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Introduction
In RAN2#112e meeting, general reliability enhancement for MBS, especially whether RLC AM mode could be supported for PTM was discussed, and initial working assumption was made as follows:
Chairman: Think that most other functions is not dependent on RLC-AM. Furthermore the scope of the WI is a bit large for the TU allocation, Understand similar to Ericsson that reliability can be achieved with mechanisms other than RLC-AM for PTM (but the cost wrt resource usage may be different dep on mechanism). Suggest to assume for now that RLC-AM is not supported for PTM. If it is shown to be needed it can be added, i.e. this can be revisited.
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). 
Considering there’re still different opinions on this issue, an offline email discussion was proposed to make progress on the reliability issue, focusing on the role of PTM vs PTP to achieve expecting UP performance, performance requirements and possible ways to achieve the requirements.
Base on the agreements and questions discussed in the email discussion, we provide our view on the MBS reliability requirements and potential mechanisms.
Discussion
Reliability Requirements
In the email discussion [Post112-e][071][MBS] UP Performance, questions related to MBS reliability requirements are discussed, and the interim conclusion mainly includes that MBS reliability requirements are derived based on the QoS reliability requirements, no matter MRB or DRB is used for MBS data delivery. And it could be observed from the discussion that, majority of the companies share the view that only L1 feedback is not enough for multicast service that requiring high reliability and delay tolerant, and some L2 re-transmission mechanism could be considered, such as RLC re-transmission and PDCP re-transmission based on PDCP status report.
We agree with the rapporteur’s summary that the reliability for a specific service should be the same, no matter DRB or MRB (PTP or PTM) is used. Also we have another discussion topic of dynamic PTP and PTM switching for better performance. But in our opinion, even though, it does not mean PTM transmission should be used alone in all cases, considering the potential shortcomings of PTM transmission.In other words, for specific reliability requirements, it could be achieved by PTP only, PTM only or PTM and PTP together. In RAN2 #112e, we defined two delivery modes classified by QoS requirements, and for delivery mode 1 with high reliability requirements, we also need to consider different reliability enhancements mechanisms case by case, at least based different reliability requirements levels.
Proposal 1: PTM transmission should not be used alone in all cases.
Reliability Enhancement Mechanisms
As summarized in the email discussion, both RLC re-transmission and PDCP re-transmission could be considered as L2 reliability enhancement mechanisms, so we analysis these mechanisms in this section.
RLC ARQ
LTE MBMS and SC-PTM did not support any reliability enhancement mechanism, where neither L1 nor L2 feedback was supported. Therefore, packet loss cannot be recovered, especially for UEs at the cell edgewith poor radio link quality. 
In NR, to support service with high reliability requirement, such as public safety and mission critical, V2X applications, RAN1 has agreed that for RRC_CONNECTED UEs, HARQ-ACK feedback is supported for multicast and at least support slot-level repetition is supported for group-common PDSCH. Then, the question is whether the L2 feedback and re-transmission are still needed. As specified in TS 38.104 clause 11.3.2.3.1.2, NACK to ACK probability is around 0.1%, which means the HARQ reliability is up to 99.9%. Meanwhile, some services in 5G requires quite high reliability, for example, for MCPTT service with high reliability requirement (99.9999%). Therefore, only HARQ reliability seems to be insufficient and RLC AM is needed for services requiring high reliability.
Observation 1: Only HARQ reliability seems insufficient and RLC AM is needed for services requiring high reliability.
Hence, based on this observation, we can derive a conclusion that the RLC AM for MRB is needed. Then the following question is how to support the RLC AM, for PTP or PTM, or both.
In Unicast, RLC in AM mode has an L2 ARQ feedback and retransmission mechanism, which requires a bi-directional radio bearer structure and RLC status report from the receiver side to indicate the packet reception status to the transmitter side. Based on the ARQ feedback, RLC AM guarantees 100% successful delivery. A drawback of RLC AM is relatively long recovery time due to RLC RTT covering the period for HARQ transmission and possible re-transmission. Regarding RLC AM for PTM, different UE receiving the same MBS data via PTM need feedback different status PDU indicating different subset of its RLC packets NACK, which requires a bi-directional radio bearer. In addition to the ARQ feedback, AM retransmission for individual UE also needs to be performed in PTM link.
Observation 2: considering different UE receiving the same MBS data via PTM need feedback different status PDU, requiring a bi-directional radio bearer, and AM retransmission for individual UE also needs, the complexity and overhead of RLC AM for PTM link is huge.
Considering the complexity and overhead of is huge, we prefer to rely on the PTP link to perform the ARQ feedback and AM retransmission. Of course, the cost is a complementary PTP link with RLC in AM mode need to be established for every UE with high reliability requirement configured by network, for the transmission of RLC status report and the ARQ re-transmission. But comparing to the PTM in AM mode, this complexity and overhead is acceptable. And in the RAN2#112e online discussion, majority of the companies share similar view. Furthermore, as chairman mentioned, the scope of the WI is a bit large for the TU allocation, so it is suggested to assume for now that RLC-AM is not supported for PTM.
