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Introduction
In this contribution, we discuss the key issues related to dynamic PTM/PTP switch with service continuity which is one of the objectives of RAN WI [1] as below, and propose the possible solutions for the identified issues.
	· 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]



Dynamic PTM/PTP switch has been discussed in RAN2#111e meeting and discussed further in email discussion [1]. In this contribution, we further discuss some open issues related to Dynamic PTM/PTP switch.
Discussion
0. MBS bear architecture for PTP and PTM dynamic switch
According to email discussion [1], the majority view is that PDCP acts as the anchor for PTP and PTM dynamic switch, then the split bearer architecture defined in NR could be reused as blow Figure 1,
[image: ]
Figure 1
For some MBS services having requirement on in-order delivery or high reliability, it will be received only in connected mode. Obviously there is benefit if PDCP could acts as the anchor for PTP and PTM dynamic switch.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK15]Observation 1: Split-like bearer architecture with PDCP acts as the anchor is beneficial for some MBS services requiring in-order delivery or high reliability.

However, on one hand, MBS split bearer architecture is complicated than separate bearer architecture and it is necessary for MBS services requiring in-order delivery or high reliability. On the other hand, for services with low reliability requirement, PTM/PTP dynamic switch function may also be necessary for the purpose of improving radio resource efficiency, but when these services are received in idle/inactive mode, separate MBS bearer architecture should be used as split bearer architecture is not applicable in idle/inactive mode. 

Therefore the MBS separate bearer architecture as in Figure 2 below should also be supported, 


Figure 2
Observation 2: Separate bearer architecture is necessary for MBS services supported in idle/inactive mode.
Proposal 1: Both split-like bearer architecture and separate bearer architecture are supported.
0. Definition of MBS radio bearer
It has been agreed in RAN2#111e meeting the PTP and PTM transmission over radio will be supported for multicast services.
	Confirm that We will, for multicast services introduce support for PTP and PTM transmission of shared traffic delivered by 5GC, at least for connected mode (this is not intended to exclude other cases)



Similar as in LTE, MRB should be newly defined for MBS transmission. If the MBS data from MBS session is received by UE using PTM resource over radio, the associated radio bearer should be MRB naturally.

When it comes to PTP transmission over radio, what kind of the associated radio bearer(DRB or MRB) should be associate should be discussed further. There could be a couple of alternatives, 
Option 1: PTP transmission is associated to DRB as defined in legacy NR.
Option 2: PTP transmission is associated to MRB which is newly defined.
 
In legacy NR SA, a DRB is dedicated for a specific UE. And it is always mapped to a unicast PDU session.
The related description can be found in [5],
	Except for NB-IoT, for each UE, the NG-RAN establishes at least one Data Radio Bearers (DRB) together with the PDU Session and additional DRB(s) for QoS flow(s) of that PDU session can be subsequently configured (it is up to NG-RAN when to do so);



If option 1 is chosen, as PTP transmission is also mapped to MBS session, so the concept of DRB should be changed to enable it to be associated to a MBS session which is not dedicated for a specific UE. The legacy concept of DRB is impacted. But with option 2, the legacy concept of DRB will be kept as it is.
As a general principle, we should try to avoid impact to the legacy unicast design as much as possible. So option 2 should be more reasonable.
Proposal 2: Both PTM and PTP transmission of a specific MBS session are carried on MBS radio bearer (MRB). 
0. Supported PDCP functions for PTP transmission
In the email discussion [1], PDCP functions for MBS transmission are also discussed in the email discussion. A subset of legacy NR PDCP functions may be supported for MBS transmission based on the conclusion of the discussion.
Regardless of which PDCP functions are selected for MBS transmission finally, it is worth to clarify whether the selected PDCP functions are applicable only to PTM transmission, or both PTM and PTP transmission.
On one hand, if we assumed that split bearer architecture defined in NR is reused as depicted in figure 1 in section 2.1, one common PDCP will be shared between PTP leg and PTM leg, then naturally PDCP configuration should be the same between PTM and PTP, then only subset of legacy NR PDCP functions are supported for PTP transmission.
On the other hand, if there is only PTP leg configured for MBS transmission. In principle all the legacy PDCP functions could be reused for PTP transmission.
Proposal 3: Discuss whether all the legacy PDCP functions are applicable for PTP transmission of a MBS session.
0. Support of multiplexing/de-multiplexing in MAC 
As discussed in our companion paper [6], with the assumption that there is one to one mapping between G-RNTI and MBS session (TMGI), all the traffic logical channels (MTCH like) within the same MBS session will use the same G-RNTI. 
As data on these MTCHs belongs to the same MBS service, anyhow UE will need to receive data from all these traffic logical channels or none. Therefore it is reasonable to multiplex data from different traffic logical channels within the MBS session into one transport block, as illustrated in Figure 3.This will enable a flexiable scheduling and could be easily supported by reusing legacy NR function.


Figure 3
Proposal 4: For PTM transmission, multiplexing/de-multiplexing of different logical channels within one MBS session is supported.

0. Necessity of Signaling indication on the PTM and PTP switch of a given UE
Upon NG-RAN triggering the PTP/PTM mode switch, whether the switch is transparent to UE has been discussed in RAN2#111e post email discussion [1]. In this contribution we further discuss the advantages and disadvantages of the possible solutions.
Option 1: Signaling-free switch
With option 1, 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.
Option 2: Explicit RRC signaling or lower layer indication to UE
With option 2, upon NG-RAN triggering the PTP/PTM mode switch, UE will be informed about the switching via RRC signaling.

