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1. Introduction
At RAN #86, a work item on supporting of multicast and broadcast services was approved [1] which was further updated at RAN #88-e as [2]. The objectives of the WI include:

· 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.
· 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 the RAN1 #102-e meeting, the following agreements were reached on reliability enhancement [3]:

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 the RAN2 #111e meeting, the following agreement was made: “R2 expect that there may be HARQ with feedback (for PTM) and this is specified by R1”.
In this contribution, we provide our views on the potential reliability enhancement to support the NR multicast and broadcast.

2. Discussion
According to the WID [1, 2], reliability is a significant requirement for NR MBS and reliability can be achieved via feedback and retransmission. Traditional feedback and retransmission mechanisms consist of: HARQ, ARQ and PDCP status reporting. During the 111-e meeting, it is agreed that HARQ is up to RAN1. 
There is a clear majority view in RAN2 based on the email discussion Post111-e 904, that PDCP feedback and retransmission is needed for NR MBS. PDCP feedback and retransmissions is necessary to meet the reliability requirements of some use cases. Especially in situations resulting from mobility for example RLC AM handover, or situations resulting from PTP/PTM bearers switching for example lossless switching between PTM and PTP bearers.
Proposal 1: PDCP Status Reporting is supported for AM MRB.
Proposal 2: PDCP retransmission is supported for AM MRB.
Additionally, in support of reliability requirements, the following are proposed.
Proposal 3: The PDCP layer supports the following functions:
· maintenance of PDCP SNs;
· timer based SDU discard;
· for split bearers, routing;
· duplication;
· reordering and in-order delivery;
· out-of-order delivery;
· duplicate discarding.
It is also our view  that in cases where the RAN delivery method is PTM, there will be use cases where the use of RLC UM and L1 HARQ will not be able to meet the reliability requirements, and the support for RLC AM is needed in order to correct HARQ residual errors in these cases.
Proposal 4: RLC AM is supported for PTP transmission of NR MBS.
Proposal 5: RLC AM is supported for PTM transmission of NR MBS.
In the past RAN1 #102-e meeting, it has been agreed that HARQ feedback is supported for NR multicast, where the details on the HARQ feedback scheme is FFS. In rel-16 V2X, two HARQ feedback schemes, i.e., ACK-NACK based HARQ feedback and NACK only based HARQ feedback, were agreed for groupcast case. However, both schemes have pros and cons. 
For the ACK-NACK based HARQ feedback scheme, each UE will have dedicated resource to send HARQ feedback. So, the gNB can know which UEs send ACK and which UEs send NACK. However, such benefit either comes with the price of low scheduling flexibility, e.g., as what has been agreed for NR V2X, the association between the PSSCH and PSFCH is fixed and the gNB can’t schedule the PSFCH resources for each UE freely; or comes with the price of high signaling overhead, e.g., if the gNB wants to flexibly schedule the resources for each UE to send feedback, it will require very large amount of bits in the DCI. Since each UE will be allocated with dedicated resource, the resources needed to send the feedback is much higher comparing to the NACK only based scheme. Also, the ACK-NACK based scheme doesn’t work well when the gNB doesn’t know how many UEs are within the group.
For the NACK only based HARQ feedback scheme, shared resource is allocated for all the UEs to send NACK. By doing this, the resource required is much lower and the signaling overhead is also very low. However, the gNB cannot know which UEs send the NACK. A more severe problem is if the UE missed the scheduling DCI or SCI, the UE will not send any feedback. From the transmitter side, since it doesn’t receive any feedback, it will assume the transmission has succeeded. As a result, there will be misunderstanding between the transmitter and the receiver, which will cause trouble to the system. 
Considering the pros and cons of the above two schemes, other HARQ feedback schemes may be also considered for NR multicast. For example, one candidate may be shared ACK-NACK based HARQ feedback. In the shared ACK-NACK based scheme, two resources are allocated to the UEs, one is shared by all the UEs to send ACK and the other one is shared by all the UEs to send NACK. Using this scheme, it can solve the misunderstanding issue occurring in NACK only based case without increasing the signaling overhead and the resource required a lot.   
Proposal 6: Different HARQ feedback schemes should be considered for NR multicast for the UEs in RRC_CONNECTED state. Shared ACK-NACK based scheme can be considered as another alternative of the NACK only based scheme. 

In some NR broadcast use cases, e.g., public safety, maintaining high reliability is also very important. Supporting HARQ feedback for NR broadcast to improve the reliability may be considered, where such procedure may be based on best effort.
Proposal 7: Supporting HARQ feedback for NR broadcast service to improve the reliability can be considered for the UEs in RRC_CONNECTED state.

In NR multicast and broadcast, different services with different reliability requirements may be provided. When the reliability requirement of a service is low, HARQ feedback may not need to be supported. Therefore, gNB should have the flexibility to enable and disable the HARQ feedback for different services. Therefore, HARQ feedback enabling and disabling should be supported. Both static enabling/disabling and dynamic enabling/disabling should be considered.
Proposal 8: HARQ feedback enabling and disabling should be supported in NR multicast and broadcast.


3. Conclusion
In this contribution, we have the following proposals.
Proposal 1: PDCP Status Reporting is supported for AM MRB.
Proposal 2: PDCP retransmission is supported for AM MRB.
Proposal 3: The PDCP layer supports the following functions:
· maintenance of PDCP SNs;
· timer based SDU discard;
· for split bearers, routing;
· duplication;
· reordering and in-order delivery;
· out-of-order delivery;
· duplicate discarding.
Proposal 4: RLC AM is supported for PTP transmission of NR MBS.
Proposal 5: RLC AM is supported for PTM transmission of NR MBS.
Proposal 6: Different HARQ feedback schemes should be considered for NR multicast for the UEs in RRC_CONNECTED state. Shared ACK-NACK based scheme can be considered as another alternative of the NACK only based scheme. 
Proposal 7: Supporting HARQ feedback for NR broadcast service to improve the reliability can be considered for the UEs in RRC_CONNECTED state.
Proposal 8: HARQ feedback enabling and disabling should be supported in NR multicast and broadcast.
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