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1. Introduction
The work items of NR support of Multicast and Broadcast Service was approved in RAN #86. The detail of the WIs are listed as following.
	· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:
· Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]
· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.
· [bookmark: _Hlk47347546][bookmark: _Hlk47366295][bookmark: _Hlk47362778]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]
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:
· Specify required changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception. [RAN2, RAN1].
Note: the possibility of receiving Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, without the need for those UEs to get the configuration of the PTM bearer carrying the Broadcast/Multicast service while in RRC CONNECTED state beforehand, is subject to verification of service subscription and authorization assumptions during the WI. 


In RAN1 #105-e meeting, the potential enhancements for reliability improvements for RRC_CONNECTED UEs were discussed, and the following agreements and conclusion were reached [1].
	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

Agreement:
Support PUCCH format 0 and format 1 for NACK-only based HARQ-ACK feedback for multicast. 

Agreement:
Support NACK-only based HARQ-ACK feedback at least for multicast SPS PDSCH without PDCCH scheduling.
· FFS for SPS activation/deactivation. 

Agreement:
The priority of multicast is the same as the priority of unicast for the same priority index of HARQ-ACK at least for ACK/NACK based feedback. 

Agreement:
NR supports at least the following cases for UE supporting multicast:
· UE supports two non-overlapping slot-based PUCCHs for ACK/NACK based HARQ-ACK feedback for multicast with different priorities in a slot subject to UE capability. 
· UE supports two non-overlapping slot-based PUCCHs for ACK/NACK based HARQ-ACK feedback for multicast and unicast with different priorities, respectively, in a slot subject to UE capability.

Agreement:
For Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast with the same priority from the same TRP, support 
· Opt 4: HARQ-ACK bits for all the PDSCH occasions over all the slots for all serving cells for unicast, precede, HARQ-ACK bits for all the PDSCH occasions over all the slots for all serving cells for multicast. (This is similar to the joint Type-1 codebook for mTRP).
· FFS: If UE reports the capability of supporting the FDM-ed unicast and multicast in the same slot, UE can be indicated semi-statically to generate Type-1 HARQ-ACK codebook as FDM-ed manner (i.e., Opt 4).
· Otherwise, UE does not expect unicast and multicast are to be scheduled in FDM-ed. 

Conclusion:
PUCCH resource for NACK-only can be shared by UEs transmitting the NACK-only based HARQ-ACK feedback.

Agreement:
For ACK/NACK based HARQ-ACK feedback for multicast, the multiplexing/prioritizing rule between the HARQ-ACK for multicast and SR/CSI can reuse Rel-16 multiplexing/ prioritizing rule between the HARQ-ACK for unicast and SR/CSI.

Agreement:
For support of ACK/NACK based HARQ-ACK feedback for SPS multicast, 
· the HARQ-ACK codebook index corresponding the HARQ-ACK codebook for SPS PDSCH is included in the configuration for SPS multicast. 
· UE determines a priority index from the HARQ-ACK codebook index
· UE can be optionally configured a separate SPS-PUCCH-AN-List for all SPS multicast configurations. Otherwise, a common SPS-PUCCH-AN-List applies to all SPS unicast and SPS multicast configurations.

Agreement:
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.
· Companies are encouraged to continue discussion of pros and cons for each alternative for further down-selection in the next meeting. 

Working assumption:
For enabling/disabling ACK/NACK-based HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast via dynamic group-common PDSCH:
· 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.


