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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]



The remainder of this contribution is organized as the following, 
In section 2.1 we discuss the delivery methods at CN level and RAN level in 5GS firstly, then propose the general principle of dynamic PTM/PTP switch over radio interface, 
In section 2.2, we discuss the issues for the scenario that dynamic PTM/PTP switch applies to a given UE, 
In section 2.3, we discuss the issues for the scenario that dynamic PTM/PTP switch applies to the entire cell,
In section 2.4, we also discuss the L2 protocol architecture for MBS as it couples with the dynamic PTM/PTP switch functionality closely.
Discussion
0. Overview of delivery methods in 5GS
In this section, we try to give an overview of the MBS delivery methods in 5GS firstly, and then propose the general principle of dynamic PTM/PTP switch over radio in NG-RAN, and also discuss the possible scenarios for dynamic PTM/PTP switch over radio.

According to [2], MBS delivery methods could be defined from CN perspective or from RAN perspective.
From 5G CN point of view, two delivery methods are defined:
-5GC Individual MBS traffic delivery 
-5GC Shared MBS traffic delivery
From RAN point of view, two delivery methods are defined when the MBS session/ N3 multicast tunnel exists:
   -Point-to-Point (PTP): a RAN node delivers separate copies of MBS data packet over radio to individual UE.
   -Point-to-Multipoint (PTM): a RAN node delivers a single copy of MBS data packets over radio to a set of UEs.

Observation 1: There are two levels of dynamic delivery switch method:
    -CN based method: switch between 5GC Individual MBS traffic delivery and 5GC Shared MBS traffic delivery
    -RAN based method: switch between multicast (PTM) and unicast (PTP) on radio interface

We understand that the scope in RAN WI is limited to the delivery method over radio when we are referring to PTM/PTP switch according to above definition. However, the switch between 5GC Individual MBS traffic delivery method and 5GC Shared MBS traffic delivery method at CN level may also have impact on NG-RAN. Therefore we would like to elaborate both CN based method and RAN based method to make the potential RAN2 impact clear.

The general procedure for dynamic delivery method switch including CN based and RAN based is shown in Figure 1 below(take delivery method switch from unicast to multicast as an example here) according to the understanding to the solutions agreed in SA2 SI for MBS, which can be found in [2],
 


Figure 1 Delivery method switch in 5GS

In legacy MBSFN/SC-PTM in LTE, it is the Core network which makes the decision on the MBMS session establishment and also the PTM/PTP delivery method over radio interface consistently. 

When it comes to MBS in NR, it is supposed to support the dynamic change between PTM and PTP in NG-RAN, as we can find that one of the objectives of RAN WI [1] is to specify support for dynamic change between PTM and PTP for a given UE.

	· 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]


Observation 2: Support for dynamic PTM/PTM delivery method switch is in the scope of RAN WI.

And it looks like that CN level delivery method focus on whether to deliver a single copy of those MBS packets packet to a RAN node as it has been stated by SA2 in [2] ,
	From the view point of 5G CN, two delivery methods are possible:
-	5GC Individual MBS traffic delivery method: 5G CN receives a single copy of MBS data packets and delivers separate copies of those MBS data packets to individual UEs via per-UE PDU sessions.
NOTE 1:	It will be determined based on the selected solutions whether the Individual delivery method is supported.
-	5GC Shared MBS traffic delivery method: 5G CN receives a single copy of MBS data packets and delivers a single copy of those MBS packets packet to a RAN node, which then delivers them to one or multiple UEs


Observation 3: CN Level delivery methods focus on whether to deliver MBS packets through N3 multicast tunnel to a RAN node.

With the above analysis, it is reasonable that the PTM/PTP switch on radio are always determined by RAN itself when N3 multicast tunnel exists, as NG-RAN is aware of the radio conditions of a given UE dynamically and also NG-RAN could perceive the number of the UEs interested in a specific MBS services. 

Proposal 1: RAN based Dynamic PTM and PTM switch should be determined by RAN.

