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Introduction
In RAN1#102-e meeting, how to improve reliability of RRC-Connected UE in MBMS was discussed and the following agreements were achieved [1]:
Agreements:
For RRC_CONNECTED UEs, HARQ-ACK feedback is supported for multicast and no additional evaluation is needed to justify this.
· FFS: The detailed HARQ-ACK feedback solutions, e.g., ACK/NACK based, NACK-only based.
· FFS: HARQ-ACK feedback can be optionally disabled and/or enabled.

Agreements:
For RRC_CONNECTED UEs, at least support slot-level repetition for group-common PDSCH. 
· FFS: whether enhancement is needed

Agreements:
For RRC_CONNECTED UEs, existing CSI feedback can be used for multicast transmission.
· FFS: whether enhancement is needed 

In this contribution, we continue discussing the mechanism to improve reliability of Broadcast/Multicast service for RRC-CONNECTED UEs. 
Discussion
For Broadcast service, the target receiver is all UEs within the cell. Generally, the number of UEs could be very large. If separate HARQ feedback resource is allocated per UE, large number of PUCCH resources are needed. While considering there are both RRC-connected and RRC-idle UEs within the cell, it is not possible to allocate separate PUCCH resource for RRC-idle UEs. The benefit of all RRC-connected UEs to do separate UL feedback is degraded. A shared PUCCH resource for all UEs is more preferred. 
Proposal 1: For Broadcast service, a shared PUCCH resource for all UEs to do UL feedback is preferred.
For Groupcast service, the number of UEs within the group is limited. It is possible to allocate separate PUCCH resource for each UE within the group so that the transmitter can differentiate which UE feeds back ACK or NACK. While if the number of UEs within the group is large, to reduce PUCCH resource overhead, a shared PUCCH resource among all UEs within the group is also preferred. 
Proposal 2: For Groupcast service, both shared and separate PUCCH resource among UEs within the group are supported.
The feedback mechanism for groupcast was discussed and specified in Rel-16 NR SL. The following two options were supported for groupcast in NR SL and can be introduced into MBMS system. 
· Option 1: NACK only feedback, shared NACK resource
It is more preferred for connection-less groupcast in NR SL. There is no specific group and all UEs within a communication range can be seen as target receiver. UE decides whether to feedback or not based on its geographical location and communication range. More specifically, the UEs within the communication range needs to feedback NACK in case it fails to decode the data packet, otherwise feedback nothing. And all UEs that feedback NACK share the same feedback resource. The UEs out of the communication range does not need to do feedback.  This option can also be used for transmissions without communication range requirement, for instance, it can be used in connection-based groupcast to reduce PSFCH overhead. The drawback of option 1 is it cannot differentiate DTX from ACK. 
For MBMS, this option is more preferred for Broadcast service in which case the number of receivers is not known by gNB or the number is very large. Based on the NACK resource, gNB can know whether there is a UE does not receive correctly.  
· Option 2: ACK and NACK feedback, separate ACK and NACK resource
It is more preferred for connection-based groupcast in NR SL. All UEs within the group should do feedback, either ACK or NACK, depends on data decoding. Separate feedback resources are used by UEs within the group so that the transmitter can differentiate whether and which UE receives correctly or not.  
For MBMS, this option is more preferred for Multicast service with a fix number of UEs within the group. With separate ACK and NACK resource, gNB can know whether and which UE does not receive correctly.

In addition to the above two feedback mechanism, there are another three feedback mechanisms can be considered for MBMS.
· Option 3: ACK and NACK feedback, shared NACK resource and separate ACK resource.
In some cases, if the gNB only needs to know whether there are UEs do not receive the Broadcast/Multicast service correctly and does not need to differentiate which UE does not receive correctly, the shared NACK resource can be allocated to UEs. Separate ACK resource can help gNB differentiate which UE has received correctly or not. The benefit of this option is that overhead of feedback resources is reduced, furthermore, if DTX happens, there is no NACK feedback in the shared resource, and also no ACK feedback in the dedicated resource. Hence, gNB can identify DTX based on the detection on each UE specific feedback resource for ACK.
· Option 4: ACK and NACK feedback, shared ACK resource and separate NACK resource.
With separate NACK resource per UE, gNB can differentiate which UE does not receive data correctly. If possible, it can do re-transmission to these UEs via unicast manner. While if there is some UEs transmitting ACK on shared ACK resource, gNB cannot differentiate DTX from ACK
· Option 5: ACK and NACK feedback, shared ACK resource and shared NACK resource.
With shared ACK resource and shared NACK resource, gNB can only determine whether there is UE receives correctly, or not, and it cannot differentiate the specific UE. Compared with option 1, the benefit of this option is not clear and not preferred for Broadcast/Multicast service. 

Based on above analysis, we think the SL feedback mechanism for groupcast in NR SL can be used as a starting point for the design of UL feedback mechanism in Broadcast/Multicast service. In addition to SL feedback mechanism standardized in Rel-16, more options can be considered. 
Proposal 3: The SL feedback mechanism for groupcast in NR SL can be used as a starting point for the design of UL feedback mechanism for Broadcast/Multicast service
Proposal 4: The following options can be considered for Broadcast/Multicast service
· Option 1: NACK only feedback, shared NACK resource
· Option 2: ACK and NACK feedback, separate ACK and NACK resource
· Option 3: ACK and NACK feedback, shared NACK resource and separate ACK resource.
· Option 4: ACK and NACK feedback, shared ACK resource and separate NACK resource.

As V2X traffic may have target communication range, therefore NACK only feedback in NR SL can be based on zone and communication range, so that only receivers within the target communication range feedback HARQ-ACK.  Since Broadcast/Multicast aims to support V2X application as well, for the traffic with same characteristics (i.e. target communication range) it is preferable to support zone and communication range based HARQ-ACK feedback, otherwise unnecessary re-transitions may be triggered by NACK from un-targeted receivers. 
Proposal 5: Zone and communication range based HARQ-ACK feedback should be considered for Broadcast/Multicast service.

As at a given time one UE may have both unicast and MBMS receptions, it is also possible that one UE may have multiple MBMS receptions, UE should be able to feedback HARQ-ACK information for all these receptions in one feedback occasion, to this end, HARQ-information for unicast and one/multiple MBMS should be multiplexed in one feedback channel (i.e. PUCCH or PUSCH).
Proposal 6: Multiplexing HARQ-ACK information for unicast and one/multiple MBMS in a single feedback channel should be supported.

Conclusion
In this contribution, we discuss the mechanisms to improve reliability of Broadcast/Multicast service. Based on the analysis, the following observation and proposals are given.
Proposal 1: For Broadcast service, a shared PUCCH resource for all UEs to do UL feedback is preferred.
Proposal 2: For Groupcast service, both shared and separate PUCCH resource among UEs within the group are supported.
Proposal 3: The SL feedback mechanism for groupcast in NR SL can be used as a starting point for the design of UL feedback mechanism for Broadcast/Multicast service
Proposal 4: The following options can be considered for Broadcast/Multicast service
· Option 1: NACK only feedback, shared NACK resource
· Option 2: ACK and NACK feedback, separate ACK and NACK resource
· Option 3: ACK and NACK feedback, shared NACK resource and separate ACK resource.
· Option 4: ACK and NACK feedback, shared ACK resource and separate NACK resource.
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Proposal 6: Multiplexing HARQ-ACK information for unicast and one/multiple MBMS in a single feedback channel should be supported.
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