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[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Introduction
Dynamic PTM/PTP switch is an important topic for reliability improvement and service continuity. In RAN2#113-e, RAN2 reached below agreement.
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).
After RAN2#113-e, dynamic PTM/PTP switch has been discussed in email discussion [1]. This contribution will discuss the issues which need to be further clarified and was not included in the email discussion. The issues are listed below.
· Further clarification on the architecture
· The procedure of PTM/PTP switch
· Trigger 
· Transmission
· PTM/PTP switch at mobility
Discussion
Further clarification on the architecture
In [1], two architectures are discussed. But the second architecture has been explained as SDAP anchor for an MBS service by some companies. In our understanding, the architectures in [1] are from gNB’s side. The whole picture containing both gNB and UE are shown in Figure 1.



 

[bookmark: _Ref67407580]Figure 1 Architectures from both gNB’s and UE’s sides
In option 1, split MRB is configured for a UE. MBS service packet in the MRB can be transmitted via RLC PTM leg and/or RLC PTP leg. Option 1 has been accepted by most companies during RAN2 discussion.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]In option 2, from gNB’s side, one SDAP is associated with 2 sets of PDCP/RLCs, one for PTM transmission, the other for PTP transmission. But from UE’s side, only one set of SDAP/PDCP/RLC is configured, either for PTM transmission, or for PTP transmission. The MRB in option 2 is non-split MRB. Option 2 is needed because:
1) Non-split MRB architecture supports low capability UEs. It is benefit to promote and commercialize NR MBS technology quickly.
2) For MBS service with relaxed QoS requirements or UEs in stable good channel condition, PTM leg is enough.
3) It is applicable to idle/inactive UEs too.
Proposal 1: From UE’s side, two architectures can be supported:
· PDCP anchored Split MRB;
· Non-split MRB via PTM transmission or PTP transmission.
The procedure of PTM/PTP switch
PTM/PTP switch should be decided and performed by gNB. The factors could trigger PTM/PTP switch include:
· Channel conditions of UEs;
· Transmission failure for a UE or a group of UEs.
Channel condition can be detected by CSI report or other current L1 measurement mechanism.
For transmission failure detection, HARQ feedback may be used but it cannot reflect transmission failure precisely. PDCP status report is a direct and simple way to report transmission failure. Meanwhile, with PDCP status report, retransmission can be performed easily when gNB decides to switch from PTM to PTP. Since PDCP status report from UE can help gNB to make the decision on PTM/PTP switch, it should be supported except the legacy use cases (handover, PDCP data recovery), and PDCP status report should be supported for UM MRB.
Proposal 2: PDCP status report for UM MRB should be supported for gNB decision on PTM/PTP switch.
The procedures of PTM/PTP switch can include 3 types of transmission: PTM transmission, PTP transmission and PTM+PTP transmission. Note PTP transmission can be performed to retransmit the MAC PDU containing RLC PDUs from PTM RLC leg based on below RAN1 agreement.
	RAN1#104-e
Agreement:
For RRC_CONNECTED UEs, if ACK/NACK based HARQ-ACK feedback is supported for PTM scheme 1, and if initial transmission for multicast is based on PTM transmission scheme 1, support retransmission(s) using PTP transmission.
· The HARQ process ID and NDI indicated in DCI is used to associate the PTM scheme 1 and PTP transmitting the same TB.


For further discussion, the transmission types in split MRB configuration are listed as below:
· UE receives data from one RLC leg via single transmission mode: PTM transmission from PTM RLC leg, or PTP transmission from PTP RLC leg;
· UE receives data from two RLC legs via two transmission modes: PTM transmission from PTM RLC leg, and PTP transmission from PTP RLC leg;
· UE receives initial transmission in PTM RLC leg, and PDCP retransmission in PTP RLC leg;
· UE receives data from PTM RLC leg: the HARQ initial transmission is PTM transmission and the HARQ retransmission can be PTP transmission.
Proposal 3: RAN2 support below types of MRB transmissions:
· UE receives data from one RLC leg via single transmission mode: PTM transmission from PTM RLC leg, or PTP transmission from PTP RLC leg;
· UE receives data from two RLC legs via two transmission modes: PTM transmission from PTM RLC leg, and PTP transmission from PTP RLC leg;
· UE receives initial transmission in PTM RLC leg, and PDCP retransmission in PTP RLC leg;
· UE receives data from PTM RLC leg: the HARQ initial transmission is PTM transmission and the HARQ retransmission can be PTP transmission.
In split MRB architecture, UE can receive data from PTM RLC leg and/or PTP RLC leg. Without restriction, UE will monitor and try to receive MBS data from both PTM leg and PTP leg. When gNB wants to transmit MRB data to the UE via PTP mode only, if UE still tries to receive data by both PTM mode and PTP mode, the power consumption of the UE will be increased due to monitoring PDCCH with G-RNTI and receiving PTM transmission in SPS configuration. So gNB should inform UE the activation/deactivation state of PTM/PTP RLC leg(s) for the UE.
Proposal 4: gNB should inform UE the activation/deactivation state of PTM/PTP RLC leg(s) for the UE.
PTM/PTP switch at mobility
Service continuity and lossless transmission during UE handover have been discussion. From our point of view, lossless transmission is required by specific MBS services. It should be satisfied in both non-mobility and mobility cases.
In RAN2#112-e, agreement related to lossless handover is as following,
	R2 aim to support lossless handover for MBS-MBS mobility for service that requires this (TBD which detailed scenario but at least PTP-PTP)



