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The contribution is focused on reliability improvement issues for RRC-CONNECTED UEs in Rel-17 NR MBS.
In RAN1#104bis-e meeting, regarding NACK-only based HARQ-ACK feedback and HARQ-ACK codebook determination, the corresponding agreements are made as below:
[bookmark: _Hlk39170201]Agreement:
The signaling for URLLC feature can be reused to configure separate codebooks for unicast and multicast, respectively, at least for the case of different priorities, at least for Type-2 HARQ codebook
· FFS: The case for the same priority.
· FFS: The case of Type-1 HARQ codebook
· FFS: Whether this applies to separate PUCCH transmissions only

Agreement:
Support PUCCH format 0 and format 1 for NACK-only based HARQ-ACK feedback for multicast. 

Agreement:
Support NACK-only based HARQ-ACK feedback at least for multicast SPS PDSCH without PDCCH scheduling.
· FFS for SPS activation/deactivation. 

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

Agreement:
NR supports at least the following cases for UE supporting multicast:
· UE supports two non-overlapping slot-based PUCCHs for ACK/NACK based HARQ-ACK feedback for multicast with different priorities in a slot subject to UE capability. 
· UE supports two non-overlapping slot-based PUCCHs for ACK/NACK based HARQ-ACK feedback for multicast and unicast with different priorities, respectively, in a slot subject to UE capability.

Agreement:
For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast with the same priority from the same TRP, support 
· Opt 4: HARQ-ACK bits for all the PDSCH occasions over all the slots for all serving cells for unicast, precede, HARQ-ACK bits for all the PDSCH occasions over all the slots for all serving cells for multicast. (This is similar to the joint Type-1 codebook for mTRP).
· FFS: If UE reports the capability of supporting the FDM-ed unicast and multicast in the same slot, UE can be indicated semi-statically to generate Type-1 HARQ-ACK codebook as FDM-ed manner (i.e., Opt 4).
· Otherwise, UE does not expect unicast and multicast are to be scheduled in FDM-ed. 

Conclusion:
PUCCH resource for NACK-only can be shared by UEs transmitting the NACK-only based HARQ-ACK feedback.

Agreement:
For ACK/NACK based HARQ-ACK feedback for multicast, the multiplexing/prioritizing rule between the HARQ-ACK for multicast and SR/CSI can reuse Rel-16 multiplexing/ prioritizing rule between the HARQ-ACK for unicast and SR/CSI.

Agreement:
For support of ACK/NACK based HARQ-ACK feedback for SPS multicast, 
· the HARQ-ACK codebook index corresponding the HARQ-ACK codebook for SPS PDSCH is included in the configuration for SPS multicast. 
· UE determines a priority index from the HARQ-ACK codebook index
· UE can be optionally configured a separate SPS-PUCCH-AN-List for all SPS multicast configurations. Otherwise, a common SPS-PUCCH-AN-List applies to all SPS unicast and SPS multicast configurations.

Agreement:
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 on down-selecting one of the two alternatives as follows:
· 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. 
· Alt 2: for slot timing values  in the union of  set for unicast and  set for multicast, based on the union of the PDSCH TDRA sets.
· Companies are encouraged to continue discussion of pros and cons for each alternative for further down-selection in the next meeting. 

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.

Hence, in this contribution, more detailed views are present from our side.
Discussion
HARQ-ACK feedback for PTM scheme 1
HARQ-ACK feedback is widely adopted in wireless communication systems to improve transmission efficiency and reliability. As highlighted in the WID, the HARQ-ACK feedback from UEs corresponding to downlink multicast transmission is essential for the multicast services in order to satisfy the QoS requirement, e.g., reliability. Furthermore, the highlighted objective also stated that the level of reliability should be based on the requirements of the application/service which is provided by MBS. That is to say, the HARQ-ACK feedback for MBS PDSCH can be enabled or disabled according to the reliability requirements.
Generally, for a PDSCH carrying multicast service via PTM scheme 1, there are three options for HARQ-ACK feedback transmission from UE to gNB:
· Option 1: Group NACK-only based HARQ-ACK feedback
· If the PDSCH is successfully received, then a UE does not transmit ACK to gNB;
· If the PDSCH is not successfully received, then the UE transmits NACK to gNB.
· A group of UEs share the same PUCCH resource to transmit NACK.

