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1. Introduction
In Rel-17, a new work item focusing on the transmission of multicast and broadcast services is approved: NR Multicast and Broadcast Service [1]. In the WID, multiple use cases are identified which could benefit from the NR MBS feature.  This poses various requirements to the MBS service delivery, among which reliability is a significant one that can be improved by UL feedback and retransmission.
During RAN2#111-e meeting, the following agreements were reached:

	· R2 expect that there may be HARQ with feedback (for PTM) and this is specified by R1.


During RAN1#102-e meeting, the following agreements were reached:

	· For RRC_CONNECTED UEs, HARQ-ACK feedback is supported for multicast and no additional evaluation is needed to justify this.


During RAN2#112-e meeting, the following agreements were reached:

	· RLC AM is supported for PTP transmission of NR MBS.

· RLC UM is supported for PTP transmission of NR MBS.

· RLC UM is supported for PTM transmission of NR MBS.

· RLC TM is not supported for PTP transmission of NR MBS.

· RLC TM is not supported for PTM transmission of NR MBS
· Working assumption: RLC-AM for PTM is not supported (can be revisited but it means that proponents of RLC-AM for PTM need to demonstrate the need, to change this). 


An email discussion has been assigned on MBS UP performance, which is mostly on whether L2 reliability is needed.

In this contribution, based on RAN2 progress, we will further discuss how to enhance the reliability for NR MBS.
2. Discussion
ARQ is a layer 2 feedback mechanism configured for AM RLC entity.  The receiving RLC entity sends STATUS PDUs to the transmitting RLC entity in order to provide positive and/or negative acknowledgements of RLC SDUs or segments. After receiving the STATUS PDUs, the transmitting RLC entity can perform retransmission for the NACKed RLC SDUs or RLC SDU segments. ARQ mechanism can provide higher reliability on top of HARQ but introduces longer transmission delay. 
According to the latest RAN2 agreements, RLC ARQ is supported for PTP transmission of NR MBS. For PTM transmission, the working assumption is not to support RLC AM. However, there are still different opinions which support RLC-AM for PTM. In the following, we will firstly discuss the specification impact of RLC-AM for PTM and secondly whether RLC AM for PTM is worth this additional effort. 
Specification and implementation impact of supporting RLC-AM for PTM
Introducing RLC AM for PTM transmission will require modifications to the behaviour of both RLC transmitting entity at the gNB and RLC receiving entity in the UE:

· RLC transmitting entity at the gNB needs to consider feedback from a high number of UEs receiving a service and maintain the RLC transmitting window based on this, e.g. ways to avoid transmitting window stalling need to be examined.

· gNB needs a new way to manage the retransmissions, e.g. decide based on multiple feedback messages whether to retransmit the packet using PTM or PTP transmission, using G-RNTI or C-RNTI, how to adjust MCS properly considering multiple feedbacks etc.

· On the UE side, modification to receiving window maintenance procedures are required, e.g. to ensure UE’s window is in sync with gNB’s window.
· How to ensure UE’s and gNB’s windows are synchronized when a new UE joins an ongoing session needs to be solved

As can be seen, there are numerous issues to be solved in order to support RLC AM mode for PTM transmission. We believe the discussion about how to design the procedures and related parameters will be very complex and lengthy. Furthermore, the retransmission on PTM leg will cause additional latency and data duplication for the UEs which received the packet successfully previously, causing additional processing effort and power consumption at the UE. 

Observation 1: Supporting RLC AM for PTM will require complicated discussions on solving the following issues:
· How to manage RLX Tx window based on feedback from multiple UEs

· How to manage retransmissions based on feedback from multiple UEs

· How to ensure UE’s and gNB’s RLC windows are in-sync throughout the transmission
· How to synchronize UEs and gNB’s RLC windows when a new UE joins in an ongoing MBS session

· How to avoid unnecessary retransmissions to the UEs which already received the packets successfully 
Necessity of supporting RLC-AM for PTM
Introduction of acknowledged mode transport for multicast transmission was analysed in the past for SC-PTM. The topic is rather complex and controversial and hence, so far, no feedback or retransmissions were introduced for MBMS. In Rel-17 of NR, a significant step forward is made with a decision to specify HARQ feedback and retransmissions at MAC layer, which already enables to meet the reliability requirements of even the most demanding services. It has been argued that HARQ alone can indeed meet those requirements, but often at the expense of resource efficiency. However, it should be noted that superior reliability always comes at the cost of resource efficiency, which is a natural thing, also in the case of unicast transmissions. 
Other than that, the network always has a choice to utilize PTP transmission, for which RLC AM mode was agreed to be supported. Therefore, not supporting RLC AM for PTM does not translate into having to accept worsened performance in terms of reliability as the solution based on dynamic switch between PTP and PTM can meet reliability of exactly the same level. The MBS service provider does not care about whether the delivery method used by the network is PTP or PTM as long as the QoS requirements of the service are met. The network may then choose whichever method allows to meet the requirements with the highest resource efficiency at a time. If ARQ is needed for the MBS service, the gNB can always switch to PTP transmission and the solutions that are proposed, e.g. split-bearer like architecture, allow that to do that very dynamically. To be specific, if the gNB is using PTM transmission and detects that the link quality is deteriorating or the success rate of HARQ is not up to expectation, the gNB can switch to PTP transmission with AM. Based on the switching, retransmission of the missing packets in PTM can also be considered via PTP, which can be decided at PDCP level. There are also other means for implementation to improve reliability, which are much less complex, such as slot aggregation and simultaneous transmission via PTP and PTM.  
Observation 2: Solutions alternative to RLC AM support for PTM can offer the same level of reliability at a much lower specification and implementation complexity.
Summing up, other potential solutions like switching to AM PTP can meet the reliability requirement of even the most demanding multicast services without high specification and implementation effort of RLC AM for PTM. 
During the email discussion for [Post112-e][071][MBS] UP Performance, there seems to be a clear majority who support switching to PTP for reliability when they agree that both L1 and L2 reliability are needed. Therefore we propose to agree on the following:
Proposal 1: As the baseline, RAN2 should work on L2 reliability enhancements based on switching to PTP transmission.

Proposal 2: After switching to PTP, RAN2 can consider to retransmit packets missed by the UE in PTM.

Proposal 3: RAN2 to confirm the working assumption that RLC AM is not supported for PTM transmission.
3. Conclusion

In this contribution, we discuss RLC-AM for PTM transmission, and the following observations and proposals are provided:

Observation 1: Supporting RLC AM for PTM will require complicated discussions on solving the following issues:

· How to manage RLX Tx window based on feedback from multiple UEs

· How to manage retransmissions based on feedback from multiple UEs

· How to ensure UE’s and gNB’s RLC windows are in-sync throughout the transmission

· How to synchronize UEs and gNB’s RLC windows when a new UE joins in an ongoing MBS session

· How to avoid unnecessary retransmissions to the UEs which already received the packets successfully 
Observation 2: Solutions alternative to RLC AM support for PTM can offer the same level of reliability at a much lower specification and implementation complexity.
Proposal 1: As the baseline, RAN2 should work on L2 reliability enhancements based on switching to PTP transmission.

Proposal 2: After switching to PTP, RAN2 can consider to retransmit packets missed by the UE in PTM.

Proposal 3: RAN2 to confirm the working assumption that RLC AM is not supported for PTM transmission.
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