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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#88e[1], 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#105-e[2] meeting, there are some FFS for further study. Furthermore, we have not achieved consensus on some remaining issues in the meeting. In this contribution, we will provide our views on these issues.
Discussion
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]ACK/NACK based feedback
· HARQ codebook generation 
	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



For type-2 HARQ-ACK codebook, if unicast and multicast are with same priority, separate codebooks should be generated due to independent DAI/TAI for unicast and multicast no matter whether separate PUCCH-config for multicast is configured or not. 
For type-1 HARQ-ACK codebook, if unicast and multicast are with different priorities, separate codebooks can be generated following similar principle as type-2 codebook regardless whether separate PUCCH-config for multicast is configured or not. On the contrary, if unicast and multicast are with same priority, a single type-1 HARQ-ACK codebook can be generated following Rel-16 URLLC rule, and the PUCCH resources for transmission should be deteremind by PUCCH-config for unicast and PUCCH-config for multicast if separate PUCCH-config for multicast is configured. 
Proposal 1: For type-2 HARQ-ACK codebook, no matter whether unicast and multicast are with same or different priorities, separate codebooks should be generated.
Proposal 2: For type-1 HARQ-ACK codebook, if unicast and multicast are with different priorities, separate codebooks could be generated. If unicast and multicast are with same priority, a single HARQ-ACK codebook can be generated.

· Type-1 HARQ-ACK codebook construction for TDM-ed unicast and multicast
	Agreement:
[bookmark: OLE_LINK12]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.



In our opinion, Alt 1 can reduce HARQ-ACK codebook size to some extent, but the necessarily of configuring different PDSCH TDRA sets for unicast and multicast is not clear in most cases. On the contrary, Alt.2 provides a unified solution for all multiplexing cases, as what have been done in Rel-16 M-TRP for Type-1 codebook, and the complexity is also lower. So we prefer to support Alt.2 as a baseline:
Proposal 3: 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, PDSCH reception candidate occasions are based on the union of the PDSCH TDRA sets for slot timing values  in the union of  set for unicast and  set for multicast.

· Sub-slot based PUCCH transmission
For Rel-16, the sub-slot based configuration can be used to reduce delay for single TRP operation in URLLC. Considering the latency issue, it is reasonable to also apply sub-slot based PUCCH transmission for HARQ-ACK feedback in multicast transmission, especially for some critical traffics such as public safety. 
[bookmark: OLE_LINK18]Proposal 4: Sub-slot based PUCCH transmission for HARQ-ACK is supported.

· PUCCH resource determination
In RAN1 #104b-e [3] 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;
· [bookmark: OLE_LINK19]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. In our understanding, there is no need to restrict that the last DCI for determining PUCCH resource should be 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.
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Proposal 5: 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. 

Feedback scheme differentiation
	Working assumption:
For enabling/disabling ACK/NACK-based HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast via dynamic group-common PDSCH:
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]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.



If RRC configures enabling the function of group-common DCI indicating the enabling/disabling ACK/NACK or NACK-only based HARQ-ACK feedback, 1 bit DCI can indicate whether the ACK/NACK or NACK-only based HARQ-ACK feedback is enable or not. Meanwhile, if RRC configures the function of group-common DCI indicating the enabling/disabling both ACK/NACK and NACK-only based HARQ-ACK feedback, 2 bit DCI can indicate the feedback mode to be ACK/NACK, NACK-only or no feedback. 
A similar scheme can be applied to SPS group-common PDSCH. The existing field in activation DCI can be applied to indicate the feedback mode, such as PRI or BWP indication field. 
Proposal 6: For both dynamic group-common PDSCH and SPS group-common PDSCH, if RRC configures enabling the function of group-common DCI indicating the enabling/disabling HARQ-ACK feedback, 1-2 bit DCI field can be applied to indicate the feedback back mode. 

[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: For type-2 HARQ-ACK codebook, no matter whether unicast and multicast are with same or different priorities, separate codebooks should be generated.
Proposal 2: For type-1 HARQ-ACK codebook, if unicast and multicast are with different priorities, separate codebooks could be generated. If unicast and multicast are with same priority, a single HARQ-ACK codebook can be generated.
Proposal 3: 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, PDSCH reception candidate occasions are based on the union of the PDSCH TDRA sets for slot timing values  in the union of  set for unicast and  set for multicast.
Proposal 4: Sub-slot based PUCCH transmission for HARQ-ACK is supported.
Proposal 5: 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 6: For both dynamic group-common PDSCH and SPS group-common PDSCH, if RRC configures enabling the function of group-common DCI indicating the enabling/disabling HARQ-ACK feedback, 1-2 bit DCI field can be applied to indicate the feedback back mode. 
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