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1. Introduction
In RAN1 #106-e meeting [1], the main issues on MBS transmission reliability improvement were discussed and the following agreements were reached:
	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 document, the main issues on improving reliability of  Multicast/Broadcast/ service (MBS) are discussed, such as  NACK-only based HARQ-ACK feedback scheme, Type-1/Type-2 HARQ-ACK codebook, enabling/disabling HARQ-ACK feedback.
2. Discussion 
2.1. HARQ-ACK feedback in MBS
2.1.1. Enabling/disabling HARQ-ACK feedback
In RAN1#106-e meeting, a working assumption for enabling/disabling HARQ-ACK feedback was confirmed with some FFSs. 
For DCI indication of whether ACK/NACK based HARQ-ACK feedback is enabled or disabled, the following alternatives can be considered:
· Alt 1: A new DCI field
For Alt 1, 1 extra bit can be added to indicate the HARQ-ACK feedback enabling/disabling. It is straightforward and simple, but it needs 1 extra bit in DCI which increases the DCI payload size. Since the RRC signaling is UE-specific, different UEs in a MBS group may have different RRC states of HARQ-ACK enabling/disabling. Also, the group-common DCI targets a group UEs, whether this new field is needed in DCI for UEs which are configured by State 1 or State 2 should be further studied. This will bring extra work and high complexity on protocol design. Therefore, Alt 1 is not supported.
· Alt 2: NRU-like mechanism
In current NRU operation, the special k1 value (k1= -1) is used to indicate to the UE that the HARQ-ACK feedback for the corresponding PDSCH is postponed. 
There are some limitations for k1 configuration if this mechanism is reused for disabling HARQ-ACK feedback. Firstly, instead of using the default k1 value, gNB will configure a new k1 value for each UE. Secondly, when the enabling/disabling HARQ-ACK feedback state changes (e.g. from enabling to disabling state), Alt 2 needs to re-configured the k1 set. Thirdly, if the NRU-like is further considered for MBS, with this extra HARQ-ACK disabling function introducing, UEs in NRU cannot know what the k1 (i.e. -1) exactly mean is. In other words, the k1=1 may indicate both postponing PDSCH function and the enabling/disabling function for UEs in NRU. Thus, this method is not suitable for disabling HARQ-ACK feedback. 
· Alt 3: A special state of an existing DCI field 
gNB can pre-configure or pre-define a special state of an existing field to indicate the HARQ-ACK feedback enabling/disabling. Since the existing field e.g. PDSCH-to-HARQ feedback timing (k1) field and PUCCH resource indicator (PRI) field will be used to indicate the valid timing for PUCCH and the PUCCH resource when implementing the HARQ-ACK feedback, so a special state of the k1 field or PRI field can be used to indicate the HARQ-ACK feedback enabling/disabling. For example, in DCI format 1_0, k1 uses 3bit which corresponds 8 states to indicate the PDSCH-to-HARQ feedback timing. gNB can pre-configure or pre-define a special k1 index (e.g. ‘000’) as the disabling indication. When receiving ‘000’ of k1 index, UE will not feedback the HARQ-ACK information; otherwise, UE will report the HARQ-ACK feedback information based on the rules in R15. The shortage of this method is that once a special k1 index is used to indicate the HARQ-ACK feedback disabling, it can’t be used to indicate the valid timing for PUCCH anymore. Thus, the flexibility of the PDSCH-to-HARQ feedback timing indication is reduced. So is PRI field.
Comparing with Alt 1, for different UEs in a MBS group, Alt 3 will not increase the DCI payload size and guarantee different UEs in a MBS group have same DCI payload size. Moreover, comparing with Alt 2, when the HARQ-ACK feedback state changes (e.g. from enabling to disabling state), Alt 3 do not need to re-configured the k1 set. Thus, Alt 3 is supported. 
· Alt 4：Implicit indication (e.g. indicating PUCCH downlink symbols)
When UE receives a group-common scheduling, k1 field can indicate the slot number of PUCCH which carrying the HARQ-ACK information. For unpaired spectrum, slots may be configured as uplink or downlink slots/symbols. If the PUCCH resource indicated by k1 includes one or more downlink slots/symbols, UE can regard as the HARQ-ACK feedback is disabling. 
Proposal 1: For DCI indicating the HARQ ACK enabling/disabling, Alt 3 (A special state of an existing DCI field) and Alt 4(Implicit indication) can be supported.

It has been agreed that the NACK-only based HARQ-ACK feedback is supported for MBS transmission. The NACK-only based HARQ-ACK feedback can also be disabled for power saving and improving HARQ-ACK feedback efficiency. For example, when gNB cannot allocate the orthogonal PUCCH resources for carrying NAK-only information, the NACK-only based HARQ-ACK feedback can be disabled. The enabling/disabling mechanism of ACK/NACK-based HARQ-ACK feedback as discussed above can be reused for NACK-only based HARQ-ACK feedback.

Proposal 2: The enabling/disabling ACK/NACK-based HARQ-ACK feedback mechanism can be used for NACK-only based HARQ-ACK feedback. 
It has been agreed that the PTM scheme 1 and PTP transmission can be the retransmission scheme for MBS. When the PTM scheme 1 is used for retransmission, two options as discussed above can also be applied for retransmission scheme. In other words, the indication of the enabling/disabling for retransmission depends on the RRC/DCI signaling as well. For example, when the State 2 (ACK/NACK disabling) is configured for retransmission, the HARQ-ACK feedback for retransmission is disabled. When PTP transmission is used for retransmission, it implies that the initial transmission is enabling. In our understanding, the RRC configuration may be changed for retransmission. Even when the initial transmission is enabling, it is not reasonable to always configure the PTP retransmission as enabling, which is same as the unicast services. Moreover, UE can identify whether the PTP transmission is for unicast or PTP retransmission for multicast, as discussed in agenda 8.12.1. Thus, for the PTP retransmission, two options as discussed above can also be applied. The indication of the enabling/disabling for retransmission depends on the RRC/DCI signaling as well.
Proposal 3: The indication of the enabling/disabling for retransmission depends on the RRC/DCI signaling same as initial transmission. 

