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[bookmark: OLE_LINK41][bookmark: OLE_LINK24][bookmark: OLE_LINK17][bookmark: OLE_LINK16]The email discussion on dynamic switch and service continuity for NR MBS is taken as the post RAN2 meeting (RAN#113e). This paper discuss some of the issues raised during the email discussion, including anchor for dynamic switch, triggers for PTM/PTP Switch, service continuity and configuration aspects.   
Anchor for PTM/PTP Switch
In previous discussions, the mainstream opinions show that PDCP acts as the deciding anchor for PTP and PTM dynamic switch. Then we assume the model of MRB is based on a common (single) PDCP entity, which may support a PTM leg and a PTP leg simultaneously for a particular UE, each with separate RLC entity. As a result, an MBS radio bearer (i.e., MRB) can be associated with a PTM leg only, PTP leg only, or both. Having independent PDCP entity for PTM leg and PTP leg have a negative point considering the reverse switch from PTP to PTM for a particular UE during the dynamic switch, since it requires the UE specific PDCP entity to coordinate with the common PDCP entity shared by all of the interested UEs, which may lead to difficult to meet the service continuity requirement.
In case of a common (single) PDCP entity, we think there are two Radio Bearers, one is PTM RB and the other is PTP RB, when one MBS radio bearer (i.e., MRB) is associated with a PTM leg and a PTP leg, since these two legs provides transmissions corresponding to different level of QoS. In this case, we assume one MRB is mapping to one PTM RB and one PTP RB. This actually mimics the concept of Master RB and Slave RB during the discussion of split RB for dual connectivity. 
Proposal 1a: PDCP acts as the deciding anchor for PTP and PTM dynamic switch.
Proposal 1b: A common (single) PDCP entity is assumed for both PTM leg and PTP leg of MRB.
Proposal 1b: One MRB is mapping to one PTM RB and one PTP RB.
Triggers for PTM/PTP Switch
3GPP specified the basic eMBMS support of LTE since Rel-9 with the focus on MBSFN. At Rel-13, the Single-Cell Point to Multipoint (i.e. SC-PTM) was specified for LTE. Both MBSFN and SC-PTM transmission is supported based on the dedicated MBMS system architecture, where an MCE entity is located between RAN and CN. MCE is responsible for the determination of the transmission mode MBSFN or SC-PTM.
As a difference between NR multicast/broadcast and LTE multicast/broadcast, the delivery mode switching between PTP and PTM mode can only be performed in NR RAN system while supporting service continuity, even though the transmission mode over N2 interface (i.e. the adoption of IP multicast mode or IP unicast mode) is controlled by 5GC. 
Without the MCE-like entity, the transmission mode decision is made within gNB for NR Multicast and Broadcast. According to the objective described within the WID, dynamic delivery mode switching between PTM and PTP needs to be supported. It should be necessary to support reliable and efficient delivery mode switching between PTM and PTP depending on the number of active devices receiving a specific content, their location, etc. The base station (i.e. gNB) can dynamically transfer a PTP bearer to PTM delivery bearer and vice versa and all the concerned UEs follow the same transmission method i.e. either PTM or PTP. It should be noted that the discussion is per NR multicast/broadcast service. In general, the triggers for delivery mode switch at cell level can be network implementation.
Proposal 2a: As the baseline, the triggers for cell specific delivery mode switch between PTM and PTP can be network implementation.
One important aspect for NR multicast is to support reliable transmission of multicast services. When the gNB detects that there is UE(s) that did not successfully receive the data packets, there are two options for the handling at gNB side. At first option, the gNB can decide to initiate the retransmission via PTP to the UE. In this case, UE still receives the PTM transmission as other UEs do.  Alternatively, the gNB can move the UE out of the reception of PTM transmission and perform dedicated PTP transmission to the UE. In the latter case, the PTM transmission continues for other UEs.  We believe the former case presents a better resource utilization efficiency for the system if the radio of the packets that are subject to PTP retransmission is low. However, if the radio of the packets that require retransmission is high, which means the link adaption for the multicast transmission is too aggressive for this UE. The network should have the freedom to adjust the link adaption to improve the successful probability of the initial reception for this UE, or maintain the current link adaption for the majority UEs and remove the UE from this PTM transmission (then a PTP based initial transmission should be performed from the network to the UE). Both cases are network operation, but it may impact the UE reception behavior.  
According to the description above, it is observed that PTM->PTP switch can be performed per UE and this type of PTM->PTP switch is triggered by the need of reliable multicast transmission. As a consequence, the PTM and PTP transmission may run simultaneously within a particular cell, since there may be other UEs receiving PTM transmission, when the concerned UE is moved from PTM to PTP.
Proposal 2b: PTM->PTP switch can be triggered by the need of reliable multicast transmission.
Service Continuity requirements for PTM/PTP switch 
As the expectation of reliable MBS transmission is to achieve unicast alike performance, the data loss should be avoided during the switch (both PTM -> PTP switch and PTP -> PTM switch).

