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1. Introduction
In RAN1#106-e meeting, the following agreements were made regarding the mechanisms to improve reliability of multicast for RRC_CONNECTED UEs [1]. 
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. 

In this contribution, we will make discussions on detailed HARQ-ACK feedback designs to improve reliability of multicast for RRC_CONNECTED UEs.
2. [bookmark: _Ref498564494]ACK/NACK based HARQ-ACK feedback
In this section, we will discuss PUCCH resource configuration, separate/single HARQ-ACK codebook for unicast and multicast, UCI multiplexing/prioritization and HARQ-ACK codebook design of ACK/NACK based HARQ-ACK feedback.
2.1. PUCCH resource configuration
In Rel-16, the PUCCH-Config used for unicast can be slot based or sub-slot based. With slot based PUCCH-Config, transmitting one slot based PUCCH for HARQ-ACK in a slot is supported. With sub-slot based PUCCH-Config, low HARQ-ACK latency requirement of some unicast services can be satisfied.
For Rel-17 multicast service, when gNB configures slot based PUCCH-Config for multicast HARQ-ACK, transmitting one slot based PUCCH for HARQ-ACK in a slot is supported. From the perspective of satisfying low HARQ-ACK latency requirement of some multicast services, such as in V2X scenario, introducing sub-slot based PUCCH-Config for multicast HARQ-ACK is supported. If multicast HARQ-ACK only supports slot based PUCCH-Config, it is necessary to design the multiplexing of slot based PUCCH for multicast and sub-slot based PUCCH for unicast. When several sub-slot based PUCCHs for unicast overlap with one slot based PUCCH for multicast, it is complicated to determine which PUCCHs among them perform multiplexing. From the perspective of reducing the complexity of multiplexing, sub-slot based PUCCH-Config for multicast HARQ-ACK should be supported.
Proposal 1: Support sub-slot based PUCCH transmission for multicast HARQ-ACK. 
As summarized in Table 1, if separate PUCCH-Config is configured, the PUCCH configuration of multicast and unicast HARQ-ACK can be divided into four cases based on different slot structures of PUCCH under different priority relationship between multicast and unicast. The third column is our view about whether to support this PUCCH configuration case. 
Table 1. View about PUCCH configuration cases when separate PUCCH is configured for multicast
	Priority
	PUCCH-Config (multicast & unicast)
	Support

	multicast = unicast 

	slot based PUCCH & slot based PUCCH 
	Y

	
	slot based PUCCH & sub-slot based PUCCH 
	N

	
	sub-slot based PUCCH & sub-slot based PUCCH (same sub-slot length)
	Y

	
	sub-slot based PUCCH & sub-slot based PUCCH (different sub-slot length) 
	N

	multicast ≠ unicast
	slot based PUCCH & slot based PUCCH 
	Y

	
	slot based PUCCH & sub-slot based PUCCH 
	

	
	sub-slot based PUCCH & sub-slot based PUCCH (same sub-slot length)
	

	
	sub-slot based PUCCH & sub-slot based PUCCH (different sub-slot length) 
	


· Scenario 1: Multicast HARQ-ACK and unicast HARQ-ACK have the same priority
The configuration of PUCCH-Config for multicast and unicast HARQ-ACK which have the same PUCCH structure can be supported, e.g. both configured with slot based PUCCH or both configured with sub-slot based PUCCH with same sub-slot length. In this configuration case, the PUCCH resource after HARQ-ACK multiplexing is determined based on the last DCI which is similar to Rel-16 PUCCH multiplexing rule. 
The configuration of PUCCH-Config for multicast and unicast HARQ-ACK which have different PUCCH structures cannot be supported, e.g. multicast HARQ-ACK is configured with slot based PUCCH and unicast HARQ-ACK is configured with sub-slot based PUCCH, or multicast and unicast HARQ-ACK are configured with sub-slot based PUCCH with different sub-slot length, because the sub slot boundaries are not aligned which causes PUCCH multiplexing is too complicated. For example, as shown in Fig. 1, several sub-slot based PUCCHs for unicast with sub-slot length of 2 symbols overlap with one slot based PUCCH for multicast, it is hard to determine which PUCCHs among them perform multiplexing. Sub-slot based PUCCH is configured to satisfy low latency requirement of unicast service. If PUCCH1, PUCCH2 and PUCCH3 multiplex on PUCCH5, the latency of unicast service is extended. If PUCCH5 multiplex on one of PUCCH1, PUCCH2 and PUCCH3, the coverage of slot based PUCCH5 is sacrificed. 

