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[bookmark: _Ref129681832]In RAN1#103-e meeting, some agreements have been achieved for HARQ-ACK feedback [1]. In this contribution, we discuss details of HARQ feedback of NR MBS, including ACK/NACK based option and NACK-only based solution, disabling and/or enabling of HARQ feedback, etc. Prioritization and multiplexing rules for NR multicast services based on the priority based framework in URLLC Rel-16 and potential enhancements in URLLC Rel-17 [2] is also discussed. Scheduling and resource configurations for NR MBS are discussed in another contribution [3].
HARQ feedback 
There are some agreements achieved in RAN1#103-e meeting about this part [1].
	Agreements:
For RRC_CONNECTED UEs receiving multicast, at least for PTM scheme 1, support at least one of the following:
· ACK/NACK based HARQ-ACK feedback for multicast, 
· From per UE perspective, UE feedback ACK or NACK. 
· From UEs within the group perspective, 
· FFS: PUCCH resource configuration for ACK/NACK feedback e.g., shared or separate PUCCH resources. 
· FFS details including conditions for it to be used
· NACK-only based HARQ-ACK feedback for multicast, 
· From per UE perspective, UE only feedback NACK. 
· From UEs within the group perspective
· FFS: PUCCH resource configuration for NACK only feedback. 
· FFS details including conditions for it to be used
· To decide in RAN1#104-e whether or not to support only one or both of the above schemes
· If both are supported, FFS configuration/selection of ACK/NACK-based and NACK-only based HARQ-ACK feedback 
Agreements:
For RRC_CONNECTED UEs receiving multicast, for ACK/NACK based HARQ-ACK feedback if supported for group-common PDCCH scheduling, PUCCH resource configuration for HARQ-ACK feedback from per UE perspective is, down-select one of the following options:
· Option 1: shared with PUCCH resource configuration for HARQ-ACK feedback for unicast
· Option 2: separate from PUCCH resource configuration for HARQ-ACK feedback for unicast
· Option 3: Option 1 or option 2 based on configuration
Agreements:
For RRC_CONNECTED UEs receiving multicast, for NACK-only based HARQ-ACK feedback if supported for group-common PDCCH scheduling, PUCCH resource configuration for HARQ-ACK feedback from per UE perspective is separate from PUCCH resource configuration for HARQ-ACK feedback for unicast. 
· FFS PUCCH format


