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 Introduction

It was confirmed that the delivery mode switching (DMS) shall be supported in Rel-17 NR MBS, as indicated in the WID of Rel-17 NR MBS [1]:
Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:

- 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]

Also in SA2 from the architectural perspective, RAN shall be able to delivery the MBS data to a set of UE (PTM) or individual UEs (PTP) [2]:
5GC shared MBS traffic delivery: 5G CN receives a single copy of MBS data packets and delivers a single copy of those MBS data packets to a RAN node.

NOTE 3: For 5GC shared MBS traffic delivery the RAN node either delivers a single copy of MBS data packets over radio to a set of UEs (PTM) or delivers separate copies of MBS data packets over radio to individual UEs (PTP). 

By using PTP delivery of the NR MBS services, we can benefit from the unicast design of Rel-15/16 to improve reliability(HARQ/ARQ), especially when the number of interested UEs in a cell is low. However, when there are more users per cell, PTM transmission typically becomes more spectrum efficient since it decreases the total amount of data transmitted in downlink and reduces the control overhead especially in uplink. With dynamic change of NR MBS delivery between PTP and PTM, balance between spectrum efficiency and reliability support could be achieved.
In this contribution, discussions about the user plane especially the bearer configuration to enable delivery mode switching are provided.

 Discussion
In this discussion, we will follow the terms defined in SA2 and the ones suggested in another contribution [3].

 QoS

For a specific Multicast session, the QoS profile shall be common to follow the same policy from the Multicast communication service application server, which eventually reflects on the SLA between operators and service providers. And according to the SA2 progress, mode switching in RAN will be of RAN decision and it is recognized to be a RAN decision of which delivery mode to use based on the QoS and the access layer information. Therefore, it is suggested that the same QoS information and requirements to be applied in either delivery mode.
The same QoS information shall be applied to both PTP and PTM scheduling for the same Multicast session.

 Protocol stack
The user plane of the LTE eMBMS is separated from the unicast, e.g., no PDCP entity, and the unicast service data and the eMBMS service data might share no common path starting from the application server. Therefore, the delivery method switching can only happen in service layer or application layer.

According to the definition from TR 23.757, RAN should be able to decide that for the single copy of MBS data packets, RAN either delivers a single copy of the MBS data packets to individual UE, while the same copy of MBS data packets can be sent to the same UE in the PTM delivery mode; or RAN either delivers a single copy of the MBS data packets to individual UE or to a set of UEs in the PTM delivery mode. It means that for the same copy of MBS data, it will go through either the PTP protocol stack or the PTM protocol stack, which both at least includes the PDCP, RLC, and MAC entity.
After the copy of MBS data packet arrives in RAN and mapped to a specific bearer by the SDAP sub-layer, it gets the PDCP SN in the PDCP sub-layer. The PDCP SN provides a one to one mapping of the MBS data packets in service layer. 

If the PTP and PTM delivery mode share the same PDCP entity for the same QoS flows as shown in Figure 1(a), the same PDCP SN applies to both delivery mode. Therefore, it is possible to achieve that in case of mode switching, the lost data can be retransmitted to the specific UE. While for the separated PDCP entities cases, it is hard or impossible to achieve lossless in mode switching.
If the PTP and PTM delivery mode share the same PDCP entity for the same set of QoS flows as shown in Figure 1(b), no RAN specific SN can be used to identify the potentially lost packets, either due the worsen channel state, or mode switching during mobility.
If the protocol stacks for PTP and PTM delivery mode share the PDCP entity, it is possible to achieve lossless in delivery mode switching.
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Figure 1. Network perspective of the protocol stack of delivery modes
There are other options like the two delivery modes share the same RLC entity. However, the RLC entity is in charge of the segmentation based on the MAC scheduling process considering the available radio resources. Considering that the UEs associated with the same Multicast session might be in different cells or different channel condition, maintaining the same segmentation process of different UEs or different delivery modes poses a highly restrictive requirement on the scheduling process.

If the protocol stacks for PTP and PTM delivery mode share the RLC entity, it poses restriction to the scheduling process.
In case of CU/DU split, the shared PDCP entity further shows it advantage that the PDCP PDU of the Multicast session can either be sent to the DU in separated tunnels or shared tunnels for the same DU, as indicated in below graph. 

[image: image2.emf]PDCP entity

Tunnel 1

Tunnel 2

RLC entity 1

RLC entity 2

RLC-SDU RLC-SDU

PDCP-PDU PDCP-SDU

…

PTP delivery PTM delivery

PDCP entity

Tunnel 1

RLC entity 1 RLC entity 2

RLC-SDU RLC-SDU

PDCP-PDU

…

PTP delivery PTM delivery

(b) independent F1-U for 

delivery modes

(a) single F1-U for delivery 

modes


Figure 2. Network perspective of F1-U tunnel
A single F1-U tunnel as shown in Figure 2(a) for the radio bearer benefits from the less F1-U resource compared to the one shown in Figure 2(b) for the scenarios below:

there are more than one UE receiving the Multicast session in separated PTP delivery mode while some of the UE associated with the same Multicast session in PTM delivery mode, the UEs mentioned above can be in the same cell or different cells in the DU.
Based on the above analysis, it is suggested that for the same radio bearer which the same QoS flow of the MBS session are mapped to, whether different or the same delivery modes, a common PDCP entity is used.

The protocol stacks for PTP and PTM delivery mode share the PDCP entity.
Each RLC entity is of specific transmission mode, i.e., AM or UM. Considering the complexity and standard impacts introduced by the AM mode RLC entity for PTM type delivery, it is suggested that for PTM delivery mode, UM mode is applied. While for PTP delivery mode, both AM mode and UM mode can be applied, depending on the service requirements.

For PTM delivery mode, the corresponding RLC entity is of UM mode; for PTP delivery mode, the corresponding RLC entity can be of both modes.
For one data bearer associated with one specific MBS session, there is only one F1-U tunnel for this bearer.
 Conclusion
Based on the analysis provided above, we have the following observation:

Observation 1 If the protocol stacks for PTP and PTM delivery mode share the PDCP entity, it is possible to achieve lossless in delivery mode switching.

Observation 2 If the protocol stacks for PTP and PTM delivery mode share the RLC entity, it poses restriction to the scheduling process.

Based on the analysis provided above, we have the following proposals:

Proposal 1 The same QoS information shall be applied to both PTP and PTM scheduling for the same Multicast session.

Proposal 2 The protocol stacks for PTP and PTM delivery mode share the PDCP entity.

Proposal 3 For PTM delivery mode, the corresponding RLC entity is of UM mode; for PTP delivery mode, the corresponding RLC entity can be of both modes.

Proposal 4 For one data bearer associated with one specific MBS session, there is only one F1-U tunnel for this bearer.
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