As we already mentioned above, there is an objective in MBS WI in RAN to support dynamic change between PTM and PTP service delivery for a given UE. In addition to that, we consider NG-RAN could also able to perform the PTM/PTP switch on the cell level.
Proposal 2:  Consider solutions for both dynamic PTM and PTP switch for a given UE and dynamic PTM/PTP switch of an entire cell.

For the CN based delivery method switch which is associated to the establishment or release of the MBS session/ N3 multicast tunnel. Candidate solutions with different means has been agreed by SA2 SI and captured in [2].There are some solutions(see solution 11, 24, 28 and 31 of [2])  in [2] mentioned that multicast transport (including N3 multicast tunnel setup) in target cell could be established on demand in NG-RAN dynamically, which is quite different from the mechanism in SC-PTM in which the establishment of multicast transport is always under CN control. 
From our view, on one hand, it is more flexible that N3 multicast tunnel can be established on demand in NG-RAN for the services which require dynamic service area and/or more resource-efficient transport, such as group call. On the other hand, 5GC has more information to assist in the determination of multicast establishment and switching between unicast and multicast (see solution 18 of [2]).
As the RAN2 solution could be different based on whether N3 multicast tunnel can be established on demand in NG-RAN dynamically, it is necessary for RAN2 to figure out whether we should have a preference on RAN-triggered multicast transport. Then RAN2 needs to send LS to SA2/RAN3 to inform our preference.
Proposal 3: Discuss whether there is a need for NG-RAN to trigger the establishment of N3 multicast tunnel on demand. If so, an LS is sent to And then sends an LS based on the discussion result to SA2/RAN3.
0. Dynamic PTM and PTP switch for a given UE
The PTM/PTP switch for a given UE could be trigger by NG-RAN due to the radio channel conditions change of the given UE to ensure the reliable transmission of the MBS service for the corresponding UE.
A general procedure on PTM/PTP switch for a given UE can be illustrated with below Figure 2, by taking the scenario that PTM to PTP mode switch for UE 1 as an example),


Figure 2

When performing PTM to PTP switch for a given UE, the DRB used for PTP transmission to the UE could be setup upon the triggering of the PTM to PTP switch, but it could also be pre-configured when the MBS reception starts as we illustrated in step 2 in Figure 2 above. Either of the methods can work well and have benefit in some way. There will be less latency for the pre-configured DRB method as NG-RAN only needs to schedule MBS data transmission directly on the DRB. However the issue is that NG-RAN and UE should always keep the DRB configuration during the MBS reception.

Proposal 4: Discuss whether DRB needs to be configured upon switching to PTP reception or be configured when the MBS reception starts.

After PTM to PTP switch has been performed for a given UE, the transmission of the MBS service over PTM radio resource in the coverage of the cell could still be continuing. Therefore it is possible to receive the MBS service via PTP and PTM simultaneously by the given UE after the PTM to PTP switch. Whether to keep or stop the PTM reception could either be determined by NG-RAN or be determined by UE up to UE implementation.

Proposal 5: Discuss whether a given UE can receive the specific MBS service via PTM and PTP over radio interface simultaneously.

0. [bookmark: OLE_LINK11][bookmark: OLE_LINK10]Dynamic PTM and PTP switch for an entire cell
A general procedure on PTM/PTP mode switch per cell can be illustrated in Figure 3 below (take the scenario that PTM to PTP mode switch per cell as an example),


Figure 3
As shown by step 1 in Figure 3 above, to determine whether PTM or PTP is resource-efficient on radio interface, NG-RAN need to know the number of UEs which is receiving or interests to receive the MBS service. The related information could be informed by each UE with RRC signaling directly or informed by 5GC through NG interface as CN should be aware of the related information based on the SA2 solution.
Proposal 6: Discuss the counting mechanism to acquire the number of UEs which UE is receiving or interested to receive MBS services.
     Option 1: Interest in MBS of UEs is sent from UE to NG-RAN with RRC signaling.
     Option 2: The counting of the interest in MBS of UEs is performed by 5GC and the counting result is sent from 5GC to NG-RAN.

