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1. Introduction
In Rel-17, a new RAN work item focusing on the delivery of multicast and broadcast services is approved: NR Multicast and Broadcast Service [1]. In the WID, one important objective is to support dynamic change of Broadcast/Multicast service delivery between PTM and PTP with service continuity. Correspondingly in the latest TR 23.757 of SA2, the following assumptions are made related to MBS:

	From the viewpoint of RAN, (in the case of the shared delivery) two delivery methods are available for the transmission of MBS packet flows over radio:

-
Point-to-Point (PTP) delivery method: a RAN node delivers separate copies of MBS data packet over radio to individual UE.

-
Point-to-Multipoint (PTM) delivery method: a RAN node delivers a single copy of MBS data packets over radio to a set of UEs.

A RAN node may use a combination of PTP/PTM to deliver an MBS packet to UEs.

NOTE 2: The PTP and PTM delivery methods are defined in RAN WGs and they are listed here for reference only.


In this contribution, based on the progress of SA2, three candidate L2 protocol architectures to support the PTP/PTM dynamic switch will be analysed and compared to pave the way for RAN2 study.
2. Discussion
According to the RAN WID and SA2 discussion, it is common understanding that NR MBS should be distinguished by supporting dynamic switch between PTM and PTP. Before elaborating the details, we would like first clarify some basic concepts. 
Definitions of PTP and PTM 
Figure 1 shows an overview of the architecture for end-to-end MBS service delivery on top of SA2 assumptions. According to the architecture, MBS service is delivered from CN to gNB via MBS session. And from gNB to UE, there are two transmission modes for the MBS service: PTP and PTM. 
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Figure 1: End-to-end MBS architecture
Observation 1: PTP and PTM are two transmission modes for a MBS service from gNB to UE.
Decision maker of the switch

Following observation 1, the next aspect to discuss is which node to perform the switch between PTP and PTM, i.e. RAN or core network. Based on SA2 assumptions in TR 23.757, we can conclude that SA2 preference is RAN based switch. Obviously, gNB performing the switch can make the process more dynamic and flexible. Besides there is no technical difficulty to do RAN based switch. Thus from RAN point of view, RAN based dynamic switch is preferred as well.
Proposal 1: Support RAN based dynamic switch between PTP and PTM for MBS.
Signalling-free switch

After RAN based switch is settled, it comes to the question of how to enable dynamic switch between PTP and PTM.  By “dynamic switch”, we should aim to design a switching mechanism that is dynamic, which poses some requirement on switching latency and flexibility. As far as we consider, the goal is to enable the switch without extra signalling, especially when beam scenarios are taken into consideration. For instance, when multiple MBS UEs are within a beam coverage, PTM is a highly efficient transmission mode to choose. If one MBS UE moves from one beam coverage to another, switching from PTM to PTP is a more appropriate decision to make. Considering the volatility of beam management, signalling based switch is not an optimal option.  Thus signalling-free switch is preferred.  In this way, the switch can be done by the gNB and transparent to the UE. The UE is configured with both G-RNTI and C-RNTI and will receive them both, and the gNB may dynamically switch the scheduling using G-RNTI and C-RNTI based on its radio status.
Proposal 2: Dynamic switch between PTP and PTM is up to the gNB and transparent to the UE, i.e. no signalling is needed.
Protocol architecture of switch
For SC-PTM transmission in LTE, data of MBMS service is delivered via MBMS PTM radio bearer from eNB to UE. So it is straightforward to design MBS RB to transmit MBS service in NR as well. In addition, an important aspect to consider is that the MBS RB should support dynamic switch between PTP and PTM, leading to at least the following three options for architecture:
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Figure 2: Candidate architectures for the dynamic switch
Option 1: PTP and PTM switch across separate bearers and PDCP entities 
In option 1, gNB configures one common PDCP for all the UEs who are interested in the MBS service and one extra dedicated PDCP for each UE. The gNB can decide to deliver the MBS service data via the dedicated PDCP or the common PDCP, i.e. switch between PTP and PTM. However there is one fundamental issue: it is difficult to ensure service continuity during switching as the data PDUs are received via separated PDCPs by the UE. To be more specific, the dynamic switching may cause out-of-order and duplicated data reception because the inter-PDCP reordering and duplication detection is difficult to be achieved. According to the objective in the WID, service continuity is a premise of the dynamic switching, which makes option 1 a low-priority solution. 
Observation 2: In-order delivery is an important aspect to consider as service continuity is a premise of the dynamic switch. 
Observation 3: Inter-PDCP reordering and duplication detection is difficult to be achieved if separate bearers and PDCP entities are used.
Option 2: PTP and PTM switch within one bearer and one PDCP entity, but across separate RLC entities
In option 2, the shared PDCP is supposed to support both PTP and PTM transmission, where the data PDUs delivered by both means will converge into a shared PDCP entity. The gNB determines whether to transmit the MBS service data using PTP or PTM via separate RLC entities.  Unlike option 1, option 2 can realize reordering and duplicate detection within the shared PDCP for data PDU received via either PTP or PTM. Therefore, option 2 can enable in-order delivery to upper layers and maintain service continuity. The protocol architecture in this option is similar to split bearer and duplication bearer and thus can save lots of specs effort. 
Option 3: PTP and PTM switch within one bearer, one PDCP entity and one RLC entity at the UE side
In option 3, not only the PDCP entity, but also the RLC entity is shared for PTP and PTM at the UE side. Compared with option 2, the advantage of option 3 is that one RLC entity is saved for the UE, but the network may have to keep separate RLC entities for PTP and PTM for a MBS bearer of a UE, one of which is common for all UEs using PTM and the other is for PTP dedicated for this UE. If we consider the two RLC entities at the gNB are independently operated, SNs of RLC PDUs delivered from the two RLC entities to a UE may not be in sequence and as a consequence would cause packet dropping and incorrect assembly of RLC SDUs at the UE. Therefore, some enhancements to RLC may need to be considered to enable the two RLC entities at the gNB to work in a synchronized manner and ensure that the RLC PDUs will be received by the UE in a intended manner.
Overall, we think in-order delivery and duplication detection should be two essential features that need to be supported for MBS services, so a common bearer and PDCP entity is preferred. Between option 2 and option 3 which are both with a common PDCP, RAN2 can further discuss if there is a need to enhance RLC to ensure the UE capability of RLC entity number will not be increased.
Proposal 3: Support dynamic switch between PTP and PTM within one bearer and one PDCP entity.

3. Conclusion

In this contribution, we discussed the dynamic switch between PTP and PTM transmission and the following observations and proposal are provided:

Observation 1: PTP and PTM are two transmission modes for a MBS service from gNB to UE.
Observation 2: In-order delivery is an important aspect to consider as service continuity is a premise of the dynamic switch. 
Observation 3: Inter-PDCP reordering and duplication detection is difficult to be achieved if separate bearers and PDCP entities are used.
Proposal 1: Support RAN based dynamic switch between PTP and PTM for MBS.
Proposal 2: Dynamic switch between PTP and PTM is up to the gNB and transparent to the UE, i.e. no signalling is needed.
Proposal 3: Support dynamic switch between PTP and PTM within one bearer and one PDCP entity.
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