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Introduction
In RAN2 #111-e meeting, reliability was discussed with several options, following was agreed:
Agreements:
R2 expect that there may be HARQ with feedback (for PTM) and this is specified by R1.
Moreover, following was agreed as in RAN1 #102-e meeting well:
	Agreement:
For RRC_CONNECTED UEs, HARQ-ACK feedback is supported for multicast and no additional evaluation is needed to justify this.
	o FFS: The detailed HARQ-ACK feedback solutions, e.g., ACK/NACK based, NACK-only based.
	o FFS: HARQ-ACK feedback can be optionally disabled and/or enabled.


In this contribution, we first analyzed the reliability requirement of MBS services, and then discuss the remaining issues of MBS service reliability, including RLC AM, PDCP layer reliability enhancement, etc. 
Discussion
MBS service Reliability Analysis
In RP-201038 [1] described that in this WI, it is aimed to provide the support in RAN for Objective A in the SA2 SI, including (but are not limited to) use cases such as public safety and mission critical, V2X applications, transparent IPv4/IPv6 multicast delivery, IPTV, software delivery over wireless, group communications and IoT applications, etc. In following discussion, we mainly focus on the reliability requirement analysis for key use cases in MBS.
Public safety and mission critical information requires a maximum packet error rate around 10-2 to 10-6 for user plane and delay sensitive signaling information. 
V2X application is one of the key use cases for MBS. As described in TS22.186 [2], the 3GPP system shall be able to control the UL and DL reliability of transport of V2X communications, depending on the requirement of V2X application. There’s no doubt that MBS service to V2X application should also meet V2X application requirement (max end-to-end latency, reliability, etc). Most V2X applications requires high reliability around 99.999%. 
For IOT use cases, in TR38.825 the reliability targets from 99,99% (i.e. 1e-4) to 99,9999% (i.e. 1e-6).In TR 38.825 clause 6.2.2.3 for Rel-16 IIoT/URLLC, RAN1 concludes the following “For the cases where the one-way latency target can be achieved, it was observed that the reliability target of 1e-4 to 1e-6 can be achieved with Rel-15 NR for the 5%-ile SINR geometry (e.g. cell-edge UE) in use case I based on the agreed methodology and assumptions from RAN1#95 (without PDCP duplication).”

But one thing to note is that the evaluation in RAN1 IIoT/URLLC is to meet high reliability and low latency simultaneously for small packet size (50 bytes). This is at the cost of radio efficiency. For MBS discussion, if the service of high reliability does not require low latency, using RLC AM can be more radio efficient.
Observation 1: [bookmark: _Ref54192537]For MBS service, L1 mechanism with appropriate spectrum efficiency may not meet reliability requirement for MBS use cases, and thus, L2 methods (such as RLC AM, etc) should be considered to enhance MBS reliability. 
As analysed in the companion contribution [3], high reliability multicast service requires UE in RRC_CONNECTED state, while low reliability multicast service and broadcast service can be received in both RRC_CONNCTED and RRC_IDLE/INACTIVE. Hence, in following discussion, we mainly focus on L2 reliability enhancement for RRC_CONNCTED UEs receiving high reliability MBS services.
HARQ
As mentioned in previous introduction, RAN1 agreed to support HARQ for RRC_CONNCTED UEs. However, it is also possible for RRC_IDLE/INACTIVE UEs to feedback NACK via a common PUCCH resource set. RAN1 can further study and discuss the details of HARQ supporting to both RRC_CONNCTED and RRC_IDLE/INACTIVE UEs.
Observation 2: [bookmark: _Ref54192543]Whether HARQ supporting for RRC_IDLE/INACTIVE UEs needs to wait RAN1 discussion.
RLC AM for MBS
For a certain MBS service received in RAN via the shared transport delivery, RAN should adopt the same RLC mode no matter the service is transmitted via PTP or PTM. In this case, if AM is supported in PTP, it should also be supported in PTM.
Besides, as agreed in RAN2 #111-e meeting:
	Agreement:
Requirements for lossless mobility are TBD. Assume for now that R2 will anyway discuss service continuity functionality for low or no data loss. 


