0 only supports 1 or 2 symbols which may lead to limited coverage. If the coverage of PUCCH format 0 is a concern, PUCCH format 1 can also be considered or ACK/NACK based feedback is configured alternatively. 
Proposal 6: For the group-common PUCCH resource for NACK-only based HARQ-ACK feedback, 
· PUCCH format 0 is supported.
· PUCCH format 1 can also be considered.
For DL-centric system, when the number of HARQ-ACK bits are more than two bits, or when the NACK-only based feedback transmission collides HARQ-ACK feedback for unicast in the same slot, how UE transmit the HARQ-ACK feedback has been discussed by some companies also in previous meetings. Some companies propose that NACK-only based feedback for multicast will be dropped when transmission collides HARQ-ACK feedback for unicast. However, as agreed in RAN1#104bis, multicast also supports low priority and high priority, so it does not make sense to drop high priority NACK-only based feedback when the transmission collides the HARQ-ACK feedback for unicast of low priority. 
There were also other proposals brought up by some companies. For instance, the transmission still relies on sequence based and FFS the design for the sequences when the number of HARQ-ACK bits are more than two bits or NACK-only based automatically transforms to ACK/NACK based feedback alternatively. Comparing these two schemes, the latter seems less spec impact so is preferable. 
Proposal 7: When the number of HARQ-ACK bits for multicast or multicast and unicast after multiplexing are more than two bits, the NACK-only based automatically transforms to the ACK/NACK based feedback. 
Priority for HARQ-ACK feedback for 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. 

As agreed in the last meeting, two priorities are introduced for multicast. At least for the DCI formats which take DCI format 1_1/1_2 as the baseline, the priority index can be included in the DCI format. For the DCI format which takes DCI format 1_0 as the baseline, given it is the scheduling for multicast received in RRC_CONNECTED state, the necessary configurations will be configured when UE is in RRC_CONNECTED state by UE dedicated RRC signaling, so the configuration can include the priority index of the multicast which is to be scheduled by the DCI format which takes the DCI format 1_0 as the baseline. 
Proposal 8: Regarding the priority index indication for DCI formats scheduling multicast,
· the priority index is included in the DCI format which takes DCI format 1_1/1_2 as the baseline; 
· the priority index is configured by RRC dedicated signalling for the DCI format which takes DCI format 1_0 as the baseline. 
It was agreed in RAN1#104 that the priority for multicast can be lower, higher than or equal to that for unicast and FFS on the total number of priorities across multicast and unicast. Technically, the priority comparison between priority index 0 for multicast and index 0 for unicast could have different meanings for different UEs, because unicast priority index 0 could mean different requirements depending on the services in use by the UE. 
As an example shown in Table 1, unicast priority index 0 represents 10 ms latency and 99.9% reliability for UE, but 150 ms latency and 99.9% reliability for UE2, respectively. Although the multicast services have the same requirements for both UE1 and UE2, when comparing the priority with unicast, high priority multicast is of the same priority as low priority unicast for UE1, and of lower priority than high priority unicast for UE2, respectively. In such a case, it may not make sense for UE1 to report the HARQ-ACK feedback for high priority multicast but dropping the feedback for low priority unicast. 

[bookmark: _Ref67326672]Table 1: Priority comparison for unicast and multicast with the same priority index
	
	UE1
	UE2

	Multicast p_index 0
	Video, 150ms, 99.9%

	Multicast p_index 1 
	V2X, 10ms, 99%

	Unicast p_index 0
	10ms, 99.9%
	150ms, 99.9%

	Unicast p_index 1
	1ms, 99.999%
	1ms, 99.999%

	Priority comparison
	Multicast p_index 0 < unicast p_index 0/1
Multicast p_index 1=unicast p_index 0
	Multicast p_index 0 = unicast p_index 0
Multicast p_index 1>unicast p_index 0
Multicast p_index 1<unicast p_index 1



With this example taken into account for designing HARQ-ACK codebook construction, although the priority index could be only 0 or 1 for multicast, the total number of priorities across multicast and unicast could be up to network to configure. 
Proposal 9: The priority across unicast and multicast is up to network configuration.
· The comparison of the priority index of unicast and multicast is configured per UE.
HARQ-ACK feedback for multicast SPS
It has been agreed to support multiple SPS configurations for multicast for which HARQ-ACK feedback is supported. In addition, it was agreed to support up to 8 configured SPS configurations in a BWP of a serving cell for unicast and MBS in total and up to gNB implementation to configure the SPS configuration indexes for unicast and MBS, respectively, so that the current specification for Type-1 or Type-2 HARQ-ACK codebook generation can naturally include the cases of multicast SPS without additional spec impact. 
Similar to SPS unicast specified for URLLC, the priority for the SPS is configured in SPS-config. 
Proposal 10: The priority for SPS multicast is configured in SPS-config for multicast. 
UE can be configured with a list of PUCCH resources per HARQ-ACK codebook in PUCCH-config. It has been agreed earlier that UE can be optionally configured a separate PUCCH-config for multicast. Otherwise, PUCCH-config for unicast is applied to multicast. When the separate PUCCH-config for multicast is configured, it can include the specific SPS-PUCCH-AN-List for multicast. Otherwise, the SPS-PUCCH-AN-List included in PUCCH-config for unicast is shared between unicast and multicast. 
Proposal 11: When the separate PUCCH-config for multicast is configured, it can include the specific SPS-PUCCH-AN-List for multicast. Otherwise, the SPS-PUCCH-AN-List included in PUCCH-config for unicast is shared between unicast and multicast.

