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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:
· 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#104bis-e meeting, there are some FFS for further study. Furthermore, we haven’t achieved consensus on some remaining issues in the RAN1 #104-e meeting. In this contribution, we will provide our views on these issues.
Discussion
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]ACK/NACK based feedback
· 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 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 1: Not support multiple non-overlapping PUCCH resources for HARQ-ACK in the same slot.
Proposal 2: Sub-slot based PUCCH transmission for HARQ-ACK is supported.
· PUCCH resource determination
In RAN1 #104bis-e meeting, the following agreement was achieved for determining the PUCCH resource for ACK/NACK-based HARQ-ACK feedback: 
	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 Rel-15/Rel-16, PUCCH resource determination is based on the last DCI, among multiple DCIs that indicate the same slot for PUCCH carrying ACK/NACK information. Regarding determining the PUCCH resource when multiplexing the ACK/NACK based HARQ-ACK feedback for multicast and unicast, there are two Alts for down selection. In our understanding, there is no need to restrict that the last DCI for determining PUCCH resource is based on unicast DCI. For multicast, it has agreed that network configure the orthogonal PUCCH resources among the UEs in the group. That means the network can ensure that PUCCH resources for different UEs are orthogonal even though the last DCI is for multicast scheduling. Thus, we prefer Alt.2 for no spec restriction.
Proposal 3: For ACK/NACK based HARQ-ACK feedback, determining the PUCCH resources for transmission is based on the PRI indicated in the last DCI across unicast and multicast. 
· Priority related
	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. 




[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In Rel-16, regarding the priority indication for PUCCH carrying HARQ-ACK information corresponding to a dynamic PDSCH, it can be indicated in DCI format 1_1 or DCI format 1_2 via priority indicator field. We can inherit this mechanism for MBS directly. The priority for PUCCH corresponding to dynamic PDSCH scheduling can be indicated by DCI 1_1/ DCI 1_2.
Proposal 4: Priority index can be included in DCI formats 1_1 /DCI format 1_2.
Regarding the last FFS, there is no need to introduce different priority between multicast and unicast with the same priority index. 
Proposal 5: The priorities between multicast and unicast with the same priority index are equal.

NACK-only feedback
· PUCCH resource
For NACK-only feedback, all the UEs within the group can share the same PUCCH resource for feedback. In general, the shared PUCCH resource can be configured per MBS service. Since the NACK-only PUCCH resource is shared among multiple UEs, it shall be different from the orthogonal PUCCH resources for ACK/NACK based PUCCH resources. Thus, a separate PUCCH-config for NACK-only based feedback can be considered.                                                                                                                                                                                                                                                         
Proposal 6: For NACK-only based feedback for RRC_CONNECTED UEs receiving multicast, UE can be configured with a separate PUCCH-config for NACK-only based PUCCH resource.
The next question for NACK-only 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: At least PUCCH format 0 is supported for NACK-only based feedback.

Feedback scheme differentiation
	[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. 
Proposal 8: Not support enabling/disabling HARQ-ACK feedback by MAC-CE.
Comparing with Option 2, Option 3 will bring more Spec effort, but the necessity is not clear. In our understanding, Option 2 is enough for achieving this function. Thus, we prefer Option2.
[bookmark: _GoBack]Regarding the scheme indication between NACK-only and ACK/NACK feedback scheme, we prefer to use RRC signalling. For simplicity, we can use a new RRC IE to indicate one of the {ACK/NACK feedback; NACK-only feedback; HARQ disable}.
Proposal 9: One new RRC signaling is introduced to indicate whether/which HARQ-ACK feedback is enabled for RRC_CONNECTED UE receiving multicast.
SPS PDSCH related
· ACK/NACK feedback
The following agreements were made during RAN1 104bis-e meeting in AI 8.12.1:
	Agreement:
The retransmission scheme for a given SPS group-common PDSCH can be either PTM scheme 1 or PTP.
· FFS: Whether PTM scheme 1 retransmission and PTP retransmission can be used simultaneously for different UEs in the same MBS group

Agreement:
Define G-CS-RNTI at least for SPS group-common PDSCH and activation/deactivation of SPS group-common PDSCH, different from CS-RNTI for unicast SPS PDSCH.
· G-CS-RNTI is used for PTM scheme 1 based dynamic retransmission of SPS group-common PDSCH 
· FFS: Whether CS-RNTI can be used for PTP retransmission of SPS group-common PDSCH.
· FFS: Number of G-CS-RNTI.
Agreement: 
For RRC_CONNECTED UE supporting MBS, support up to 8 configured SPS configurations in a BWP of a serving cell for unicast and MBS in total. 
· It is up to gNB implementation to configure the SPS configuration indexes for unicast and MBS, respectively.
Agreement:
Confirm the working assumption: 
For activation/deactivation of SPS group-common PDSCH for MBS in RRC_CONNECTED state,
· At least group-common PDCCH is supported
· FFS: Whether and how to address the missed activation and deactivation
· FFS: Whether UE-specific PDCCH is supported for activation/deactivation



