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 Introduction
During RAN#86 meeting, NR MBS WI was approved [1] following the Architectural enhancements for 5G multicast-broadcast services has been approved in SA2 [2]. In NR MBS, it is expected that to support general MBS services over 5GS and use cases with diverse requirements including (but are not limited to) public safety and mission critical, V2X applications, transparent IPv4/IPv6 multicast delivery, IPTV, software delivery over wireless, group communications and IoT applications.
In this contribution, discussions on the terminologies for NR MBS, key architectural issue and assumptions are provided. 
 Discussions
 Definitions and terminology
The term "multicast" and "broadcast" can be misleading as always. Currently, we have already the terms in categories of service, session, traffic delivery as defined in SA2 as below in TR 23.757 [3]. 

Two categories of services have been defined and planned to be supported in Rel-17: Broadcast communication service, and Multicast communication service. According to the definitions, for multicast communication service it will be explicitly associated with a dedicated set of UEs, while for broadcast communication service it will be explicitly associated with a dedicated geographical area.
Broadcast communication service: A communication service in which the same service and the same specific content data are provided simultaneously to all UEs in a geographical area (i.e., all UEs in the broadcast coverage area are authorized to receive the data).

Multicast communication service: A communication service in which the same service and the same specific content data are provided simultaneously to a dedicated set of UEs (i.e., not all UEs in the multicast coverage are authorized to receive the data).

NOTE 1:
The transport in the 5GC for broadcast and multicast services will be determined as part of this study. A multicast communication service could for instance use a lower layer unicast or multicast transfer in the 5GC and the access interfaces.

Two categories of sessions that corresponds to the two defined services were given: Broadcast session and Multicast session, and such two different services/session shall be treated differently in RAN:
Broadcast session: A session to deliver the broadcast communication service. A Broadcast session is characterised by the content to send and the geographical area where to distribute it.

Multicast session: A session to deliver the multicast communication service. A Multicast session is characterised by the content to send, by the list of UEs that may receive the service and optionally by a multicast area where to distribute it.

In RAN MBS session context management, the Multicast session will be associated with at least an explicit list of UEs, while Broadcast session will be associated with a geographical area.
Therefore, the terminologies usage in RAN shall be aligned with SA progress as much as possible on the above two defined terminology on the service and session level, to avoid ambiguity in further RAN discussion and LSs among WGs. The definition "broadcast" and "multicast" provided by SA2 has paved the way for clearer discussion for both in-WGs and between WGs.
It is suggested to keep aligned with the terms that have been introduced in SA2, i.e., the definition to MBS session, Broadcast session, and Multicast session.

 Control plane
 RAN/CN function split
Function split, or specifically the RAN functions for MBS session management is analyzed in this section.

In legacy eMBMS RAN, it includes a specific RAN logic node MCE, which functions as below:
MBMS context management and interface with EPC/MME through M3
Determine if MBSFN or SC-PTM transmission for specific eMBMS service
Coordination between nodes, i.e., eNBs, by generating the MBSFN scheduling result among the concerned eNBs.
It has been decided that MBSFN transmission was ruled out for current release, which indicates that each RAN node will schedule the MBS session independently from other RAN nodes. Therefore, MCE as a separated logic entity is not needed if CU-CP can handle the interface with 5GC, and MBS context management. Based on this observation, it is suggested that gNB, specifically the CU-CP, is the RAN function entity that is responsible for MBS session management and MBS context management in RAN.
gNB, specifically the CU-CP, is the RAN function entity that is responsible for 1) MBS session management between 5GC and NG RAN; 2) MBS context management in RAN.
According to the progress and definition from SA2, for Broadcast session and Multicast session, the MBS session context differs in below aspects:

Broadcast session context includes service QoS requirements, explicitly broadcast area information (area ID, or cell list).
Multicast session context includes service QoS requirements, explicit UE list that are associated with the Multicast session, and optionally multicast area.