As we have proposed in section 2.1, it is the NG-RAN who decides the PTM/PTP switches on radio in case the MBS N3 shared tunnel exists. Mode switching between PTM and PTP for a specific MBS service could also be applied to the entire cell and could be determined by NG-RAN’s simply based on the number of UEs receiving or interested in the corresponding MBS service. The criteria could also be more comprehensive by considering more factors such as the QoS. The required parameters used for determining the PTM/PTP switch could be configured by NG-RAN itself or be provided by CN due to CN may have a whole picture of the factors. 
As solution proposed in SA2 SI for MBS according to clause 6.18 in [2], the NG-RAN could use the MBS assistance information provided by the CN to decide whether to use PTP or PTM and dynamic PTM/PTP switch. The MBS assistance information may include:
-	Suggested number of UEs for multicast delivery. When the number of UEs receiving or interested in the MBS service in a cell or in the NG-RAN node reaches this number, multicast delivery mode is preferable;
-	Number of UEs receiving or interested in the MBS service in a cell of the NG-RAN node or in the NG-RAN node, based on the statistics or prediction by the CN;
-	Delivery mode information for an MBS session or QoS flow, e.g. whether unicast and/or multicast delivery mode are allowed;
-	NG-RAN performance, e.g. congestion status, communication performance, based on the statistics or prediction by the CN;
-	Suggested delivery mode based on NG-RAN performance;
-	Information of MBS services/groups subscribed by the UE, e.g. TMGI;
-	UE capabilities, e.g. whether the UE supports multicast/broadcast delivery mode;
-	etc.
The MBS assistance information is important when the NG-RAN is not able to make sound decisions on the selection and/or dynamic switch of PTP/PTM for the MBS session, e.g. due to:
· Capabilities of NG-RAN nodes vary in the network, and some may not have good policy or algorithms on delivery mode switching;
· Lack of information, e.g. UE capabilities and/or service requirements with regard to delivery mode.
Proposal 7: Discuss the usage of MBS assistance information from CN by the RAN for determining the PTM/PTP delivery method and dynamic switch.

As shown in step 3 in the Figure 3 above, NG-RAN needs to inform the PTM/PTP mode switch of the entire cell to the UEs in coverage.NG-RAN could inform the UE one by one through dedicated RRC signaling that we have discussed in section 2.2.However obviously it is not an efficient way to send the same information to each UE one by one through dedicated resources, and it is impossible to inform the UE in IDLE state through  dedicated RRC signaling.
One straight forward way for the change notification is to reuse the SC-MCCH change notification mechanism in SC-PTM.
[bookmark: OLE_LINK83]Proposal 8: Consider reusing the SC-MCCH change notification mechanism in SC-PTM for change notification of the PTM/PTP switch on radio for an entire cell.
 
0. L2 architecture for MBS

Issue 1: Scheduling of MBS radio bearer in RRC_CONNECTED state
The PTM bearer carrying MBS services is called SC-MRB in SC-PTM. It is defined as MBMS specific radio bearer which is separated from traditional SRB and DRB completely.
For NR MBS, There are several possible options to define the radio resources used for MBS.

Option 1: MBS specific radio bearer for MBS service traffic
The most straight forward way is to define a MBS specific radio bearer to carry MBS data.  
It is more flexible from RRC state transition perspective as there is no dependency between DRB and radio resource for MBS considering that DRB does not exist in RRC_IDLE state.
The issues related to option 1 may be how to realize the packet lossless delivery during PTM/PTM switch. Firstly we need to figure out whether packet lossless during PTM/PTP switch is a serious problem to address. The enhancement by coordination between PDCP entity of DRB and PDCP entity of MRB could solve the problem if it is a serious problem to address.


