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1.	Introduction
This document discusses reliability enhancement of NR multicast. In RAN2-112-e meeting, reliability of NR multicast was discussed and the following working assumption is made. It’s further discussed in a post email discussion ([Post112-e][071][MBS] UP Performance).
	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). 


In RAN2-113-e meeting, it’s further discussed and the following are proposed [1] and Proposal 1 is agreed. The three options of proposal 2 are still on the table. 
	Proposal 1: A1+B1, No L2 ARQ with PDCP anchored PTM – PTP switching shall be supported, at least for the case that both PTM and PTP are RLC-UM.
Proposal 2: Discuss whether to support any of: 
- A1+B1 for PTM RLC-UM + PTP RLC-AM, possibly with some kind of data recovery in the switching procedure. 
- A2+B1 for PTM RLC-UM + PTP RLC-AM
- A3+B2(+B1) For PTM RLC-AM + PTP RLC-AM

A1. No L2 ARQ for PTM
A2. L2 ARQ by PDCP for PTM 
A3. L2 ARQ by RLC-AM for PTM
B1. PDCP anchored PTM/PTP switch
B2. RLC anchored PTM/PTP Switch


A summary of AI 8.1.2.1 was submitted in RAN2-113bis-e meeting, where the essential technical issues of each option brought up by the companies are summarized and it is proposed to verify whether those issues are real issues [2]. The essential technical issues are about functionality that may need to be supported in each option.
	Proposal 1. RAN2 discuss and verify essential issues for each option based on the summarized issues in Section 2.1.
· Option 1 - A1+B1 for PTM RLC-UM + PTP RLC-AM
· PDCP data recovery
· PDCP status report
· Option 2 - A2+B1 for PTM RLC-UM + PTP RLC-AM
· PDCP status report
· PDCP PDU retransmission
· Option 3 - A3+B2(+B1) For PTM RLC-AM + PTP RLC-AM
· Reception window maintenance with two logical channels
· RLC UM for PTM for PTM/PTP dynamic switch
· RLC SDU segmentation for UEs in PTP
· gNB PTM RLC Tx window handling
Proposal 2. RAN2 discuss and verify issues summarized in Section 2.2 after selecting option(s) for L2 reliability.


In RAN2-113bis-e meeting, the following is agreed.
	For a given UE, if the MRB’s QoS requirements are not met via PTM, switching to PTP with RLC-AM shall be supported.


This document discusses the above-mentioned three options and whether those issues described in the MBS reliability summary report of RAN2-113bis-e meeting are essential things which need to be supported in each option.

2.	Discussion
Option 1 - A1+B1 for PTM RLC-UM + PTP RLC-AM
In option 1, reliability is handled by L1, and switching from PTM to PTP if the reliability requirement is not met by PTM. It has been commonly understood that switching to PTP (with RLC-AM) is used when MRB’s QoS requirement is not met via PTM. The following is agreed in RAN2-113bis-e meeting.
	For a given UE, if the MRB’s QoS requirements are not met via PTM, switching to PTP with RLC-AM shall be supported.


