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1. Introduction
In RAN#86 meeting, the work item of NR support of Multicast and Broadcast Services has been approved [1]. The followings have been identified as the objectives related with physical layer of the work item.
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:
· Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]
· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.
· [bookmark: _Hlk47347546][bookmark: _Hlk47366295][bookmark: _Hlk47362778]Specify required changes to improve reliability of Broadcast/Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application/service provided. [RAN1, RAN2]
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:
· Specify required changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception. [RAN2, RAN1].
Note: the possibility of receiving Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, without the need for those UEs to get the configuration of the PTM bearer carrying the Broadcast/Multicast service while in RRC CONNECTED state beforehand, is subject to verification of service subscription and authorization assumptions during the WI. 

In RAN1 #104b e-meeting, the following agreements was made regarding the mechanisms to improve reliability for RRC_CONNECTED UEs [2].
Agreement:
Support NACK-only based HARQ-ACK feedback for RRC_CONNECTED UEs receiving multicast. 

Agreement:
Two priority indexes are introduced for multicast, with
· Index 0 meaning low priority and index 1 meaning high priority.
· Priority index can be included in DCI formats scheduling the group-common PDSCH. 
· FFS details for DCI formats.
· FFS: the priority comparison between multicast and unicast with the same priority index. 

Agreement:
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]For a separate PUCCH-ConfigurationList for multicast that is optionally configured, at least for ACK/NACK based HARQ-ACK feedback, 
· The separate PUCCH-ConfigurationList for multicast configuration can be a list which includes up to 2 PUCCH-Config configurations corresponding low priority codebook and high priority codebook, respectively.
· FFS other configurations 

[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Agreement:
For Type-2 HARQ-ACK codebook concatenation to be multiplexed in the same PUCCH resource,
· The first Type-2 HARQ-ACK sub-codebook for unicast precedes the second Type-2 HARQ-ACK sub-codebook for multicast.
· FFS: The number of Type-2 HARQ-ACK sub-codebooks for multicast. 
· Note: The case of SPS PDSCH will be discussed separately. 


Agreement:
For multiplexing the ACK/NACK-based HARQ-ACK feedback for multicast and unicast, determining the PUCCH resources for transmission is based on the PRI indicated in the “last DCI”, where the “last DCI” refers to, down-select the following alternatives:
· Alt.1: the last DCI for unicast;
· Alt.2: the last DCI across unicast and multicast;

In this contribution, we will make discussions on the mechanisms to improve reliability for RRC_CONNECTED UEs.
2. [bookmark: _Ref498564494]Discussion
PDSCH repetition
In the previous meetings, it was agreed that PDSCH transmission with repetition is supported to improve reliability and the number of PDSCH repetitions can be semi-statically configured or dynamically indicated by corresponding DCI. Considering that differnet MBS services which may be assocated with different group-common RNTIs can have different reliablity requirements, it is suggested to support seperate configurations for PDSCH aggregation factor for different MBS services. 
[bookmark: _Ref54015726]Proposal 1: For PDSCH repetition of group-common PDSCH, if a UE can be configured with multiple g-RNTIs,
· The PDSCH aggregation factors for group-common PDSCHs with different g-RNITs should be separately configured.
1. 
2. 
HARQ-ACK feedback 
· Enable/disable HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast
[bookmark: _Ref47365789][bookmark: _Hlk68031959]It was agreed that for RRC_CONNECTED UEs, HARQ-ACK feedback is supported for multicast. Considering that the level of reliability should be based on the requirements of the application/service provided, whether to transmit HARQ-ACK feedback should be configurable so that a UE can transmit HARQ-ACK for a PDSCH flexibly based on the QoS requirement of multicast service. In the previous meeting, different options to enable/disable HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast were discussed. For example:
· Option 3: RRC signalling configures the enabling/ disabling function of DCI indicating the enabling /disabling HARQ-ACK feedback.