In this contribution, we discuss the Type-1 HARQ-ACK codebook construction for FMD-ed unicast and multicast and TMD-ed unicast and multicast respectively firstly, then discuss the NACK-only related in the next section. The details of the schemes are as follows

2. Construction for Type-1 HARQ-ACK codebook
2.1 Construction for FDM-ed unicast and multicast
For the construction of Type-1 HARQ-ACK codebook for FDM-ed unicast and multicast in a same UL slot, there are following four options reached from the previous meeting. 
· [bookmark: OLE_LINK11][bookmark: OLE_LINK12]Opt 1: HARQ-ACK bits for all the PDSCH occasions over all the slots for unicast, precede, HARQ-ACK bits for all the PDSCH occasions over all the slots for multicast, for a given serving cell. 
· Opt 2: HARQ-ACK bits for all PDSCH occasions for unicast, precede, HARQ-ACK bits for all PDSCH occasions for multicast, within the same slot.
· Opt 3: HARQ-ACK bits for unicast precedes HARQ-ACK bits for multicast within one SLIV group where PDSCH occasions are overlapping. 
· Opt 4: HARQ-ACK bits for all the PDSCH occasions over all the slots for all serving cells for unicast, precede, HARQ-ACK bits for all the PDSCH occasions over all the slots for all serving cells for multicast. (This is similar to the joint Type-1 codebook for mTRP).
· Other options are not precluded.
· FFS for FDM-ed multicast and multicast.
[bookmark: _Hlk15547977]In RAN1 #105-e meeting, it was agreed that Opt 4 as a baseline to construct the Type-1 HARQ-ACK codebook for FDM-ed unicast and multicast, and a FFS is whether to regard the FDM-ed unicast and multicast as a UE capability. That is to say, if a UE reports the capability of supporting the FDM-ed unicast and multicast in a same slot, the UE will construct Type-1 HARQ-ACK codebook by the way of Opt 4 above, otherwise the gNB will not configure the FMD-ed unicast and multicast. In our view, Opt 4 is more desirable since it is similar to the joint Type-1 HARQ-ACK codebook construction for mTRP. Besides, there is no divergence if a UE is not capable of FDM-ed unicast and multicast. But for a UE who is capable of FDM-ed unicast and multicast, some companies proposed that this case should combine with TDM-ed unicast and multicast. We also think that it is better to discuss this issue before clearing the manner that how a UE constructs the HARQ-ACK codebook for TMD-ed unicast and multicast since there are two alternatives list in the last meeting for TMD-ed unicast and multicast. Of course, the FFS listed in the last meeting should also be supported, i.e., the UE can be indicated semi-statically to generate Type-1 HARQ-ACK codebook for FMD-ed manner.
Proposal 1:
· If UE reports the capability of supporting the FDM-ed unicast and multicast in the same slot, UE can be indicated semi-statically to generate Type-1 HARQ-ACK codebook as FDM-ed manner. Otherwise, UE does not expect unicast and multicast are to be scheduled in FDM-ed manner.

2.2 Construction for TDM-ed unicast and multicast
In the last meeting, there are two alternatives proposed during the e-mail discussion for the TDM-ed unicast and multicast. The detail of the two alternatives are listed below.
	Agreement:
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.
· Companies are encouraged to continue discussion of pros and cons for each alternative for further down-selection in the next meeting. 


In our view, Alt 1 will introduce additional UE complexity compared with Alt 2, e.g., the UE should additionally classify the slot timing K1 into different groups, and the best benefit of Alt 1, e.g., the reduction of CB size, will exist in the case that there is no intersection K1 set for unicast and multicast, but we don’t see the need about this case. In contrast, Alt 2 is cleaner and it is a simple solution for construction the Type-1 HARQ-ACK codebook in a same PUCCH resource for TMD-ed unicast and multicast.
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, determining PDSCH reception candidate occasions is based on Alt2, i.e.,
· Alt 2: for slot timing values K1 in the union of K1 set for unicast and K1 set for multicast, based on the union of the PDSCH TDRA sets.