Fig. 1 multiplexing of slot based PUCCH and sub-slot based PUCCH
As shown in Fig. 2, sub-slot based PUCCH1, PUCCH2 and PUCCH3 for unicast with sub-slot length of 2 symbols overlap with sub-slot based PUCCH5 and PUCCH6 with sub-slot length of 7 symbols, PUCCH4 overlaps with PUCCH6. It is too complicated to determine which PUCCHs among them perform multiplexing.

Fig. 2 multiplexing of sub-slot based PUCCH with different sub-slot length
· Scenario 2: Multicast HARQ-ACK and unicast HARQ-ACK have different priority
If the priority of multicast HARQ-ACK does not equal to priority of unicast HARQ-ACK, the four combination cases of PUCCH configuration of multicast and unicast HARQ-ACK can be all supported. When multicast and unicast HARQ-ACK PUCCH with different priorities overlap in time, the HARQ-ACK with priority index 0 is dropped.
[bookmark: _Hlk83715448]Proposal 2: If separate PUCCH(s) is configured for HARQ-ACK for multicast, the PUCCH structure for PUCCH-Config of multicast and unicast HARQ-ACK with the same priority index should be the same. The PUCCH structure for PUCCH-Config for multicast and unicast HARQ-ACK with different priority index can be different.
For unicast, RAN2 has agreed that different PUCCH Resource IDs are configured in the two PUCCH-Config within the PUCCH-ConfigurationList, so that network can activate/deactivate PUCCH spatial relation for high/low priority depending on PUCCH resources ID, MAC-CE can be unchanged. Similarly, with regard to separate PUCCH-ConfigurationList configured for multicast, PUCCH Resource IDs in the two PUCCH-Config should be different.
Proposal 3: For the separate PUCCH-ConfigurationList configured for multicast for two simultaneously constructed HARQ-ACK codebooks with different priorities, 
· different PUCCH Resource IDs are configured in the two PUCCH-Config within the PUCCH-ConfigurationList
2.2. Separate/single HARQ-ACK codebook construction conditions
Last RAN1 meeting agreed that 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. 
Regarding the case of multicast and unicast have the same priority, as the discussion in section 2.1, we prefer that the PUCCH structure of multicast and unicast HARQ-ACK with the same priority index should be the same to avoid the complicated multiplexing issue of different PUCCH structures. There is no gain brought by separate codebooks of unicast and multicast in this restriction. Besides, constructing separate codebooks of unicast and multicast means that transmitting two slot based PUCCH for HARQ-ACK in a slot should be supported, which increases the requirement for UE capability and has not been agreed. Thus, single HARQ-ACK codebook of unicast and multicast should be constructed for the case of same priority, regardless of Type-1 or Type-2 HARQ codebook. 
Proposal 4: Single codebook for unicast and multicast is constructed for the case of same priority, for Type-1 and Type-2 HARQ codebook. 
2.3. PUCCH resource determination when multiplexing with unicast HARQ-ACK
For multiplexing the ACK/NACK-based HARQ-ACK feedback for multicast and unicast, there are two alternatives to determine the PUCCH resources for transmission:
· Alt.1: the last DCI for unicast;
· Alt.2: the last DCI across unicast and multicast;
The pros and concerns of two alternatives are analyzed as Table 2.
Table 2. Pros and concern of two alternatives determining the PUCCH after multiplexing
	