· [bookmark: _Hlk68032502]If RRC signalling configures the function, DCI indicates (explicitly or implicitly) whether HARQ-ACK feedback is enabled/disabled 
· FFS details on RRC signalling and DCI indicating. 
· If RRC signalling does not configure the function, DCI does not indicate enabling/disabling the HARQ-ACK feedback.
· FFS whether enabling or disabling the feedback is the default mode. 
· Option 2: RRC indicates enabling/disabling.
Note that, for option 3, for RRC_CONNECTED UEs, the RRC signalling to configure the enabling/disabling function of DCI indicating the enabling/disabling HARQ-ACK feedback is UE-specific. But the DCI scheduling PDSCH for multicast service is a group-common, it does not make sense to enable/disable HARQ-ACK with a group-common DCI. In addition, if an explicit indication in DCI is used, i.e., 1 bit, for UEs with the function of DCI indication configured and other UEs with the function not configured in the same MBS group, the DCI size and DCI field interpretation will be different. On the other hand, if an implicit indication in DCI is used, the implicit rule needs to be discussed. Furthermore, considering option 3 can only enable/disable HARQ-ACK per MBS group per PDSCH, therein the motivation is not clear. While for option 2, HARQ-ACK feedback can be enabled/disabled per UE and save DCI signaling, we support option 2.
[bookmark: _Ref47365794]Proposal 2: For enabling/disabling HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast, RRC indicates enabling/disabling (i.e. option 2) is supported.
· HARQ feedback is per PDSCH or is in aggregated manner.
In NR, for unicast PDSCH transmission, 1-bit/2-bit HAR-ACK information for each unicast PDSCH is transmitted, which depends on the number of TBs of each PDSCH and whether the UE is configured with spatial bundling. Noting that, for MBS PDSCH transmission, the level of reliability is based on the requirements of the application/service provided. In other words, it may not be necessary to support PDSCH retransmission for a certain MBS service and HARQ-ACK feedback for link adaption is enough in that case. If multiple HARQ-ACK transmissions are in the same slot, the HARQ-ACK feedback payload may be very large. In order to save HARQ-ACK payload, aggregated HARQ-ACK feedback, i.e., 1-bit HARQ-ACK for multiple PDSCHs associated with the same PUCCH, can be considered for HARQ-ACK payload offload and power consumption reduction. 
In addition, NACK only feedback mode is supported. It is possible that there are multiple PDSCHs to be fed back in the same slot in TDD downlink heavy or DL CA case. In this case, how to feed back NACK needs to be considered. For example, one option is that UE transmits NACK for multiple PDSCHs in a PUCCH, UE can transmit NACK when any of the PDSCHs fails to be decoded. Another option is that UE transmits NACK for multiple PDSCHs in different PUCCHs, but considering the restriction that UE can transmit at most one PUCCH with HARQ-ACK in a slot, UE may select to transmit one PUCCH, e.g. one PUCCH with NACK with the highest priority.
· Configuration of HARQ-ACK codebook for multicast
In NR rel-15, only type 1 and type 2 HARQ-ACK codebook are supported, and the type of HARQ-ACK codebook is configured per PUCCH group. In NR Rel-16, for unicast PDSCH, enhanced type 2 and type 3 codebook are introduced. Note that type 3 codebook can be used for both licensed spectrum and unlicensed spectrum. For different services of URLLC and MBS, a UE can support two simultaneous constructed HARQ-ACK codebooks and the type of HARQ-ACK codebook can be configured per HARQ-ACK codebook (i.e., per service). Then, if a UE support simultaneous reception of multicast PDSCH and unicast PDSCH, the HARQ-ACK codebook type for these two kinds of PDSCH should be separately configured. Otherwise, it would make unicast PDSCH can’t be configured with enhanced type 2 and type 3 HARQ-ACK codebook which is contrast with that in NR Rel-16.
[bookmark: _Ref68092749]Proposal 3: The HARQ-ACK codebook type for multicast and unicast should be separately configured.