For dynamic PDSCH, the network configure the PUCCH-config list for unicast and multicast separately. Likewise, the similar mechanism can be applied for SPS PDSCHs. In Rel-16, the network configure a SPS-PUCCH-AN-List with four PUCCH resources for multiple SPS PDSCHs feedback. In general, the UE can select one PUCCH resource based on the UCI payload size. We can configure a separate SPS-PUCCH-AN-list for MBS SPS PDSCH and the selection of PUCCH resource can also be based on the UCI payload size. 
Regarding the priority indication for multicast, we can reuse the mechanism of priority indication for unicast directly. Specifically, 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. 
[bookmark: OLE_LINK24][bookmark: OLE_LINK27]Proposal 10: For ACK/NACK based feedback for RRC_CONNECTED UEs receiving multicast SPS PDSCH, UE can be configured with a separate SPS-PUCCH-AN-list for multicast SPS PDSCHs.
In Rel-16, the HARQ-ACK bits for one or more SPS PDSCH is in ascending order of DL slot per {SPS configuration index, serving cell index}, and then in ascending order of SPS configuration index per {serving cell index}, and then in ascending order of serving cell index. Last meeting, it has agreed that up to eight SPS PDSCHs can be configured in a BWP for unicast and multicast in total. Regarding the feedback scheme for SPS PDSCH across multicast and unicast, in general, there are the following options:
· [bookmark: OLE_LINK17]Option1: The HARQ-ACK bits are generated jointly across multicast and unicast SPS PDSCHs
· Option2: The HARQ-ACK bits for unicast SPS PDSCHs precede the HARQ-ACK bit for multicast SPS PDSCHs.
For Option1, it can maximize reuse Rel-15/16 spec. For Option2, it will bring some spec effort but the benefit is unclear. Thus, we slightly prefer Option1.
Proposal 11: For codebook concatenation to be multiplexed in the same PUCCH resource for multicast and unicast SPS PDSCHs,
· The HARQ-ACK bits are generated jointly across multicast and unicast SPS PDSCHs

· NACK-only feedback
For NACK-only based feedback, if the UE misses the PDCCH carrying SPS PDSCH activation command, the UE will miss the following SPS PDSCH. The UE will feedback nothing, while the network will assume the UE decodes the SPS PDSCH correctly because it will not receive any PUCCH carrying NACK information. Some enhancements are needed for solving the misunderstanding between the network and UE.
Moreover, NACK-only based feedback is not standardized for Rel-16 V2X SPS PDSCH. Considering the limited time for Rel-17, we prefer to discussion some critical issues first and the enhancement for this issue can be considered with low priority.
Proposal 12: NACK-only based feedback for SPS PDSCH reception can be considered with low priority for study.

[bookmark: _Ref129681832]Conclusion
In this paper, we provide our opinions on mechanisms to improve reliability of NR MBS with the following proposals:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: Not support multiple non-overlapping PUCCH resources for HARQ-ACK in the same slot.
Proposal 2: Sub-slot based PUCCH transmission for HARQ-ACK is supported.
Proposal 3: For ACK/NACK based HARQ-ACK feedback, determining the PUCCH resources for transmission is based on the PRI indicated in the last DCI across unicast and multicast. 
Proposal 4: Priority index can be included in DCI formats 1_1 /DCI format 1_2.
Proposal 5: The priorities between multicast and unicast with the same priority index are equal.
Proposal 6: For NACK-only based feedback for RRC_CONNECTED UEs receiving multicast, UE can be configured with a separate PUCCH-config for NACK-only based PUCCH resource.
Proposal 7: At least PUCCH format 0 is supported for NACK-only based feedback.
Proposal 8: Not support enabling/disabling HARQ-ACK feedback by MAC-CE.
Proposal 9: One new RRC signaling is introduced to indicate whether/which HARQ-ACK feedback is enabled for RRC_CONNECTED UE receiving multicast.
Proposal 10: For ACK/NACK based feedback for RRC_CONNECTED UEs receiving multicast SPS PDSCH, UE can be configured with a separate SPS-PUCCH-AN-list for multicast SPS PDSCHs.
Proposal 11: For codebook concatenation to be multiplexed in the same PUCCH resource for multicast and unicast SPS PDSCHs,
· The HARQ-ACK bits are generated jointly across multicast and unicast SPS PDSCHs
Proposal 12: NACK-only based feedback for SPS PDSCH reception can be considered with low priority for study.
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