	pros
	concerns

	Alt.1
	1. PUCCH resource allocation is flexible and gNB configuration complexity is low since orthogonal PUCCH is guaranteed by PUCCH resource list configuration and C-RNTI.
2. Considering that NACK-only may need to be converted into ACK/NACK feedback when PUCCH for NACK-only collides with PUCCH for unicast ACK/NACK feedback, it is reasonable to use last unicast DCI to determine the PUCCH after multiplexing.
3. When multicast and unicast HARQ-ACK are configured with separate PUCCH-Config, the PUCCH resource after HARQ-ACK multiplexing based on the last unicast DCI can reduce PUCCH overhead of multicast. This is because if only the HARQ-ACK feedback for multicast needs to be transmitted on the PUCCH resources of multicast, the size of HARQ-ACK codebook can be determined in advance, so that RRC signaling only needs to configure few PUCCH resources for HARQ-ACK for multicast. If HARQ-ACK feedback for unicast multiplexes on the PUCCH resources of multicast, the UCI payload size after multiplexing is not fixed. In order to ensure the same flexibility of payload size of multicast and unicast, RRC signaling needs to configure 4 PUCCH resource sets for multicast, which brings huge PUCCH overhead.
	1. Some company concerns the last multicast DCI missing problem, but last DCI missing is a common issue for both Alt.1 and Alt.2. 
2. Some company concerns if the last unicast DCI is followed by multiple multicast transmissions, gNB has to predict the HARQ-ACK codebook payload size when it transmits the unicast DCI. We think it is controllable by gNB and gNB can avoid scheduling many multicast transmissions after unicast DCI by scheduling multicast transmissions to other UL slot.


	Alt.2
	
	1. To remain the same PUCCH resource allocation flexibility as Alt.1, orthogonal PUCCH is mainly guaranteed by PUCCH resource configuration. gNB needs to guarantee PUCCH resources in different PUCCH resource sets for different UEs with the same PRI are orthogonal which causes more gNB configuration restriction.
2. If the last DCI is multicast DCI, it is not possible for all UEs needs the same TPC command vale for multicast PUCCH. Although TPC command in the recent unicast DCI can be used, there is no benefit compared with Alt.1. Alt.1 indicates TPC more flexible, then why not use Alt.1 directly?
3. When multiplexing ACK/NACK feedback for unicast with NACK-only feedback for multicast, NACK codebook needs to multiplex on PUCCH for unicast. Alt.2 does not work if last DCI is multicast DCI.


Based on the above analysis, Alt.1 has lower PUCCH resource configuration complexity and more flexible power control for PUCCH, and can also reduce PUCCH overhead of multicast HARQ-ACK. Therefore, the PUCCH resources for HARQ-ACK multiplexing should be determined based on the last unicast DCI.
Proposal 5: 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 for unicast. 
2.4. TDM-ed Type-1 HARQ-ACK codebook
In 105-e meeting, two options about determining the candidate PDSCH occasions using union TDRA tables were discussed and need to be down-selected. 
Since K1 list of unicast is configured per UE, and K1 list of multicast is configured per MBS group, it is probably that K1 lists for multicast and unicast are different for a specific UE. Besides, the PDCCH monitoring for unicast service is always in per slot manner due to unpredictable traffic arrivals, while multicast services are periodic and predictable, the period of monitoring periodicity of multicast PDCCH can configured as multiple slots to reduce  UE PDCCH monitoring power consumption. Thus, K1 lists for multicast and unicast are probably different. 
As shown in Fig. 3, assuming the TDD frame structure is DDDSU and same slot PDSCH scheduling is used. In this illustration, the PDCCH monitoring periodicity for unicast is one slot but the PDCCH monitoring periodicity for multicast is two slots, and the K1 list 2 for multicast is a sub set of  K1 list 1 for unicast. 
[image: ]
Fig. 3 Illustration of K1 lists configuration of multicast and unicast
On the other hand, the PDSCH TDRA set of unicast is configured per UE, and the PDSCH TDRA set of multicast is configured per MBS group, thus it is possible that the PDSCH TDRA set of unicast and multicast are also different for a specific UE. 
Fig. 4 illustrates one case of PDSCH TDRA set configuration. The green part is the PDSCH TDRA set configured for unicast, and the yellow part is the PDSCH TDRA set configured for multicast, the starting position and length of green/yellow rectangle means the starting symbol and length for a given SLIV index. 



