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In the past RAN2 meetings, the topic on PTM/PTP switch has been discussed. Following is a summary of relevant agreements:  
RAN2#111-e:
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), inorder delivery / duplicate handling, and it is FFS how it works at PTM PTP switch.

RAN2#112-e:
RLC AM is supported for PTP transmission of NR MBS.
RLC UM is supported for PTP transmission of NR MBS.
RLC UM is supported for PTM transmission of NR MBS.
RLC TM is not supported for PTP transmission of NR MBS.
RLC TM is not supported for PTM transmission of NR MBS.
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). 

RAN2#113-e:
	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, we will discuss the issues on PTM PTP switch for RRC connected UE and give our proposals.
Discussion
Radio bearer for MBS reception
From the view of RAN, it can adopt PTM only, or PTP only, or a combination of PTM/PTP to deliver MBS data packets to a set of UEs within a cell. While at the UE side, it can correspondingly adopt PTM only, or PTP only, or a combination of PTP/PTM for MBS reception, as shown in the following Table 1.
Table 1. UE reception model for MBS data packet
	gNB transmission
	PTM only
	PTP only
	PTP and PTM

	UE reception
	PTM leg
	PTP leg
	PTM leg and/or PTP leg


Correspondingly, the possible UE configurations for MBS reception are shown in the following Table 2. 



Table 2. The possible UE configuration for MBS reception
	UE reception
	PTM only
	PTP only
	PTP and PTM

	UE configuration for MBS reception
	Case 1: Only PTM leg is configured
	Case 1: Only PTP leg is configured 
	Both PTP and PTM leg are configured and used for MBS reception

	
	Case 2: Both PTP and PTM leg are configured. Only PTM is used for MBS reception
	Case 2: Both PTP and PTM leg are configured. Only PTP is used for MBS reception
	


For simplicity and efficiency, UE doesn't need to be always configured with both PTP and PTM for MBS reception, especially under the case that RAN adopt PTM only or PTP only to deliver MBS data packets.
For the case that both PTP and PTM are configured, RAN2 has agreed that PDCP anchored PTP PTM switching shall be supported if PTP and PTM both adopt UM RLC, which means that UE will be configured with PDCP split bearer for MBS reception. For the case that both PTP and PTM are configured but use AM RLC and UM RLC respectively, a corresponding conclusion has not been reached. In terms of system complexity, there is no need to introduce new architecture (i.e. separate PDCP entity for PTM and PTP) when common PDCP entity for PTP and PTM reception has been introduced. From the view of service performance, common PDCP is easier to realize PDCP SN alignment and ensure reliability while separate PDCP entities has difficulty handling re-ordering, duplication detection, and in-order delivery. Thus, it is reasonable that only PDCP split bearer is used for MBS reception when both PTP and PTM reception are configured. For simplicity, PTM RLC bearer and PTP RLC bearer are introduced to refer to PTM leg and PTP leg, respectively. Thus, when PTM only is configured for MBS reception, it means that UE receives MBS packets only via PTM RLC bearer. When PTP only is configured for MBS reception, it means that UE receives MBS packets only via PTP RLC bearer. For the case that PDCP split MRB is configured, UE receives MBS packets via PTP and PTM RLC bearer. Therefore, we propose,
Proposal 1: The following bearer types are supported for the MBS reception in CONNECTED mode:
· PTM only (i.e. only via PTM RLC Bearer);
· PTP only (i.e. only via PTP RLC Bearer);
· PDCP split MRB (i.e. via PTM and PTP RLC Bearer). 
RRC based PTM PTP switch
When UE is configured with PTP only or PTM only for the MBS reception, RRC signaling can be used to perform PTM PTP switch by releasing one reception mode and adding another reception mode (e.g. release PTP reception and add PTM reception). There are two ways to realize RRC based PTM PTP switch as following:
· Option1: RRC based PTM PTP switch for where separate PDCP entities are used, as shown in Fig.1.
· Option2: RRC based PTM PTP switch for where single PDCP entity are used, as shown in Fig.2.
In the current specification, each RB (except for SRB0 for Uu interface) is associated with one PDCP entity and different PDCP entities correspond to different RBs. Thus, option 1 is actually realized by releasing one RB and adding another RB. Based on the TS 38.323, UE shall deliver the PDCP SDUs stored in the receiving PDCP entity to upper layers (i.e. SDAP) when releasing a radio bearer is requested. If high reliability needs to be guaranteed, spec impact will exist. As an example, if NW re-transmits packets that are not received successfully via old RB, SDAP layer should be enhanced to support re-order packets received via PTP and PTM to guarantee in-order delivery. Moreover, SDAP buffer should be introduced to buffer packets received via PDCP entity corresponding to old RB. In addition, considering PDCP layer has support re-ordering function, there is no need to support same function in different protocol layer as it goes against the design principle of function split. From our view, option 1 may be only applicable for the low-reliability case. However, RAN2 has agreed that delivery mode 1 is applicable for connected UE, which is aim for receiving MBS with high QoS (reliability, latency) requirement. Thus, Option 1 is not preferred considering the potential spec impact.
Different from option 1, option 2 is actually realized by releasing one RLC bearer and adding another RLC bearer, which has been supported by the current spec, e.g. for the case that NW change MN terminated MCG bearer to MN terminated SCG bearer. Under this case, NW can re-transmit packets that are not received successfully via old RB to ensure reliability requirement based on the receive status of UE which is maintained at NW side.


Fig.1 RRC based PTM PTP switch for where separate PDCP entities are used.


Fig.2 RRC based PTM PTP switch for where single PDCP entity are used.