Observation 3: Majority of the companies do not support RLC-AM for PTM.
Proposal 2: It is proposed to rely on the PTP link to perform the ARQ feedback and AM retransmission, and AM mode for PTM leg does not need to be supported.
Alternatively, MBS packet duplication in both PTM and PTP in RLC UM and MBS packet repetition in only PTM in RLC UM as agreed in RAN1 can meet the goal of high reliability requirement configured by network, for the transmission of RLC status report and the ARQ re-transmission as well. And the transmission selection is up to network implementation.
[bookmark: _Hlk61385203]Proposal 3: it is proposed that the transmission selection is up to network implementation, including: 
· PTM with a complementary PTP in AM RLC,
· MBS packet duplication in both PTM and PTP in RLC UM, or
· MBS packet repetition in only PTM in RLC UM. 
PDCP Feedback
In last meeting, it was agreed that from UE side, PDCP status report may be supported as well, and this aims at HO scenario, which could trigger the re-transmission and is helpful for the service continuity. Therefore, we could consider to support PDCP status report in other scenarios more than HO as a reliability enhancement mechanism.
[bookmark: _Hlk61385244]Proposal 4: RAN2 is kindly asked to consider support PDCP status report in other scenarios more than HO as a reliability enhancement mechanism.
HARQ Feedback
As agreed in RAN1, HARQ retransmission based on L1 feedback is required to support for both PTM and PTP. However, the detailed HARQ-ACK feedback solutions, e.g., ACK/NACK based, NACK-only based is still FFS. 
Regarding NACK-only based feedback, it is helpful to reduce the reporting resource cost and it is applied for NR V2X. Hence, in our understanding, it is applied to PTM mode in MBS as well. 
Proposal 4: it is proposed to support NACK-only based feedback in MBS PTM link.
Another important aspect is how the gNB can identify which UE reporting a special HARQ feedback and can be aware of the destination of the data retransmission with the NACK feedback.
As we know, a typical unicast PDSCH is associated with the corresponding UL ACK/NACK feedback. Generally, the transmission timing of PUCCH resource for ACK/NACK feedback is linked to the receiving time point of DL PDSCH resource. Regarding the PDCCH based group PDSCH in PTM link, all UEs in the MBS group received a same data conveyed in the same PDSCH scrambled by G-RNTI, which means the receiving time point of DL PDSCH resource is same. Hence, they will send feedback on the same PUCCH resource linked to the PDCCH used for group PDSCH scheduling, which will incur confusion in gNB side. Therefore, it requires a kind of UE-specific offset of the transmission resource in the time domain in PUCCH relative to a PDSCH sent in a PTM manner information, which can be indicated in explicit RRC signaling or derived by the UE through UE’s ID.
Proposal 5: To avoid the confusion in gNB side, it requires a kind of UE-specific offset of the transmission resource in the time domain in PUCCH relative to a PDSCH sent in a PTM manner information, which can be indicated in explicit RRC signalling or derived by the UE through UE’s ID.
Since there are several mechanisms for reliability enhancement, it could be a network implementation how to combine these mechanisms considering different reliability requirements. 
Conclusions
In this paper, we provide our view on MBS reliability requirements issues and analysis possible reliability mechanisms. Our observations and proposals are listed below:
Observation 1: Only HARQ reliability seems insufficient and RLC AM is needed for services requiring high reliability.
Observation 2: considering different UE receiving the same MBS data via PTM need feedback different status PDU, requiring a bi-directional radio bearer, and AM retransmission for individual UE also needs, the complexity and overhead of RLC AM for PTM link is huge.
Observation 3: Majority of the companies do not support RLC-AM for PTM.
Proposal 1: PTM transmission should not be used alone in all cases.
Proposal 2: It is proposed to rely on the PTP link to perform the ARQ feedback and AM retransmission, and AM mode for PTM leg does not need to be supported.
Proposal 3: it is proposed that the transmission selection is up to network implementation, including: 
•	PTM with a complementary PTP in AM RLC,
•	MBS packet duplication in both PTM and PTP in RLC UM, or
•	MBS packet repetition in only PTM in RLC UM.
Proposal 4: RAN2 is kindly asked to consider support PDCP status report in other scenarios more than HO as a reliability enhancement mechanism.
Proposal 5: To avoid the confusion in gNB side, it requires a kind of UE-specific offset of the transmission resource in the time domain in PUCCH relative to a PDSCH sent in a PTM manner information, which can be indicated in explicit RRC signalling or derived by the UE through UE’s ID.
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