3. Enhancement on NACK-only based feedback
3.1 NACK-only based HARQ-ACK feedback for SPS activation/deactivation.
In RAN1 #104b e-meeting, it was agreed that NACK-only based HARQ-ACK feedback for RRC_CONNECTED UEs is supported, then NACK-only based HARQ-ACK for multicast SPS PDSCH is also supported in RAN1 #105 e-meeting. One FFS is that whether the NACK-only based HARQ-ACK feedback for SPS activation/deactivation should be supported.
In our view, we do not see any reason that not to support NACK-only based feedback for SPS activation/deactivation since NACK-only based feedback has be supported for dynamic schedule transmissions which is similar as SPS activation/deactivation. Some companies may worry that if the DCI is missed by UE, gNB can’t know the PDSCH is correct decoding or the DCI scheduling that PDSCH is missed by UE, but the DCI missing for SPS activation/deactivation is highly unlikely for a UE. Moreover, it is bizarre that the UE is configured with the NACK-only mode feedback for SPS PDSCH whereas configured with the ACK/NACK mode feedback for its activation/deactivation.
Proposal 3:
· Support NACK-only based HARQ-ACK feedback for SPS activation/deactivation.
3.2 Overlapping between NACK-only PUCCH and other UCIs/PUSCH.
For ACK/NACK based HARQ-ACK feedback for multicast, it has agreed that the multiplexing/prioritizing rule between the HARQ-ACK for multicast and SR/CSI can reuse Rel-16 multiplexing/prioritizing rule. The multiplexing rule for the same priority can refer to the conclusions from URLLC agenda. For NACK-only based HARQ-ACK feedback for multicast, at least there are three options from the point of view of each company [2].
· Opt 1: Support multiplexing for the same priority and prioritizing for different priorities.
· Opt 2: NACK-only feedback for multicast is always dropped.
· Opt 3: UE expects that PUCCH resource for NACK-only based feedback is non-overlapping with other PUCCHs/PUSCH.
· Opt 4: NACK-only feedback for multicast is dropped for the same priority and prioritizing is used for different priorities
For Opt 2, always drops NACK-only feedback for multicast is unfair for multicast services, and it will cause the inconsistent understand about whether the group-common PDSCH is correct decoding or not among UE and gNB. In addition, if the NACK-only correspond to a group-common PDSCH with high reliability requirements, e.g., URLLC service, Opt 2 is an inefficient way. For Opt 3, it is obvious that scheduling flexibility will be affected. Similar with Opt2, Opt 4 is also unfair for multicast service when its priority is same as other UCIs or PUSCH. 
Observation 1: 
· Always drops NACK-only feedback is an unfair and inefficient way for multicast service especially when the NACK-only with high priority.
In our view, Opt 1 is an efficient way to solve the overlapping between NACK-only PUCCH and other UCI/PUSCH regardless of overlapping group contain unicast service or not, and the RAN1 can further discuss the multiplexing rule in remain Rel-17 meeting even in Rel-18. Therefore, we support Opt 1 to solve the overlapping between NACK-only PUCCH and other UCIs/PUSCH
Proposal 4:
· Support multiplexing between NACK-only based HARQ-ACK feedback and other UCIs/PUSCH.

4. Conclusion
In this contribution, we discussed the possible enhancements for reliability improvements for RRC_CONNECTED UEs. Observation and proposals are summarized as following: 
Observation 1: 
· Always drops NACK-only feedback is an unfair and inefficient way for multicast service especially when the NACK-only with high priority.

Proposal 1:
· If UE reports the capability of supporting the FDM-ed unicast and multicast in the same slot, UE can be indicated semi-statically to generate Type-1 HARQ-ACK codebook as FDM-ed manner. Otherwise, UE does not expect unicast and multicast are to be scheduled in FDM-ed manner.

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, determining PDSCH reception candidate occasions is based on Alt2, i.e.,
· Alt 2: for slot timing values K1 in the union of K1 set for unicast and K1 set for multicast, based on the union of the PDSCH TDRA sets.

Proposal 3:
· Support NACK-only based HARQ-ACK feedback for SPS activation/deactivation.

Proposal 4:
· Support multiplexing between NACK-only based HARQ-ACK feedback and other UCIs/PUSCH.
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