· Type 1 HARQ-ACK codebook for multicast PDSCH
For the construction of type 1 HARQ-ACK codebook, UE needs to determine the candidate PDSCH reception occasions based on K1 set and PDSCH TDRA table.
It was agreed that construction of type 1 HARQ-ACK codebook based on the union of the PDSCH TDRA sets of the unicast service and the multicast service at least of the same priority is supported. This can be applicable for the case of TDM-ed unicast and multicast. 
In addition, it was also agreed that the PUCCH-config for unicast and multicast can be separately configured for ACK/NACK feedback. That means the K1 set configured by dl-DataToUL-ACK in PUCCH-config can be separately configured for unicast and mulitcast. Thus, it is needed to consider the K1 set used for the construction of HARQ-ACK codebook of unicast and multicast. For example:
· Alt 1: using the union of K1 set of unicast and multicast.
· Alt 2: using the K1 set of unicast or multicast.
For Alt 2, it implies that the K1 set of multicast should be a subset of the K1 set of unicast, or vice versa, which gives unnecessary restriction for gNB’s configuration or scheduling. Thus, Alt 1 is preferred.
To reduce the HARQ-ACK feedback payload size, the union operation of the PDSCH TDRA sets of the unicast service and the multicast service should only apply to the slots corresponding to the intersection of K1 set of unicast and K1 set of multicast. For example, assuming K1 set for unicast is {2,4}, and K1 set for multicast is {4,8}. Then the type 1 HARQ-ACK codebook construction should be based on the union of these two K1 sets, that is {2,4,8}. Then the UE needs to determine the candidate of PDSCH reception occasions in each downlink slot corresponding to each K1. Note that when k1=2, there is only unicast in this slot and no need to take the union of PDSCH TDRA sets of unicast and multicast, and when k1=8, there is only multicast and no need to take the union of PDSCH TDRA sets of unicast and multicast, either. The operation of taking the union of PDSCH TDRA sets of unicast and multicast only is needed when k1=4.
[bookmark: _Ref68626435]Proposal 4: For ACK/NACK based feedback for multicast, construction of Type-1 HARQ-ACK codebook based on the union of the K1 sets of the unicast service and the multicast service (if they are separately configured), at least of the same priority, is supported
· Candidate of PDSCH reception occasions are determined based on the union of PDSCH TDRA sets of the unicast service and the multicast service (if they are separately configured) only in the slots corresponding to the intersection of K1 set of unicast service and multicast service. 
[bookmark: _Ref68093031]Proposal 5: For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast, and Type-1 HARQ-ACK codebook construction for FDM-ed multicast and multicast if supported.
· [bookmark: _Hlk68093055]Construction of Type-1 HARQ-ACK codebook based on the concatenation of the HARQ-ACK codebooks of the FDM-ed unicast and multicast, or FDM-ed multicast and multicast, is supported.

In the last meeting, the issue of type 1 codebook construction for FDM-ed unicast PDSCH and multicast PDSCH was discussed but no consensus was achieved. The latest proposal is as following.
[bookmark: OLE_LINK17][bookmark: OLE_LINK20]For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast in the same slot with the same TRP to be multiplexed in the same PUCCH resource, consider the following options:
· [bookmark: OLE_LINK11][bookmark: OLE_LINK12]Opt 1: HARQ-ACK bits for all the PDSCH occasions over all the slots for unicast, precede, HARQ-ACK bits for all the PDSCH occasions over all the slots for multicast, for a given serving cell. 
· Opt 2: HARQ-ACK bits for all PDSCH occasions for unicast, precede, HARQ-ACK bits for all PDSCH occasions for multicast, within the same slot.
· Opt 3: HARQ-ACK bits for unicast precedes HARQ-ACK bits for multicast within one SLIV group where PDSCH occasions are overlapping. 
· 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).
· Other options are not precluded.
· FFS for FDM-ed multicast and multicast.

