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1.	Introduction
This document discusses reliability improvement and UL feedback, which is an objective of NR multicast WI as shown in the below box [1]. 
	
…
· Specify required changes to improve reliability of Broadcast/Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application/service provided.[RAN1, RAN2]
…



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 [2] and Proposal 1 is agreed as for the case that both PTM and PTP are RLC-UM, configuration with No L2 ARQ and with PDCP anchored PTM – PTP switching shall be supported (e.g. for services that would typically be configured with RLC UM for unicast).
	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




2.	Discussion
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 or in a mobility situation, the MRB can be switched to PTP delivery method to satisfy the required service quality. For reliability improvement and uplink feedback of PTM delivery method, it is considered to support HARQ retransmission by RAN1. If L2 retransmission is considered for further improvement, the MRB architecture for dynamic PTM/PTP switch can be also used for improving reliability of PTM delivery method as shown in below figure.


Figure 1 MRB architecture for improving reliability of PTM delivery method
The PTP leg can be considered as a supplementary leg for UL feedback and retransmission. The supplementary PTP leg provides uplink path for UL feedback. The RLC entity for the PTM leg is configured with UM mode. We assume that PTM delivery method provides unidirectional transmission from gNB to UE only. Use of G-RNTI and RLC UM mode is well-aligned with unidirectional transmission of PTM delivery method. On the other hand, the RLC entity for the PTP leg can be configured with either UM mode or AM mode.
It is already agreed in RAN2-112-e meeting that the following PDCP functions are supported for NR MBS: reordering, in-order delivery, transfer data, maintenance of PDCP SNs, duplicate discarding. We think the PDCP entity for NR MBS already has essential functions for reliability such as packet loss detection, status reporting, retransmission and handling of duplication. Also, enhancements for dynamic PTM/PTP switch with service continuity can be re-used for reliability.
Proposal 1. MRB structure for dynamic PTM/PTP switch (i.e. a PDCP with both PTM leg and PTP leg) can be used for L2 retransmission and reliability.
Proposal 2. A PTM leg is configured with RLC UM only.

The PDCP entity can detects which packets are lost on the PTM leg and send uplink feedback of packet losses via the PTP leg. Although uplink path for uplink feedback transmission is not be provided in PTM leg, it is possible to send uplink feedback related to the PTM leg via the uplink path of the corresponding PTP leg. Retransmission can be performed, based on UL feedback, via PTM leg or PTP leg.
Proposal 3. A PDCP entity can detect packet loss of the PTM leg and send uplink feedback of the packet loss information via the PTP leg.

We think that the existing PDCP status report can be considered for uplink feedback of the packet loss. The PDCP status report can be triggered based on a timer like LTE LWA status report and the UE can determine whether to send the PDCP status report or not when no missing packet is included in the PDCP status report. For a given UE in a poor channel, loss rate of PTM leg can be very high. However, the PTM transmission should progress for other UEs receiving MBS data well, and new PDUs of increased SNs are delivered over the PTM leg. So, packet loss recovery may not be possible in a certain situation because of limit of PDCP Rx window size. Although we think it’s not often, lossless transmission cannot be guaranteed for PTM transmission in the strict sense. PDCP status report and retransmission is a way to enhance reliability of PTM transmission. For a reliable transmission, PTP transmission with RLC AM should be considered.
Proposal 4. For PTM transmission, the existing PDCP status report can be considered for uplink feedback of the packet loss.
Proposal 5. For PTM transmission, a PDCP status report can be triggered based on a timer like LTE LWA status report.
Proposal 6. For PTM transmission, UE can determine whether to send the PDCP status report or not when no missing packet is included in the PDCP status report.

For reliability improvement of PTM delivery method, the above-mentioned PDCP feedback and retransmission is preferred. We do not consider support of RLC AM mode for PTM delivery method.
In case of PTM delivery method, a single copy of MBS packets is delivered over radio to a set of UEs which are in various channel condition. When RLC-AM for PTM is considered, some UEs in poor radio channel still wait for retransmission of old packets while other UEs in good radio channel wait for new packets. There may be big differences between SNs of packets that UEs want to receive. The problem called as “stalling of the PTM RLC AM Tx Window lower edge movement” is introduced [3]. 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 the problem. It means that RLC AM for PTM allows packet losses for some UEs which may be in poor channel. It cannot be as reliable as the expected or it cannot be as reliable as RLC AM for PTP of MRB or RLC AM for DRB.
Observation 1. RLC AM for PTM is not as reliable as RLC AM for PTP because of forced Tx/Rx window adjustment without successful reception to avoid the problem of stalling of the PTM RLC AM Tx Window lower edge movement.

3.	Conclusion
In this contribution, we have discussed reliability improvement and UL feedback in NR multicast.
Proposal 1. MRB structure for dynamic PTM/PTP switch (i.e. a PDCP with both PTM leg and PTP leg) can be used for L2 retransmission and reliability.
Proposal 2. A PTM leg is configured with RLC UM only.
Proposal 3. A PDCP entity can detect packet loss of the PTM leg and send uplink feedback of the packet loss information via the PTP leg.
Proposal 4. For PTM transmission, the existing PDCP status report can be considered for uplink feedback of the packet loss.
Proposal 5. For PTM transmission, a PDCP status report can be triggered based on a timer like LTE LWA status report.
Proposal 6. For PTM transmission, UE can determine whether to send the PDCP status report or not when no missing packet is included in the PDCP status report.
[bookmark: _GoBack]Observation 1. RLC AM for PTM is not as reliable as RLC AM for PTP because of forced Tx/Rx window adjustment without successful reception to avoid the problem of stalling of the PTM RLC AM Tx Window lower edge movement.
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