· Option 2: UE-specific NACK-only based HARQ-ACK feedback
· If the PDSCH is successfully received, then a UE does not transmit ACK to gNB;
· If the PDSCH is not successfully received, then the UE transmits NACK to gNB.
· Each UE in the group is provided with a specific PUCCH resource for the UE to transmit NACK to gNB.

· Option 3: UE-specific ACK/NACK based HARQ-ACK feedback
· If the PDSCH is successfully received, then a UE transmits ACK to gNB;
· If the PDSCH is not successfully received, then the UE transmits NACK to gNB.
· Each UE is provided with a specific PUCCH resource pair for the UE to transmit ACK or NACK.

It is obvious that Option 1 requires a single PUCCH resource for the group of UEs which can minimize the PUCCH resource overhead. However, Option 1 can’t support PTP based retransmission since gNB can’t differentiate which UE transmits the NACK in the shared PUCCH resource. From a UE’s perspective, if it is configured in Option 1, the UE does not expect to receive a DCI with CRC scrambled by C-RNTI for scheduling the retransmission of a TB which is initially transmitted in PTM scheme 1. Instead, Option 2 can support PTP based retransmission at the cost of increased PUCCH resource compared with Option 1. On the contrast, Option 3 has minor standardization effort based on existing HARQ-ACK codebook determination and gNB can differentiate each UE’s ACK or NACK at the cost of UE-specific PUCCH resource reservation. Compared with Option 2, Option 3 doubles the required PUCCH resources. 
Considering the aforementioned three HARQ-ACK feedback option, a better way is to dynamically adjust the adopted HARQ-ACK feedback options based on the QoS reliability requirements, the number of UEs in the multicast group and the number of available PUCCH resources for the multicast transmission. This is because the number of UEs in the multicast group may be variable from time to time, e.g., some UEs may leave the group and some new UEs may join the group at any time, which makes the number of UEs in the multicast group variable. Since the number of available PUCCH resources is predetermined, the variable number of UEs in the multicast group requires a dynamic HARQ-ACK feedback option. E.g., when the QoS reliability is not high, then gNB can disable the HARQ-ACK feedback; otherwise, gNB can adopt Option 1, Option 2 or Option 3 especially both Option 2 and Option 3 can support PTP based retransmission for high reliability QoS. When the number of UEs in the multicast group is smaller than the half of the number of available PUCCH resources, each UE can be configured with two PUCCH resources for enabling UE-specific ACK/NACK feedback; when the number of UEs in the multicast group is smaller than the number of available PUCCH resources, each UE can be configured with a single PUCCH resource for enabling UE-specific NACK-only feedback; when the number of UEs in the multicast group is larger than the number of available PUCCH resources, then all the UEs in the multicast group can be configured with a shared PUCCH resource for enabling group NACK-only feedback. 
As a result, in order to fully exploit the benefit of each HARQ-ACK feedback option, it is necessary to further allow the gNB to dynamically switch among the three HARQ-ACK feedback options in case gNB decides to enable HARQ-ACK feedback for a given MBS transmission. In that sense, gNB can flexibly adjust the feedback options based on the number of interested UEs in connected mode or the PUCCH resource capacity on the serving cell or the reliability requirement of QoS so as to reach a tradeoff between transmission reliability and resource overhead. Furthermore, if gNB intends to use PTP based retransmission, the gNB should indicate UE to use Option 2 or Option 3.
Proposal 1: Support dynamical HARQ-ACK feedback switch among Option 1 (Group NACK-only based feedback), Option 2 (UE-specific NACK-only based feedback), and Option 3 (UE-specific ACK/NACK-based feedback). 

