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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). 



2.	Discussion
For an MRB which is associated to an MBS session we think that PTP delivery method is more focused on best service quality (e.g. reliability) than PTM delivery method, and PTM delivery method is more focused on resource efficiency than PTP delivery method. When 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 by dynamic PTM/PTP switching.
In NR multicast, dynamic PTM/PTP switch is considered to be supported. In RAN2-111-e meeting, it’s agreed that for a UE, gNB dynamically decides whether to deliver multicast data by PTM or PTP (Shared delivery). In RAN2-112-e meeting, it’s agreed that RLC AM is supported for PTP transmission of NR MBS. RLC AM for PTP transmission of MRB is expected to be same with RLC AM for DRB. Therefore, when a UE is expected not to meet the reliability requirement of an MBS service via PTM, it can be switched to PTP delivery method for reliability.
Proposal 1. Dynamic PTM/PTP switching can be used for reliability. An MRB can be switched to PTP delivery method for reliability.
In the email discussion [Post111-e][904][MBS] L2 Architecture, most companies proposed to have a common PDCP for MRB, that acts as the anchor for dynamic PTM/PTP switch and it is proposed that L2 architecture with one PDCP entity associating with two RLC entities is used as baseline for further discussion on dynamic switch between PTM/PTP. We assume that MRB architecture for dynamic PTM/PTP switch has one PDCP entity associating with two RLC entities for a PTM leg and a PTP leg, respectively as shown in the below figure.


Figure 1 MRB architecture for dynamic PTM/PTP switch
The MRB architecture for dynamic PTM/PTP switch also can be beneficial for reliable transmission when an MBS session is transmitted by PTM mode. For example, we can consider re-transmission using the PTP leg for improving reliability of PTM delivery method. The PTP leg is able to provide the re-transmission considering the radio link of each individual UE.
PTP delivery method can be chosen for an MRB, or delivery method of an MRB can be switched to PTP delivery method by dynamic PTM/PTP switch or the PTP leg of an MRB can be used for re-transmission of the PTM leg. If the PTP leg is configured with RLC AM, we can expect reliable reception.
Proposal 2. Reliable reception can be supported only when a PTP leg is configured with RLC AM.

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 2 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.
In RAN2-112-e meeting, it is agreed 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 if useful.
Proposal 3. 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 4. 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 5. 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 firstly assumed that an RLC entity for PTM delivery method is configured with RLC UM. PTM delivery method is assumed to provide unidirectional transmission from gNB to UE only. It is well-aligned with that G-RNTI is used for PTM delivery method, which is shared with a set of UEs. 
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.
When RLC-AM for PTM is considered, we understand that the RLC entity of the PTM leg performs the required functions and the RLC entity of the PTP leg is not involved in operation of RLC-AM for PTM. The RLC entity of PTM leg needs to have both downlink path and uplink path. The RLC entity of PTM leg has the second logical channel [2]. 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. So, 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 is called as “stalling of the PTM RLC AM Tx Window lower edge movement” and analyzed well in [3]. Because of that, the left edge of Tx window (gNB) and the left edge of Rx window (UE) are sometimes forced to move without successful reception for making RLC AM for PTM work and avoiding the problem. It means that RLC AM for PTM allows packet losses. So, 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. Furthermore, the reliability level achieved by RLC AM for PTM does not seem different with that by PDCP retransmission. We think that RLC AM for PTM get complicated, but it cannot achieve the expected reliability level.
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.
Proposal 6. Confirm that RLC-AM for PTM is not supported.

3.	Conclusion
In this contribution, we have discussed reliability improvement and UL feedback in NR multicast.
Proposal 1. Dynamic PTM/PTP switching can be used for reliability. An MRB can be switched to PTP delivery method for reliability.
Proposal 2. Reliable reception can be supported only when a PTP leg is configured with RLC AM.
Proposal 3. 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 4. A PTM leg is configured with RLC UM only.
Proposal 5. A PDCP entity can detect packet loss of the PTM leg and send uplink feedback of the packet loss information via the PTP leg.
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.
Proposal 6. Confirm that RLC-AM for PTM is not supported.
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