According to the working assumption, three states of the RRC configurations are supported for enabling/disabling ACK/NACK-based HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast via dynamic group-common PDSCH. 
· State 1: ACK/NACK enabling
If enabling ACK/NACK based HARQ-ACK feedback is configured by RRC, UE will always feedback HARQ-ACK information for multicast via dynamic group-common PDSCH.
· State 2: ACK/NACK disabling
If disabling ACK/NACK based HARQ-ACK feedback is configured by RRC, UE will not feedback any HARQ-ACK information for multicast via dynamic group-common PDSCH. 
· State 3: enabling function of group-common DCI indicating the enabling /disabling ACK/NACK based HARQ-ACK feedback ACK/NACK
After receiving this configuration, ACK/NACK based HARQ-ACK feedback is enabled/disabled as indicated in group-common DCI.  
As discussed above, different UEs may be configured different states due to the RRC signaling is UE-specific. For example, in a MBS group, some UE may be configured with State 1, some UE may be configured with State 2 and the rest of the UEs are configured with State 3. However, the State 1 and State 3 cannot be configured simultaneously when Type-2 HARQ-ACK codebook is configured. This is because when the Type-2 HARQ-ACK codebook is configured, the UE with State 1 and the UE with State 3 need different DAI value setting. The UE which is configured State 1expects C-DAI/T-DAI increase by 1 based on the last DCI. But UE which is configured with State 3 does not expect increase C-DAI/T-DAI when disabling is indicated by DCI signaling. Thus, the procedure of Type-2 HARQ-ACK generation does not work well when State 1 and State 3 are configured simultaneously. For other combinations (e.g. State 1+State 2, State 2 and State 3) , the Type-2 HARQ-ACK construction is workable. For example, when only State 2 and State 3 are configured simultaneously, UEs which is configured State 2 will not feedback any HARQ-ACK information, and they does not need to read the C-DAI/T-DAI value. Thus, the Type-2 HARQ-ACK construction is workable when State 2 and State 3 are configured simultaneously. 

Moreover, it is noted that when the State 3 is configured, the DCI signaling targets a group UEs. Thus, whether/how to allow UE not to react to the DCI signaling, but instead follow UE-specific RRC configuration for HARQ feedback is considered during last meeting. In our understanding, it is possible that the DCI signaling is invalid when the enabling/disabling ACK/NACK based HARQ-ACK feedback is configured by RRC signaling for a certain UE. 
Proposal 4： State 1(ACK/NACK enabling) and State 3 (enabling function of group-common DCI indicating the enabling /disabling ACK/NACK based HARQ-ACK feedback ACK/NACK) cannot be configured simultaneously.
Proposal 5: When only State 2 (RRC disabling) and State 3 (The function of group-common DCI based indication) are configured simultaneously, UE is allowed not to react to the DCI signaling but instead follow UE-specific RRC configuration for HARQ feedback. 
When Type-1 HARQ-ACK codebook is configured, State 3 cannot be supported. The reason is that the construction of Type-1 HARQ-ACK codebook is based on each k1 value. In each slot that k1 configured, the feedback information is needed according to current specification. If the disabling is indicated by DCI, the feedback information will be not needed, which is conflict with the current construction of Type-1 HARQ-ACK codebook. Thus, the State 3 cannot work when constructing the Type-1 HARQ-ACK codebook. 
Proposal 6: When Type-1 HARQ-ACK feedback is configured, State 3 (The function of group-common DCI based indication) is not supported. 

For multicast transmission, the SPS scheduling mechanism is supported when the multicast traffic is periodic. Comparing to dynamic scheduling, it can save scheduling signaling. As shown in Table 2.1-1, SPS operation for a multicast transmission has four cases for HARQ-ACK enabling/disabling, the possible applying HARQ-ACK enabling/disabling to SPS group-common PDSCH is listed. For Case1, since the scheduling information (e.g. FDRA/TDRA information) will be also used for the subsequent scheduling, so it is very important for each UE in the multicast group. Thus, the HARQ-ACK feedback for the first active SPS PDSCH should always be enabled regardless of the HARQ-ACK enabling/disabling configuration. For the PDSCH transmission without DCI (Case 3), it is natural that the HARQ-ACK feedback can be based on the DCI indication of the active command when State 3 is configured. 

Table 2.1-1: Applying HARQ-ACK enabling/disabling to SPS group-common PDSCH
	Use case 
	State-1 (enabling by RRC)
	State-2 (disabling by RRC)
	State-3 (determining  by DCI)