HARQ-ACK feedback enabling/disabling
	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.




As mentioned in the agreement, there is one FFS issue whether to enable or disable the HARQ-ACK feedback for MBS PDSCH. Considering the reason why HARQ-ACK feedback is introduced for MBS is for the purpose of satisfying MBS service reliability requirements, from the standard point of view, it does make sense to introduce a mechanism which allows gNB to enable or disable the HARQ-ACK feedback based on gNB’s scheduling policy and service QoS. In case of high reliability requirements, gNB can enable the HARQ-ACK feedback; otherwise, gNB can disable the HARQ-ACK feedback. Hence, dynamic signaling for enabling/disabling the HARQ-ACK feedback is needed.
Regarding enabling or disabling HARQ-ACK feedback, in Rel-16 NR-U, HARQ-ACK feedback for PDSCH can be disabled by indicating a non-numerical value by the field of PDSCH-to-HARQ_timing in the DL DCI. This non-numerical value is preconfigured in the K1 set. When gNB intends to enable the HARQ-ACK feedback for PDSCH, it shall indicate a numerical value by the field of PDSCH-to-HARQ_timing; when gNB intends to disable the HARQ-ACK feedback for PDSCH, it shall indicate the non-numerical value by the field of PDSCH-to-HARQ_timing. At the UE side, whether to transmit HARQ-ACK feedback depends on the received HARQ-ACK timing value. If it is an applicable value, then UE shall transmit HARQ-ACK feedback in the indicated slot; If it is the inapplicable value, UE shall disable the HARQ-ACK feedback. In this way, there is no any L1 signaling overhead introduced and gNB can dynamically enable/disable the HARQ-ACK feedback. Based on the learning of Rel-16 NR-U, this kind of mechanism can be reused for MBS.
Based on above discussion, we have below proposals:
Proposal 2: For enabling/disabling HARQ-ACK feedback for RRC_CONNECTED UEs receiving multicast, RRC signaling configures a non-numerical value in the K1 set and PDSCH-to-HARQ_timing indicator in the group-common DCI indicates a numerical value or the non-numerical value for enabling or disabling the HARQ-ACK feedback.

Regarding the FFS issues of whether/how this option is extended to apply to NACK-only based feedback and multiple G-RNTI cases, the proposed solution based on non-numerical k1 value can be straightforwardly adopted for NACK-only based feedback and multiple G-RNTI cases since the field of PDSCH-to-HARQ_timing is included in the group-common DCI with CRC scrambled by G-RNTI.
For multicast retransmission, if it is retransmitted in group-common PDSCH, then the scheduling group-common DCI can easily enable or disable HARQ-ACK feedback by indicating a numerical k1 value or the non-numerical k1 value; if it is retransmitted in PTP manner, similarly, the scheduling UE-specific DCI can easily enable or disable HARQ-ACK feedback by indicating a numerical k1 value or the non-numerical k1 value.
For HARQ-ACK feedback enabling/disabling for multicast transmission, it does make sense for UE to enable/disable HARQ-ACK feedback based on DCI signaling indication of numerical k1 value or the non-numerical k1 value. 
For SPS group-common PDSCH, if the non-numerical HARQ-ACK timing is indicated by the activation group-common DCI, then it implies HARQ-ACK feedback for the SPS group-common PDSCH is disabled; if a numerical HARQ-ACK timing is indicated by the activation group-common DCI, then UE should transmit HARQ-ACK feedback for the SPS group-common PDSCH in the indicated slot. For SPS group-common PDSCH, since UE needs to monitor DCI with CRC scrambled by G-CS-RNTI, HARQ-ACK feedback enabling/disabling can still be realized by the DCI with G-CS-RNTI.
Based on above discussion, we have below proposals:
Proposal 3: HARQ-ACK feedback enabling/disabling based on numerical k1 value or non-numerical k1 can be straightforwardly extended to NACK-only based feedback and multiple G-RNTI cases.
Proposal 4: HARQ-ACK feedback enabling/disabling based on numerical k1 value or non-numerical k1 can be supported for multicast retransmission.
Proposal 5: HARQ-ACK feedback enabling/disabling based on numerical k1 value or non-numerical k1 should be followed by UE.
Proposal 6: HARQ-ACK feedback enabling/disabling based on numerical k1 value or non-numerical k1 can be supported for SPS group-common PDSCH transmission.