If a UE is configured to receive unicast PDSCH and multicast PDSCH in a slot in FDM manner, the easiest way to construct type 1 codebook is to construct HARQ-ACK sub-codebook for unicast PDSCH and multicast PDSCH separately, and then concatenate the two HARQ-ACK sub-codebooks together (i.e., option 4). Since for each sub-codebook, legacy pseudo-code and UE procedure can be reused. For the other options, it will have lager specification impact and will complex UE implementation. Thus, option 4 is preferred.
Similarly, for the case a UE is configured to receive more than one multicast PDSCH in a slot in FMD manner, the UE may also need to construct the HARQ-ACK codebook for different multicast PDSCHs separately, and then concatenate these HARQ-ACK codebooks together.
[bookmark: _Ref71386886]Proposal 6: For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast in the same slot with the same TRP to be multiplexed in the same PUCCH resource, it is proposed to support
· to construct HARQ-ACK sub-codebook for unicast PDSCH and multicast PDSCH separately, and then concatenate the two HARQ-ACK sub-codebooks together (i.e., option 4)
· Type 2 HARQ-ACK codebook for multicast PDSCH
For type 2 HARQ-ACK codebook, the codebook construction depends on the scheduling scheme for group-common PDSCH. In the previous meeting, it was agreed to separately count DAI for unicast and DAI for multicast and the first Type-2 HARQ-ACK sub-codebook for unicast precedes the second Type-2 HARQ-ACK sub-codebook for multicast.
For the case of SPS PDSCH, there may be unicast SPS PDSCH and multicast SPS PDSCH. Then how to construct HARQ-ACK codebook for unicast SPS PDSCH and multicast SPS PDSCH needs to be considered. One option is that HARQ-ACK codebook for SPS PDSCH is constructed in the same way as Rel-16 with multiple SPS PDSCHs regardless it is unicast SPS PDSCH or multicast SPS PDSCH. Another option is that the HARQ-ACK codebook for unicast SPS PDSCH and multicast SP PDSCH is constructed separately and then concatenated. For each HARQ-ACK sub-codebook, it is constructed in the same way as Rel-16 with multiple SPS PDSCHs. 
If SPS PDSCH HARQ-ACK codebook is constructed using the first option, then it straight to concatenate the HARQ-ACK codebook for SPS PDSCH by appending HARQ-ACK sub-codebook for SPS after HARQ-ACK sub-codebook for dynamic PDSCH. i.e. HARQ-ACK sub-codebooks are concatenated in the order of HARQ-ACK sub-codebook for unicast for DG PDSCH, HARQ-ACK sub-codebook for multicast for DG PDSCH and HARQ-ACK sub-codebook for unicast and multicast for SPS PDSCH.
If SPS PDSCH HARQ-ACK codebook is constructed using the second option, then it can concatenate the HARQ-ACK codebook for SPS PDSCH by appending HARQ-ACK sub-codebook for SPS after HARQ-ACK sub-codebook for dynamic PDSCH for unicast and multicast separately. i.e. HARQ-ACK sub-codebooks are concatenated in the order of HARQ-ACK sub-codebook for unicast for DG PDSCH, HARQ-ACK sub-codebook for unicast for SPS PDSCH, HARQ-ACK sub-codebook for multicast for DG PDSCH and HARQ-ACK sub-codebook for multicast for SPS PDSCH. Or in the order of HARQ-ACK sub-codebook for unicast for DG PDSCH, HARQ-ACK sub-codebook for multicast for DG PDSCH, HARQ-ACK sub-codebook for unicast for SPS PDSCH and HARQ-ACK sub-codebook for multicast for SPS PDSCH.
In addition, it is suggested to support multiple g-RNTIs for multiple MBS services, then separate DAI counting for different g-RNTIs is needed considering that different UEs may be configured with different g-RNTIs, and concatenating more than one Type-2 HARQ-ACK codebook for multicast should also be supported, the concatenation can be based on the value of g-RNTI.
If multicast scheduling is based on PTM scheme 2, then for type 2 HARQ-ACK codebook, the current mechanism can be reused. 