Fig. 4 Different TDRA sets configurations for multicast and unicast
Fig. 5 illustrates another typical case of PDSCH TDRA set configuration. As we know, PDSCH mapping type B is an optional UE capability. For a specific UE support PDSCH mapping type B, the PDSCH TDRA table of unicast contains type B PDSCH as the green part, but the PDSCH TDRA table of multicast may only support type A PDSCH as the yellow part since not all UEs in the same MBS group support PDSCH mapping type B. 


Fig. 5 Different TDRA sets configurations for multicast and unicast
Regarding the Type-1 HARQ-ACK codebook construction method, if we take Alt 2, the number of PDSCH reception candidate occasions is always 2 as the illustration in Fig.5. But if the specific K1 is only included in K1 list of multicast, the number of PDSCH reception candidate occasions is 1 not 2. Based on the above two cases, for each slot timing value in the union of different K1 lists, if we always use the union of PDSCH TDRA sets to determine the PDSCH reception candidate occasions, there will be lots of unnecessary HARQ-ACK bits. Therefore, we support Alt 1 of agreement to reduce HARQ-ACK bits overhead, that is when a specific slot timing value only appears in one K1 list, the corresponding PDSCH TDRA set instead of the union of the PDSCH TDRA sets is used to determine the PDSCH reception candidate occasions.
Proposal 6: 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 Alt 1:
· 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. Analyzing which corresponds to HARQ trafficAnalyzing which corresponds to HARQ traffic
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3. NACK-only based HARQ-ACK feedback
In this section, we will discuss PUCCH resource configuration, HARQ-ACK codebook design and UCI multiplexing of NACK-only based HARQ-ACK feedback.
1. 
2. 
3.1. PUCCH resource configuration
In last meeting, it is agreed that separate PUCCH-ConfigurationList can be optionally configured for NACK-only based HARQ-ACK feedback for multicast. Similar to ACK/NACK based HARQ-ACK feedback, if NACK-only based feedback mode is configured but corresponding PUCCH-ConfigurationList is not configured, PUCCH-ConfigurationList for unicast applies. It is up to gNB to schedule UEs in one MBS group to share the same resource for NACK-only based feedback.
Proposal 7: If PUCCH-ConfigurationList for NACK-only based HARQ-ACK feedback is not configured, PUCCH-ConfigurationList for unicast applies.
3.2. Multiple NACK-only based feedback transmission
Last meeting proposed five alternatives to deal with the issue that UE may need to transmit more than one NACK-only based feedback in the same PUCCH slot in DL-heavy TDD scenario. The analysis of five alternatives are as the following. 
Alt 1 defeats the purpose of adopting NACK-only based HARQ-ACK feedback for multicast. Besides, UEs can not transmit different HARQ-ACK bits on a shared PUCCH for NACK-only, that means gNB needs to configure both PUCCH-ConfigurationList for ACK/NACK and PUCCH-ConfigurationList for NACK-only based feedback for multicast, which increases PUCCH overhead of multicast. Alt 2 is not suitable for UEs that do not support sub-slot based PUCCH. For Alt 3, it is beyond UE’s capability to transmit more than 2 PUCCHs in a slot. For Alt 5, NACK-only bundling results in the loss of HARQ-ACK information and increases the overhead of retransmission. Since not all UEs support sub-slot based PUCCH, 
Therefore, we think Alt4 is a more suitable method, where Type-1 HARQ-ACK codebook has many-to-one mapping with NACK-only PUCCH, but the PUCCHs are stilled shared among UEs. As illustrated in Table 4, assuming there are 3 group-common PDSCHs, the association between HARQ-ACK codebook value and PUCCH resource index can be pre-defined. From UE’s perspective, UE only needs to feedback one PUCCH instead of maximum 3 PUCCHs in one slot. From gNB’s perspective, there are total 6 PUCCH resources. Compared with Alt 2 and Alt 3, different PUCCH resources can reflect different HARQ-ACK bits without additional UE capability to support transmitting more than one PUCCHs in a slot.
Table 4. Association between HARQ-ACK codebook value and PUCCH resource index
	HARQ-ACK Value
	{1,1,0}
	{1,0,1}
	{0,1,1}
	{1,0,0}
	{0,1,0}
	{0,0,1}
	{0,0,0}