PUCCH resource configuration
For RRC_CONNECTED UEs receiving multicast, when NACK-only based HARQ-ACK feedback is adopted for PTM transmission scheme 1, if a UE has successfully decoded the scheduled group-common PDSCH, the UE shall not transmit feedback to gNB; otherwise, the UE shall transmit NACK to gNB. This kind of feedback mechanism can’t be multiplexed with ACK/NACK based feedback in same HARQ-ACK codebook. From per UE perspective, PUCCH resource configuration for NACK-only based feedback should be separate from PUCCH resource configuration for HARQ-ACK feedback for unicast. 
For RRC_CONNECTED UEs receiving multicast, when ACK/NACK based HARQ-ACK feedback is adopted for PTM scheme 1, if a UE has successfully decoded the scheduled group-common PDSCH, the UE shall transmit ACK to gNB; otherwise, the UE shall transmit NACK to gNB. This feedback mechanism is same for both multicast and unicast so from per UE perspective, PUCCH resource configuration for ACK/NACK based feedback can be shared with PUCCH resource configuration for HARQ-ACK feedback for unicast.
Proposal 7: For PTM transmission scheme 1, from per UE perspective, PUCCH resource configuration for ACK/NACK based feedback can be shared with PUCCH resource configuration for HARQ-ACK feedback for unicast. 

Type-2 HARQ-ACK codebook determination
For PTM transmission scheme 1, the value of the DAI in the group-common DCI should be counted in group-manner. In detail, the DAI is denoted as the accumulative number of PDCCH monitoring occasions in which PDSCH reception(s) or SPS PDSCH release associated with DCI format for multicast is present on the serving cell. Since the existing DAI is updated per UE, the DAI in the group-common DCI for multicast should be counted separately from the DAI in the UE-specific DCI for unicast. In this way, the HARQ-ACK feedback for PDSCHs scheduled by UE-specific DCI should be generated in different HARQ-ACK codebook to the HARQ-ACK feedback for PDSCHs scheduled by the group-common DCI.  
Nevertheless, for ACK/NACK based feedback, when HARQ-ACK feedback for PDSCHs scheduled by the group-common DCI is to be transmitted in same slot with HARQ-ACK feedback for PDSCHs scheduled by UE-specific DCI, both HARQ-ACK feedback should be transmitted in same HARQ-ACK codebook. Since DAI is counted separately for multicast and unicast, HARQ-ACK feedback for group-common PDSCH and HARQ-ACK feedback for UE-specific PDSCH should be contained in two different sub-codebooks as defined in Rel-15 CBG-based HARQ-ACK feedback. Consequently, HARQ-ACK feedback for PDSCHs scheduled by UE-specific DCI is multiplexed in one sub-codebook and HARQ-ACK feedback for PDSCHs scheduled by the group-common DCI is multiplexed in another sub-codebook. Then the two sub-codebooks are further concatenated as the final HARQ-ACK codebook. A predefined rule is needed when concatenating the two sub-codebooks. Since the group-common DCI is transmitted usually with higher reliability than the UE-specific DCI, placing the sub-codebook for PDSCHs scheduled by the group-common DCIs at the beginning of the HARQ-ACK codebook can avoid the error case of HARQ-ACK bit shifting due to the last DCI missed.
Regarding the FFS whether to support concatenating more than one Type-2 HARQ-ACK codebook for multicast, since DAIs for multicast are counted separately from DAIs for unicast when the HARQ-ACK feedback corresponding to the multicast PDSCHs and unicast PDSCHs is to be multiplexed in same HARQ-ACK codebook, there are two Type-2 HARQ-ACK sub-codebooks for multicast and unicast, respectively. Support of more than one Type-2 HARQ-ACK codebook for multicast implies separate DAI counting for each Type-2 HARQ-ACK codebook for each MBS and more than one HARQ-ACK sub-codebook for multicast. We don’t see the need to specify more than one Type-2 HARQ-ACK codebook for multicast. For HARQ-ACK feedback for multicast PDSCHs in one PUCCH, DAI should be contiguously counted for those multicast PDSCHs and the HARQ-ACK information bits should be contained in one Type-2 HARQ-ACK codebook.
Proposal 8: For multicast PDSCHs, don’t support concatenating more than one Type-2 HARQ-ACK codebook for multicast. 