Figure 4


Option 2: Extend the concept of DRB to accommodate the MBS bearer configuration, with shared PDCP entity mapped to DTCH and multicast logical channel
As the radio resource configuration for MBS is accommodated in DRB. The dependency makes it impossible for UE in RRC_IDLE state to reuse the configuration acquired in RRC_CONNECTED. A possible way to address this problem could be to design a separate mechanism to configure the radio resource for MBS to UE in RRC_IDLE/RRC_INACTIVE state, such as reusing the SC-PTM mechanism for UE in RRC_IDLE/RRC_INACTIVE state


Figure 5

Option 3: Extend the concept of DRB to accommodate the MBS bearer configuration, with shared PDCP and RLC entity mapped to DTCH and multicast logical channel
With option 3, the legacy ARQ mechanism in RLC could be reused for MBS transmission and the unicast uplink and downlink channel could be utilized for UL feedback and retransmission of MBS data.
However option 3 will result in a change to RLC legacy mechanism. Therefore the complexity should be considered.



Figure 6

Observation 5: PTM bearer for MBS could be defined in separate radio bearer or accommodated by DRB.

Proposal 9: Discuss the solution for the configuration of PTM bearer with considering following possible options,
    Option 1: Separate MBS specific radio bearer is defined as SC-PTM
    Option 2: Extend the concept of DRB to accommodate the MBS bearer configuration in RRC_CONNECTED state, with one PDCP entity mapped to DTCH and multicast logical channel
    Option 3: Extend the concept of to accommodate the MBS bearer configuration in RRC_CONNECTED state, with one RLC entity mapped to DTCH and multicast logical channel

Issue 2: Necessity of PDCP protocol and functions provided by PDCP
In SC-PTM, PDCP is not involved in protocol stack for MBMS. However We would like to reconsider the necessity and possibility of PDCP and related functions provided by PDCP again due to the new requirement of NR MBS and also the new characteristic of NR.
Regarding the ROHC function provided by PDCP, it has been discussed during the SC-PTM standardization. The benefit of ROHC for services like VOIP is obvious as the header size of VOIP packet could be reduced significantly by employing ROHC. However ROHC can only operate in unidirectional (U) mode for MBMS as UL feedback channel is not defined for SC-PTM. Eventually it was decided that ROHC is not employed in LTE due to that ROHC in unidirectional mode is not efficient and may result in additional delay.

One of the objectives of WI [1] for NR MBS is to improve the reliability such as by UL feedback. It means there will be UL feedback channel for NR MBS. Then it could be possible to have UL feedback channel for ROHC.
	· Specify required changes to improve reliability of Broadcast/Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application/service provided.[RAN1, RAN2]


With the above consideration, it is possible to support ROHC in bidirectional mode for MBS received in RRC_CONNECTED state. However it is not suitable to support ROHC in bidirectional mode for MBS service which could be received in both RRC_CONNECTED and RRC_IDLE/INACTIVE state. Therefore We only need to consider whether to support ROHC for MBS service received in RRC_CONNECTED state only.

There are various kind of MBS services with different QoS requirement to be supported on NR MBS.UE is supposed to receive some specific MBS services such as V2X in RRC_CONNECTED state as the QoS and security requirement could be stringent. But other MBS services with lower QoS requirement could be received in RRC_IDLE/RRC_INACTTIVE state or RRC_CONNECTED state to avoid the overhead of NG-RAN. Support of PDCP functions such as ROHC with feedback, ciphering and integrity protection, in sequence delivery will be possible for MBS services which are required to be received in RRC_CONNECTED state.
Observation 6: support of function such as ROHC with feedback, ciphering and integrity protection, in sequence delivery provided by PDCP is possible for MBS services be received in RRC_CONNECTED state

Proposal 10: Discuss the necessity of functions provided by PDCP one by one and discuss the need of PDCP for MBS.

