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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 this contribution, we will provide our views on this topics.
Discussion
· [bookmark: OLE_LINK25][bookmark: OLE_LINK26]HARQ codebook generation 
	RAN1#105e [2]:
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

RAN1#106e [3]:
Agreement:
When UE is configured Type-1 codebooks for unicast and multicast with different priorities, respectively, the UE separately generates each of the Type-1 codebooks. 
· FFS: How UE is configured one codebook for unicast and one codebook for multicast and the two codebooks are of different priorities. 


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. 
Proposal 1: For type-2 HARQ-ACK codebook, when unicast and multicast are with same priorities, separate codebooks should be generated.

· Type-1 HARQ-ACK codebook construction for TDM-ed unicast and multicast
	RAN1#104b-e [4]:
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 2: 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 3: Sub-slot based PUCCH transmission for HARQ-ACK is supported, and it is up to UE capability.

· PUCCH resource determination
In RAN1 #104b-e meeting [4], 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 4: 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. 

· Multiple NACK-only information
	RAN1#106e [3]:
Agreement:
When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, down-select from the following alternatives:
· Alt1: Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits. 
· Alt2: Support sub-slot based PUCCH for this case. 
· Alt3: Support UE transmitting more than one slot-based PUCCHs in the same PUCCH slot. 
· Alt4: Define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission. 
· Alt5: NACK-only bundling


Among the five alternatives, Alt 5 is not reasonable for the reason that it will make the feedback no sense and Alt 1 is not feasible if the PUCCH for NACK-only is shared by group-member UEs. Both Alt 2 and Alt 3 are up to UE’s capability, even so they still can be considered. Alt 4 seems to be able to work. But it is too complex. There are too many combinations of NACK-only, e.g., the combination of 3 TBs, 4 TBs. Then if following Alt4, multiple specific sequences are needed. The spec work is very huge. We are afraid that the work could not be completed considering only 2 RAN1 meetings left.
Proposal 5: When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, not support Alt 1 and Alt 5.

· HARQ-ACK feedback for multicast SPS
In RAN1#106e meeting, we have extensive discussion about multicast SPS, and one agreement is achieved as shown below:
	Agreement
For UE supports both ACK/NACK-based and NACK-only based HARQ-ACK feedback for multicast SPS PDSCH without PDCCH scheduling, select one or more of the following alternatives:
· Alt1: HARQ-ACK feedback option is configured per SPS configuration index.
· Alt2: HARQ-ACK feedback option is indicated in the SPS activation DCI. 
· Note: enabling/disabling HARQ-ACK feedback for multicast SPS can be discussed separately. 


For multicast SPS PDSCH without PDCCH scheduling, regarding the configuration of HARQ-ACK feedback mode, it is straightforward to configure it by RRC signaling, i.e., Alt1. For the enabling/disabling HARQ-ACK feedback, like dynamic PDSCH, it also can use the activation PDCCH to enable/disable.
Proposal 6: For SPS group-common PDSCH without PDCCH scheduling, support Alt1
Proposal 7: For SPS group-common PDSCH without PDCCH scheduling, support activation PDCCH to enable/disable HARQ-ACK feedback based on UE’s capability.
During the previous meeting, it has the consensus to improve the reliability of activation PDCCH by retransmit the activation information among companies, and the specific solution is being discussed in AI8.12.1. In order to make gNB can be aware of the event that some member UEs have missed the activation PDCCH, ACK/NACK based feedback must be assumed for the feedback of activation PDCCH. 
Proposal 8: For the activation group-common PDCCH, the feedback option is ACK/NACK based feedback.

[bookmark: _Ref129681832]Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this paper, we provide our opinions on mechanisms to improve reliability of NR MBS with the following proposals:
Proposal 1: For type-2 HARQ-ACK codebook, when unicast and multicast are with same priorities, separate codebooks should be generated.
Proposal 2: 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 3: Sub-slot based PUCCH transmission for HARQ-ACK is supported, and it is up to UE capability.
Proposal 4: 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 5: When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, not support Alt 1 and Alt 5.
Proposal 6: For SPS group-common PDSCH without PDCCH scheduling, support Alt1
Proposal 7: For SPS group-common PDSCH without PDCCH scheduling, support activation PDCCH to enable/disable HARQ-ACK feedback based on UE’s capability.
Proposal 8: For the activation group-common PDCCH, the feedback option is ACK/NACK based feedback.
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