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1	Introduction
A Rel-17 Work Item on NR support of Multicast and Broadcast Services was agreed in RP-201038 [1] , and one of objectives is:
· Specify support for dynamic change of Broadcast/Multicast service delivery between multicast (PTM) and unicast (PTP) with service continuity for a given UE [RAN2, RAN3]
In RAN2#111e meeting dynamic switch between PTP and PTM was discussed and the following agreement was reached [2]:
· 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. 
In this paper, we discuss the details of dynamic switch between PTP and PTM of 5G MBS.
2	Discussion
For UEs receiving 5G MBS traffic in the cell, there are three transmission modes considering the reliability requirement, radio resource usage efficiency:
· PTM only mode;
· PTP only mode;
· Both PTM and PTP (PTM for initial transmission or PTP for retransmission only).
For example, if only one UE is receiving a 5G MBS traffic, it is not necessary to configure the UE receiving the 5G MBS traffic in a PTM mode. It is beneficial that Network has the flexibility to configure a UE receiving 5G MBS data via PTM only, PTP only or both by RRC signalling for one specific MBS bearer. The configuration should be conveyed in RRC signalling. 
For one specific MBS bearer, network can configure a UE receiving 5G MBS data via PTM only, PTP only or both by RRC signalling.
In LTE SC-PTM, in order to receive the service, the UE needs to read SIB20 to acquire SC-MCCH configuration. Based on the SC-MCCH configuration, the UE reads SC-MTCH scheduling information in SC-MCCH. A typical delay to get SC-MTCH scheduling information is shown in the Table 1[3] 
Table 1: a typical delay to get SC-MTCH scheduling information
	Component
	Time (ms)

	SC-PTM SIB reading delay
	40 

	Acquisition of the SC-MCCH configuration for SC-MCCH reception
	10

	Delay due to SC-MCCH repetition period
	40 

	Acquisition of SC-MCCH info, e.g. TMGI to Group-RNTI mapping
	10



In order to support lower latency traffic such as V2X, it could be better to reduce the PTM and PTP Configuration delay. An RRC dedicated signalling to configure the 5G MBS configuration to UE directly
Using RRC dedicated signalling to configure the 5G MBS configuration of both PTM and PTP to UE in RRC_CONNECTED.
In order to support service continuity, a common sequence numbering function is needed between PTM and PTP. As MR-DC, it is natural to use a common PDCP layer for both PTM and PTP modes. Based on the assumption, the overview of protocol stack of Multicast Radio Bearer (MRB) is given in the Figure 1. An MRB includes two RLC Bearers: PTM RLC bearer and PTP RLC bearer. A common PDCP entity is associated with one RLC entity for PTM mode (PTM RLC Bearer) and one RLC entity for PTP mode (PTP RLC Bearer). From network side, a PTM/PTP switching function is needed, and the function resides between PDCP layer and RLC layer. 


             
Figure 1. the overview of protocol stack of a Multicast Radio Bearer (left sending side; right: receiving side)
A Multicast Radio Bearer (MRB) is configured to UE for 5G MBS, which includes a common PDCP layer associated with one RLC entity for PTM mode (PTM RLC Bearer) and/or one RLC entity for PTP mode (PTP RLC Bearer).
Lossless switch between PTM and PTP should be supported e.g. for some services with high reliability requirement. For an example, at the beginning, the UE receives a 5G MBS traffic via PTM mode. Due to radio link quality change, stricter QoS requirement and other conditions change, the network may decide to move the UE to PTP mode.  When performing PTM->PTP switch, in order to support loss-less, a PDCP Status Report is needed so that the network is aware of the receiving status in UE and do loss-less transmission in PTP leg. When performing PTP->PTM switch, the network should also make sure that there are no missed transmitting packets. 
When switching between PTM RLC bearer and PTP RLC bearer under the same PDCP entity, in order to support loss-less, UE sends PDCP Status Report to network.
For PTM RLC bearer, the UE can also receive both PTM leg and PTP leg from a HARQ entity. For example, UE monitors the G-RNTI scrambled PDCCH for PTM reception for initial transmission of a TB and monitors the C-RNTI scrambled PDCCH for PTP reception for retransmission of the TB.  And then HARQ soft combination of the TB is supported by receiving both PTM and PTP leg. In this solution, dynamic PTM and PTP switch is achieved by scheduling and may be transparent to UE. However, this solution is pending to RAN1 discussion. 
Whether to support storing PTM TB and PTP TB in the same HARQ process for a PTM RLC bearer is pending to RAN1 discussion.
According to above discussion, there are two types of PTM and PTP switch: 
· Semi-static PTM and PTP switch with a common PDCP entity; 
· Dynamic PTM and PTP switch in HARQ under PTM RLC bearer.
As proposed in proposal 3 and proposal 4 for one specific MBS bearer, the PTM RLC bearer and PTP RLC bearer switch with a common PDCP entity, in which case, semi-static PTM and PTP switch in a common PDCP is used. While in order to support HARQ functionality for 5G MBS, dynamic PTM and PTP switch in HARQ is used. RAN2 should focus on PTM and PTP switch in a common PDCP firstly since dynamic PTM and PTP switch in HARQ is pending to RAN1 discussion.
RAN2 should focus on PTM RLC bearer and PTP RLC bearer switch in a common PDCP entity first since dynamic PTM and PTP switch under the same PTM RLC bearer is pending to RAN1 discussion.
3	Conclusion
In this contribution, the issues on 5G MBS dynamic switch between PTP and PTM with service continuity are discussed. The following proposals are made:
1. For one specific MBS bearer, network can configure a UE receiving 5G MBS data via PTM only, PTP only or both by RRC signalling.
1. Using RRC dedicated signalling to configure the 5G MBS configuration of both PTM and PTP to UE in RRC_CONNECTED.
1. A Multicast Radio Bearer (MRB) is configured to UE for 5G MBS, which includes a common PDCP layer associated with one RLC entity for PTM mode (PTM RLC Bearer) and/or one RLC entity for PTP mode (PTP RLC Bearer).
1. When switching between PTM RLC bearer and PTP RLC bearer under the same PDCP entity, in order to support loss-less, UE sends PDCP Status Report to network.
1. Whether to support storing PTM TB and PTP TB in the same HARQ process for a PTM RLC bearer is pending to RAN1 discussion.
1. RAN2 should focus on PTM RLC bearer and PTP RLC bearer switch in a common PDCP entity first since dynamic PTM and PTP switch under the same PTM RLC bearer is pending to RAN1 discussion.
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