We think that when for a given UE it’s hard to meet the required service quality via PTM delivery method in a poor channel condition, the MRB can be switched to PTP delivery method to satisfy the required service quality. Since the PTM leg and the PTP leg are associated to the common PDCP, continuity of MBS packet transmissions at PTM/PTP switching can be supported. When a PTM/PTP switch is decided at PDCP SN=N, the PDCP transmitting entity can transmit next packets of SN > N via the target leg. In addition, gNB decides whether to transmit MBS data via PTM leg or PTP leg. When gNB decides switching to PTP timely for a given UE, reliability can be enhanced by switching from PTM to PTP. Basically, it is up to gNB implementation to decide when to switch to PTP for reliability.
Observation 1. For option 1, it is up to gNB implementation to decide when to switch to PTP for reliability.
Regarding data recovery and PDCP status report at PTM/PTP switch for option 1, packet losses which happened before PTM/PTP switching can be recovered by data recovery and PDCP status report can support gNB switch decision. They may contribute to improve reliability. Also, duplicated transmission after the switching can be prevented by data recovery and PDCP status report. So, they may be beneficial for reliability enhancement. However, they does not seem essential things to be supported. Without data recovery and PDCP status report, gNB can decide when to switch to PTP. The decision may be based on link quality information or HARQ feedback if applicable.
Proposal 1. For option 1, data recovery and PDCP status report are optimizations rather than essential things.
Option 2 - A2+B1 for PTM RLC-UM + PTP RLC-AM
In option 2, reliability of MRB is enhanced by PDCP based ARQ for PTM. The PDCP entity detects which packets are lost on the PTM leg and send PDCP status report to inform packet losses to the network via the PTP leg. The PTP leg can be considered as a supplementary leg for PDCP status reporting and retransmission. Since PDCP status reporting informs packet losses to the network, it is essential to support option 2.
Proposal 2. For option 2, PDCP status report is essential one to be supported.
In the current specs, PDCP status report is triggered by upper layer requests, for example, for a PDCP re-establishment, a PDCP data recovery and an uplink data switching. Therefore, new triggers for PDCP status report is required to indicate packet losses on the PTM legs to the network. We think that a PDCP status report can be triggered based on a new timer and UE can determine whether to send the PDCP status report or not when no missing packet is included in the PDCP status report.
An issue related to PDCP status report is pointed out for option 2. When t-reordering timer expiry is used as a trigger for PDCP status report, there is a need of modified window management similar to RLC AM to prevent loss of PDCP PDUs because RX_DELIV is updated to the COUNT value of the first PDCP SDU which has not been delivered to upper layers at t-reordering timer expiry with COUNT value >= RX_REORD and any retransmission of missing PDCP PDU would fall out of reception buffer. If t-reordering timer is not a trigger of PDCP status report, the issue does not happen. Instead of t-reordering timer, a new timer can be considered for status report if a timer-based trigger is preferred. The value of the new timer needs to be configured with smaller value than that of t-reordering timer. In other words, the value of t-reordering timer should consider the required number of retransmissions of a missing packet.
Observation 2. For option 2, t-reordering timer is not considered as a new trigger of PDCP status report.
Observation 3. For option 2, a new timer needs to be introduced for status report if a timer-based trigger of PDCP status report is considered.
Considering characteristics of multicasting delivery, L2 ARQ for PTM cannot guarantee lossless delivery. It is the same for both PDCP based ARQ and RLC based ARQ. So, PDCP ARQ for PTM need not to consider reflecting the whole RLC-AM functionality. It would be better that PDCP based ARQ is not targeting lossless delivery and it would be better to adopt as simple function as possible.
Regarding retransmission, PDCP PDU is retransmitted at PDCP data recovery according to the current specification. The PDCP data recovery is supported for AM DRBs. The transmitting PDCP entity shall perform retransmission of all the PDCP Data PDUs previously submitted to re-established or released AM RLC entities when upper layers request a PDCP data recovery for an AM DRB. For option 2, PDCP PDU retransmission should be triggered for PDCP based ARQ by PDCP status report though it is implemented in gNB side. 
Proposal 3. For option 2, PDCP PDU retransmission is essential one to be supported.
Option 3 - A3+B2(+B1) For PTM RLC-AM + PTP RLC-AM
In option 3, reliability of MRB is enhanced by RLC based ARQ for PTM. For option 3, a single RLC entity is suggested for PTM RLC AM reception. The single RLC entity needs a supplementary uplink path for RLC status report and retransmission. It has additional logical channels for PTP transmission. So, the RLC entity has two logical channels: one is for PTM transmission and the other is for PTP transmission. For option 3, it is essential things that PTM RLC entity has two legs and needs to maintain reception window with two logical channels. 
Proposal 4. For option 3, PTM RLC entity has two logical channels. The structure and reception window maintenance with two logical channels are essential ones to be supported.
Regarding RLC UM for PTM for PTM/PTP dynamic switch, it is also commonly understood that PTM RLC UM is not supported for PTM/PTP switching when RLC anchored switch is used. Therefore, that is supported by PDCP anchored switch. It means that both RLC anchored structure and PDCP anchored structure are required for option 3.
Observation 4. For option 3, PTM RLC UM for PTM/PTP dynamic switch is not supported by RLC anchored structure, but by PDCP anchored structure. So, both RLC anchored structure and PDCP anchored structure need to be supported.