Issue 3: Necessity of support RLC AM mode
In LTE SC-PTM, only RLC UM mode is supported for MBMS service due to no UL feedback channel. The existing of the UL feedback channel in NR MBS makes it possible to support RLC AM for NR MBS received by UE in RRC_CONNECTED state. Besides RLC AM mode could provide higher reliability for some use cases such as the file download which have high reliability requirement. Therefore it is necessary to discuss whether RLC AM mode should be supported
Observation 7: It possible to support RLC AM for NR MBS received by UE in RRC_CONNECTED state.
Proposal 11: Discuss whether RLC AM mode should also be supported for MBS.

Issue 4: Transmission of data from multiple MBS flows of a MBS session 
As discussed in SA2, there could be multiple MBS flows within one MBS session. Based on the current mechanism for PDU session, QoS flows of one PDU session could be mapped to different DRBs. It could also be possible that the multiple MBS flows of the same MBS session could be mapped to different PTM bearer.
Observation 8: there could be multiple MBS flows within one MBS session, it is up to RAN2 to decide whether they can be mapped to different PTM bearer.
Proposal 12: Discuss whether MBS flows of the same MBS session could be mapped to different radio bearer for MBS service.

As different radio bearers for MBS are mapped to different MBS traffic logical channels. Eventually there could be numbers of MBS traffic logical channels (SC-MTCH like) belong to the same MBS session. This is different from the principle in SC-PTM in where there is one to one mapping between MBMS session and MBMS traffic logical channel (SC-MTCH) and G-RNTI. 
Data from the MBS traffic logical channels belonging to the same MBS session could be Multiplexed into one transport block in MAC layer, as shown in below figure.


Figure 7
Observation 9: It is possible for data from different MBS traffic logical channels belonging to the same MBS session to be multiplexed into one transport block in MAC.
[bookmark: OLE_LINK88][bookmark: OLE_LINK89]Proposal 13: Discuss whether data from different MBS traffic logical channels belonging the same MBS session could be multiplexed in MAC.
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the analysis in section 2, we propose:
Proposal 1: RAN based Dynamic PTM and PTM switch should be determined by RAN.

Proposal 2:  Consider solutions for both dynamic PTM and PTP switch for a given UE and dynamic PTM/PTP switch of an entire cell.

Proposal 3: Discuss whether there is a need for NG-RAN to trigger the establishment of N3 multicast tunnel on demand. If so, an LS is sent to And then sends an LS based on the discussion result to SA2/RAN3.

Proposal 4: Discuss whether DRB needs to be configured upon switching to PTP reception or be configured when the MBS reception starts.

Proposal 5: Discuss whether a given UE can receive the specific MBS service via PTM and PTP over radio interface simultaneously.

Proposal 6: Discuss the counting mechanism to acquire the number of UEs which UE is receiving or interested to receive MBS services.
     Option 1: Interest in MBS of UEs is sent from UE to NG-RAN with RRC signaling.
     Option 2: The counting of the interest in MBS of UEs is performed by 5GC and the counting result is sent from 5GC to NG-RAN.

Proposal 7: Discuss the usage of MBS assistance information from CN by the RAN for determining the PTM/PTP delivery method and dynamic switch.

Proposal 8: Consider reusing the SC-MCCH change notification mechanism in SC-PTM for change notification of the PTM/PTP switch on radio for an entire cell.

Proposal 9: Discuss the solution for the configuration of PTM bearer with considering following possible options,
    Option 1: Separate MBS specific radio bearer is defined as SC-PTM
    Option 2: Extend the concept of DRB to accommodate the MBS bearer configuration in RRC_CONNECTED state, with one PDCP entity mapped to DTCH and multicast logical channel
    Option 3: Extend the concept of to accommodate the MBS bearer configuration in RRC_CONNECTED state, with one RLC entity mapped to DTCH and multicast logical channel

Proposal 10: Discuss the necessity of functions provided by PDCP one by one and discuss the need of PDCP for MBS.

Proposal 11: Discuss whether RLC AM mode should also be supported for MBS.

Proposal 12: Discuss whether MBS flows of the same MBS session could be mapped to different radio bearer for MBS service.

Proposal 13: Discuss whether data from different MBS traffic logical channels belonging the same MBS session could be multiplexed in MAC.
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