A comparison on the pros/cons between option 1 and option 2 is as following, 
Table 1 comparison between option 1 and option 2
	
	Option 1: Signaling-free switch
	Option 2: explicit RRC signaling or lower layer indication to UE

	Switching latency
	Low, as no delay due to the signaling indication
	High, compared to signaling-free method

	UE power consumption
	If the PTM/PTP switch is transparent to UE, it may result in the increase of UE power consumption. 
If both bearers are configured and NG-RAN is only transmitting the MBS data with PTP, UE still need to always monitor G-RNTI scrambled PDCCH search space as UE have no idea when the PTM transmission starts/stops. 
	The UE power consumption is low compared to signaling-free method, as UE is aware which RNTI (G-RNTI or C-RNTI) to monitor, then no need to always monitor both G-RNTI and C-RNTI simultaneously during the MBS reception.



According to above comparison, even signaling-free switch has the advantage on shortening the latency, but it seems that UE power consumption could be increased caused by unnecessarily monitoring G-RNTI scrambled PDCCH search space, in case PTM transmission is not on. So explicit RRC signaling or lower layer indication to UE is necessary.
Proposal 5: Explicit indication to UE via RRC signaling or lower layer signaling is necessary upon PTP/PTM switch.
0. Method to deliver MBS configuration in connected mode
As discussed in [4], MBS configuration for services received only in connected mode can be provided in following ways,
Option 1: all MBS configuration is delivered via dedicated RRC signalling.
Option 2: common part of MBS configuration is delivered in broadcast manner (e.g. MCCH-like) and UE specific part of MBS configuration is delivered via dedicated RRC signalling.

It is feasible to deliver all MBS configuration via dedicated RRC signalling to UE when UE is in connected mode. However, from resource efficiency point of view, it is more efficient to deliver the common MBS configuration in broadcast manner (e.g. MCCH like). And for UE specific configuration, it is natural to be delivered via dedicated RRC signalling.
Proposal 6: When receiving MBS services in connected mode, Common part of MBS configuration is delivered in broadcast manner (e.g. MCCH-like) and UE specific part of MBS configuration is delivered via dedicated RRC signalling.
0. [bookmark: OLE_LINK11][bookmark: OLE_LINK10]Notification of dynamic PTM and PTP switch per cell
It is specified in RAN WI [2] to support dynamic PTM and PTP switch for a given UE. In addition to that, the dynamic PTM/PTP switch could also be performed to all the UEs in the cell coverage at the same time for the purpose of radio resource efficiency. 
Observation 3:  Dynamic PTM and PTP switch could be performed,
1. PTM and PTP switch for a given UE. 
2. PTM and PTP switch for all the UEs in the cell coverage.

The simplest way to perform the PTM/PTP switch per cell is to reuse the PTM/PTP switch for a given UE. But there are some issues to be further considered.
For the UE which is receiving the MBS services, it is not an efficient way to inform the same event to each UE via dedicated resources upon the PTM and PTP switch happens. For the UE in idle/inactive mode which is interested to receive the MBS services, How UE will perform if it has no idea on whether the MBS service is transmitted in PTP mode.
Therefore NG-RAN needs to inform the PTM/PTP mode switch of the entire cell to all the UEs in the cell coverage in a resource-efficient manner. One straight forward way is to reuse the SC-MCCH change notification mechanism in SC-PTM. And possible enhancement may be necessary as PTP transmission of MBS session is not supported in SC-PTM.
A general procedure on PTM/PTP mode switch per cell can be illustrated in Figure 4 below (take the scenario that PTM to PTP mode switch per cell as an example),


Figure 4

[bookmark: OLE_LINK83][bookmark: OLE_LINK88][bookmark: OLE_LINK89]Proposal 7: To notify the PTM/PTP mode switch per cell, MCCH-like change notification mechanism in SC-PTM is used as baseline.
Conclusion
In the previous sections we made the following observations:
Observation 1: Split-like bearer architecture with PDCP acts as the anchor is beneficial for some MBS services requiring in-order delivery or high reliability.
Observation 2: Separate bearer architecture is necessary for MBS services supported in idle/inactive mode.
Observation 3:  Dynamic PTM and PTP switch could be performed,
1. PTM and PTP switch for a given UE. 
2. PTM and PTP switch for all the UEs in the cell coverage.

According to the analysis in section 2, we propose:
[bookmark: OLE_LINK47][bookmark: OLE_LINK48]Proposal 1: Both split-like bearer architecture and separate bearer architecture are supported.
Proposal 2: Both PTM and PTP transmission of a specific MBS session are carried on MBS radio bearer (MRB). 
Proposal 3: Discuss whether all the legacy PDCP functions are applicable for PTP transmission of a MBS session.
Proposal 4: For PTM transmission, multiplexing/de-multiplexing of different logical channels within one MBS session is supported.
Proposal 5: Explicit indication to UE via RRC signaling or lower layer signaling is necessary upon PTP/PTM switch.
Proposal 6: When receiving MBS services in connected mode, Common part of MBS configuration is delivered in broadcast manner (e.g. MCCH-like) and UE specific part of MBS configuration is delivered via dedicated RRC signalling.
Proposal 7: To notify the PTM/PTP mode switch per cell, MCCH-like change notification mechanism in SC-PTM is used as baseline.
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