For Multicast session, UE needs to explicitly join the Multicast session in 3GPP system by NAS signaling. If authorized in 5GC, the association of the UE & optionally multicast area with the Multicast session will be transferred to RAN node that UE's control plane belongs to. Therefore, it poses a restriction that UE will not be able to receive the Multicast session service data in RRC_IDLE mode.
In comparison for Broadcast session, the service data is blindly distributed in the concerned broadcast area without the need to consider which UE is receiving the service data, since "all UEs in the broadcast coverage area are authorized to receive the data". Such paradigm naturally supports UE receiving the Broadcast session service data in any RRC states, i.e., in RRC_CONNECTED/RRC_INACTIVE/RRC_IDLE states. Therefore some of the advanced functions as required in WID will only be able to be applied to Multicast session, but not Broadcast session, e.g.: delivery mode switching, which requires UE context in RAN to achieve mode switching for the specific UE; enhanced reliability, both HARQ feedback and higher layer retransmission require UE context in AS layer to apply the enhancement to specific UE.
RAN functions, including delivery mode switching, enhanced reliability shall be applied to Multicast session, for one or more specific UEs that are associated with the Multicast session.
It is anticipated that the maximum commonality for both type of session shall be pursued to achieve less spec impacts and less workload. However Broadcast and Multicast session are distinct in some very important perspectives, such as the service discovery process and the resulted MBS control information distribution in RAN, which will be analyzed in below sections.
 USD and SIB15
In LTE eMBMS, UEs rely on the User Service Description (USD) and SIB15 to initially discover the service, and on SIB13/20 to be aware of the resource allocation for the interested MBMS services.
For Broadcast session which is associated with a pre-determined and semi-static broadcast service area, the same mechanism can be applied in NR MBS. Since USD is a service layer design in SA2 and has not been touched according to its latest progress, it is suggested to LS to SA2 to check if the same service discovery mechanism can be applied:

LS to SA2 the same service discovery mechanism based on USD can be applied for Broadcast session in NR MBS.
If so, similar mechanism like SIB15 which broadcast the carrier frequencies (including neighbour frequencies) and the associated Service Area Identities (SAI) can be applied for broadcast in NR MBS.
Different from the pre-configured broadcast area for broadcast communication services, multicast communication services is seen as more spontaneous. Currently it is not clear that if any RAN mechanism like SIB15 is needed for the service discovery, e.g., to indicate that the Multicast communication service is available. However, it will be of SA2 decision that whether RAN discovery mechanism, i.e., SIB15 like for Multicast session should be considered depends on SA2 decision:

LS to SA2 on the issue of mechanism (i.e., USD and SIB15) for Multicast session is needed.
 MBS control information
In eMBMS, MCCH or SC-MCCH are the broadcast channel that UE relies on to get the control information, which includes:

eMBMS service ID, e.g., TMGI
Time domain scheduling info, e.g., SC-MTCH-SchedulingInf, DRX like info
Physical layer transmission info, e.g., G-RNTI.
Neighbour info, e,g., sc-mtch-neighbourCell to indicate the service availability.
For the bearer information, it is of default configuration. In our opinion, the above information can be used as baseline for Broadcast session control information design.
Moreover, in NR MBS, the MBS control information may further include the below information to fit into the NR framework:

Bearer info, to satisfy diverse QoS requirements in NR MBS, instead of default bearer configuration in LTE eMBMS.
BWP & CORESET which includes all necessary physical layer configuration. However, whether BWP is needed for NR MBS should be jointly discussed with RAN1, considering the potential overhead and design complexity introduced by BWP switching.
As for the scheduling of Broadcast session control information, LTE SC-PTM has provided a complete solution, i.e., the SC-MCCH relies on the configurable scheduling information SIB20 which includes the repetition and modification period. It is suggested to use such mechanism as baseline, and discuss if any enhancements are needed.
For Broadcast session in NR MBS, LTE SC-MCCH can be used as baseline for the MBS control information design.
For Broadcast session in NR MBS, the MBS control information should further consider the bearer configuration, and the physical layer configuration.
Whether BWP framework is applied in NR MBS shall be jointly discussed with RAN1.
For Broadcast session in NR MBS, the MBS control information scheduling, which is broadcast in the cell with the repetition and modification period defined in SIB can be applied in NR MBS as the baseline.
According to the definition of Multicast communication service, not all UEs in the multicast coverage are authorized to receive the data. Therefore, issue is raised if the MBS control information delivery mechanism described above for Multicast session also applies. For Multicast session, the MBS control information can be distributed to UE with below possibilities:

Broadcast channel, i.e., SC-MCCH-like, to reduce signalling overhead

Dedicated signalling, i.e., UE does not rely on the broadcast channel information to receive the Multicast session service data. Dedicated signalling could provide higher reliability.