	PUCCH index
	0
	1
	2
	3
	4
	5
	6



Proposal 8: When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, combination of NACK-only can be defined to correspond to a specific PUCCH.
· Different HARQ-ACK information of a number of group-common PDSCHs are feedbacked in different PUCCHs respectively.
3.3. UCI multiplexing
For NACK-only based HARQ-ACK feedback, the priority indication of HARQ-ACK for multicast is the same as the ACK/NACK based HARQ-ACK feedback case. However, it is difficult to multiplex multicast HARQ-ACK feedback, unicast HARQ-ACK feedback and other UCIs on the NACK-only feedback PUCCH resource for multicast. At least for low priority NACK-only based HARQ-ACK feedback, additional dropping rule can be defined, e.g., dropping the NACK-only feedback PUCCH when it is conflicted with other PUCCHs. If at least one UE which doesn’t need PUCCH multiplexing feedbacks NACK successfully, retransmission of group-common PDSCH can work normally. Since NACK-only based HARQ-ACK feedback is suitable for the case with a large amount of UEs in a group, the probability that all the UEs don’t feedback NACK due to PUCCH collision is quite small. Thus, the dropping rule can solve the multiplexing problem effectively. 
For high priority NACK-only based HARQ-ACK feedback, it is not reasonable to always drop NACK since dropping the NACK-only feedback PUCCH will decrease the reliability of high priority multicast service. To ensure the reliability of high priority multicast service, NACK-only feedback should turn into ACK/NACK based feedback.
Proposal 9: When PUCCH resource for NACK-only feedback for multicast collides with PUCCH resources for HARQ-ACK feedback for unicast or other UCI for the same priority, 
· For NACK-only based feedback with low priority, NACK-only feedback for multicast can be dropped.
· For NACK-only based feeback with high priority, UE multiplexes the NACK-only with others by replacing the NACK-only with ACK/NACK HARQ bits.
4. HARQ-ACK feedback common
4.1. Priority indication
It has been agreed that the priority index is optionally configured to be included the second DCI format, and low priority is assumed by default if the priority index is not included.
For the first DCI format with CRC scrambled with G-RNTI which takes DCI format 1_0 as the baseline, we think the legacy unicast rule can be re-used that the priority index is not included in the first DCI format and low priority is applied by default.  
Proposal 10: The priority index is not included in first DCI format for GC-PDCCH and is low priority by default. 
4.2. HARQ-ACK feedback mode selection
Although we have supported ACK/NACK based and NACK-only based HARQ-ACK feedback for multicast, there is no consensus on RRC based or DCI based HARQ-ACK feedback mode selection. We prefer RRC based selection between two HARQ-ACK feedback modes and RRC configured HARQ-ACK feedback mode applies for all G-RNTIs. There are several reasons. The first is there is no motivation to support dynamic switching between two HARQ-ACK feedback modes, since NACK-only is use for huge UE number case and the join in and out of MBS group is a higher layer procedure which means the UE number in one MBS group will not change so frequently. In addition, DCI based solution needs more spec impact, e.g., DCI signalling design. Last the PUCCH configuration resource overhead is larger, since gNB may need configure both PUCCH-ConfigurationList for ACK/NACK based feedback and PUCCH-ConfigurationList for NACK-only based feedback.
