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Introduction
Mechanisms to improve reliability for UEs in RRC_CONNECTED was discussed in RAN2#111e and the related agreements are as follows [1]:
	R2 expect that there may be HARQ with feedback (for PTM) and this is specified by R1. 



Meanwhile, RAN1 had discussed this topic with the following conclusions:
	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 group-common PDCCH with CRC scrambled by a common RNTI to schedule a group-common PDSCH, where the scrambling of the group-common PDSCH is based on the same common RNTI.
o   FFS: whether to support UE-specific PDCCH to schedule a PDSCH for MBS.
Agreements:
· For RRC_CONNECTED UEs, define/configure common frequency resource for group-common PDSCH.
· FFS: whether to reuse the BWP framework or not 
· FFS: the relation between the common frequency resource and UE dedicated BWP, e.g., the common frequency resource is a MBS specific BWP, or the common frequency resource is confined within UE’s dedicated BWP, etc. 
· FFS: whether more than one common frequency resource can be configured per UE
Agreements:
· For RRC_CONNECTED UEs, at least support FDM between unicast PDSCH and group-common PDSCH in a slot based on UE capability.
· FFS: TDM or SDM in a slot.
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 




And in the email discussion for [904][MBS] L2 Architecture, there is interim conclusion that RLC AM is not supported for PTM transmission of NR MBS with comment of indicating FFS on this. 
Therefore, based on the progress, in this contribution, we make analysis on the general aspects of reliability improvement for the reception of NR Multicast and Broadcast services based on the existing conclusion, e.g. whether to support RLC-AM or not for PTM and how to enable HARQ feedback for PTM.
Discussion
RLC ARQ
LTE MBMS and SC-PTM did not support any reliability enhancement mechanism, with neither. L1 nor L2 feedback was supported. Therefore, packet loss cannot be recovered, especially the cell edge UEs in poor service quality. 
In NR, to support some services with high reliability requirement, such as public safety and mission critical, V2X applications, RAN1 had 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, 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 high reliability requirement, for example, for MCPTT service with high reliability requirement (99.9999%). Therefore, only HARQ reliability seems to be not sufficient and RLC AM is needed for services requiring high reliability.
Observation 1: only HARQ reliability seems to be not sufficient 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, requiring 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 is huge, we prefer to rely on the PTP link to perform the ARQ feedback and AM retransmission. Of course, there is another cost, i.e., 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 relative smaller.
Proposal 1: it is proposed to rely on the PTP link to perform the ARQ feedback and AM retransmission.
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.
Proposal 2: 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
As discussed in the email discussion for [905][MBS] Connected Mode Mobility with Service Continuity, majority’s view is that PDCP status reporting is needed at least for mobility case. While for PTP and PTM switching, the benefit of PDCP feedback and retransmission mechanism is not so clear. Hence, it is proposed:
Proposal 3: it is proposed to support PDCP feedback and retransmission mechanism at least during handover with service continuity.
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 especially when the radio of NACK UE to ACK UE is small and 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.
An 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 is 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.
Proposal 5. To avoid the confusion in gNB side, it is 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.
Conclusions
In this paper, we clarify the potential scenarios of MBS-MBS mobility and provide our view about lossless HO, the observations listed are below:
Observation 1: only HARQ reliability seems to be not sufficient 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.
Based on the observations, we propose:
Proposal 1: it is proposed to rely on the PTP link to perform the ARQ feedback and AM retransmission.
Proposal 2: 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 3: it is proposed to support PDCP feedback and retransmission mechanism at least during handover with service continuity.
Proposal 4: it is proposed to support NACK-only based feedback in MBS PTM link.
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