Proposal 5. For option 3, RLC UM for PTM for PTM/PTP dynamic switch is not essential one to be supported.
RLC SDU segmentation is a clear technical advantage of RLC AM for PTM in terms of resource efficiency if it is easily supported in RLC AM for PTM. However, RLC segmentations for different UEs may be different even for the same MBS packet in retransmission using PTP transmissions. It means that on the network side separate tx RLC buffer managements and separate RLC tx operations are required for logical channels of PTP transmission for different UEs. For efficient retransmission of segments, separate handling of RLC status reports may be required for each PTP transmission. In a single RLC entity for RLC AM for PTM, separate RLC operations are required for logical channels for different UEs on the network side. 
Observation 5. For option 3, due to different RLC segmentations for different UEs separate tx RLC buffer managements and separate RLC operations are required for logical channels for different UEs in retransmission using PTP.
Proposal 6. For option 3, RLC SDU segmentation is essential one to be supported.
Regarding gNB PTM RLC Tx window handling, gNB should be able to handle RLC Tx window movement based on feedback from multiple multicast UEs’ RLC status reports. A UE in bad radio condition may result in PTM RLC Tx Window stall. Because of that, the left edge of Tx window (gNB) and the left edge of Rx window of some UEs who are usually in poor channel conditions are sometimes forced to be moved forward without successful reception for avoiding PTM RLC Tx Window stall. So, gNB PTM RLC Tx window handling and the corresponding UE Rx RLC window handling are essential ones to be supported.
Proposal 7. For option 3, gNB PTM RLC Tx window handling and the corresponding UE Rx RLC window handling for avoiding PTM RLC Tx Window stall are essential ones to be supported.
Concluding remarks on essential issues related to three options for L2 reliability
Based on the above-mentioned discussions, we think that option 1 is mandatorily required because L2 ARQ for PTM cannot always guarantee high reliability, MBS traffic can be served by PTP with RLC AM after switching to PTP, and options of L2 ARQ for PTM also consider switching to PTP for the UE which is in a bad channel condition.
Proposal 8. Option 1 is mandatorily supported.
If many companies support the need of L2 ARQ for PTM, we think that it is intended to get more chances to use PTM for resource efficiency. Based on that L2 ARQ for PTM cannot always guarantee high reliability, L2 ARQ for PTM needs not to target lossless delivery and L2 ARQ for PTM needs not to consider reflecting the whole RLC-AM functionality. Therefore, uplink feedback and retransmission mechanism can be simpler than RLC AM ARQ.
Based on the above-mentioned discussions, option 2 can realize L2 ARQ for PTM with a timer-based trigger of PDCP status report and retransmission at PDCP layer on top of a PDCP anchored structure. On the other hand, option 3 implements L2 ARQ for PTM based on RLC AM ARQ and modifies those functionalities to be matched with characteristics of multicast delivery. Furthermore, option 3 makes the overall structure heavy. For example, a PTM RLC entity of option 3 needs to have two logical channels and option 3 requires both RLC anchored structure and PDCP anchored structure. So, we tend to support option3, but we do not support option 3.
Proposal 9. Option 2 is supported.
Proposal 10. Option 3 is not supported.
Other issues
Most of other issues are related to optimization and enhancements to Layer 2 reliability. Additionally, some of issues are related to HARQ, CA duplication, transition to RRC_IDLE by DataInactivityTimer expiry during MBS service. The MBS reliability discussion is related to the basic MBS structure and architecture. So, we think that it would be better to discuss other issues based on the decision on option(s) for L2 reliability. 
Proposal 11. Other issues in summary report of MBS reliability in RAN2-113bis-e meeting are to be discussed after selecting option(s) for L2 reliability.
3.	Conclusion
In this contribution, we have discussed reliability improvement and UL feedback in NR multicast focusing on three options for L2 reliability.
Observation 1. For option 1, it is up to gNB implementation to decide when to switch to PTP for reliability.
Proposal 1. For option 1, data recovery and PDCP status report are optimizations rather than essential things.
Proposal 2. For option 2, PDCP status report is essential one to be supported.
Observation 2. For option 2, t-reordering timer is not considered as a new trigger of PDCP status report.
Observation 3. For option 2, a new timer needs to be introduced for status report if a timer-based trigger of PDCP status report is considered.
Proposal 3. For option 2, PDCP PDU retransmission is essential one to be supported.
Proposal 4. For option 3, PTM RLC entity has two logical channels. The structure and reception window maintenance with two logical channels are essential ones to be supported.
Observation 4. For option 3, PTM RLC UM for PTM/PTP dynamic switch is not supported by RLC anchored structure, but by PDCP anchored structure. So, both RLC anchored structure and PDCP anchored structure need to be supported.
Proposal 5. For option 3, RLC UM for PTM for PTM/PTP dynamic switch is not essential one to be supported.
Observation 5. For option 3, due to different RLC segmentations for different UEs separate tx RLC buffer managements and separate RLC operations are required for logical channels for different UEs in retransmission using PTP.
Proposal 6. For option 3, RLC SDU segmentation is essential one to be supported.
Proposal 7. For option 3, gNB PTM RLC Tx window handling and the corresponding UE Rx RLC window handling for avoiding PTM RLC Tx Window stall are essential ones to be supported.
Proposal 8. Option 1 is mandatorily supported.
Proposal 9. Option 2 is supported.
Proposal 10. Option 3 is not supported.
Proposal 11. Other issues in summary report of MBS reliability in RAN2-113bis-e meeting are to be discussed after selecting option(s) for L2 reliability.
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