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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 general concepts, signalling, scheduling method and layer 2 structure to support multicast/ broadcast service in NR.
2	Discussion
2.1 Control Signalling Structure
The work item description in [1] specifies detailed objectives for configuration and reception of PTM service for UEs in RRC_CONNECTED state. It further specifies that to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception. The simplest way to fulfil these objectives appear to be by defining a single common solution that support MBS services for UEs in all RRC states. Multicast and broadcast services are within scope of release 17 WID. 
A multicast service is targeted to a group of users that are interested to receive the service. In order to receive a multicast service, an interested UE shall first indicate its interest to join the session, and later is informed by the network when the service begins. In addition, the network should be able to identify the UEs that are allowed to receive the multicast session. As a result, it is desired and appropriate for a UE to enter RRC CONNECTED State in order to receive the multicast configuration and service. A broadcast service is target to large number of users or all users that are interested/ authorised to use the service. However, support for read only mode and free to air type of services are not within the scope of release 17 and the broadcast applications and UEs are expected to be in limited number. As a result, broadcast can also be supported over connected state. A common procedure for configuration and scheduling of services are sufficient to address both multicast and broadcast services, and two separate solutions are not required to support these. As discussed above, a solution to handle UEs in RRC CONNECTED state is required in order to provide multicast services efficiently . It is not required to design a separate solution specifically to address UEs in RRC_IDLE and RRC INACTIVE states and the same CONNECTED state solution can be used. Since a UE needs to enter RRC connected state in order to receive the MBS data, it is sufficient that the network provides PTM configuration to UEs in RRC connected state. 
Proposal 1: All UEs enter RRC CONNECTED state in order to receive MBS configuration and services. 
Proposal 2: The signalling framework used for multicast services is re-used for broadcast services.
LTE follows a hierarchical approach towards signalling of multicast information. A system information carries the control signalling 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). As discussed earlier, it is sufficient to provide MBS configuration in RRC Connected state in NR.  Therefore, the configuration required to receive a multicast session is not broadcast on the cell. However, a UE may still want to know what services are supported in a cell, or what service are currently ongoing in a cell etc. One approach is to broadcast the this list of supported services. However, this method is dependent on the solutions that are adopted in this release and may have significant impact when future enhancements are introduced. An alternative approach is to adopt a mechanism wherein the UEs are updated about the list of supported services without the cell actually broadcasting it. This method appear to be agnostic of future enhancements.
If the list of supported services are broadcast in the cell, there can be two approaches possible to provide the required signalling. One approach is to inherit similar hierarchical signalling structure of LTE i.e. a SIB broadcast configuration for MCCH and MCCH carries the list of supported service. An alternative approach is to have a flat signalling structure where the list of supported services are broadcast directly in a system information. Since the PTM configuration is received in RRC connected state, any change in PTM configuration can be directly signalled to the relevant UEs and a change notification is not required for this purpose. However, change notification is required in order to identify any change in list of supported MBS services in a cell. Having list of supported services broadcast over system information also simplifies the change notification related to list of supported services. However, a change notification mechanism required. On the other hand, if list of supported services are indicated by other means, the impact to specification can be reduced when enhancements like ROM/Free to air and other services are introduced in future releases.
Proposal 3: RAN2 to discuss if the list of services supported on a cell is required to be updated to the UE. If required, RAN2 to discuss how to indicate the services supported on a cell:
option A : Broadcast the list of the services supported on a cell. 
option B : Study alternative mechanism to provide the list of services to the UE
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 other BWPs do not support MBS services. Since BWPs are associated with a SCS and different services may require different SCS, it is also 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 4: MBS services can be supported either per carrier or per bandwidth part. 
Proposal 5: 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. However, both these approaches are tailored for RRC_IDLE state. In NR MBS, a scheduling approach similar to LTE SC-PTM appears to be more resource efficient and signalling friendly i.e. the MBS data can be scheduled to the UE periodically based on a service specific C-DRX i.e. 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. If large number of services are to be delivered in a PTM manner, it becomes challenging to associate a different DRX to each of the supported services. It impacts both scheduling complexity as well as signalling overhead. Therefore, allowing multiple MBS services to share a common DRX cycle seems a viable alternative. 
Proposal 6: Each multicast session is associated to a DRX cycle and the multicast traffic of an MBS service is transmitted anytime during the active time of the associated DRX cycle. 
Proposal 7: Multiple MBS services can share a common DRX configuration. 
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 8: 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 MBMS 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 9: NR PDCP is kept for PTM bearer. ROHC U-mode can be supported for MBS.
Proposal 10: PDCP reordering is reused for MBS. 
Ethernet header compression (EHC) has been introduced by Release 16 IIOT WI. However, EHC is mainly targeted to industrial network requiring extreme reliability and only bi-direction EHC is supported in NR. Thus, EHC is not suitable for MBS.
Proposal 11: Ethernet header compression (EHC) is not supported 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.
SDAP is a newly added layer for 5GC. Two main functions of NR SDAP are mapping of QoS flow to DRB for a PDU session consisting of multiple QoS flows and uplink reflective QoS flow mapping. For MBS, SA2 is considering a similar concept of MBS session consisting of multiple MBS flows. Then SDAP should be able to map MBS flow to a DRB or MRB (multicast RB). However, MBS session does not have any uplink data except a few control signalling in RAN. Thus, reflective QoS is not necessary for MBS. If the reflective QoS not supported, QF to RB mapping should be totally up to NW, so SDAP header does not need to be present.
Proposal 13: SDAP performs mapping of MBS flow to RB mapping for an MBS session.
Proposal 14: Reflective QoS is not necessary for MBS.
Proposal 15: SDAP header is always absent for MBS session.
MAC supports various functionality. As a starting point, it seems clear that uplink functionalities do not need to be enhanced in Release 17 MBS WI. Those are at least random access, BSR, LCP, and PHR.
Proposal 16: Random access, BSR, LCP, and PHR are not enhanced for MBS.
3	Conclusion
The contribution discusses the basic control signalling structure, scheduling method and layer 2 structure. The below proposals are made: 
Proposal 1: All UEs enter RRC CONNECTED state in order to receive MBS configuration and services. 
Proposal 2: The signalling framework used for multicast services is re-used for broadcast services.
Proposal 3: RAN2 to discuss if the list of services supported on a cell is required to be updated to the UE. If required, RAN2 to discuss how to indicate the services supported on a cell:
option A : Broadcast the list of the services supported on a cell. 
option B : Study alternative mechanism to provide the list of services to the UE
Proposal 4: MBS services can be supported either per carrier or per bandwidth part. 
Proposal 5: Different BWPs in a cell can provide different MBS services. 
Proposal 6: Each multicast session is associated to a DRX cycle and the multicast traffic of an MBS service is transmitted anytime during the active time of the associated DRX cycle. 
Proposal 7: Multiple MBS services can share a common DRX configuration. 
Proposal 8: RAN2 to discuss the support of SPS on PDCSH for scheduling MBS in NR.
Proposal 9: NR PDCP is kept for PTM bearer. ROHC U-mode can be supported for MBS.
Proposal 10: PDCP reordering is reused for MBS. 
Proposal 11: Ethernet header compression (EHC) is not supported for MBS.
Proposal 12: RLC segmentation/ re-assembly is supported for PTM bearer.
Proposal 13: SDAP performs mapping of MBS flow to RB mapping for an MBS session.
Proposal 14: Reflective QoS is not necessary for MBS.
Proposal 15: SDAP header is always absent for MBS session.
Proposal 16: Random access, BSR, LCP, and PHR are not enhanced for MBS.
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