Enabling/disabling HARQ feedback 
Regarding the mechanism of enabling/disabling the HARQ feedback, the expectation from the discussion in the last meeting was that the functionality could be per UE, and there is a general preference for indication via physical layer signaling. Since the DCI to indicate the enabling/disabling function is group-common DCI which aims to be received by a group of UEs, companies have different understanding whether this group-common DCI indicating the enabling/disabling function can be per UE. 
Whether it can be implemented per UE may depend on how the DCI indicates the enabling/disabling function. For example, UEs will be configured independently with a set of K1 values and a set of PUCCH resources. K1 or PRI included in the group-common DCI should navigate UEs into orthogonal PUCCH resources for ACK/NACK based HARQ-ACK feedback, which could also be similarly used for indicating UE independently enabling or disabling the feedback. In this sense, additionally supporting RRC indicating does not seem necessary. 
Proposal 12: Support group-common DCI indicating enabling/disabling HARQ-ACK feedback. 

Multiplexing/prioritizing rules
It is agreed in RAN1#104 to support multiplexing for the same priority and prioritizing for different priorities at least when the corresponding PUCCH resources overlap in time in a slot when UE reports HARQ-ACK for both multicast and unicast at a given time. 
As discussed in section 2, if UE is configured to generate two separate HARQ-ACK codebooks, it is supposed that the resources for the separate codebooks transmission are not overlapped so that the codebooks can be both transmitted to network. Otherwise, if the PUCCH resources indicated for HARQ-ACK transmissions are overlapped, UE is expected to multiplex the HARQ-ACK bits with the same priority and drop the HARQ-ACK bits with low priority. 
For UE supporting sub-slot based PUCCH for HARQ-ACK feedback, the current agreement regarding multiplexing/prioritization rules can be extended to support the case of sub-slot based PUCCH, where the length configuration for the sub-slot based PUCCH is expected to be the same for simplicity. 
Proposal 13: For the cases of HARQ-ACK feedback is available for multicast and unicast for a given UE receiving multicast, for determining the PUCCH resource,
· support multiplexing for the same priority and prioritizing for different priorities, when the corresponding PUCCH resources overlap in time in a sub-slot. 
· UE is not expected to be configured with the following cases:
· slot-based PUCCH for multicast and sub-slot based PUCCH for unicast
· slot-based PUCCH for unicast and sub-slot based PUCCH for multicast
· different length configuration for sub-slot based PUCCH for multicast and unicast

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution, based on the agreements achieved and the discussions without conclusion happened in the last meeting, continues to discuss whether/how to generate separate HARQ-ACK codebooks, whether support non-overlapping PUCCH in the same slot for single TRP, mTRP, mixed cases, details for Type-1 codebook construction especially for FDM-ed unicast and multicast cases, multiplexing/prioritizing rules, etc. The discussion in this paper leads to the following proposals:
Proposal 1: For the cases of unicast and multicast scheduled from the same TRP,
· UE can support two non-overlapping PUCCHs for multicast and unicast, respectively, with different priorities in the same slot. 
· UE can be configured to generate two separate codebooks for unicast and multicast, respectively.
· Unicast and multicast can be with the same or different priorities. 
Proposal 2: For FDM-ed unicast and multicast from the same TRP, support Opt 1 for Type-1 HARQ-ACK codebook construction:
· Opt 1: HARQ-ACK bits for all the PDSCH occasions over all the slots for unicast, precede, HARQ-ACK bits for all the PDSCH occasions over all the slots for multicast, for a given serving cell. 
Proposal 3: UE generates Type-1 HARQ-ACK codebook per the option specified for the FDM-ed cases only when UE is configured with FDM-ed unicast and multicast. 
Proposal 4: For the cases of unicast and multicast scheduled from different TRPs, 
· UE can support two non-overlapping PUCCHs for unicast and multicast, respectively, with same priorities in the same slot.
Proposal 5: For the cases of UE being configured with mTRP and for the TRP configured to schedule both unicast and multicast, 
· UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot. 
Proposal 6: For the group-common PUCCH resource for NACK-only based HARQ-ACK feedback, 
· PUCCH format 0 is supported.
· PUCCH format 1 can also be considered.
Proposal 7: When the number of HARQ-ACK bits for multicast or multicast and unicast after multiplexing are more than two bits, the NACK-only based automatically transforms to the ACK/NACK based feedback. 
Proposal 8: Regarding the priority index indication for DCI formats scheduling multicast,
· the priority index is included in the DCI format which takes DCI format 1_1/1_2 as the baseline; 
· the priority index is configured by RRC dedicated signalling for the DCI format which takes DCI format 1_0 as the baseline. 
Proposal 9: The priority across unicast and multicast is up to network configuration.
· The comparison of the priority index of unicast and multicast is configured per UE.
Proposal 10: The priority for SPS multicast is configured in SPS-config for multicast. 
Proposal 11: When the separate PUCCH-config for multicast is configured, it can include the specific SPS-PUCCH-AN-List for multicast. Otherwise, the SPS-PUCCH-AN-List included in PUCCH-config for unicast is shared between unicast and multicast.
Proposal 12: Support group-common DCI indicating enabling/disabling HARQ-ACK feedback. 
Proposal 13: For the cases of HARQ-ACK feedback is available for multicast and unicast for a given UE receiving multicast, for determining the PUCCH resource,
· support multiplexing for the same priority and prioritizing for different priorities, when the corresponding PUCCH resources overlap in time in a sub-slot. 
· UE is not expected to be configured with the following cases:
· slot-based PUCCH for multicast and sub-slot based PUCCH for unicast
· slot-based PUCCH for unicast and sub-slot based PUCCH for multicast
· different length configuration for sub-slot based PUCCH for multicast and unicast
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