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1	Introduction
The following objectives are agreed as part of release 17 NR MBS WID.
	· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:
·  Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]
· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.
· 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]
· Specify support for basic mobility with service continuity [RAN2, RAN3]
· Assuming that the necessary coordination function (like functions hosted by MCE, if any) resides in the gNB-CU, specify required changes on the RAN architecture and interfaces, considering the results of the SA2 SI on Broadcast/Multicast (SP-190625) [RAN3]
· 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]
· Study the support for dynamic control of the Broadcast/Multicast transmission area within one gNB-DU and specify what is needed to enable it, if anything [RAN2, RAN3]


In this contribution, we take an objective look into different alternatives and discuss the basic scope, signalling, scheduling method and layer 2 structure to support multicast/ broadcast service in NR.
2	Discussion

2.1 Control Signalling Structure
LTE follows a hierarchical approach towards signalling of multicast information. A system information carries the configuration required to receive multicast information (i.e. multicast control channel) which further carries the signalling and configuration required to receive the multicast session (i.e. multicast traffic channel). In NR, two approaches are possible to provide the required signalling. One approach is to inherit similar hierarchical signalling structure of LTE. An alternative approach is to have a flat signalling structure where all the configuration required to receive a multicast session is broadcast in a single broadcast message. The drawback of such a flat signalling structure is that it comes at the cost of signalling overhead. During the recently concluded RAN Plenary meeting #88e, many companies have expressed interest to support receive only mode as part of Rel17 work. Moreover, the WID also clearly aims of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of multicast reception. Therefore, it is more efficient to follow an LTE like hierarchical signalling approach. For flexibility in signalling, a new system information and a new multicast control information has to be introduced.
Proposal 1: MBS uses a hierarchical signalling approach, where
a) A new SIB is introduced to signal configuration required to receive a periodically transmitted multicast control information 
b) A multicast control message is introduced to signal the configuration required to receive multicast session over a multicast traffic channel.
The work item description in [1] clearly limits the scope of this WI to current numerologies, physical channels (PDCCH/PDSCH) and signals. Therefore, both multicast control channel and multicast traffic channel are received over existing physical channels. This makes the use of PDSCH an obvious choice to receive these messages. In order to differentiate multicast related information from other information received over PDSCH, it is required to de-multiplex and map these messages onto a multicast specific logical channel. It is worth noting that the work item description does not place any restriction on introduction of new logical channels. Therefore alike LTE, the multicast control messages received on PDSCH can be mapped to a new logical channel – multicast control channel (MCCH), and the multicast traffic message received on PDSCH can be mapped to another new logical channel – multicast traffic channel (MTCH). However, the MCCH like signalling structure is especially useful if the transmission area spans over multiple cells, so that a single MCCH message can signal the multicast control information across the entire transmission area. If dynamic change of transmission area is supported, this could mean that the area over which MCCH is valid also changes dynamically. IT is also worth noticing that eMBMS like MCCH (MCCH carrying entire control information for services specific to a transmission area) comes with a huge signalling burden. On the other hand, this method poses to be useful for cases where a UE in RRC_IDLE or RRC_INACTIVE starts receiving MBS session without having to enter RRC connected state i.e. support of receive only mode. Receive only mode is not currently a focus area in this release, but it would be beneficial in future compatible signalling design to support future cases like free to air etc.
Proposal 2: RAN2 to discuss if MCCH like signalling is required in order to have maximum commonality in configuration of PTM reception in all RRC states, and to support future use cases.
MBS services over NR is targeted to support a wide array of services like public safety and mission critical, V2X applications, IPv4/IPv6 multicast delivery, IPTV, software delivery, group communications, IoT applications etc. In LTE, only one MCCH is supported per MBSFN area/ transmission area. However, from the targeted services for NR MBS, it is observed that the QoS requirements of these supported services are different and can be widely categorised as critical services (public safety, V2X services) and non-critical services (other services). Moreover, the service in a transmission area may dynamically change, and this occurs more frequently for critical services. Considering these factors, it seems reasonable to allow support of multiple messages to signal the requisite multicast control information in a transmission area e.g. to map critical services to one multicast control message and other services to another multicast control message. 
Proposal 3: RAN2 to study the need for supporting more than one message to signal multicast control information in a transmission area.
Not all the supported MBS services in a transmission area, may be available to UEs in all RRC states and some of the MBS transmissions in a cell may be reserved for reception in a specific RRC state i.e. in RRC CONNECTED state. This decision is taken by the service provider and is left to network implementation. Based on the nature of MBS service, it can be observed that some of these services can be efficiently received in idle or inactive state e.g. IPTV, whereas some may be more efficiently served in RRC connected state e.g. mission critical services. For services that can be received in IDLE or INACTIVE states, it is imperative that all the control information required to receive a multicast session is available at UE before PTM reception. However, for services which are provisioned by gNB to be received only in RRC CONNECTED state, some control information may be signalled in connected state.
Proposal 4: Network can reserve the availability of some MBS services only in RRC CONNECTED state.
Proposal 5: For services that are available for UEs in RRC_CONNECTED state, some multicast control information can be provided using unicast signalling.