This section mainly discuss about feedback mode, PUCCH resource configuration, HARQ-ACK codebook, retransmission scheme and HARQ enabling/disabling.
Option 1: ACK/NACK feedback mode
In HARQ feedback for NR unicast, a UE chooses a PUCCH resource to feedback ACK/NACK. In HARQ feedback for NR multicast, one option is that the HARQ feedback for NR multicast takes the HARQ feedback procedure for NR unicast as a baseline.
When a UE in RRC_CONNECTED state receives a PDSCH of MBS, UE will feedback an ACK for receiving PDSCH successfully or a NACK for receiving PDSCH unsuccessfully in form of UCI information. Before feedback, UE will choose a PUCCH resource set according to the size of UCI information. By the PUCCH resource indicator in the DCI which schedules the PDSCH of MBS, UE chooses a specific PUCCH resource from the resource set chosen before to carry the UCI information. 
As to the ACK/NACK based feedback option for MBS group PDSCH, orthogonal PUCCH resources are desirable so that each UE within the group can have non-overlapping PUCCH to feedback the ACK/NACK if the same slot for ACK/NACK feedback is indicated by K1 indicator in the G-RNTI based DCI. Considering that the unicast PUCCH resources can be configured in a statistical multiplexing way by indicating the UEs to different occasions for the ACK/NACK feedback, PUCCH resource configuration for MBS should be separate from that for unicast transmission for high flexibility. 
As the mechanism described above, HARQ feedback for NR MBS with option 1 can almost reuse the framework of the HARQ feedback procedure and configuration for NR unicast. HARQ codebook multiplexing with unicast can also be straightforward. One potential drawback is that large HARQ feedback overhead is consumed in case of a large number of RRC CONNECTED UEs receiving NR MBS, but mechanisms to reduce the HARQ overhead could be considered for option 1. 
Observation 1: The ACK/NACK feedback mode for NR MBS can reuse the procedure and configuration of HARQ feedback for NR unicast which should be considered as baseline.
Option 2: NACK only feedback mode
Another option that multiple UEs share a common NACK resource can be considered for HARQ feedback of NR MBS. With NACK only feedback, UE feedbacks NACK if it receives the corresponding PDSCH of MBS unsuccessfully, and it feedbacks nothing otherwise, which saves resources of HARQ feedback. 
However, if there are too many NACKs transmitted on a common PUCCH resource, it may cause interference to the data transmission of neighboring cells. In order to reduce the interference level, different sub-groups of NACK resources needs to be configured, which would discount the benefits for the overhead saving. On the other hand, when gNB receives at least one NACK feedback at the NACK resource, e.g., by energy detection, gNB will perform a multicast based retransmission, since gNB cannot differentiate which UE reports NACK from a large MBS group, so that gNB is not able to optimize the precoder to the UE with NACK feedback. Moreover, NACK-only is new to Uu interface and is not straightforward to multiplexing NACK-only and the ACK/NACK feedback for unicast. 
The PUCCH resource configuration in this option is common among UEs within a MBS group and should be separate from PUCCH resource configuration for NR unicast. In existing Rel-16, HARQ-ACK information with no more than 2 bits is mapped to sequences via PUCCH format 0. In this case, PUCCH format 0 can be assumed for NACK-only based. 
Observation 2: NACK only feedback mode can save feedback overhead, but may cause interference to neighboring cells and is not able to reuse unicast HARQ framework directly.  
Overall, Option 1 is more compatible with the unicast mechanism and could be adopted for NR MBS as the baseline solution. Option 2 can be a complementary solution on top of option 1. If option 1 and option 2 are both supported, the selection of these two options can be up to gNB implementation.
Proposal 1: ACK/NACK feedback option should be adopted to NR MBS as baseline, and the gNB can configure separate PUCCH resource configuration from that for unicast.
Proposal 2: NACK only feedback option could apply as a complementary solution to ACK/NACK feedback mode, 
· from UEs within the group perspective, PUCCH resource configuration are shared, and 
· from per UE perspective, the PUCCH resource configuration should be separated from that for NR unicast.
HARQ codebook and retransmission scheme 
The following agreements about HARQ codebook and retransmission scheme were made.
Agreements:
For ACK/NACK based HARQ-ACK feedback if supported, both Type-1 and Type-2 HARQ-ACK codebook are supported for RRC_CONNECTED UEs receiving multicast, 
        FFS details of HARQ-ACK codebook design. 
        FFS whether enhanced Type-2 and/or Type-3 HARQ-ACK codebook is supported or not.
Agreements:
From the perspective of RRC_CONNECTED UEs receiving multicast, at least for PTM scheme 1 initial transmission, retransmission supports, for the purpose of down-selection, options are:
· Option 1: group-common PDCCH scheduled group-common PDSCH
· Option 2: UE-specific PDCCH scheduled PDSCH
· Alt 1: PDSCH is UE-specific PDSCH
· Alt 2: PDSCH is group-common PDSCH
· Option 3: both option 1 and option 2
· FFS other options
· FFS CBG based retransmission