In addition to the agreed scenario (PTP->PTP) for lossless handover, whether lossless handover can be supported for other scenarios should be discussed. 
[bookmark: OLE_LINK100][bookmark: OLE_LINK101]In legacy unicast handover, the prerequisite to support lossless handover is that RLC AM is used on radio bearers. For MBS radio bearer, we have no reason to deviate from it. Based on the working assumption, RLC AM is only supported for PTP mode in MBS. So the existing of PTP leg is the prerequisite to support lossless handover for MBS. To summarize, lossless handover is supported if and only if PTP leg is configured in both the source cell and the target cell. According to this principle, scenarios to support lossless handover for multicast could be summarized as following with the assumption that UE can be configured to receive PTM and PTP simultaneously,
· PTP->PTP
· PTM+PTP->PTP
· PTM+PTP->PTM+PTP
· PTP -> PTM + PTP
Proposal 5：Lossless handover is supported when PTP leg is configured in both the source cell and the target cell.
During mobility, the MBS configuration in target cell should be sent to the UE via the source gNB. The MRB configured with any transmission mode (PTP, PTM, or PTM+PTP) can be reconfigured in the target gNB. We need to address the necessary parameters of MBS bearer configuration from the target cell.
Bearer configuration for PTM and/or PTP is the basic information to be included in the MBS configuration of target cell. For the given configuration, it may be area-specific. So the valid area of the configuration can be provided to UE if exist.
[bookmark: OLE_LINK9]The MBS service may be already ongoing with a certain transmission mode (PTM or PTP) in the target cell before handover, so UE is supposed to directly monitor the corresponding RNTI (C-RNTI or G-RNTI or both), i.e., UE does not need to monitor PDCCH with G-RNTI if PTM mode is not deactivated for the UE in the target cell.
Proposal 6: The MBS configuration of target cell is sent by source cell to UE, at least the following parameters are included in the MBS configuration,
· Bearer configuration for PTM and/or PTP.
· Optionally, the valid area of the MBS bearer configuration.
· Delivery method (PTM or PTP or both) to be used for the UE in the target cell.

Conclusion
[bookmark: OLE_LINK60][bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the discussion in section 2, we get below proposals.
Proposal 1: From UE’s side, two architectures can be supported:
· PDCP anchored Split MRB;
· Non-split MRB via PTM transmission or PTP transmission.
Proposal 2: PDCP status report for UM MRB should be supported for gNB decision on PTM/PTP switch.
Proposal 3: RAN2 support below types of MRB transmissions:
· UE receives data from one RLC leg via single transmission mode: PTM transmission from PTM RLC leg, or PTP transmission from PTP RLC leg;
· UE receives data from two RLC legs via two transmission modes: PTM transmission from PTM RLC leg, and PTP transmission from PTP RLC leg;
· UE receives initial transmission in PTM RLC leg, and PDCP retransmission in PTP RLC leg;
· UE receives data from PTM RLC leg: the HARQ initial transmission is PTM transmission and the HARQ retransmission can be PTP transmission.
Proposal 4: gNB should inform UE the activation/deactivation state of PTM/PTP RLC leg(s) for the UE.
Proposal 5：Lossless handover is supported when PTP leg is configured in both the source cell and the target cell.
Proposal 6: The MBS configuration of target cell is sent by source cell to UE, at least the following parameters are included in the MBS configuration,
· Bearer configuration for PTM and/or PTP.
· Optionally, the valid area of the MBS bearer configuration.
· Delivery method (PTM or PTP or both) to be used for the UE in the target cell.
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