Resource allocation up to 100% to Broadcast/Multicast is not a requirement in this released and flexible resource allocation between Unicast and Broadcast/Multicast services should be possible. Therefore, most cells are expected to support unicast services in addition to multicast services. As a result, for ease of scheduling, it is possible that network deploys MBS services only in subset of the carrier bandwidth and not across the entire carrier bandwidth. This can easily be achieved using BWPs i.e. only a few BWPs in a cell support MBS services while others support only unicast services. Since BWPs are associated with a SCS and different services may require different SCS, it is possible that the services across these different MBS supported BWPs within a cell may be different. MBS services like public safety, mission critical etc may have different scheduling requirement than other use cases e.g. different SCS. In such cases, network may prefer to have these services in separate BWPs. 
Proposal 6: MBS services can be supported either per carrier or per bandwidth part. 
Proposal 7: Different BWPs in a cell can provide different MBS services. 
2.2 Group Scheduling Mechanism
The primary objective of this NR MBS WI is to specify a group scheduling mechanism to receive broadcast/ multicast services. LTE supports two group scheduling mechanisms – PMCH based eMBMS scheduling, and DRX based SC-PTM scheduling. The former is a semi static type of scheduling while the latter is more of a dynamic nature and hence, more resource efficient. SC-PTM is designed around a group scheduling mechanism where each supported multicast service is allocated a scheduling configuration and a unique identifier to receive the data. In NR MBS, an approach similar to LTE SC-PTM appears to be more resource efficient and signalling friendly. In LTE, each SC-PTM session is configured with an associated DRX cycle. MTCH data from a multicast session is received during the on duration of the corresponding DRX cycle. Use of DRX cycle provides flexibility for network to schedule the session during any TTI within the on duration of the corresponding DRX cycle. The same can be adopted in NR for MBS services. 
Proposal 8: LTE SC-PTM is considered as baseline for group scheduling mechanism in NR MBS.
Some MBS services like IoT applications may be periodic and light in nature. It is possible that network way be able to provide a semi-static periodic scheduling for these packets. For such services, support of semi persistent scheduling of MBS traffic seems sensible. SPS for MBS may serve as an alternative to DRX based scheduling. MBS SPS can also be used in conjunction with DRX to further reduce the load on PDCCH.
Proposal 9: RAN2 to discuss the support of SPS on PDCSH for scheduling MBS in NR.
2.3 Layer 2 Structure
Another objective of NR MBS WI is to specify required changes in order to improve reliability of Broadcast/Multicast services considering UL feedback mechanism. As a result, a UE is expected to receive retransmitted packets which may lead to out-of-order packet arrival in RLC/PDCP. Since NR PDCP supports reordering function whereas NR RLC delivers SDUs as soon as the complete SDU is reassembled, NR PDCP needs to be maintained for NR MBS. 
In LTE, ROHC cannot be configured for MBS due to the absence of PDCP. However, ROHC U-mode can be beneficial for some MBS services like IoT applications whose data size is small. If NR PDCP is kept for MBS, we can simply reuse the already defined ROHC function. Since UMTS supported ROHC-U for MBS, there is no critical issue foreseen.
Proposal 10: NR PDCP is kept for PTM bearer. ROHC can be supported for MBS.
Proposal 11: If UL feedback mechanism is introduced, PDCP reordering is reused for MBS. 
One could argue that RLC segmentation is not necessary because MBS purely relies on DL scheduling. If the segmentation is completely removed for MBS, we could consider to support TM for MBS related data. However, it will give a huge restriction to gNB scheduler to always deliver a complete packet. Thus, we see RLC segmentation is essential feature to allocate small transport block size with dynamic scheduling.
Proposal 12: RLC segmentation/ re-assembly is supported for PTM bearer.
3	Conclusion
The contribution discusses the basic control signalling structure, scheduling method and layer 2 structure. The below proposals are made: 
Proposal 1: MBS uses a hierarchical signalling approach, where
a) A new SIB is introduced to signal configuration required to receive a periodically transmitted multicast control information 
b) A multicast control message is introduced to signal the configuration required to receive multicast session over a multicast traffic channel.
Proposal 2: RAN2 to discuss if MCCH like signalling is required in order to have maximum commonality in configuration of PTM reception in all RRC states, and to support future use cases.
Proposal 3: RAN2 to study the need for supporting more than one message to signal multicast control information in a transmission area.
Proposal 4: Network can reserve the availability of some MBS services only in RRC CONNECTED state.
Proposal 5: For services that are available for UEs in RRC_CONNECTED state, some multicast control information can be provided using unicast signalling.
Proposal 6: MBS services can be supported either per carrier or per bandwidth part. 
Proposal 7: Different BWPs in a cell can provide different MBS services. 
Proposal 8: LTE SC-PTM is considered as baseline for group scheduling mechanism in NR MBS.
Proposal 9: RAN2 to discuss the support of SPS on PDCSH for scheduling MBS in NR.
Proposal 10: NR PDCP is kept for PTM bearer. ROHC can be supported for MBS.
Proposal 11: If UL feedback mechanism is introduced, PDCP reordering is reused for MBS. 
Proposal 12: RLC segmentation/ re-assembly is supported for PTM bearer.
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