	Case1：Active by G-CS-RNTI scrambling DCI,
	Enabling
	Enabling
	Enabling

	Case2：Re-transmission by G-CS-RNTI scrambling DCI
	Enabling
	Disabling
	By DCI

	Case3：PDSCH transmission without  DCI
	Enabling
	Disabling
	By active  DCI

	Case4：De-active by G-CS-RNTI scrambling DCI.
	Enabling
	Disabling
	By DCI



Proposal 7: For SPS group-common PDSCH, HARQ-ACK feedback for the first active SPS PDSCH is always enabled regardless of HARQ-ACK enabling/disabling configuration.
Proposal 8: If HARQ-ACK enabling/disabling is determined by DCI, the HARQ-ACK feedback of the PDSCH transmission without DCI (Case3) can be based on the DCI indication of the activation command.
2.1.2. NACK-only based HARQ-ACK feedback
To indicate the PUCCH resource for NACK-only feedback, the ACK/NACK based feedback framework can be reused. Specifically, the PDSCH-to-HARQ feedback timing indicator (k1) can be used to indicate the PUCCH feedback slot and the PUCCH resource indicator (PRI) and DCI CCE index can be applied to indicate the PUCCH resource ID. 
Proposal 9: NACK-only based feedback framework is designed based on Rel-15 NR ACK/NACK-based feedback mechanism by considering k1, PRI and DCI CCE index to indicate the PUCCH resource.
In Rel-15 NR, up to 4 PUCCH resource sets can be configured, and resource set 0 can be configured with up to 32 PUCCH resources for 1-2 bit(s) UCI transmissions. The PUCCH resource set 0 can be used by all MBS services using NACK-only feedback. Thus, up to 32 PUCCH resources for 1-2bit UCI transmissions can also be configured. 
Proposal 10: Up to 32 PUCCH resources can be configured for the PUCCH resource set for NACK-only feedback in MBS.
Proposal 11: The PUCCH resource set can be used by all MBS services which applying NACK-only based HARQ-ACK feedback.
It was agreed that when the separate PUCCH-Config /PUCCH-ConfigurationList for ACK/NACK based for multicast (e.g. pucch-ConfigurationList-Multicast1) is not configured, the PUCCH-Config /PUCCH-ConfigurationList for unicast (i.e. pucch-ConfigurationList) can be applied. In RAN1#106-e meeting, it has been agreed that the separate PUCCH-ConfigurationList that is optionally configured to UE for NACK-only based HARQ-ACK feedback for multicast (e.g. pucch-ConfigurationList-Multicast2). How to handle the case when separate pucch-ConfigurationList-Multicast2 is not configured should be studied. 
 Generally, three potential alternatives that can be applied for NACK-only based HARQ-ACK feedback as shown below：
· Alt1: Appling the pucch-ConfigurationList-Multicast1 (if configured) 
In this alternatives, the pucch-ConfigurationList-Multicast1 (if configured) for ACK/NACK based HARQ-ACK feedback for multicast is applied regardless of the configuration of unicast. 
· Alt2: Appling the pucch-ConfigurationList (if configured)
In this alternatives, the pucch-ConfigurationList (if configured) for unicast is applied regardless of the configuration of ACK/NACK based HARQ-ACK feedback for multicast. 
· Alt3: Appling the pucch-ConfigCommon(configured by SIB1)
In this alternative, the pucch-ConfigCommon is applied. 
Since the pucch-ConfigurationList-Multicast1 and the pucch-ConfigurationList cannot always be configured, so Alt3 seems more feasible. Moreover, in pucch-ConfigCommon, the type of PUCCH format in the PUCCH resource sets is PUCCH format 0 or 1, which is suitable for NACK-only based HARQ-ACK for multicast.  
Proposal 12：When separate PUCCH-ConfigurationList is not configured to UE for NACK-only based HARQ-ACK feedback for multicast, pucch-ConfigCommon can be applied. 
In R15, the PUCCH is defined by slot-based, and only one PUCCH with HARQ-ACK feedback is allowed to be transmitted in a PUCCH slot. If more than one PUCCH resources tend be transmitted in a PUCCH slot, the UE multiplexes all HARQ-ACK feedback information onto the PUCCH resource that the last DCI indicated. In R16, for supporting URLLC, two priority indexes (i.e. high and low priority indexes) of PUCCH resource are introduced. Each PUCCH priority can be configured as slot-based or sub-slot based. When both high and low priorities of PUCCHs are defined as slot-based, at most two PUCCH resources with different priority can be transmitted in a PUCCH slot. If a priority of PUCCH is defined as sub-slot based, the maximum number of PUCCH that can be transmitted in a slot is based on the length of the configured sub-slot. For example, if the length of sub-slot is configured as 2 symbols, than at most 7 PUCCHs can be transmitted in a slot; if the length of sub-slot is configured as 3 symbols, then at most 4 PUCCHs can be transmitted in a slot. Further, the exact number of transmitted PUCCH is depended on UE capability.
For NACK-only based feedback, when UE is indicated to transmit more than one NACK-only based feedback in a slot, how to deal with the multiple feedback were discussed in last meeting, and the possible alternatives were listed as following: 
· Alt1: Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits. 

Per our understanding, the reason that NACK-only mechanism is applied is that the group UEs tend to use the common PUCCH resource due to there are no sufficient PUCCH resource for each UE or gNB would like to save uplink resource. If UE is allowed to transform NACK-only into ACK/NACK based feedback, it seems that there are enough PUCCH resource for UEs feedback. If so, gNB can initially configure the ACK/NACK based feedback instead of NACK-only based feedback. From another point of view, if there is no enough PUCCH resource, Alt1 cannot be workable. 

Moreover, the PUCCH format 0/1 is generally configured for supporting NACK-only based feedback which may carry only one bit information. And gNB only need to configure the PUCCH resource set 0. If this alternative is applied, gNB needs also to configure PUCCH resource set 2/3 which include PUCCH format 2/3/4 due to UE may transmit more than one bits in a PUCCH resource. Thus, in our point of view, Alt1 does not make senses.

Observation 1: Alt1 implies that gNB can initially configure ACK/NACK based feedback instead of NACK-only based feedback.  

· Alt2: Support sub-slot based PUCCH for this case.

When the sub-slot based PUCCH is configured for NACK-only based feedback, multiple NACK-only feedback can be transmitted in a PUCCH slot. The maximum number of PUCCH that can be transmitted in a slot is based on the length of the configured sub-slot and the exact number of transmitted PUCCH is depended on UE capability, as discussed above. Since different UEs in a same group may support various number of PUCCH, so a dropping mechanism should be needed when the number of PUCCH that gNB scheduled exceeds UE’s capability. Alternatively, a proper scheduling of gNB is needed to meet the requirement of UE’s lowest capability.

Observation 2: If sub-slot based PUCCH is supported, multiple NACK-only feedback can be transmitted in a PUCCH slot. A dropping mechanism is needed when the number of PUCCHs exceeds UE’s capability or a proper gNB scheduling is needed to meet the requirement of UE’s lowest capability.

· Alt3: Support UE transmitting more than one slot-based PUCCHs in the same PUCCH slot. 

In current R15/ R16 rules, no more than one PUCCH is transmitted in a slot for same priority. Supporting UE transmits more than one slot-based PUCCHs in the same PUCCH slot is different with the current R15/ R16 rules. Thus, if supported, Alt3 will bring additional specification works. 

Observation 3: Alt 3 is different with the current R15/R16 rule and will bring additional specification works. 