Type-1 HARQ-ACK codebook determination
For Type-1 HARQ-ACK codebook determination, if separate K1 set and TDRA table are configured for unicast and multicast, one open issue is how to construct the Type-1 HARQ-ACK codebook when HARQ-ACK feedback for unicast and multicast is to be multiplexed in same Type-1 HARQ-ACK codebook. One straightforward way is to generate two separate Type-1 HARQ-ACK codebooks, one for unicast and another for multicast, then concatenate the two codebooks for transmission. In more detail, for the UE receiving both unicast PDSCHs and multicast PDSCHs, downlink association set for Type-1 HARQ-ACK codebook for unicast is determined according to the configured K1 set for unicast, and downlink association set for Type-1 HARQ-ACK codebook for multicast is determined according to the configured K1 set for multicast. In each slot of the downlink association set for unicast, the candidate PDSCH reception occasions are determined according to the configured TDRA table for unicast. In each slot of the downlink association set for multicast, the candidate PDSCH reception occasions are determined according to the configured TDRA table for multicast. Type-1 HARQ-ACK codebook for unicast is generated only according to the configured K1 set and TDRA table for unicast, and Type-1 HARQ-ACK codebook for multicast is generated only according to the configured K1 set and TDRA table for multicast. Then the both Type-1 HARQ-ACK codebooks are concatenated for transmitting in same PUCCH. 
The detailed steps can be listed below as example:
· Step 1-1: Determine the slots in the downlink association set for unicast according to the configured K1 set for unicast.
· Step 1-2: Determine the candidate unicast PDSCH reception occasions within the slots of the downlink association set according to the configured TDRA table for unicast.
· Step 1-3: Generate a first codebook for unicast for each candidate unicast PDSCH reception occasion within each slot of the downlink association set.
· Step 2-1: Determine the slots in the downlink association set for multicast according to the configured K1 set for multicast.
· Step 2-2: Determine the candidate multicast PDSCH reception occasions within the slots of the downlink association set according to the configured TDRA table for multicast.
· Step 2-3: Generate a second codebook for multicast for each candidate multicast PDSCH reception occasion within each slot of the downlink association set.
· Step 3: Concatenate the first codebook and the second codebook.

Proposal 9: For HARQ-ACK feedback for unicast and multicast to be multiplexed in the same PUCCH, two separate Type-1 HARQ-ACK codebooks are generated for unicast and multicast, respectively, according to the respective K1 set and TDRA table.
Proposal 10: For HARQ-ACK feedback for unicast and multicast to be multiplexed in the same PUCCH, Type-1 HARQ-ACK codebook for unicast is placed firstly then followed by Type-1 HARQ-ACK codebook for multicast.

	Agreement:
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 on down-selecting one of the two alternatives as follows:
· 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. 
· Alt 2: for slot timing values  in the union of  set for unicast and  set for multicast, based on the union of the PDSCH TDRA sets.
· Companies are encouraged to continue discussion of pros and cons for each alternative for further down-selection in the next meeting. 