Based on the above analysis, option 1 has spec impact and may cannot guarantee in-order delivery and reliability. Option 2 has been supported by current spec, which is preferable.
Proposal 2: RRC based PTM/PTM switch is supported for where single PDCP entities is used (i.e PTP and PTM belong to same multicast RB).
Proposal 3: RRC based PTM/PTP switch is not supported for where separate PDCP entities are used (i.e PTP and PTM belong to different multicast RB).
Configuration with both PTM and PTP
When UE is configured with both PTP and PTM for the MBS reception, dynamic PTM PTP switch can be easier to realize as the common PDCP is used (e.g. via MAC CE or DCI). Thus, it is possible that NW may configure UE with both PTP and PTM but deliver packets to UE via PTP only or PTM only. This is because that NW want to facilitate dynamic PTP PTM switch subsequently thus configure UE with both PTP and PTM in advance via RRC signaling. Under this case, the initial state on activation/deactivation of PTP PTM reception should be configured by RRC, which can avoid unnecessary RNTI monitoring (e.g. G-RNTI) at UE side.
Proposal 4: The initial state on activation/deactivation of PTP PTM reception is configured by RRC.
During MRB transmission, UE should always monitor for C-RNTI while in RRC connected state. However, if the UE is switched from PTM to PTP, UE can stop monitoring G-RNTI for power saving. Thus, UE shall explicitly know when NW performs switching from PTM to PTP. If UE stop monitoring G-RNTI by UE implementation, e.g. UE will stop monitor G-RNTI if UE dose not receive any packets via PTM, UE may miss packets transmitted via PTM. This is because UE does not know when the NW will switch PTP back to PTM. For the purpose of power saving and data reception, explicit indication for PTM PTP switch shall be provided to UE. The explicit indication can be MAC CE or DCI, which can be discussed later.
Proposal 5: Explicit indication is introduced for dynamic PTM PTP switch. 
Lossless PTM PTP switching
For PTP PTM switch case, there is possible that some packets are still experiencing RLC ARQ or HARQ via the old leg (e.g. via PTM). In order to ensure reliability, this kind of packets will be re-transmitted via new leg (e. g PTP). Same with handover case, NW will indicate UE to perform PDCP status report to avoid unnecessary re-transmission.
Proposal 6: PDCP status report is supported for PTP PTM switch case.
Next, we will discuss whether implicit indication or explicit indication is used to trigger PDCP status report.
Based on our above proposals, there are three scenarios to performing PTP PTM switch as below:
· Dynamic PTM PTP switch: PTP leg and PTM leg are configured and only one leg is activated for MBS reception. Under this case, explicit indication other than RRC signaling is used to inform UE of dynamic PTP PTM switch.
· RRC based PTM PTP switch 1: only one leg is configured. RRC configure UE switch to another leg, as shown in Fig.2.
· RRC based PTM PTP switch 2: PTP leg and PTM leg are configured. RRC configure UE to activate one leg and deactivate another leg.
In current spec, the field statusReportRequired carrying by RRC signaling is used to indicate whether the UE shall send a PDCP status report in the uplink for an RB. For dynamic PTM PTP switch, there is no RRC signaling. Thus, a new indication should be introduced. It is not reasonable that PDCP SR is always triggered for dynamic PTM PTP switch even though UE is receiving MBS with high QoS. The reason is that NW can perform re-transmission based on the receive status which is maintained at NW side, rather than the latest receive status at UE side.
For the scenario RRC based PTM PTP switch 1 and RRC based PTM PTP switch 2, there exists RRC signaling. Thus, the current statusReportRequired can be used to triggering PDCP SR. The corresponding standard work is that extending the use case of statusReportRequired to PTP PTM switch case.
Proposal 7: Explicit indication for triggering PDCP SR is introduced for PTM PTP switch.
As MBS is a downlink-only flow, it is reasonable to configure RLC UM mode for PTM leg. As UL RLC will not be configured for PTM, thus PDCP status report only is transmitted via PTP, which can be applicable to the case that both PTP and PTM are configured and RRC based PTM-to-PTP switch case with only one leg is configured. For RRC based PTP-to-PTM switch case with only one leg is configured, there is no way to support reporting PDCP SR. Considering that NW cannot perform UE specific (re)transmission as different UE has different receiving status even if UE reports PDCP SR, one possible solution is that NW perform re-transmission based on the receive status of UEs which are maintained at NW side. Thus, there is no big issue that PDCP SR is not supported under this case.
Proposal 8: PDCP status report triggered for PTP PTM switch is transmitted via PTP.
Conclusions
Based on the analysis given above, we have the following proposals:
Proposal 1: The following bearer types are supported for the MBS reception in CONNECTED mode:
· PTM only (i.e. only via PTM RLC Bearer);
· PTP only (i.e. only via PTP RLC Bearer);
· PDCP split MRB (i.e. via PTM and PTP RLC Bearer). 
Proposal 2: RRC based PTM/PTM switch is supported for where single PDCP entities is used (i.e PTP and PTM belong to same multicast RB).
Proposal 3: RRC based PTM/PTP switch is not supported for where separate PDCP entities are used (i.e PTP and PTM belong to different multicast RB).
Proposal 4: The initial state on activation/deactivation of PTP PTM reception is configured by RRC.
Proposal 5: Explicit indication is introduced for dynamic PTM PTP switch. 
Proposal 6: PDCP status report is supported for PTP PTM switch case.
Proposal 7: Explicit indication for triggering PDCP SR is introduced for PTM PTP switch. 
Proposal 8: PDCP status report triggered for PTP PTM switch is transmitted via PTP.
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