· Alt4: Define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission 

In Alt4, the HARQ-ACK codebook-like many-to-one mapping is discussed in [2]. To realize this alternative, gNB needs define a huge number of PUCCH resources. For example, if up to 8 NACK-only based feedbacks are scheduled in a slot,  PUCCH resources will be configured.  And this will exceed the 128 PUCCH resources as defined in for “PUCCH spatial relation Activation/Deactivation MAC CE” in TS 38.321.   

Observation 4: In Alt4, when the number of HARQ-ACK information is up to 8 NACK-only based feedbacks, the number of needed PUCCH resource will exceed the maximum number of PUCCH as defined in current specification.
· Alt5: NACK-only bundling

Regarding Alt 5, when more than one NACK-only based feedback is bundled into one PUCCH, UE will transmit NACK information when at least one of feedback is NACK. In this case, gNB will retransmit all PDSCHs, which will cause low efficiency of feedback and retransmission mechanisms.
Observation 5: Alt5 brings lower efficiency of feedback and retransmission due to the bundling mechanism. 
According to above discussion, it seems that Alt2 is more reasonable and has small modification on current specification. Thus, Alt 2 is preferred.
Proposal 13: Support sub-slot based PUCCH (Alt2) when more than one NACK-only based feedbacks are available for transmission in the same PUCCH slot. 

2.1.3. HARQ-ACK codebook 
In current spe, if a UE is not provided any of pdsch-HARQ-ACK-Codebook, pdsch-HARQ-ACK-Codebook-r16, or pdsch-HARQ-ACK-OneShotFeedback for unicast, UE generates at most one HARQ-ACK information bit in a PUCCH slot. It implies that gNB does not schedule more than one PDSCH in a PUCCH slot. It has been agreed in RNA1 #106-e meeting that the separate pdsch-HARQ-ACK-Codebook/pdsch-HARQ-ACK-CodebookList for multicast (e.g. pdsch-HARQ-ACK-Codebook-Multicast/pdsch-HARQ-ACK-CodebookList-Multicast) can be configured from that for unicast. How to generate the HARQ-ACK information when pdsch-HARQ-ACK-Codebook-Multicast/pdsch-HARQ-ACK-CodebookList-Multicast is not configured should be considered. Per our understanding, the current mechanism for unicast (i.e. UE generates at most one HARQ-ACK information bit in a PUCCH slot) can be applied without further specification works,
Further, when any one of the pdsch-HARQ-ACK-Codebook/pdsch-HARQ-ACK-CodebookList for unicast and pdsch-HARQ-ACK-Codebook-Multicast/pdsch-HARQ-ACK-CodebookList-Multicast is not configured, UE does not expect that the HARQ-ACK information for unicast and multicast are transmitted in a PUCCH slot.  In other words, in this case, the feedback information of both unicast and multicast will not be scheduled in a PUCCH slot. 
Proposal 14: The current mechanism for unicast (i.e. UE generates at most one HARQ-ACK information bit in a PUCCH slot) can be applied when pdsch-HARQ-ACK-Codebook-Multicast/pdsch-HARQ-ACK-CodebookList-Multicast is not configured. 
Proposal 15: UE does not expect the HARQ-ACK information for unicast and multicast are transmitted in a same PUCCH in a PUCCH slot when any one of the pdsch-HARQ-ACK-Codebook/pdsch-HARQ-ACK-CodebookList for unicast and pdsch-HARQ-ACK-Codebook-Multicast/pdsch-HARQ-ACK-CodebookList-Multicast is not configured. 
In current spe, different PUCCH-configs are configured for different priorities within the pucch-ConfigurationList if configured. Meanwhile different PUCCH resource IDs are configured in different PUCCH–configs. It has been agreed in RAN1#106-e meeting, 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. How to configure the separate codebooks with different priority for unicast and multicast will be discussed. Two potential alternatives should be considered:
· Alt 1: when the pucch-ConfigurationList for multicast is NOT configured 
It has been agreed that the pucch-ConfigurationList for unicast will be applied for multicast when pucch-ConfigurationList for multicast (e.g. pucch-ConfigurationList-MBS) is not configured. In this alternative, multicast and unicast services share the pucch-ConfigurationList. Based on current spe, two different PUCCH-configs (PUCCH-config0 and PUCCH-config1) are listed in pucch-ConfigurationList for different priorities. So PUCCH-config0 and PUCCH-config1 can be configured for low and high priority, respectively. Two configuration cases of HARQ-ACK codebook can be provided, i.e. unicast with low priority only + multicast with high priority only (Case1), unicast high priority only + multicast with low priority only (Case2). This implies that the different PUCCH-configs are configured for generating one codebook for unicast and one codebook for multicast. The priority index can be indicated in DCI flied or configured by RRC. 
· Alt 2: when pucch-ConfigurationList-MBS is configured 
When the pucch-ConfigurationList-MBS is configured, at least one PUCCH–config for MBS (i.e. PUCCH-config-MBS0 and/or PUCCH-config-MBS1) can be listed in pucch-ConfigurationList-MBS. In addition to Case1 and Case2 as discussed above, Alt2 can also provide other configuration cases i.e. unicast with low priority and high priority + multicast with low priority only (Case3), unicast with low priority only + multicast with low priority and high priority(Case4). In this way, different PUCCH-configs for unicast and for multicast are also configured for generating one codebook for unicast and one codebook for multicast, respectively. For example, codebook for unicast with high priority can be configured by the PUCCH-config1 in pucch-ConfigurationList for unicast and codebook for multicast with low priority can be configured by the PUCCH-config-MBS0 in pucch-ConfigurationList-MBS. The priority index in this alternative can be indicated in DCI flied. 
As discussed above, in both alternatives, different PUCCH-configs can be considered to configure one codebook for unicast and one codebook for multicast when UE is configured Type-1 codebooks for unicast and multicast with different priorities, respectively. This is same as the current mechanism. 
Proposal 16： To configure one codebook for unicast and one codebook for multicast and the two codebooks are of different priorities, the current mechanism (i.e. different PUCCH-configs are configured for different priorities) can be applied without further enhancement.
It has been agreed that when UE is configured Type-1/ Type-2 codebooks for unicast and multicast with different priorities, respectively, the UE separately generates each of the Type-1/ Type-2codebooks. How to construct the codebook for unicast and multicast with same priority should be discussed. According to RAN1 last few meetings, two alternatives are discussed: 
· Alt1: Generating a single codebook
In this alternative, a single codebook is generated for unicast and multicast. The advantage of Alt1 is that same as the mechanism specified in URLLC with same priority, the UE can multiplex the HARQ-ACK information with a same priority index in a same HARQ-ACK codebook. And no more specification works is needed. The disadvantage is that the configurations of HARQ-ACK codebook type (e.g. Type-1/ Type-2 codebooks) and PUCCH structure (e.g. slot-based/sub-slot based) between unicast and multicast should be same so that the joint codebook can be constructed. 
· Alt2: Generating separate codebooks
In this alterative, UE generates the HARQ-ACK codebooks separately, one codebook for unicast and one codebook for multicast. The advantage of Alt2 is that no limitation on the configurations. The gNB can manage the unicast scheduling and multicast scheduling separately. The disadvantage is that it may increase the requirement of UE capability. Specifically, constructing separate codebooks of unicast and multicast means that transmitting two slot-based PUCCH for HARQ-ACK in a slot should be supported. This will against current UE capability. In current UE capability, for a same priority index, no more than one slot-based PUCCH for HARQ-ACK in a PUCCH slot is supported. 
Since both alternatives have advantages and disadvantages, Alt1 and Alt2 can be supported with different conditions. If the unicast and multicast have same codebook type and same PUCCH structure configuration, Alt1 can be applied; otherwise, Alt2 is applied.   
Proposal 17: When UE is configured Type-1/ Type-2 codebooks for unicast and multicast with same priorities, if the unicast and multicast have same codebook type and same PUCCH structure configuration, UE generates a single codebook; otherwise, UE separately generates each codebook for unicast and multicast. 
· Type-1 HARQ-ACK codebook
FDM-ed between unicast and multicast 
For supporting FDM-ed unicast and multicast with same priority for Type-1 HARQ-ACK codebook, Opt 4 was agreed which is similar to joint Type-1 codebook for mTRP. The assumption is that UE reports the capability that two PDSCHS can be FDM-ed  in a slot, and gNB configures one multicast service (e.g multicast -1) and one unicast for a UE. The mTRP like scheme can be descried as following procedure
Step 1: 
-	a serving cell is placed in a first set  of  serving cells if the serving cell includes a unicast search space configuration .
-	a serving cell is placed in a second set  of  serving cells if the serving cell includes a group common search space configuration for multicast-1 transmission.
-	serving cells are placed in a set according to an ascending order of a serving cell index
Step 2:
· the UE generates a Type-1 HARQ-ACK codebook for the set   and the set  of serving cells separately 
· The UE concatenates the HARQ-ACK codebook generated for the set  followed by the HARQ-ACK codebook generated for the set .
However, if gNB configures two or more multicast services on a serving cell, for example, multicast-1 PDSCH is scheduled by DCI scrambled by G-RNTI-1, multicast-2 PDSCH is scheduled by DCI scrambled by G-RNTI-2, there are three FDM-ed cases in a same slot as shown in Figure 2.1-1.



