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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#88e, a new WI MBS was agreed with the following objective for broadcast/multicast services (MBS) for UEs in RRC_CONNECTED state:
· [bookmark: _GoBack]Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:
· 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]
· 

In RAN1#103e and RAN1#104e UL feedback mechanisms for MBS had been discussed and achieved some initial agreements with a lot of FFS. In this contribution we focus on those FFS parts.
Discussion

· priority related
In RAN1 #104-e meeting, the following agreement was achieved for HARQ-ACK feedback: 
	Agreement:
The priority for HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast can be, 
· Lower, higher than or equal to the HARQ-ACK feedback for unicast
· FFS: How to reflect the priority in specification, e.g., whether it is configured or indicated to the UE
· [bookmark: OLE_LINK3]FFS: The total number of priorities across multicast and unicast
· FFS the priority between HARQ-ACK feedback for multicast and other UCI for unicast (SR, CSI) or PUSCH for unicast. 




In Rel-16, for PUCCH carrying HARQ-ACK information corresponding to SPS PDSCH reception or SPS PDSCH release, a UE determines a priority index via harq-CodebookID provided by RRC signalling. For simplicity, we can inherit this mechanism for SPS group-common PDSCH.
Proposal 1: For PUCCH carrying HARQ-ACK information corresponding to SPS group-common PDSCH reception and SPS release, the priority is configured by RRC signalling.
Regarding the number of priority for multicast, we prefer two types of priorities to meet the requirements of diverse MBS services. To maximize reusing Rel-15/16 rules on prioritization and multiplexing process, low priority multicast is equal to eMBB unicast priority, and high priority multicast is equal to URLLC unicast priority. If Rel-17 URLLC and further Rels introduce more priorities for URLLC and eMBB, the same rules can be extended to NR MBS as well.
Proposal 2：Two types of priority are introduced for multicast. The low priority multicast is equal to eMBB unicast priority, and high priority multicast is equal to URLLC unicast priority.  

· multiplexing
	Agreement:
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. 
· FFS whether it is subject to UE capability.
· FFS the case of non-overlapping PUCCHs resources for HARQ-ACK in the same slot.
· FFS whether sub-slot based PUCCH transmission for HARQ-ACK is supported.
· FFS the case of HARQ-ACK feedback for multicast and other UCI for unicast. 



In Rel-16 multi-TRP operation, if a UE is provided ackNackFeedbackMode-r16 = separate, the UE may transmit up to two PUCCHs with HARQ-ACK information in different symbols within a slot. The motivation for this feature is to reduce the latency for uplink transmissions towards multi-TRP. For single TRP operation, only one PUCCH carrying HARQ-ACK information can be transmitted within a slot. In our view, although multiple non-overlapping PUCCH resources for HARQ-ACK in the same slot may be beneficial for low latency, it is not more relevant for multi-TRP than conventional single TRP case. Therefore, we do not believe that there is a special need to support it for MBS.
For Rel-16, the sub-slot based configuration can be used to reduce latency for single TRP operation in URLLC. Considering the latency, it is reasonable to apply sub-slot based PUCCH transmission for HARQ-ACK feedback in MBS. 
Proposal 3: Not support multiple non-overlapping PUCCH resources for HARQ-ACK in the same slot.
Proposal 4: Sub-slot based PUCCH transmission for HARQ-ACK is supported.

· HARQ codebook
	Agreement:
For ACK/NACK based feedback if supported for multicast, construction of Type-1 HARQ-ACK codebook based on the union of the PDSCH TDRA sets of the unicast service and the multicast service (if they are separately configured), at least of the same priority, is supported
· FFS details of Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast. 
· FFS details of Type-1 HARQ-ACK codebook construction for FDM-ed multicast and multicast if supported. 
· FFS: whether/how to optimize the Type-1 codebook construction to reduce the HARQ-ACK feedback payload size. 




In Rel-16, in M-DCI based multi-TRP operation, the PDSCHs from two TRPs can be fully/partially overlapping in time domain and the type-1 codebook size is doubled based on the SLIVs for joint feedback scheme. The HARQ-ACK bits from two TRPs are concatenated together. Regarding the type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast, the joint feedback method in multi-TRP can be reused as a starting point. That is to say, the sub-codebook for unicast and sub-codebook for multicast can be concatenated together. A default order can be defined that HARQ-ACK bits for multicast are appended after HARQ-ACK bits for unicast.
Proposal 5: For type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast, support that HARQ-ACK bits for multicast are appended after HARQ-ACK bits for unicast.

	Agreement:
For ACK/NACK based feedback if supported for multicast, for Type-2 HARQ-ACK feedback construction for PTM scheme 1, 
· DAI for unicast and DAI for multicast are separately counted. 
· Concatenation of Type-2 HARQ-ACK codebook for unicast and multicast is supported. 
· FFS details on concatenating the codebooks. 
· FFS whether to support concatenating more than one Type-2 HARQ-ACK codebook for multicast. 




