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Introduction
During RAN2#111-e meeting, the following agreements were reached:
	· For a UE, gNB dynamically decides whether to deliver multicast data by PTM or PTP (Shared delivery)
· FFS which layer(s) handles reliability (in general), in order delivery / duplicate handling, and it is FFS how it works at PTM PTP switch.


During RAN2#112-e meeting, the following agreements were reached:
	· The reordering and in-order delivery function in PDCP is supported for NR MBS
· The following PDCP functions are also supported for NR MBS: transfer of data; maintenance of PDCP SNs; duplicate discarding. Other PDCP functions are FFS.


During RAN2#113-e meeting, the following agreements were reached:
	· Confirm P1 P2 P3 (assume that MRB may include both PTP and PTM)
· 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).


In this contribution, based on RAN2 progress, we will further discuss the following issues to support dynamic PTP/PTM switch:
· Whether to support PTM deactivation during dynamic switch
· Reliability enhancement during dynamic switch 
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The PDCP based switching architecture can enable “dynamic switch” which reduces switching latency and increases flexibility for network scheduling, on the basis that both PTP leg and PTM leg are configured for the MBS bearer. Configuring both PTP and PTM is especially beneficial in the multi-beam scenarios. For instance, when multiple UEs of a multicast group are within the same beam coverage, PTM is a highly efficient transmission mode to choose. If one multicast UE moves from one beam coverage to another, dynamically switching from PTM to PTP is a more appropriate decision to make than RRC reconfiguration from the transmission efficiency perspective. 
Observation 1: Dynamic switch is more efficient in beam-related scenario than RRC reconfiguration based switch (i.e. bearer type change).
2.1 Whether to support PTM deactivation during dynamic switch
As far as we consider, PTM deactivation should be supported due to the following three issues.
HARQ Feedback
In RAN1#104 meeting, ACK/NACK based HARQ-ACK feedback is supported for PTM transmission. Further, in RAN1#104bis, NACK-only based HARQ-ACK feedback has been agreed for RRC_CONNECTED UEs, and PUCCH resource for NACK-only can be shared by UEs transmitting the NACK-only based HARQ-ACK feedback. 
If the dynamic switch decision is “transparent” to the UE, the UE would not be able to know when the switch happens. In the case of NACK-only based HARQ feedback, when the UE is switched from PTM to PTP, the UE will still signal NACK on the shared PUCCH resource for the unsuccessful packets via PTM. Then the gNB will have to retransmit the packets as it doesn’t know which UE the NACK is from. 
On the other hand, even for ACK/NACK based HARQ-ACK feedback, deactivation of HARQ feedback is still beneficial for the UE which has been switched to PTP as the network will not consider the feedback from the UE for PTM retransmission. Therefore, some lower layer signalling (e.g. MAC CE) can be used to inform the UE about the PTM deactivation and UE can stop the HARQ feedback for PTM.
Observation 2: If the dynamic switch is transparent to the UE, in the case of NACK-only HARQ feedback, the UE will continue signalling NACK on the shared PUCCH resources for the unsuccessful packets from PTM even if the UE has been switched to PTP. The gNB would have to retransmit the packets as it doesn’t know which UE the NACK is from.
Power Consumption
Besides, if the dynamic switch decision is “transparent” to the UE, it has to monitor both C-RNTI and G-RNTI even if the gNB is performing only PTP transmission for the UE, which will increase the UE power consumption. This case may often happen when the number of UEs is small in the cell area. 
Packet Loss
Furthermore, if the UE is not aware when the gNB switches from PTM to PTP, it will continue to maintain the RLC receiving window of the PTM leg as it is. This may lead to an issue that there could be very few packets received in the PTM leg and the receiving RLC window will not be aligned with the transmission window at the gNB side, as well as the RLC receiving windows of other UEs which are receiving data via PTM leg, and the RLC variables can be updated in an unexpected manner. For example: UE1 is switched to PTP at T1 when gNB detects that the PTM leg is poor for UE1. The PTM RLC window keeps updating for UEs except for UE1. Then after UE1 is switched back to PTM at T2, some new RLC PDUs (if their SNs are within the specific range, i.e. if (RX_Next_Highest – UM_Window_Size) <= SN < RX_Next_Reassembly) may be mistakenly regarded as outdated packets and discarded by UE1 as the PTM window status  of UE1 is different from that of others, which leads to packet loss. 
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Some companies may argue that if the UE cannot receive packets consecutively, the gNB should remove the PTM leg by RRC reconfiguration. However, the misalignment of reception windows happens in an opportunistic manner, and it would be difficult for the gNB to ensure the misalignment not happen at all.
To solve the problem, it would be safe to use a signalling for PTM deactivation/activation. Then when the UE is switched back to PTM, it can initialize the PTM window similarly to a newly joining UE as discussed in a companion paper [2].
Proposal 1: Support MAC CE based L2 signalling to activate/deactivate PTM.
2.2 Reliability enhancement during dynamic switch 
Dynamic switch from PTM to PTP usually happens when reliability cannot be satisfied by PTM transmission. Before the dynamic switch, there may be some packets lost in PTM leg already, and during the dynamic switch from PTM to PTP (with PTM deactivation), some packets transmitted via PTM may be missed by the UE. Thus it is beneficial for the gNB to know which packets are lost to allow the gNB to perform retransmission via PTP leg. Since PDCP is the anchoring layer for the switch and PDCP stores all the packets, it is the most appropriate layer to perform retransmissions. PDCP at gNB can know which packets to retransmit based on PDCP status report. To make the reporting mechanisms simple, PDCP polling can be introduced for this case, similarly as for LTE LWA and when the polling is triggered/sent can be done by gNB implementation.
Proposal 2: Support PDCP polling to trigger PDCP status reporting. When the polling is triggered/sent is left to gNB implementation.
Conclusion
In this contribution, we discussed the dynamic switch between PTP and PTM transmission and the following proposals are provided:
Observation 1: Dynamic switch is more efficient in beam-related scenario than RRC reconfiguration based switch (i.e. bearer type change).
[bookmark: _GoBack]Observation 2: If the dynamic switch is transparent to the UE, in the case of NACK-only HARQ feedback, the UE will continue signalling NACK on the shared PUCCH resources for the unsuccessful packets from PTM even if the UE has been switched to PTP. The gNB would have to retransmit the packets as it doesn’t know which UE the NACK is from.
Proposal 1: Support MAC CE based L2 signalling to activate/deactivate PTM.
Proposal 2: Support PDCP polling to trigger PDCP status reporting. When the polling is triggered/sent is left to gNB implementation.
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