Figure 2.1-1: Three FDM-ed cases for unicast+multicast

For Type-1 HARQ-ACK codebook construction, the simplest way is to add another severing cell set , and UE will generate three sub-codebook where the first sub-codebook is for unicast, the second sub-codebook is for multicast-1, and the third sub-codebook is for multicast-2. It increases the HARQ-ACK codebook size unnecessarily since only up to two FDM-ed PDSCHs are supported in a same slot. So when the number of services configured including unicast and multicast is greater than the number of FDM-ed PDSCHs reported by UE, the enhancement on Type-1 HARQ-ACK codebook generation shall be studied.

Proposal 18: When the number of services configured including unicast and multicast is greater than number of FDM-ed PDSCHs reported by UE, the enhancement on Type-1 HARQ-ACK codebook generation shall be studied.
 TDM-ed between unicast and multicast 
For TDM-ed unicast and multicast, when Type-1 HARQ-ACK codebook construction for ACK/NACK-based unicast and multicast to be multiplexed in the same PUCCH resource, two alternatives of determining PDSCH reception candidate occasions were discussed during RAN1#105-e meeting.

For Alt 1, when UE determines the PDSCH reception candidate occasion, only the slots in the intersection for k1 set for multicast and k1 set for unicast can use the union of PDSCH TDRA set. This alternative can reduce redundant reception occasions of PDSCH, and increase the efficiency of Type-1 HARQ-ACK feedback.  For Alt 2, when UE determines the PDSCH reception candidate occasion, the union of PDSCH TDRA set is used for each slot. Although Alt 2 brings some redundant reception occasions of PDSCH, it is simple and has low complexity for UEs.  Further, the number of redundant bits depends on two factors: one factor is the number of  in the intersection of  set; another factor is the difference of the number of set between union of PDSCH TDRA sets and the PDSCH TDRA set for unicast/multicast set. Thus, in our opinion, the Alt 2 can be used as the baseline scheme, and the Alt 1 is the used as the enhanced scheme. 
Proposal 19: Alt 2 can be used as baseline scheme and Alt 1 can be used as enhancement scheme on TDM-ed Type-1 HARQ-ACK codebook construction.
· Type-2 HARQ-ACK codebook
 It has been agreed that concatenation of Type-2 HARQ-ACK codebook for unicast and multicast is supported. The first Type-2 HARQ-ACK sub-codebook for unicast precedes the second Type-2 HARQ-ACK sub-codebook for multicast. The HARQ-ACK codebooks for MBS and unicast are determined independently by reusing Rel-15 HARQ-ACK feedback codebook determination mechanism since the DAI for unicast and DAI for multicast are separately counted. 
In R15, up to two Type-2 HARQ-ACK sub-codebooks can be concatenated in a PUCCH/PUSCH, one is TB-based HARQ-ACK sub-codebook and the other is CBG-based HARQ-ACK sub-codebook. For multicast service transmission, one G-RNTI maps to one multicast service. When N G-RNTIs (N) is configured in a PUCCH cell group, N Type-2 HARQ-ACK sub-codebooks for multicast are generated and will be concatenated in a PUCCH/PUSCH. However, as N is increasing, the following issues are arisen: 
· Issue#1: “last DCI” problem becomes serious 
Generally, for each sub-codebook, when the “last DCI” is missing, the HARQ-ACK codebook size will mismatch between the UE and gNB, which is unacceptable. Thus, with the increase of N, the probability of last DCI missing issue increases as shown in Table 2.1-2, where the probability of PDCCH detecting correctly is assumed as 95%. 
Table 2.1-2：Probability of last DCI missing 
	N (total number of sub-codebooks)
	2
	3
	4
	5
	6
	7
	8