As the HARQ-ACK feedback mode is applied for all G-RNTIs or some, if RRC configures HARQ-ACK feedback mode per G-RNTI, it will introduce more UE complexity on HARQ-ACK codebook multiplexing, e.g., PUCCHs for ACK/NACK based and NACK-only based are overlapped in the same slot, the PUCCH for NACK-only based feedback may need to multiplex with PUCCH for ACK/NACK based feedback, and NACK-only need to transfer to ACK/NACK HARQ bits. If these case occurs, it is simpler to configure ACK/NACK based feedback more for all G-RNTIs originally.
Proposal 11: The HARQ-ACK feedback mode for multicast is configured by RRC signalling and the configured HARQ-ACK feedback mode are applied for all G-RNTIs.
4.3. HARQ-ACK feedback enabling/disabling 
With regard to HARQ-ACK feedback enabling/disabling method, we support to use RRC signaling to configure the enabling/disabling function and use group-common DCI to indicate enabling/disabling ACK/NACK based HARQ-ACK feedback. The reliability requirement of different multicast services may be different, RRC can configure enabling/disabling HARQ-ACK feedback function per G-RNTI. DCI can indicate enabling/disabling of HARQ-ACK feedback dynamically, which increases the flexibility of network configuration. For example, when the number of multicast UEs increases, group-common DCI indicates disabling HARQ-ACK feedback of a group of UEs to reduce PUCCH overhead. 
In last meeting, some company concerned that HARQ-ACK feedback codebook misalignment issue if gNB only disables partial PDSCHs’ HARQ-ACK feedback that transmit in the same PUCCH. To avoid any potential HARQ-ACK mismatch or new UE behavior, the HARQ-ACK of PDSCH that feedbacks in the same PUCCH should be enabled/disabled simultaneously and UE fellows the legacy rule to generate the HARQ-ACK codebook.
Proposal 12: Confirm the 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. 
Proposal 13: The HARQ-ACK of PDSCH that feedbacks in the same PUCCH should be enabled/disabled simultaneously.
A remaining FFS is group-common DCI indicating detailed design. For NACK-only based feedback, it is unnecessary to disable HARQ-ACK feedback per UE. Since retransmission of NACK-only based feedback depends on the worst UE in the group, although NACK-only based feedback of UEs with good channel condition can be disabled, the retransmission still happens. Thus, 1 bit in group-common DCI can be used to indicate enabling/disabling of NACK only based HARQ-ACK feedback. As for ACK/NACK based HARQ-ACK feedback, a unified design of group-common DCI enabling/disabling is preferred, that is the 1 bit can also be used to indicate enabling/disabling of ACK/NACK based HARQ-ACK feedback.
Proposal 14: One bit in the group-common DCI is used whether ACK/NACK based HARQ-ACK feedback is enabled/disabled.
1. 
1. HARQ-ACK feedback for SPS
6.1. HARQ-ACK feedback for SPS activation/deactivation
For HARQ-ACK feedback of SPS activation/deactivation, if NACK-only based HARQ-ACK feedback is used, DTX and ACK will be ambiguous at gNB’s side. Besides, some UEs which have received the SPS group-common activation PDCCH successfully may receive the activation/deactivation PDCCH more than once, which is not necessary and the new PDCCH detection behaviour may need to be defined, e.g., UE can ignore the second activation/deactivation PDCCH. 
Compared with NACK-only base feedback method, ACK/NACK based feedback should be used to deal with the DTX issue. With ACK/NACK based feedback, gNB can find some UE(s) miss detect the activation/deactivation group-common PDCCH, and then UE-specific PDCCH can be used as activation/deactivation PDCCH to re-active/deactive these UEs again without causing other UEs’ ambiguity. 
[bookmark: _Hlk79157456]Therefore, ACK/NACK based feedback should be used for HARQ-ACK feedback of SPS activation/deactivation, and retransmitting the activation/deactivation command via UE-specific PDCCH can be supported to handle the reliability issue of SPS activation /deactivation.