It has been agreed to support both Type-1 and Type-2 HARQ-ACK codebook. For Type-1 HARQ-ACK codebook, how to enhance Type-1 codebook for the case of FDM-ed PDSCH for MBS needs to be discussed. In MTRP, the number of PDSCH can be FMD-ed is limited to 2 and the Type-1 HARQ-ACK codebook is constructed by double size based on the configured SLIVs. The similar way can be considered for FDM-ed PDSCH for MBS. Further optimization to reduce the overhead can also be considered. 
Proposal 3: Type-1 HARQ-ACK codebook construction for FDM-ed PDSCH for MBS can refer to the mechanism supported by mTRP. It can also be further optimized to reduce the overhead.  
For type-2 HARQ-ACK codebook, the codebook construction for unicast and MBS should separately counting the DAI.
Proposal 4: The Type-2 HARQ-ACK codebook for unicast and MBS should be separately constructed.
For enhanced type-2/type-3 HARQ-ACK codebook, they are introduced to NR-U in Rel-16 for handling the problem of reduced HARQ A/N transmission opportunities for a given HARQ process due to LBT failure in unlicensed spectrum. For NR MBS, it is possible that HARQ-ACK feedback of group-common PDSCH MBS would collide with other HARQ-ACK feedback for dynamic scheduled PDSCH with high priority, though there is no LBT issue. However, this problem can be alleviated by introducing multiplexing and prioritization to NR MBS. For some MBS HARQ-ACKs with lowest priority which will be always dropped due to collision, the motivation of introducing enhanced type-2/type-3 HARQ-ACK codebook to NR MBS is not strong. 
Proposal 5: Do not support enhanced type-2 nor type-3 HARQ-ACK codebook for MBS. 
As demonstrated in our other contribution [3], as for retransmission, when data of most UEs within the group are NACK-ed, using group-common PDCCH to schedule retransmission would be more beneficial in terms of efficiency or low PDCCH overhead. When only one or very few UEs’ data is NACK-ed, it makes more sense the NACK-ed data can be retransmitted by DCI scrambled by C-RNTI without needing to hold the HARQ process number of the multicast for retransmission, since holding the HARQ process number of multicast would significantly reduce the multicast efficiency especially when the number of UEs (may including RRC IDLE/ INACTIVE UEs) receiving the MBS is large but the number of UEs with data NACK-ed is small. Therefore, using UE-specific PDCCH to schedule would be more suitable in such a case. 
Overall, PTM 1 and PTP can be both supported for the ACK/NACK based feedback option. For NACK-only based option, since gNB cannot differentiate the UEs with NACK feedback within a MBS group, so only PTM 1 is supported for NACK-only based option. 
Proposal 6: Support both PTP and PTM 1 for MBS retransmission scheduling for the ACK/NACK feedback option, and support only PTM 1 for MBS retransmission scheduling with NACK only feedback option.
Disabling and enabling for HARQ feedback 
The following agreements about HARQ feedback enabling/disabling were made during the RAN1#103-e meeting.
Agreements:
Enabling/disabling HARQ-ACK feedback for MBS is supported, further down-select between:
· Option 1: DCI
· Option 2: RRC configures enabling/disabling
· Option 3: RRC configures the enabling/ disabling function and DCI indicates enabling /disabling
· FFS: Option 4: MAC-CE indicates enabling/disabling
· FFS: Option 5: RRC configures the enabling/ disabling function and MAC-CE indicates enabling /disabling


One straightforward way to indicate disabling and enabling of HARQ feedback is via high layers e.g. option 2. However, a long interval between two RRC signaling could result in low flexibility to change HARQ feedback states. 
HARQ-ACK feedback should be enabled by default because it is the basic mechanism to improve reliability comparing to SC-PTM supported in LTE. If the function of enabling/disabling HARQ-ACK feedback is configured, then DCI can further explicitly or implicitly indicate how to enable/disable the HARQ-ACK feedback. 
Proposal 7: Support that disabling and enabling HARQ feedback is indicated by DCI, and the function of enabling/disabling HARQ-ACK feedback can be RRC configured.
Priority and multiplexing rules
NR multicast can be applied to diverse use cases, including V2X, public safety, living video, etc. These use cases have different requirements about latency and reliability as shown in Table 1. 
Table 1. Requirements for different MBS use cases
	MBS use cases
	Latency
	Reliability