	Probability of last DCI issue
	9.75%
	14.26%
	18.55%
	22.62%
	26.49%
	30.17%
	33.66%



· Issue #2: UL DAI overhead issue
In R15 operation, the total UL DAI size is 4 bits and up to 2 DAI fields are included in format 0_1/0_2. The first DAI filed is used for TB-based HARQ-ACK sub-codebook, and the second DAI filed is used for CBG-based HARQ-ACK sub-codebook. However, the UL DAI overhead will increase with the increasing of N for multicast, as shown in Table 2.1-3. The number of Type-2 HARQ-ACK sub-codebooks for multicast can be larger than one, but the number shall be limited within no more than 3 so that the overhead of the UL DAI is acceptable. 


Table 2.1-3：UL DAI overhead  
	N (total number of sub-codebooks)
	2
	3
	4
	5
	6
	7
	8

	Overhead of UL DAI (bit)
	4
	6
	8
	10
	12
	14
	16



Proposal 20: Support concatenating no more than 3 Type-2 HARQ-ACK codebooks for multicast scheduling.
When more than 3 multicast services (i.e. G-RNTI) are configured, the association between the UL DAI and G-RNTI should be discussed to support more multicast services. For example, 6 multicast services are configured and the limited number of sub-codebooks is 3, as shown in Figure 2.1-2. Then, 6 multicast services can be divided into 3 groups by RRC configuring. Each group with two services occupies 1 UL DAI. Each service in a group can apply the 1 UL DAI to generate codebook. A potential association between the UL DAI and G-RNTI is shown Figure 2.1-2. In this way, more than 3 multicast services can be supported and can generate the corresponding codebook. Further, it is noted that UE does not expect the feedback information of different services in a same group are scheduled in a same PUCCH slot.


Figure 2.1-2: A potential association between the UL DAI and G-RNTI
Proposal 21: When the number of configured G-RNTI is larger than the number of UL DAI, the association between the UL DAI and G-RNTI can be configured by RRC. 
2.1.4. Constructing Type-2 codebook when a UE joining an ongoing multicast transmission
The UE may join an ongoing multicast transmission due to mobility/RRC reconnection/RRC indicating HARQ-ACK enabling. In the ongoing transmission, the original UEs have already applied the updated RRC parameter to transmit multicast data. And C-DAI/T-DAI have been already counted for the Type-2 codebook. Thus, for the UE which just joint the transmission, how the C-DAI/T-DAI will be counted for the HARQ-ACK codebook should be studied.  Specifically, to configure the Type-2 codebook, the common understanding of codebook size between gNB and UE should be achieved; more details can be found in our contribution [3]. To achieve the common understanding, two related aspects shall be specified:
· T0 indication
T0 slot is defined as the slot that the UE begins to monitor the PDCCH occasion and acquire scheduling information. gNB should indicate the value of  T0 in multicast (re)configuration information so that UE will know in which slot the PDCCH should be started  to monitor for multicast DCI receiving. In this way, gNB and UE have the common understanding of the starting time to compute size of HARQ-ACK codebook..  
· Missing DCI
In slot T0, if the DAI value is not 1(e.g. n), UE will regard (n-1) DCIs are missed. Moreover, the value of j should also be specified for generating the HARQ-ACK codebook. Since the UE which is just joint the transmission does not know the actual value of j, so it is more reasonable that assuming DAI is not circled (i.e. j=0). 
Once these two aspects are specified, a common understanding of codebook size between gNB and UE will be achieved. 

Proposal 22: To achieve the common understanding on codebook size between gNB and UE, RAN1 should specify the following two aspects for generating Type-2 codebooks when UE joint an ongoing multicast transmission: 
· T0 indication: The slot that UE begins to monitor the PDCCH occasion and acquire scheduling information. 
· Missing DCI: The UE assume that DAI is not circled (e.g.  j=0) and (n-1) DCIs are missed when the DCI value is n (n is not equal 1) on T0 slot.
2.1.5. PUCCH power control for Type-2 HARQ-ACK codebook   
In R15/R16, when Type-2 codebook is configured, the number of HARQ-ACK information bits  is one of parameters for the power control of PUCCH transmission. If, the UE determines  as formula (1):