Proposal 3a: lossless switch should be ensured during PTM/PTP switch in order to ensure service continuity for reliable MBS transmission. 
In order to achieve lossless switch, the UE is expected to receive the unsuccessfully received data packets after the switch from the new transmission leg. This further requires the UE to enable data combining between the data received before PTM/PTP switch and the data received after PTM/PTP switch. That is to say, the UE needs to support redundant packets detection, packet reordering, packet discard when the PTM/PTP switch is implemented at L2. 
Proposal 3b: To support service continuity during dynamic PTM/PTP switch, the UE is required to receive the non-successfully received data packets (from previous leg) after the switch to the new leg.
Proposal 3c: To support service continuity during dynamic PTM/PTP switch, the UE is required to enable data combining between the data received before PTM/PTP switch and the data received after PTM/PTP switch.
PTM -> PTP switch
During the PTM->PTP switch, the data packets to be delivered by PTP mode needs to be consistent with the data packets as previously delivered by PTM mode, in order to ensure the service continuity. 
Specifically, when the PTM->PTP switch is implemented at HARQ, the next multicast TB from MAC layer needs to be delivered to PTP HARQ process. The unsuccessfully delivered multicast TB via PTM HARQ process may need to be retransmitted by PTP HARQ process to the UE. The UE needs to monitor C-RNTI scrambled PDCCH and receive the data coming from the PTP HARQ process following the PTM->PTP switch order from network. 
When the PTM->PTP switch is implemented at L2 (i.e. at PDCP), the next L2 packets transmitted to the UE via PTP leg needs to inherit the Sequence Numbering from PTM leg.  
PTP -> PTM switch
During the PTP->PTM switch, the data packets to be delivered by the PTM mode needs to be consistent with the  data packets as previously delivered by UE specific PTP transmission, in order to ensure the service continuity. The challenge here is that it is hard for the network to ensure the service continuity for multiple UEs simultaneously from PTP to PTM. 
If the RAN node has already established PTM leg transmission other UEs, the precondition for service continuity for the current UE is that the PTM HARQ process and the PTP HARQ process always transmit the same TB when the PTP->PTM switch is implemented at HARQ, or PTM leg and PTP leg share the a common Sequence Numbering at PDCP when the PTP->PTM switch is supported at L2. 
In summary, according to the discussion in both section 3.1 and section 3.2, in order to enable the service continuity during dynamic PTM/PTP (PTP->PTM switch and PTM->PTP switch) delivery mode switch, the following proposals are made on the requirements: 
Proposal 3d: To support service continuity during dynamic PTM/PTP switch, it is required to ensure consistent multicast TB delivery after PTM/PTP switch when the PTM/PTP switch is supported at HARQ.
Proposal 3e: To support service continuity during dynamic PTM/PTP switch, it is required to enable consistent data packet sequence numbering after PTM/PTP switch when the PTM/PTP switch is supported at PDCP 
Signalling aspects for dynamic switch 
Specific to PTM->PTP Switch, the UE specific PTP transmission leg can be established as a L2 transmission leg. After PTM->PTP Switch, the PTM L2 functions at the RAN node can be simply disabled if no UE receives the PTM transmission.
From UE perspective, the protocol stack for data reception is kept but the monitoring on the PTM leg is not needed. The RAN node needs to notify this switch to the UE to allow it to perform such adaption from UE side.  There may be a case that the multicast RB is kept at RAN node after the switch from PTM->PTP, in order to support the PTM transmission to other UEs.
If the UE is switched from PTM to PTP, UE monitoring on G-RNTI can be stopped based on a network indication. If the UE is switched from PTP to PTM, UE monitoring on G-RNTI can be enabled based on a network indication. This may introduce UE power consumption gain.
During MRB transmission, we think the UE should always monitor for C-RNTI while in RRC connected state.
Proposal 4a: The UE is notified to stop his monitoring over PTM transmission leg after PTM->PTP switch.
Proposal 4b: UE should always monitor for C-RNTI while in RRC connected state regardless any form of dynamic PTM/PTP switch.
Conclusion
The following proposals are made: 
Proposal 1a: PDCP acts as the deciding anchor for PTP and PTM dynamic switch.
Proposal 1b: A common (single) PDCP entity is assumed for both PTM leg and PTP leg of MRB.
Proposal 1b: One MRB is mapping to one PTM RB and one PTP RB.

Proposal 2a: As the baseline, the triggers for cell specific delivery mode switch between PTM and PTP can be network implementation.
Proposal 2b: PTM->PTP switch can be triggered by the need of reliable multicast transmission.

Proposal 3a: lossless switch should be ensured during PTM/PTP switch in order to ensure service continuity for reliable MBS transmission.
Proposal 3b: To support service continuity during dynamic PTM/PTP switch, the UE is required to receive the non-successfully received data packets (from previous leg) after the switch to the new leg.
Proposal 3c: To support service continuity during dynamic PTM/PTP switch, the UE is required to enable data combining between the data received before PTM/PTP switch and the data received after PTM/PTP switch.
Proposal 3d: To support service continuity during dynamic PTM/PTP switch, it is required to ensure consistent multicast TB delivery after PTM/PTP switch when the PTM/PTP switch is supported at HARQ.
Proposal 3e: To support service continuity during dynamic PTM/PTP switch, it is required to enable consistent data packet sequence numbering after PTM/PTP switch when the PTM/PTP switch is supported at PDCP
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Proposal 4b: UE should always monitor for C-RNTI while in RRC connected state regardless any form of dynamic PTM/PTP switch.
References
[1]	R2-2100173 Dynamic PTM/PTP switch, MediaTek inc.
[2]	R2-2006575 UE Reception Model of MBS Radio Bearer and its Dynamic PTM/PTP switch	
5