Proposal 15: Support ACK/NACK based HARQ-ACK feedback for SPS activation/deactivation. 
6.2. HARQ-ACK feedback for SPS PDSCH without PDCCH scheduling
We prefer unified HARQ-ACK feedback mode selection method. Similarly as the analysis in section 4.2, we support RRC based selection of HARQ-ACK feedback mode for multicast SPS PDSCH, and HARQ-ACK feedback mode is configured per SPS configuration index.
Proposal 16: For UE supports both ACK/NACK-based and NACK-only based HARQ-ACK feedback for multicast SPS PDSCH without PDCCH scheduling, HARQ-ACK feedback option is configured per SPS configuration index.
1. Conclusions
In this contribution, we make discussions on the reliability improvement of RRC_CONNECTED UEs, and have the following proposals.
Proposal 1: Support sub-slot based PUCCH transmission for multicast HARQ-ACK.
Proposal 2: If separate PUCCH(s) is configured for HARQ-ACK for multicast, the PUCCH structure for PUCCH-Config of multicast and unicast HARQ-ACK with the same priority index should be the same. The PUCCH structure for PUCCH-Config for multicast and unicast HARQ-ACK with different priority index can be different.
Proposal 3: For the separate PUCCH-ConfigurationList configured for multicast for two simultaneously constructed HARQ-ACK codebooks with different priorities, 
· different PUCCH Resource IDs are configured in the two PUCCH-Config within the PUCCH-ConfigurationList
Proposal 4: Single codebook for unicast and multicast is constructed for the case of same priority, for Type-1 and Type-2 HARQ codebook.
Proposal 5: 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 for unicast.
Proposal 6: 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 Alt 1:
· 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. Analyzing which corresponds to HARQ trafficAnalyzing which corresponds to HARQ traffic
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Proposal 7: If PUCCH-ConfigurationList for NACK-only based HARQ-ACK feedback is not configured, PUCCH-ConfigurationList for unicast applies.
Proposal 8: When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, combination of NACK-only can be defined to correspond to a specific PUCCH.
· Different HARQ-ACK information of a number of group-common PDSCHs are feedbacked in different PUCCHs respectively.
Proposal 9: When PUCCH resource for NACK-only feedback for multicast collides with PUCCH resources for HARQ-ACK feedback for unicast or other UCI for the same priority, 
· For NACK-only based feedback with low priority, NACK-only feedback for multicast can be dropped.
· For NACK-only based feeback with high priority, UE multiplexes the NACK-only with others by replacing the NACK-only with ACK/NACK HARQ bits.
Proposal 10: The priority index is not included in first DCI format for GC-PDCCH and is low priority by default. 
Proposal 11: The HARQ-ACK feedback mode for multicast is configured by RRC signalling and the configured HARQ-ACK feedback mode are applied for all G-RNTIs.
Proposal 12: Confirm the 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. 
Proposal 13: The HARQ-ACK of PDSCH that feedbacks in the same PUCCH should be enabled/disabled simultaneously.
Proposal 14: One bit in the group-common DCI is used whether ACK/NACK based HARQ-ACK feedback is enabled/disabled.
Proposal 15: Support ACK/NACK based HARQ-ACK feedback for SPS activation/deactivation. 
Proposal 16: For UE supports both ACK/NACK-based and NACK-only based HARQ-ACK feedback for multicast SPS PDSCH without PDCCH scheduling, HARQ-ACK feedback option is configured per SPS configuration index.
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