For the UE receiving both unicast PDSCHs and multicast PDSCHs, downlink association set for unicast is determined according to the configured K1 set for unicast, and downlink association set for multicast is determined according to the configured K1 set for multicast. In each slot of the union of the downlink association set for unicast and the downlink association set for multicast, if the slot is included in both the downlink association set for unicast and the downlink association set for multicast, the candidate PDSCH reception occasions in the slot are determined according to the union of the configured TDRA table for unicast and the configured TDRA table for multicast; if the slot is only included in the downlink association set for unicast, the candidate PDSCH reception occasions in the slot are determined only according to the configured TDRA table for unicast; if the slot is only included in the downlink association set for multicast, the candidate PDSCH reception occasions in the slot are determined only according to the configured TDRA table for multicast. 
Proposal 11: For Type-1 HARQ-ACK feedback for unicast and multicast to be multiplexed in the same PUCCH, determine candidate PDSCH reception occasions based on below steps:
· if a slot is included in intersection of downlink association set (DAS) for unicast and DAS for multicast, the candidate PDSCH reception occasions in the slot are determined according to the union of the configured TDRA table for unicast and the configured TDRA table for multicast; 
· if the slot is only included in DAS for unicast, the candidate PDSCH reception occasions in the slot are determined only according to the configured TDRA table for unicast; 
· if the slot is only included in DAS for multicast, the candidate PDSCH reception occasions in the slot are determined only according to the configured TDRA table for multicast

HARQ-ACK feedback SPS for multicast
As agreed in previous RAN1 meeting, for RRC_CONNECTED UEs, more than one SPS group-common PDSCH configuration for MBS can be configured per UE and the total number of SPS configurations supported by a UE currently defined for unicast is not increased due to additionally supporting MBS. Therefore, maximum 8 SPS configurations can be configured for multicast and/or unicast. One straightforward way is to let gNB determine the number of SPS configurations for multicast or unicast so that gNB has full scheduling flexibility.
Regarding the activation/deactivation of group-common SPS PDSCH configuration, RAN1 has agreed that group-common PDCCH is supported for activation and deactivation of the group-common SPS configuration for MBS. One FFS issue is how to address the DCI missing problems when the DCI is transmitted for activation/deactivation of the group-common SPS configuration. When one UE missed the activation DCI, it implies the UE shall miss the following SPS PDSCH transmissions. However, gNB can’t know which UE has successfully received the activation DCI and which UE has missed the activation DCI. Such DTX issue needs to be addressed. 
Since Rel-8, for DL SPS release, UE shall generate one bit of ACK and transmit it in the PUCCH for confirming the reception of the DL SPS release DCI. This mechanism can be reused here for confirming the reception of activation DCI and deactivation DCI. That is to say, upon reception of an activation/deactivation DCI for multicast SPS PDSCH, the UE shall transmit ACK for confirming the reception to gNB. As long as all the UEs in the group confirm the reception of activation/deactivation DCI, the gNB shall activate or deactivate the group-common SPS configuration.
Since ACK-only feedback is required, one sequence is enough for transmitting the ACK to gNB. The key point is each UE in the group should be configured with a specific PUCCH resource so that the gNB can differentiate whether a UE has received the activation/deactivation DCI or not. In case the UE has not transmitted ACK on the UE-specific PUCCH resource, gNB shall retransmit the activation/deactivation DCI. For those UEs which have reported ACK on the respective PUCCH resource may receive the retransmitted activation/deactivation DCI, it can be neglected by the UEs. 
With the UE-specific PUCCH resource for the group-common SPS configuration, each UE can not only transmit ACK for confirming the reception of activation/deactivation DCI but also transmit ACK for the transmission of SPS PDSCH. After the group-common SPS configuration is activated, the UE shall receive the SPS PDSCH and transmit the corresponding ACK on the UE-specific PUCCH resource if the SPS PDSCH is correctly received or transmit nothing on the UE-specific PUCCH resource if the SPS PDSCH is incorrectly received. Based on this ACK-only based HARQ-ACK feedback, the gNB can know whether a certain UE has correctly received the SPS PDSCH and can retransmit the SPS PDSCH in PTP manner to the UE. Since the activation/deactivation DCI and the associated SPS PDSCH don’t occur in same slot, the UE-specific PUCCH resource can be used not only for confirming the reception of the activation/deactivation DCI but also for confirming the reception of the associated SPS PDSCH.
Based on above discussion, we have below proposals:
Proposal 12: For group-common SPS configuration, a UE-specific PUCCH resource is configured for each UE to transmit ACK upon reception of activation/deactivation DCI.
Proposal 13: For group-common SPS configuration, the UE-specific PUCCH resource for confirming reception of activation/deactivation DCI is also used for the UE to transmit ACK for the SPS PDSCH.

