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1	Introduction
A Rel-17 Work Item on NR support of Multicast and Broadcast Services was agreed in RP-201038 , 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 this contribution, we discuss the protocols design of 5G MBS in RRC_CONNECTED state and dynamic switching between PTP and PTM.
2	Discussion
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).
For PTM, there could be two modes SC-PTM and MC-PTM. In SC-PTM mode, the gNB schedules the multicast traffic in a single cell via a cell specific G-RNTI. In the MC-PTM mode, the gNB schedules the multicast traffic among multiple cells using a same G-RNTI and radio resources among these cells. It could be better to have a feasibility to configure a UE to receive 5G MBS service in PTP mode only, SC-PTM mode only, MC-PTM mode only, or both PTP and SC-PTM/MC-PTM modes. 
The feasibility should be allowed to configure that a UE receives 5G MBS service in PTP mode only, SC-PTM mode only, MC-PTM mode only, or both PTP and SC-PTM/MC-PTM modes.
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 MCCH. A typical delay to get SC-MTCH scheduling information is shown in the Table 1[1] 
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 Configuration delay. A RRC dedicated signalling to configure the 5G MBS configuration to UE directly
Use RRC dedicated signalling (DCCH) to configure the 5G MBS configuration of both PTM and PTP to UE in RRC_CONNECTED directly.
The mapping between a QoS flow and a data radio bearer is possibly still needed in network side. When receiving data of a 5G MBS session from core network, the gNB still needs to perform the QoS flows to DRB mapping in SDAP layer. The same principle of unicast service can be applied to 5G MBS. However, whether to support QoS flows to DRB remapping is controversial. To reduce the standard effort, it can be assumed that QoS flows to DRB remapping is not supported for 5G MBS. In the UE side, since there is no uplink 5G MBS traffic, the SDAP entity is not needed. 
the SDAP entity is not needed in UE side for 5G MBS
The mapping between a QoS flow and a data radio bearer is still needed in network. 
It is assumed that QoS flows to DRB remapping is not supported for 5G MBS.
In order to support service continuity during mobility and during dynamic switching between PTM and PTP, Sequence Numbering, Routing/Duplication, Reordering and Duplicate Discard functions are needed in PDCP layer. ROCH is not supported for LTE SC-PTM. We can have same assumption for 5G MBS unless a specific requirement is identified. Whether security function (ciphering and/or integrity protection) is needed and whether same security function is used for PTM and PTP modes should wait for SA3’s progress. 
Sequence Numbering, Routing/Duplication, Reordering and Duplicate Discard functions are needed in PDCP layer.
It is assumed that ROCH is not supported for 5G MBS.
Whether security function (ciphering and/or integrity protection) is needed and whether same security function is used for PTM and PTP modes is pending to SA3.


Figure 2. RLC ARQ and Retransmission of PTM RLC Bearer
If RLC AM is used for a PTM RLC bearer, how to transmit the RLC status report and retransmission data should be addressed. One possible way is to transmit the RLC status report and retransmission data in a PTP way as shown in the Figure 2, which seems a little better complicated. However, since there is already HARQ function in lower layer and if there is higher requirement the PTM RLC bearer can switched to PTP RLC bearer.  it would be better to have PTM RLC bearer in RLC UM mode.
RLC AM mode does not apply to PTM RLC bearer. RLC AM mode is supported for PTP RLC bearer.
A common MAC entity is used for PTM and PTP. Multiplexing for 5G MBS services should be supported. In order to improve the readability, HARQ feedback and retransmission should be supported for PTM. The detailed on how to support HARQ feedback and retransmission is pending to RAN1 discussion. 
Multiplexing for 5G MBS services should be supported.
How to support HARQ feedback and retransmission is pending to RAN1 discussion.
For PTM, the network needs to configure a G-RNTI for a 5G MBS service and a PTM scheduling information (e.g. active BWP for 5G MBS). For SC-PTM mode, the configuration should be per cell. For MC-PTM mode, the configuration should be per cell lists. In the MC-PTM mode, the gNB schedules the multicast traffic using a same G-RNTI and sane radio resources among these cells.
In LTE, SC-PTM scheduling/DRX pattern is used which comprises scheduling cycle, start offset, scheduling window (onDurationTimerSC-PTM) and drx-InactivityTimerSC-PTM, which indicates the subframes during which the UE shall monitor the PDCCH to receive the MBMS service(s) of interest. Similarly, scheduling/DRX pattern can be reused for 5G MBS.
The network needs to configure a G-RNTI and a PTM scheduling information (e.g. active BWP for 5G MBS) for a 5G MBS service in PTM mode.
Scheduling/DRX pattern can be reused for 5G MBS.
3	Conclusion
In this contribution, we discuss the protocols design of 5G MBS in RRC_CONNECTED state and dynamic switching between PTP and PTM. We propose:

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).
The feasibility should be allowed to configure that a UE receives 5G MBS service in PTP mode only, SC-PTM mode only, MC-PTM mode only, or both PTP and SC-PTM/MC-PTM modes.
Use RRC dedicated signalling (DCCH) to configure the 5G MBS configuration of both PTM and PTP to UE in RRC_CONNECTED directly.
the SDAP entity is not needed in UE side for 5G MBS
The mapping between a QoS flow and a data radio bearer is still needed in network. 
It is assumed that QoS flows to DRB remapping is not supported for 5G MBS.
Sequence Numbering, Routing/Duplication, Reordering and Duplicate Discard functions are needed in PDCP layer.
It is assumed that ROCH is not supported for 5G MBS.
Whether security function (ciphering and/or integrity protection) is needed and whether same security function is used for PTM and PTP modes is pending to SA3.
RLC AM mode does not apply to PTM RLC bearer. RLC AM mode is supported for PTP RLC bearer.
Multiplexing for 5G MBS services should be supported.
How to support HARQ feedback and retransmission is pending to RAN1 discussion.
The network needs to configure a G-RNTI and a PTM scheduling information (e.g. active BWP for 5G MBS) for a 5G MBS service in PTM mode.
Scheduling/DRX pattern can be reused for 5G MBS.
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