RAN2 to discuss both broadcast and dedicated signalling for MBS control information delivery for Multicast session.
 Counting mechanism v.s. MBS interest indication
Counting is the mechanism that allows network to selectively suspend or resume specific MBS services in RAN based on the interested UE, which could save radio resources by suspending the services that are of few interests and lower priority.

For Multicast session, it would be better for UEs associated with the Multicast session kept in the RRC_CONNECTED state. That is to say, the RAN node does not need to collect the UE interest since it has already got the information by session management through N2 interface.

On the other hand, another mechanism, MBMS interest indication, in LTE eMBMS overlaps on the function for the network to gather UE interests. It means that for UE associated with specific Broadcast session could indicate its interest to RAN without relying on counting mechanism. Based on this observation, it is suggested that no counting mechanism is needed for Broadcast session.
36331/ 5.8.5.2 Initiation
An MBMS or SC-PTM capable UE in RRC_CONNECTED may initiate the procedure in several cases including upon successful connection establishment, upon entering or leaving the service area, upon session start or stop, upon change of interest, upon change of priority between MBMS reception and unicast reception, upon change to a PCell broadcasting SystemInformationBlockType15, upon starting and stopping of MBMS service(s) in receive only mode, upon change of receive only mode frequency, bandwidth or subcarrier spacing of MBMS service(s) in receive only mode.

One subtle issue is that counting is initiated by MCE rather than eNB, while MBMS interest indication is reported to eNB. However, in NR MBS, MCE can be part of the function of gNB as proposed above. Therefore, we further propose:

No counting mechanism is needed for Multicast and Broadcast session. 
MBS interest indication in LTE eMBMS can be the baseline for UE interest indication for both Multicast and Broadcast session.
 User plane

 QoS model

The QoS model for MBS session is still undefined. It is suggested that the QoS model for MBS session shall be aligned with existing QoS model designed for Unicast services to support :
better forward compatibility

diverse QoS requirements for one MBS session.

The QoS model defined for unicast service could be reused for NR MBS.
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Fig1. User plane comparison (from TS 36300 Figure 6-1: Layer 2 Structure for DL)
In LTE eMBMS, the user plane of Unicast service and Broadcast services are of separated design (Fig1), and user plane of eMBMS has the following characteristics:
One MRB or SC-MRB (with one RLC entity) for one session of one eMBMS service (note that here the session has different definition: multiple sessions might be associated with same eMBMS service)
No PDCP entity for user plane
No dynamic delivery mode switching allowed in RAN side
In NR MBS, changes might be needed, e.g., MBS session may be associated with multiple radio bearers. Such mechanism allows the network to prioritize among the bearers with independent serial numbering and reordering. Moreover, some advanced function might be applied for Multicast session, e.g., HARQ feedback in Layer1, mode switch, can be applied to specific bearers with higher reliability requirements.
Therefore, to achieve the best forward compatibility and best alignment with QoS model in NR Rel-15/16, we propose:
One MBS session may be associated with multiple radio bearers and each MBS radio bearer may be associated with multiple QoS flows.