More details can be found in TS 38.213. The number of code word can be configured as 1 or 2 (i.e.   =1 or 2).  
When multicast PDSCHs are transmitted, one or more sub-code books of multicast may be transmitted on the PUCCH resource. It has been agreed that each sub-codebook of multicast will be counted by DAI separately, so the formula (1) should be modified for the power control. Since small number of MIMO layer is needed due to  multicast transmission targets a group UEs, so it is more reasonable that  for multicast. This will lead of multicast is equal to .   is the HARQ-ACK bit number that computed by C-DAI/T-DAI. Thus, when multicast transmission is introduced and Type-2 codebook is configured, the  can be computed as formula (2): 
  (2)
in where   is computed as formula (1), and ,  is the total number of bits  for all multicast traffic.
Proposal 23: For Type-2 HARQ-ACK feedback,  for PUCCH transmission can be modified as following: 
,  
in where  is computed as below formula which is same as R15/R16:
	

 is the total number of bit for all multicast traffic.
2.1.6. PUCCH resource determination
In R15/R16, when PUCCHs with the same priority are scheduled on same slot (no matter overlapping or not), multiple sub-codebooks can be concatenated into one HARQ ACK codebook and UE will feedback the HARQ-ACK codebook on a PUCCH that the last DCI indicates. The PRI in the last DCI indicates the PUCCH resource. For multiplexing the HARQ-ACKs of multicast and unicast, there are two possible alternatives to interpret the “last DCI”. 
· Alt.1: the last DCI for unicast
The benefit of using last DCI for unicast is that both PUCCH resource configuration and the PRI indication for unicast are UE specific. This enables gNB to schedule the orthogonal PUCCH resources among UEs. But Alt.1 requires a unicast PDSCH always to be scheduled. Moreover, the number of unicast DCIs shall be more or equal to four to support the scenario where at most three consecutive DCI are missing. Thus, Alt.1 may cause high limitations and bring negative impact on downlink scheduling flexibility.
· Alt.2: the last DCI across unicast and multicast
This alternative can keep same understanding as R15/R16 and no more specification modification are needed. When the last DCI is unicast, the benefit of Alt.1 can be obtained; when the last DCI is multicast, gNB will guarantee the PUCCH resource are orthogonal among  different UEs in a same group, which was already supported. If it is difficult for gNB to assign the orthogonal PUCCH resource, based on gNB’s implementation, gNB can make unicast DCI as last DCI. 

Proposal 24: For multiplexing the HARQ-ACKs of multicast and unicast, the last DCI refers to the last DCI across unicast and multicast.
2.2. SPS
It has been agreed that both ACK/NACK-based and NACK-only based HARQ-ACK feedback is supported for multicast SPS PDSCH without PDCCH scheduling.  How to indicate/configure the HARQ-ACK feedback option is discussed in RAN1#106e meeting with 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. 
Regarding Alt1, the SPS configuration index and the HARQ-ACK feedback option can be configured simultaneously.  Regarding Alt2, for multicast SPS PDSCH without PDCCH scheduling, the HARQ-ACK feedback option is indicated in the SPS activation DCI. An extra DCI field will be applied for the indication in Alt2. Thus, we prefer Alt1 for the HARQ-ACK feedback option for multicast SPS PDSCH without PDCCH scheduling. 
Proposal 25: 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 can be configured per SPS configuration index (Alt1). 

2.3. Multiple transmission
· Multiple SSB beams sweeping
In Rel-15, Paging and SIBx message will be broadcasted for all UE in a cell. In single-beam operation, only one SSB is configured. The messages are transmitted one time within a configured window. In multi-beam operation, more than one SSB are configured in SIB1, and UE assumes that the same paging message and the same SIBx message are repeated in all transmitted SSB-beams.
For a MBS traffic transmission, the interested UEs may be anywhere in a cell. In order to provide good coverage for all UEs, gNB should repeat the same MBS traffic data in all transmitted SSB-beams, especially for the interested UEs in IDLE/IN_ACTIVE state.
Proposal 26: To support multi-beam transmission in MBS, gNB can transmit same MBS data on all SSB beams.
For UE in the center of SSB-beam area, MBS receiving performance may be good enough. However, for the UE in the edge of SSB-beam area, the downlink channel state may be worse no matter UE selects which one SSB-beam to receive MBS data. Since same MBS traffic data may be repeatedly transmitted in neighbor SSB-beams, soft combination of the data from current SSB-beam and neighbor SSB-beams can be applied to improve the reliability of the MBS reception. For implementation, gNB should configure the adjacent SSB-beams in MCCH or through RRC signaling, and the soft-combination indication is transmitted in MBS scheduling signaling.
Proposal 27: UE can receive MBS data from neighbor SSB-beam, and the soft-combination is used to improve the reliability of MBS receptions.
· Retransmission schemes
It has been agreed that the PTP and PTM scheme can be the retransmission schemes when initial transmission for multicast is based on PTM transmission scheme 1.Currently, CBG based retransmission is indicated by DCI format 1_1/1_2 for unicast transmission.  If CBG based transmission of unicast is configured for a UE, CBG based PTP retransmission can be used for delivering MBS services. However, supporting CBG based PTM scheme -1 will introduce complexity of DCI format design, and there is not obvious benefit because different UEs may have different decoding results on CBGs. Thus, only CBG based PTP retransmission can be supported in multicast. 
Proposal 28: CBG based PTP retransmission can be supported in multicast retransmission when a UE is configured with CBG transmission for unicast.
2.4. CSI report in MBS
To improve the reliability of unicast transmission, apart from HARQ-ACK feedback, CSI report should also be supported. CSI report is used for link adaptation with various modulation schemes and channel coding rates, which can improve the radio resource efficiency. For channel state measurement and report, the UE can be configured with CSI-MeasConfig which includes the reference signal configuration and measurement report configuration. Similar with unicast CSI feedback, UE is configured by RRC signalling to estimate channel state and reports it to gNB, and it is not necessary for the UE to know the CSI report is used for unicast or MBS transmission. Transparent principle for UE of reporting CSI minimizes standardization work.
It was agreed to further study on the CSI feedback enhancement for MBS with some details listed above. All of these enhancements need specification changes but the potential enhancement or benefit is not quite clear or worth.
On the other hand, for MBS transmission, link adaptation is based on multi-UE’s CSI report. Since there are a lot of UEs to receive the MBS PDSCH at the same time and the location of UEs are scattered in a cell, the benefit of AMC according to multi-UE CSI reports may not be obvious for the MBS transmission compared with unicast. 
Above all, the benefit of CSI enhancement for MBS can be further studied. The discussion priority can be low by considering potential specification work.
Proposal 29: CSI feedback enhancement for MBS can be further studied and discussed but with low priority.
3. Conclusion 
In this document, the issue on improving reliability of Broadcast/Multicast service is discussed. The proposals are given as following:

Proposal 1: For DCI indicating the HARQ ACK enabling/disabling, Alt 3 (A special state of an existing DCI field) and Alt 4(Implicit indication) can be supported.