[bookmark: _Ref68092849]Proposal 7: For ACK/NACK based HARQ-ACK feedback, for type 2 HARQ-ACK codebook for RRC_CONNECTED UEs receiving multicast.
· [bookmark: _Hlk68092831]If UE is configured with multiple g-RNTIs
· If PTM transmission scheme 1 is used for group-common PDSCH, separate DAI counting for different g-RNTIs is used.
·  Concatenating more than one Type-2 HARQ-ACK codebook for multicast is supported.
· If PTM transmission scheme 2 is used for group-common PDSCH, the existing mechanism can be reused to construct a HARQ-ACK codebook for different PDSCHs.
· [bookmark: _Hlk47364568]Multiplexing/prioritization for HARQ-ACK for multicast unicast
In NR Rel-15, a UE will construct one HARQ-ACK codebook in one slot if multiple unicast PDSCHs are scheduled to be transmitted in the same slot, and the UE would transmit the HARQ-ACK codebook on one PUCCH determined based on the HARQ-ACK payload and PRI indicated by the last DCI. In NR Rel-16, two simultaneous HARQ-ACK codebooks for URLLC and eMBB in one slot is supported, and a UE separately constructs the HARQ-ACK codebook for URLLC and eMBB, and transmits two PUCCHs with HARQ-ACK in a slot if they are not overlapped.  
It was agreed that for the cases of HARQ-ACK feedback (at least for ACK/NACK based feedback) is available for multicast and unicast for a given UE receiving multicast, for determining the PUCCH resource, support multiplexing for the same priority and prioritizing for different priorities at least when the corresponding PUCCH resources overlap in time in a slot. This is similar to the multiplexing/prioritization in NR Rel-16 for the PUCCHs with the same priority and different priorities. In NR Rel-16, when a UE supports two HARQ-ACK codebooks, it will support the multiplexing/prioritization. Similarly, it can be when a UE supports simultaneous unicast and multicast, the UE supports multiplexing for the same priority and prioritizing for different priorities, and no separate UE capability is needed. Or we can discuss how to define UE capability in the UE feature discussion.
For the determination of PUCCH resource, when HARQ-ACK for unicast multicast are multiplexed into one PUCCH, it is possible that the DCI for multicast PDSCH is the last DCI. Considering that DCI for multicast is group-common and it is not flexible to indicate UE-specific PUCCH resource, it is better to use the last DCI for unicast scheduling to determine the PUCCH for multiplexing. 
[bookmark: _Ref71386914]Proposal 8: For multiplexing the ACK/NACK-based HARQ-ACK feedback for multicast and unicast, determining the PUCCH resources for transmission is based on the PRI indicated in the “last DCI”, where the “last DCI” refers to the last DCI for unicast.
For the case of non-overlapping PUCCHs resources for HARQ-ACK in the same slot, it should support separate transmission of HARQ-ACK PUCCH for unicast and HARQ-ACK PUCCH for multicast. At least for the case of different priorities, separate PUCCH transmission can avoid dropping of the HARQ-ACK with lower priority. If separate PUCCH transmission is not supported, for the case of same priority, the UE does not need to construct the HARQ-ACK codebook separately and determine the PUCCH for unicast and multicast separately, the UE can directly jointly construct one HARQ-ACK codebook for unicast and multicast. 
[bookmark: _Ref47365799][bookmark: _Ref54015739]Proposal 9: For the cases of HARQ-ACK feedback (at least for ACK/NACK based feedback) is available for multicast and unicast for a given UE receiving multicast,
· For the case of non-overlapping PUCCHs resources for HARQ-ACK in the same slot, separate transmission of HARQ-ACK PUCCH for unicast and HARQ-ACK PUCCH for multicast is supported.
  
· [bookmark: _Hlk71293937]The priority for HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast
In the last meeting, the priority for HARQ-ACK for RRC_CONNECTEDU UE receiving multicast is discussed and it was agreed that two priority indexes are introduced for multicast, with index 0 meaning low priority and index 1 meaning high priority. Priority index can be included in DCI formats scheduling the group-common PDSCH. Similar mechanism as priority indication of unicast HARQ-ACK can be reused, that is, for the dynamically scheduled PDSCH, priority index can be included in DCI formats scheduling the group-common PDSCH, if there is no priority index indication in the scheduling DCI, the priority index is 0. For SPS PDSCH/SPS release, the priority index is RRC configured per SPS configuration.