 Protocol stack
SDAP entity. SDAP functions as mapping the QoS flow to radio bearers, and in case of reflective QoS the SDAP entity further adds the SDAP header which is the QFI of the QoS flow to the data packets. To be aligned with the QoS model of 5G NR as much as possible and better forward compatibility, it is suggested SDAP is needed for NR MBS. It should be noted that for MBS session, no SDAP header is needed.
SDAP is needed in NR MBS, functions as the mapping of QoS flows to radio bearers.
Currently it is still not determined if the MBS session service data (QoS flow) is transmitted in association with the per UE PDU session, or in an independent MBS session. It depends on SA2 progress if separated SDAP entities is needed for per UE PDU session and MBS session. This can be based on further SA2 progress on the Multicast session management. If the SDAP entity is per MBS session, the session ID in the SDAP configuration can be the service ID to differentiate one specific MBS session.
Whether there is a separated SDAP entity for specific Multicast session is FFS.
PDCP entity. As discussed above section, at least one PDCP entity is needed for the serial number and reordering function, especially considering HARQ feedback might be enabled in RAN1 design. However, further functions like ciphering and integrity protection shall be of SA3 decision.

RLC. For an RLC entity configured at the gNB, there is a peer RLC entity configured at the UE and vice versa. For downlink MBS session service data, an RLC entity receives RLC PDUs to its peer RLC entity via lower layers. Segmentation shall be essential for adaptively scheduling the MAC PDU based on the available radio resources, as in NR Unicast and eMBMS. 
For each data radio bearer that is associated with the MBS session, there is corresponding PDCP entity and RLC entity.
LS SA3 if ciphering for MBS session in access network is needed.
MAC entity. In SC-PTM, the service data from different MBMS service is not multiplexed into the same transport block. UE receives the service data by service specific physical layer ID, i.e., G-RNTI. In this manner, UE could only receive its interested MBMS services. This design is not only simple to implement but also good for UE power consumption. It is suggested to reuse this design in NR MBS.

No MAC layer multiplexing among service data from different MBS session.
 Conclusion
Based on the analysis provided above, we have the following observation and proposals:
Observation 1 In RAN MBS session context management, the Multicast session will be associated with at least an explicit list of UEs, while Broadcast session will be associated with a geographical area.

Proposal 1 It is suggested to keep aligned with the terms that have been introduced in SA2, i.e., the definition to MBS session, Broadcast session, and Multicast session.

Proposal 2 gNB, specifically the CU-CP, is the RAN function entity that is responsible for 1) MBS session management between 5GC and NG RAN; 2) MBS context management in RAN.

Proposal 3
RAN functions, including delivery mode switching, enhanced reliability shall be applied to Multicast session, for one or more specific UEs that are associated with the Multicast session.

Proposal 4
LS to SA2 the same service discovery mechanism based on USD can be applied for Broadcast session in NR MBS.

Proposal 5
LS to SA2 on the issue of mechanism (i.e., USD and SIB15) for Multicast session is needed.

Proposal 6
For Broadcast session in NR MBS, LTE SC-MCCH can be used as baseline for the MBS control information design.

Proposal 7
For Broadcast session in NR MBS, the MBS control information should further consider the bearer configuration, and the physical layer configuration.

Proposal 8
Whether BWP framework is applied in NR MBS shall be jointly discussed with RAN1.

Proposal 9
For Broadcast session in NR MBS, the MBS control information scheduling, which is broadcast in the cell with the repetition and modification period defined in SIB can be applied in NR MBS as the baseline.

Proposal 10
 RAN2 to discuss both broadcast and dedicated signalling for MBS control information delivery for Multicast session.

Proposal 11
 No counting mechanism is needed for Multicast and Broadcast session. 

Proposal 12
 MBS interest indication in LTE eMBMS can be the baseline for UE interest indication for both Multicast and Broadcast session.

Proposal 13 The QoS model defined for unicast service could be reused for NR MBS.

Proposal 14 One MBS session may be associated with multiple radio bearers and each MBS radio bearer may be associated with multiple QoS flows.

Proposal 15 SDAP is needed in NR MBS, functions as the mapping of QoS flows to radio bearers.

Proposal 16 Whether there is a separated SDAP entity for specific Multicast session is FFS.

Proposal 17 For each data radio bearer that is associated with the MBS session, there is a corresponding PDCP entity and RLC entity.

Proposal 18 LS SA3 if ciphering for MBS session in access network is needed.

Proposal 19 No MAC layer multiplexing among service data from different MBS session.
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