Proposal 2: The enabling/disabling ACK/NACK-based HARQ-ACK feedback mechanism can be used for NACK-only based HARQ-ACK feedback. 
Proposal 3: The indication of the enabling/disabling for retransmission depends on the RRC/DCI signaling same as initial transmission. 
Proposal 4： State 1(ACK/NACK enabling) and State 3 (enabling function of group-common DCI indicating the enabling /disabling ACK/NACK based HARQ-ACK feedback ACK/NACK) cannot be configured simultaneously.

Proposal 5: When only State 2 (RRC disabling) and State 3 (The function of group-common DCI based indication) are configured simultaneously, UE is allowed not to react to the DCI signaling but instead follow UE-specific RRC configuration for HARQ feedback. 
Proposal 6: When Type-1 HARQ-ACK feedback is configured, State 3 (The function of group-common DCI based indication) is not supported. 
Proposal 7: For SPS group-common PDSCH, HARQ-ACK feedback for the first active SPS PDSCH is always enabled regardless of HARQ-ACK enabling/disabling configuration.
Proposal 8: If HARQ-ACK enabling/disabling is determined by DCI, the HARQ-ACK feedback of the PDSCH transmission without DCI (Case3) can be based on the DCI indication of the activation command.
Proposal 9: NACK-only based feedback framework is designed based on Rel-15 NR ACK/NACK-based feedback mechanism by considering k1, PRI and DCI CCE index to indicate the PUCCH resource.
Proposal 10: Up to 32 PUCCH resources can be configured for the PUCCH resource set for NACK-only feedback in MBS.
Proposal 11: The PUCCH resource set can be used by all MBS services which applying NACK-only based HARQ-ACK feedback.
Proposal 12：When separate PUCCH-ConfigurationList is not configured to UE for NACK-only based HARQ-ACK feedback for multicast, pucch-ConfigCommon can be applied. 
Observation 1: Alt1 implies that gNB can initially configure ACK/NACK based feedback instead of NACK-only based feedback.  
Observation 2: If sub-slot based PUCCH is supported, multiple NACK-only feedback can be transmitted in a PUCCH slot. A dropping mechanism is needed when the number of PUCCHs exceeds UE’s capability or a proper gNB scheduling is needed to meet the requirement of UE’s lowest capability.
Observation 3: Alt 3 is different with the current R15/R16 rule and will bring additional specification works. 
Observation 4: In Alt4, when the number of HARQ-ACK information is up to 8 NACK-only based feedback, the number of needed PUCCH resource will exceed the maximum number of PUCCH as defined in current specification.
Observation 5: Alt5 brings lower efficiency of feedback and retransmission due to the bundling mechanism. 
Proposal 13: Support sub-slot based PUCCH (Alt2) when more than one NACK-only based feedbacks are available for transmission in the same PUCCH slot. 
Proposal 14: The current mechanism for unicast (i.e. UE generates at most one HARQ-ACK information bit in a PUCCH slot) can be applied when pdsch-HARQ-ACK-Codebook-Multicast/pdsch-HARQ-ACK-CodebookList-Multicast is not configured. 
Proposal 15: UE does not expect the HARQ-ACK information for unicast and multicast are transmitted in a same PUCCH in a PUCCH slot when any one of the pdsch-HARQ-ACK-Codebook/pdsch-HARQ-ACK-CodebookList for unicast and pdsch-HARQ-ACK-Codebook-Multicast/pdsch-HARQ-ACK-CodebookList-Multicast is not configured. 
Proposal 16： To configure one codebook for unicast and one codebook for multicast and the two codebooks are of different priorities, the current mechanism (i.e. different PUCCH-configs are configured for different priorities) can be applied without further enhancement.
Proposal 17: When UE is configured Type-1/ Type-2 codebooks for unicast and multicast with same priorities, if the unicast and multicast have same codebook type and same PUCCH structure configuration, UE generates a single codebook; otherwise, UE separately generates each codebook for unicast and multicast. 
Proposal 18: When the number of services configured including unicast and multicast is greater than number of FDM-ed PDSCHs reported by UE, the enhancement on Type-1 HARQ-ACK codebook generation shall be studied.
Proposal 19: Alt 2 can be used as baseline scheme and Alt 1 can be used as enhancement scheme on TDM-ed Type-1 HARQ-ACK codebook construction.
Proposal 20: Support concatenating no more than 3 Type-2 HARQ-ACK codebooks for multicast scheduling.
Proposal 21: When the number of configured G-RNTI is larger than the number of UL DAI, the association between the UL DAI and G-RNTI can be configured by RRC. 
Proposal 22: To achieve the common understanding on codebook size between gNB and UE, RAN1 should specify the following two aspects for generating Type-2 codebooks when UE joint an ongoing multicast transmission: 
· T0 indication: The slot that UE begins to monitor the PDCCH occasion and acquire scheduling information. 
· Missing DCI: The UE assume that DAI is not circled (e.g.  j=0) and (n-1) DCIs are missed when the DCI value is n (n is not equal 1) on T0 slot.
Proposal 23: For Type-2 HARQ-ACK feedback,  for PUCCH transmission can be modified as following: 
,  
in where  is computed as below formula which is same as R15/R16:
	

 is the total number of bit for all multicast traffic.

Proposal 24: For multiplexing the HARQ-ACKs of multicast and unicast, the last DCI refers to the last DCI across unicast and multicast.
Proposal 25: 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 can be configured per SPS configuration index (Alt1). 
Proposal 26: To support multi-beam transmission in MBS, gNB can transmit same MBS data on all SSB beams.
Proposal 27: UE can receive MBS data from neighbor SSB-beam, and the soft-combination is used to improve the reliability of MBS receptions.
Proposal 28: CBG based PTP retransmission can be supported in multicast retransmission when a UE is configured with CBG transmission for unicast.
Proposal 29: CSI feedback enhancement for MBS can be further studied and discussed but with low priority.
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