	V2X
	5-100ms
	90% to 99.9999%

	Living Video
	150ms
	99.9%

	IOT Software update
	Latency Tolerant
	Higher reliability is beneficial

	Industry applications
	0.5ms
	99.9999%



For example, use cases with the same requirement for reliability have different requirements for latency, such as V2X and industry applications and vice versa. Considering these latency and reliability requirements, it is natural to have MBS defined with at least two priorities since only one priority for NR MBS cannot be adapted to diverse services of NR MBS, similar to differentiate URLLC and eMBB as in the current specifications. 
Since there are several use cases for NR MBS, different UEs may have different interests and the priorities of different multicast services may be not identical among different UEs. In this case, the configuration and comparison of priorities between NR unicast and NR MBS should be further discussed. 
Proposal 8: Support defining at least two priorities for MBS.
When UE needs to feedback HARQ-ACK for both unicast and MBS, intra-UE HARQ-ACK feedback prioritization/multiplexing should be discussed. Note that the related rules have been already introduced in NR Rel-16 URLLC, and multiplexing rules with different priorities is being discussed in NR Rel-17 URLLC. The prioritization and multiplexing rules defined in URLLC can be the starting point for NR MBS.  
Proposal 9: The intra-UE HARQ-ACK feedback multiplexing and prioritization between unicast and MBS should be supported.
PDSCH repetition and CSI feedback
The following agreements were achieved in RAN1#103-e meeting.
	Agreements:
For slot-level repetition for group-common PDSCH of RRC_CONNECTED UEs, for indicating the repetition number, further down-select among:
· Opt 1: by DCI
· Opt 2: by RRC
· Opt 3: by RRC+DCI
· FFS: Opt 4: by MAC-CE
· FFS: Opt 5: by RRC+MAC-CE
· FFS details for each option. 
· FFS further enhancements for configuration of slot-level repetition
Agreements:
FFS whether CSI feedback enhancement is needed for MBS, including but not limited:
· New CQI measurement
· New CSI report formats
· Targeted BLER
· CSI-RS configuration
· A-CSI-RS transmission triggering
· SRS configuration



For the PDSCH repetition, we prefer Opt 1 and Opt 2. Specifically, for Rel-16 MTRP, the PDSCH repetition number is configured in the PDSCH-TimeDomainResourceAllocation-r16 and it can be indicated by the TDRA field in DCI format, which can be reused for NR MBS. 
Proposal 10: RRC configuration and DCI indicating can be used for NR MBS PDSCH repetition indication.
In NR unicast, CSI report used for link adaption with flexible configuration of CSI measurement and CSI reporting does improve the reliability and spectrum efficiency. For NR MBS, the framework of CSI measurement and reporting can be reused for MBS, and it’s not necessary to identify whether the CSI report is used for unicast transmission or MBS. Some modifications e.g. how to do link adaption according to CSI reports from multiple UEs, can be up to gNB implementation without any further standardization work.
Proposal 11: CSI feedback mechanism used in NR unicast can be applied to NR MBS without any enhancements.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, the following proposals are made:
Observation 1: The ACK/NACK feedback mode for NR MBS can reuse the procedure and configuration of HARQ feedback for NR unicast which should be considered as baseline.
Observation 2: NACK only feedback mode can save feedback overhead, but may cause interference to neighboring cells and is not able to reuse unicast HARQ framework directly.  
Proposal 1: ACK/NACK feedback option should be adopted to NR MBS as baseline, and the gNB can configure separate PUCCH resource configuration from that for unicast.
Proposal 2: NACK only feedback option could apply as a complementary solution to ACK/NACK feedback mode, 
· from UEs within the group perspective, PUCCH resource configuration are shared, and 
· from per UE perspective, the PUCCH resource configuration should be separated from that for NR unicast.
Proposal 3: Type-1 HARQ-ACK codebook construction for FDM-ed PDSCH for MBS can refer to the mechanism supported by mTRP. It can also be further optimized to reduce the overhead.  
Proposal 4: The Type-2 HARQ-ACK codebook for unicast and MBS should be separately constructed.
Proposal 5: Do not support enhanced type-2 nor type-3 HARQ-ACK codebook for MBS. 
[bookmark: _GoBack]Proposal 6: Support both PTP and PTM 1 for MBS retransmission scheduling for the ACK/NACK feedback option, and support only PTM 1 for MBS retransmission scheduling with NACK only feedback option.
Proposal 7: Support that disabling and enabling HARQ feedback is indicated by DCI, and the function of enabling/disabling HARQ-ACK feedback can be RRC configured.
Proposal 8: Support defining at least two priorities for MBS.
Proposal 9: The intra-UE HARQ-ACK feedback multiplexing and prioritization between unicast and MBS should be supported.
Proposal 10: RRC configuration and DCI indicating can be used for NR MBS PDSCH repetition indication.
Proposal 11: CSI feedback mechanism used in NR unicast can be applied to NR MBS without any enhancements.
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