For type-2 HARQ-ACK codebook, the HARQ-ACK bits order and HARQ-ACK codebook size are determined by DAI. In the last meeting, it has agreed that DAI for multicast and unicast are counted separately. Thus, the sub-codebooks are generated separately for multicast and unicast. Similar as type-1 codebook, a pre-defined order can be used for concatenating two sub-codebooks. We can have a unified rule for the order of type-2 as type-1 codebook construction. That means sub-codebook for multicast is appended after the sub-codebook for unicast.
Proposal 6: For type-2 HARQ-ACK codebook construction, support that HARQ-ACK bits for multicast are appended after HARQ-ACK bits for unicast.

· NACK-only feedback
	Agreement:
For RRC_CONNECTED UEs receiving multicast, support the following:
· ACK/NACK based HARQ-ACK feedback for multicast, 
· It is up to network to configure orthogonal PUCCH resources among UEs within the same group. 
· FFS: NACK-only based HARQ-ACK feedback for multicast, 
· It is up to network to configure the PUCCH resources and the PUCCH resources can be shared among UEs within the same group. 
· FFS details. 



For NACK-only based HARQ-ACK feedback for multicast, the network may retransmit the PDSCH if at least one UE feedback NACK by a common PUCCH. For ACK/NACK based feedback, if the number of UEs in the group is relatively large, it is difficult for network to configure orthogonal PUCCH resources among UEs. NACK-only based HARQ-ACK feedback can be used as a complement for the case that a lot of UEs are in the group. In addition, from the perspective of power saving, NACK-only based feedback is suitable for UE because that UE will feedback nothing when the UE decodes MBS PDSCH successfully. 
If NACK-only based HARQ feedback is supported, the next question is which PUCCH format can be used for NACK-only feedback. In Rel-16, NACK-only feedback has been supported in V2X. PSFCH with the same structure as PUCCH format 0 is used to convey NACK information.  Thus, in our understanding, at least PUCCH format 0 can be considered as a starting point for study in MBS. 
Proposal 7: For RRC_CONNECTED UEs receiving multicast, support NACK-only based HARQ-ACK feedback.
Proposal 8: At least PUCCH format 0 is supported for NACK-only based HARQ-ACK feedback.

· enabling/disabling HARQ-ACK feedback
	[bookmark: _Hlk63422390]Agreement:
[bookmark: _Hlk63422353]For enabling/disabling HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast, 
· Option 3: RRC signalling configures the enabling/ disabling function of DCI indicating the enabling /disabling HARQ-ACK feedback.
· 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.
· FFS: whether down-selection between option 3 and option 2 is needed or support the both options. 
· FFS: enabling/disabling by MAC-CE.



If the number of UEs in the group is relatively large, it is difficult for the network to configure orthogonal PUCCH resources among different UEs. Then the network can disable the HARQ-ACK feedback function for some UEs. For Option2, it is a simple way to achieve per UE enabling/disabling function. Furthermore, it can be performed per MBS service basis. If one MBS service is configured with disabling HARQ-ACK feedback, then UE will not feedback anything when receiving MBS PDSCHs of this MBS service.
Regarding the last FFS, it is another way for per UE basis enabling/disabling HARQ-ACK feedback. However, the benefit of MAC-CE based method is not clear. In addition, this method will cause a waste of PUCCH resources, because the PUCCH resources have been pre-configured by RRC level and reserved before UE receiving an MAC-CE command for HARQ disabling. 
For Option3, we prefer not to change DCI signalling. In our understanding, we can inherit the mechanism from NTN. The enabling /disabling of HARQ feedback can be configurable per UE and per HARQ process basis. RRC signalling is used to configure the function for per HARQ process number. DCI can be used to determine whether the HARQ-ACK feedback is enabled/disabled actually via HARQ process number field. 
In general, at least Option2 is used for enabling/disabling HARQ-ACK feedback. Option3 can be considered if the benefits are verified. 
Proposal 9: At least RRC signaling is used to indicate enabling/disabling HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast.
Proposal 10: Not support enabling/disabling HARQ-ACK feedback by MAC-CE. 

[bookmark: _Ref129681832]Conclusion
In this paper, we provide our opinions on mechanisms to improve reliability of NR MBS with the following proposals:
Proposal 1: For PUCCH carrying HARQ-ACK information corresponding to SPS group-common PDSCH reception and SPS release, the priority is configured by RRC signalling.
Proposal 2：Two types of priority are introduced for multicast. The low priority multicast is equal to eMBB unicast priority, and high priority multicast is equal to URLLC unicast priority.  
Proposal 3: Not support multiple non-overlapping PUCCH resources for HARQ-ACK in the same slot.
Proposal 4: Sub-slot based PUCCH transmission for HARQ-ACK is supported.
Proposal 5: For type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast, support that HARQ-ACK bits for multicast are appended after HARQ-ACK bits for unicast.
Proposal 6: For type-2 HARQ-ACK codebook construction, support that HARQ-ACK bits for multicast are appended after HARQ-ACK bits for unicast.
Proposal 7: For RRC_CONNECTED UEs receiving multicast, support NACK-only based HARQ-ACK feedback.
Proposal 8: At least PUCCH format 0 is supported for NACK-only based HARQ-ACK feedback.
Proposal 9: At least RRC signaling is used to indicate enabling/disabling HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast.
Proposal 10: Not support enabling/disabling HARQ-ACK feedback by MAC-CE. 
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