Conclusion
In this contribution, we focus on the reliability improvement for MBS transmission and have below proposals:
Proposal 1: Support dynamical HARQ-ACK feedback switch among Option 1 (Group NACK-only based feedback), Option 2 (UE-specific NACK-only based feedback), and Option 3 (UE-specific ACK/NACK-based feedback). 
Proposal 2: For enabling/disabling HARQ-ACK feedback for RRC_CONNECTED UEs receiving multicast, RRC signaling configures a non-numerical value in the K1 set and PDSCH-to-HARQ_timing indicator in the DCI indicates a numerical value or the non-numerical value for enabling or disabling the HARQ-ACK feedback.
Proposal 3: HARQ-ACK feedback enabling/disabling based on numerical k1 value or non-numerical k1 can be straightforwardly extended to NACK-only based feedback and multiple G-RNTI cases.
Proposal 4: HARQ-ACK feedback enabling/disabling based on numerical k1 value or non-numerical k1 can be supported for multicast retransmission.
Proposal 5: HARQ-ACK feedback enabling/disabling based on numerical k1 value or non-numerical k1 should be followed by UE.
Proposal 6: HARQ-ACK feedback enabling/disabling based on numerical k1 value or non-numerical k1 can be supported for SPS group-common PDSCH transmission.
Proposal 7: For PTM transmission scheme 1, from per UE perspective, PUCCH resource configuration for ACK/NACK based feedback can be shared with PUCCH resource configuration for HARQ-ACK feedback for unicast. 
Proposal 8: For multicast PDSCHs, don’t support concatenating more than one Type-2 HARQ-ACK codebook for multicast. 
Proposal 9: For HARQ-ACK feedback for unicast and multicast to be multiplexed in the same PUCCH, two separate Type-1 HARQ-ACK codebooks are generated for unicast and multicast, respectively, according to the respective K1 set and TDRA table.
Proposal 10: For HARQ-ACK feedback for unicast and multicast to be multiplexed in the same PUCCH, Type-1 HARQ-ACK codebook for unicast is placed firstly then followed by Type-1 HARQ-ACK codebook for multicast.
Proposal 11: For Type-1 HARQ-ACK feedback for unicast and multicast to be multiplexed in the same PUCCH, determine candidate PDSCH reception occasions based on below steps:
· if a slot is included in intersection of downlink association set (DAS) for unicast and DAS for multicast, the candidate PDSCH reception occasions in the slot are determined according to the union of the configured TDRA table for unicast and the configured TDRA table for multicast; 
· if the slot is only included in DAS for unicast, the candidate PDSCH reception occasions in the slot are determined only according to the configured TDRA table for unicast; 
· if the slot is only included in DAS for multicast, the candidate PDSCH reception occasions in the slot are determined only according to the configured TDRA table for multicast
Proposal 12: For group-common SPS configuration, a UE-specific PUCCH resource is configured for each UE to transmit ACK upon reception of activation/deactivation DCI.
Proposal 13: For group-common SPS configuration, the UE-specific PUCCH resource for confirming reception of activation/deactivation DCI is also used for the UE to transmit ACK for the SPS PDSCH.
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