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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]1. Introduction
In the RAN#86 meeting, the Work Item on NR Multicast and Broadcast Services was approved [1], with the following objective:
	· 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]


[bookmark: OLE_LINK80][bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK19][bookmark: OLE_LINK20]In RAN3#109e meeting, the following agreements were made for dynamic switch between PTP and PTM:
	· [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Use existing NG-RAN architecture to support NR MBS.
· No MCE entity/node in RAN architecture.
· gNB makes the decision on using PTP or PTM over the radio.
· No SYNC protocol for this release.
· MBS Session Resources: the term to denote NG-RAN resources for control and delivery of MBS user data, to be used on NG, Xn, F1 and E1.
· WA: use “PTP” and “PTM” over the radio: definitions of “PTP” and “PTM” in RAN3 are pending until basic RAN1/2 decisions are made.


[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In RAN3#110e meeting, this issue was further discussed and the following agreements were made:
	· [bookmark: OLE_LINK15][bookmark: OLE_LINK16]Restrict the terms PTP and PTM for RAN internal delivery decision for the various mode. Agreed that for broadcast only PTM is applicable and for Multicast both PTP and PTM are applicable; PTP and PTM definitions need to be further discussed
· PTP and PTM modes can be used simultaneously in the same cell.
· The PTP-PTM Switching function is only applicable for a multicast MBS Session and resides in NG-RAN node. It enables the NG-RAN node to decide for which UEs to use PTP or PTM (PTP, PTM to be defined with RAN2) for the MBS session.
· The NG-RAN node takes its decision based on information such as MBS Session QoS requirements, number of joined UEs, UE individual feedback on reception quality, and other criteria. The same QoS requirements apply regardless of the decision.


In RAN3#111e meeting, this issue was further discussed and the following agreements were made [2]:
	· (Working Assumption) gNB-CU makes PTP/PTM switching decision. It is based on the assumption that L2 architecture with a common PDCP entity associating two RLC entities is agreed in RAN2. It does not preclude gNB-DU can make dynamic switch decision.
· Assistance information from 5GC is not needed for the PTP/PTM switch decision in NG-RAN.


However, there are still several open issues left for further discussion:
	· [bookmark: OLE_LINK17][bookmark: OLE_LINK18]Further discussion is needed on how PTP/PTM decision process would impact intra-gNB communication in case of disaggregated gNBs.
· Further discussion on F1-U is pending RAN2 discussion on PTP/PTM radio protocols


In this contribution, we will first summarize the RAN2 progress on dynamic switch between PTP and PTM, and then further discuss the decision maker and signalling of the switch from the perspective of F1 impact.
2. Discussion
2.1 RAN2 progress for the dynamic switch 
[bookmark: OLE_LINK56][bookmark: OLE_LINK57]Based on the email discussion, the issue of reliability and dynamic PTM PTP switch were discussed during the RAN2#113-e meeting, the following agreements were made:
	· [bookmark: OLE_LINK81]For a given UE, if the MRB’s QoS requirements are not met via PTM, switching to PTP with RLC-AM shall be supported.


It can be seen that RAN2 has supported the switching from PTM with RLC-UM to PTP with RLC-AM. In this case, whether the split bearer architecture can be used has no conclusion yet. And in RAN2#113-e meeting, other agreements about dynamic PTM/PTP switch were made:
	Chair: NOTE that the below agreements are only based on architecture decisions so far. The reliability discussion not concluded yet i.e. other cases than RLC UM + RLC UM. PTM PTP switch for such other cases is FFS
· Dynamic PTM/PTP switch is supported for a split MRB bearer (type) with a common (single) PDCP entity.
· As a baseline, no new UE based signalling is introduced to support gNB switch decision (e.g. PDCP SR for high reliability is still TBD)


According to these agreements, at least for RLC UM + RLC UM case, the split MRB bearer with a common PDCP entity is supported, shown as blow:
[image: ] 
[bookmark: OLE_LINK55]Figure 1: Potential architecture for PTM/PTP dynamic switch
Although the agreement about split bearer architecture has not been made for all cases by RAN2, most companies prefer using the split bearer architecture for PTM/PTP dynamic switch. RAN3 can further study this issue in accordance with the majority’s view.
Proposal 1: RAN3 to discuss dynamic switch between PTP and PTM based on the PDCP anchor architecture.
2.2 Decision maker for the dynamic switch
On top of the PDCP anchor architecture, an important issue that RAN3 should consider is whether CU or DU to make the decision for the dynamic switch. As far as we can see, there are three options:
· Option 1: the gNB-CU makes the switch decision
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]The gNB-CU decides whether to use PTP or PTM transmission and indicates this to the gNB-DU implicitly or explicitly. The gNB-DU do as the gNB-CU tells.
· Option 2: the gNB-DU makes the switch decision
The gNB-CU delivers the packets to the gNB-DU, and the gNB-DU decides whether to use PTP or PTM transmission.
· Option 3: Both the gNB-CU and the gNB-DU can make the switch decision 
If the gNB-CU indicates the preferred transmission method for higher reliability, e.g. PTP transmission, the gNB-DU obeys. If not, gNB-DU makes decision of whether using PTP or PTM transmission.
The pros and cons of the above three options are illustrated in the following table:
Table 1. Comparison for the three options
	
	Option 1
	Option 2
	Option 3

	Advantages
	CU is aware of measurement report from UE and assistance information from CN if any;
	[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Decision making is more dynamic based on layer1 information such as beam information, channel states and so on.
	All the assistance information can be taken into consideration.