For the priority comparison between multicast and unicast with the same priority index, for simplicity, the HARQ-ACK for multicast with priority index 0 can equal to the HARQ-ACK for unicast with priority index 0, and the HARQ-ACK for multicast with priority index 1 can equal to the HARQ-ACK for unicast with priority index 1.
For the priority between HARQ-ACK feedback for multicast and other UCI for unicast (SR, CSI) or PUSCH for unicast, it is the same as HARQ-ACK for unicast.
[bookmark: _Ref68626302]Proposal 10: For the priority for HARQ-ACK feedback for multicast.
· HARQ-ACK with priority index 0 for multicast has the same priority with HARQ-ACK with priority index 0 for unicast
· HARQ-ACK with priority index 1 for multicast has the same priority with HARQ-ACK with priority index 1for unicast

· NACK-only based HARQ-ACK feedback 
In the last meeting, it has been agreed that NACK-only based HARQ-ACK feedback for RRC_CONNECTED UEs receiving multicast is supported. Then, how to indicate the HARQ-ACK feedback option should be further discussed. From our point of view, UEs can be generally defined into three types in terms of HARQ-ACK feedback option:
· Type 1 UE: does not support any feedback
· Type 2 UE: supports NACK-only based HARQ-ACK feedback 
· Type 3 UE: supports ACK/NACK based HARQ-ACK feedback
Therefore, HARQ-ACK feedback option can be configured by RRC signalling per UE perspective. Furthermore, for UE supports both NACK-only and ACK/NACK based HARQ-ACK feedback, the feedback option can be further configured per service (or per G-RNTI) perspective for the same UE. For the given QoS of one MBS service, the benefit of switching between NACK-only and ACK/NACK based HARQ-ACK feedback for the same service (or G-RNTI) is not clear, but causing additional standard effort, and thus, it’s not supported.
[bookmark: _Ref71386931]Proposal 11: UEs can be defined into three types in terms of HARQ-ACK feedback option:
· Type 1 UE: does not support any feedback
· Type 2 UE: supports NACK-only based HARQ-ACK feedback 
· Type 3 UE: supports ACK/NACK based HARQ-ACK feedback
[bookmark: _Ref71386939]Proposal 12: Support to configure the HARQ-ACK feedback option by RRC signalling. 
[bookmark: _Ref71386945]Proposal 13: Not support to switch between NACK-only and ACK/NACK based HARQ-ACK feedback option for the same MBS service.
Different from the case of ACK/NACK based HARQ-ACK feedback, the PUCCH resources used for NACK-only based HARQ-ACK feedback can be shared among UEs within the same group. UEs sharing the same PUCCH resources should identify the same PUCCH resources by deciphering the received group-common PDCCH. Consequently, PUCCH resource configuration for NACK-only based HARQ-ACK feedback shall be separate from that for ACK/NACK based HARQ-ACK feedback.
[bookmark: _Ref71386954]Proposal 14: For RRC_CONNECTED UEs receiving multicast, for NACK-only based HARQ-ACK feedback, PUCCH resource configuration for HARQ-ACK feedback from per UE perspective is separate from PUCCH resource configuration for NACK-only based HARQ-ACK feedback. 
As only NACK is transmitted and multiple NACKs will be superposed from UEs sharing the same PUCCH resource, only sequence based PUCCH format can work well. Thus, PUCCH format 0 and PUCCH format 1 are supported for NACK-only based HARQ-ACK feedback. 
[bookmark: _Ref71386961]Proposal 15: Support PUCCH format 0 and PUCCH format 1 for NACK-only based HARQ-ACK feedback.