Hence, in order to meet high reliability (e.g. 99.9999%) for RRC_CONNECTED UEs and achieve low or no data loss in mobility. We here propose AM should be supported for both PTP and PTM in MBS.
Proposal 1: [bookmark: _Ref54192548]For high reliability services that are based on UEs in connected mode, RLC AM should be supported for both PTP and PTM in MBS.
For PTP MBS reception, RLC AM can be modelled as unicast RLC AM at the UE. At gNB side, it maintains separate RLC transmission and receiving window to each RRC_CONNECTED UE. Each UE independently reports its own status PDU based on the receiving ACK/NACK of its own. If NACK is reported from certain UEs, RAN performs packet retransmission to the target UE via C-RNTI.


[bookmark: _Ref54190343]Figure 1. RLC AM modeling for PTM
For PTM MBS service, one MBS bearer is transmitted to multiple UEs who are receiving MBS service. In this case, gNB should maintain a shared transmission window, recording the aggregated data transmission status (RLC ACK or NACK) of all RRC_CONNCTED UEs within this MBS bearer. Each UE receives MBS service in PTM, and reports status PDU independently triggered by UL grant in PTP.As shown in Figure 1 a), if all UEs in PTM sends ACK in status PDU back to RAN after a certain UE receives its own UL grant, gNB can mark this RLC SDU as ACK. For NACK status reporting, retransmission can use either PTM or PTP, a threshold at gNB of received NACK numbers can be considered set by implementation. If the number of received NACK is smaller than the threshold, gNB retransmits NACK packets to dedicated UE in PTP depending on its own status report, as shown in Figure 1 b). If multiple UEs (larger than threshold) in this MBS bearer reported NACKs, as shown in Figure 1 c), gNB receives status reports from all UEs and aggregates the union set of NACK SNs or segments, then retransmits those packets to all UEs in PTM. For those UEs who have received this retransmission RLC SDU or segments before, it can discard the duplicated bytes. This procedure is transparent to UEs, and status report aggregation and retransmission at RAN can be done by implementation, no extra specification effort is needed.
Proposal 2: [bookmark: _Ref54192563]For high reliability services that are based on UEs in connected mode, retransmission in RLC AM for a PTM service can use either PTP or PTM mode of transmission.
PDCP Reliability Consideration for MBS
In PDCP layer, PDCP duplication can be used to enhance service reliability by sending duplicated packets to receiver. In Release 16, PDCP duplication is supported for IOT services, as it requires a much shorter latency comparing with other MBS services, e.g. V2X applications have their end-to-end latency around 10ms to 500ms [2], MCPTT allows 75ms packet delay budget [6]. Comparing with IOT services, MBS services have large amount of data need to be transmitted to UE without any critical latency requirement. Moreover, as proposed in [3], PTP and PTM share the same RLC entity, PDCP duplication hence is not needed. 
Proposal 3: [bookmark: _Ref54192568]PDCP duplication is not needed for MBS.
For other reliability during service switching between PTP and PTM (including mobility), lossless switching is discussed in other two companion contributions [4][5]. 
Conclusion
In this contribution, we discuss the remaining issues of L2 functions (RLC AM, PDCP) to support reliability requirement for MBS. We also analyzed how RLC AM can be supported in PTM. 
We have the following observations and proposals:
Observation 1: For MBS service, L1 mechanism with appropriate spectrum efficiency may not meet reliability requirement for MBS use cases, and thus, L2 methods (such as RLC AM, etc) should be considered to enhance MBS reliability.
Observation 2: Whether HARQ supporting for RRC_IDLE/INACTIVE UEs needs to wait RAN1 discussion.
Proposal 1: For high reliability services that are based on UEs in connected mode, RLC AM should be supported for both PTP and PTM in MBS.
[bookmark: _GoBack]Proposal 2: For high reliability services that are based on UEs in connected mode, retransmission in RLC AM for a PTM service can use either PTP or PTM mode of transmission.
Proposal 3: PDCP duplication is not needed for MBS.
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