	Disadvantages
	Switch decision based on layer1 assistance information requires additional F1 interaction between CU and DU
	Relying on only layer1 information may not be enough. 
	Explicit or implicit indication of CU decision is required from CU to DU 


[bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK28]As what information should be based on for decision making has impact on the choice of the decision maker, we will first discuss what information is needed before choosing the node to make the decision. The candidate assistance information and the potential impacts on F1 are as follows:
1) Layer1 assistance information (e.g. beam information, CSI, L1 feedback )  
[bookmark: OLE_LINK34][bookmark: OLE_LINK35]Considering that the beam mobility scenario and the real-time performance, layer1 assistance information should be an important factor to be considered by the DU. There is no impact on F1.
2) [bookmark: OLE_LINK29][bookmark: OLE_LINK30]Required by ongoing procedure
In some scenarios, some special packets are preferred to be transmitted by PTP leg to some specified UEs since these packets are only valid for such UEs. For example, to achieve losses handover, the target gNB needs to deliver the forwarded data to UE by PTP leg to compensate the gap between the two gNBs on PTM leg. Another example is that some UEs might access in a cell shortly after the PTM is started to be scheduled in session start procedure due to for example missing/repetition of notification, etc. The network probably schedules the data missed by the UE by PTP leg. In such cases, the CU needs to provide these packets and indicate to DU that PTP is needed for these packets for related UEs, e.g. MBS packets delivered through UE-specific F1 tunnel.
3) [bookmark: OLE_LINK31]High layer feedback (e.g. L2 feedback, measurement report)
[bookmark: OLE_LINK58][bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK69][bookmark: OLE_LINK59][bookmark: OLE_LINK74][bookmark: OLE_LINK73]High layer feedback is under RAN2’s discussion. The related agreement was made by RAN2 that PDCP SR for high reliability is still TBD. If PDCP feedback is introduced for normal transmission (non-handover scenario), the gNB-CU might use this information to determine whether PTP transmission has to be used to improve the reliability. The CU needs to indicate the decision to the DU, details FFS. Furthermore, in case of CU-CP and CU-UP split architecture, gNB-CU-UP hosting PDCP will make the decision on dynamic switch between PTP and PTM based on the user plane PDCP feedback, i.e. PDCP SR. 
[bookmark: OLE_LINK60]At least for case2/3, the CU needs to decide whether a MBS packet is only allowed to be transmitted by PTP, and for case 1, DU is more suitable to decide whether a MBS packet is transmission by PTM or PTP if it is not enforced in PTP leg by CU, therefore we propose:
[bookmark: OLE_LINK51][bookmark: OLE_LINK71][bookmark: OLE_LINK72]Proposal 2: CU can make decision on whether PTP transmission has to be used for a UE for a MBS service per packet, e.g. MBS packets delivered through UE-specific F1 tunnel, in such case the DU follows the CU’s decision.
[bookmark: OLE_LINK79][bookmark: OLE_LINK75]Proposal 3: If PDCP feedback is introduced, it is gNB-CU-UP to decide dynamic switch between PTP and PTM in case of CU-CP and CU-UP split architecture.
Proposal 4: In case CU does not indicate that the UE has to use PTP transmission for a packet, e.g. MBS packets delivered through shared F1 tunnel, the DU makes decision on whether to use PTP or PTM over the radio.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Proposals
In this contribution, we discuss the dynamic switch between PTP and PTM and the following proposals are given:
Proposal 1: RAN3 to discuss dynamic switch between PTP and PTM based on the shared-PDCP architecture.
Proposal 2: CU can make decision on whether PTP transmission has to be used for a UE for a MBS service per packet, e.g., MBS packets delivered through UE-specific F1 tunnel, in such case the DU follows the CU’s decision.
[bookmark: OLE_LINK76]Proposal 3: If PDCP feedback is introduced, it is gNB-CU-UP to decide dynamic switch between PTP and PTM in case of CU-CP and CU-UP split architecture.
Proposal 4: In case CU does not indicate that the UE has to use PTP transmission for a MBS service, e.g., MBS packets delivered through shared F1 tunnel, the DU makes decision on whether to use PTP or PTM over the radio.
Based on these proposals, the corresponding TP to 38.401 is provided in section 5.
4. Reference
[1] RP-193248, "New Work Item on NR support of Multicast and Broadcast Services", RAN#86
[2] [bookmark: OLE_LINK7]R3-211028, Summary of Offline Discussion on CB: # 72_MBS_PTP-PTM_DynChg, Samsung 
5. TP to TS 38.401 on PTP and PTM switching
--------------------------------Start of the Change-----------------------------
7.x	Support for NR MBS
The Support of NR MBS in non-split gNB case is specified in TS 38.300 [2].
7.X.1	Support of PTP and PTM switching
NG-RAN supports dynamic switch between PTP and PTM for MBS as specified in TS 38.300.
In case of split gNB architecture, the gNB-CU can make the decision on whether the UE has to use PTP transmission for a MBS session per packet. In case the gNB-CU delivers a packet to the gNB-DU via UE specific F1-U tunnel, the gNB-DU uses PTP transmission over the air for that packet. In case the gNB-CU delivers a packet to the gNB-DU via shared F1-U tunnel, the gNB-DU makes the decision on whether to use PTP or PTM transmission over the radio for the packet.
--------------------------------End of the Change-----------------------------
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