3. Conclusion
In this contribution, we make discussions on the mechanisms to improve reliability for RRC_CONNECTED UEs, and have the following proposals.
Proposal 1: For PDSCH repetition of group-common PDSCH, if a UE can be configured with multiple g-RNTIs,
· [bookmark: _GoBack]The PDSCH aggregation factors for group-common PDSCHs with different g-RNITs should be separately configured.
Proposal 2: For enabling/disabling HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast, RRC indicates enabling/disabling (i.e. option 2) is supported.
Proposal 3: The HARQ-ACK codebook type for multicast and unicast should be separately configured.
Proposal 4: For ACK/NACK based feedback for multicast, construction of Type-1 HARQ-ACK codebook based on the union of the K1 sets of the unicast service and the multicast service (if they are separately configured), at least of the same priority, is supported.
· Candidate of PDSCH reception occasions are determined based on the union of PDSCH TDRA sets of the unicast service and the multicast service (if they are separately configured) only in the slots corresponding to the intersection of K1 set of unicast service and multicast service. 
Proposal 5: For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast, and Type-1 HARQ-ACK codebook construction for FDM-ed multicast and multicast if supported.
· Construction of Type-1 HARQ-ACK codebook based on the concatenation of the HARQ-ACK codebooks of the FDM-ed unicast and multicast, or FDM-ed multicast and multicast, is supported.
Proposal 6: For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast in the same slot with the same TRP to be multiplexed in the same PUCCH resource, it is proposed to support
· to construct HARQ-ACK sub-codebook for unicast PDSCH and multicast PDSCH separately, and then concatenate the two HARQ-ACK sub-codebooks together (i.e., option 4)
Proposal 7: For ACK/NACK based HARQ-ACK feedback, for type 2 HARQ-ACK codebook for RRC_CONNECTED UEs receiving multicast.
· If UE is configured with multiple g-RNTIs
· If PTM transmission scheme 1 is used for group-common PDSCH, separate DAI counting for different g-RNTIs is used.
· Concatenating more than one Type-2 HARQ-ACK codebook for multicast is supported.
· If PTM transmission scheme 2 is used for group-common PDSCH, the existing mechanism can be reused to construct a HARQ-ACK codebook for different PDSCHs.
Proposal 8: For multiplexing the ACK/NACK-based HARQ-ACK feedback for multicast and unicast, determining the PUCCH resources for transmission is based on the PRI indicated in the “last DCI”, where the “last DCI” refers to the last DCI for unicast.
Proposal 9: For the cases of HARQ-ACK feedback (at least for ACK/NACK based feedback) is available for multicast and unicast for a given UE receiving multicast,
· For the case of non-overlapping PUCCHs resources for HARQ-ACK in the same slot, separate transmission of HARQ-ACK PUCCH for unicast and HARQ-ACK PUCCH for multicast is supported.
 Proposal 10: For the priority for HARQ-ACK feedback for multicast.
· HARQ-ACK with priority index 0 for multicast has the same priority with HARQ-ACK with priority index 0 for unicast
· HARQ-ACK with priority index 1 for multicast has the same priority with HARQ-ACK with priority index 1for unicast
Proposal 11: UEs can be defined into three types in terms of HARQ-ACK feedback option:
· Type 1 UE: does not support any feedback
· Type 2 UE: supports NACK-only based HARQ-ACK feedback 
· Type 3 UE: supports ACK/NACK based HARQ-ACK feedback
Proposal 12: Support to configure the HARQ-ACK feedback option by RRC signalling.
Proposal 13: Not support to switch between NACK-only and ACK/NACK based HARQ-ACK feedback option for the same MBS service.
Proposal 14: For RRC_CONNECTED UEs receiving multicast, for NACK-only based HARQ-ACK feedback, PUCCH resource configuration for HARQ-ACK feedback from per UE perspective is separate from PUCCH resource configuration for NACK-only based HARQ-ACK feedback.
Proposal 15: Support PUCCH format 0 and PUCCH format 1 for NACK-only based HARQ-ACK feedback.
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