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Introduction
In RAN Meeting #88-e a new working item was approved WID [1] targeting a RAN support of Multicast/ Broadcast Services (MBS) in R17..The aims of this WID is to provide the support in RAN for objective A of SA2 study item SID (SP-190726), which is related to enabling general MBS services over 5GS to support different MBS application and services such as public safety and mission critical, V2X, IPTV, software delivery over wireless, group communications, IoT .etc. These application and services has a variety of requirements in term of delay and reliability. On the top of that, there is also a requirements that the design of NR MBS control channels shall support dynamic and quick adjustment/modification of the multicast/Broadcast area (e. area under one a  gNB-DU) based on e.g. the user distribution and/or the service requirements as stated per [1 and 2 clause 9.1]. Therefore, the design of NR MBS control plane shall be flexible to support the dynamicity of user equipments (UEs) distribution within the MBS service area and the diversity of UEs service requirements. Since there is no standardized support for multiple MBSFN areas in NR release 17 MBS as stated per the WID [1]; to achieve the flexibility goal, this contribution discusses how to utilize NR beam sweeping techniques along with flexible MBS control plane design to handle the above issue.  
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MBS Control Plane Scheduling 
Regarding NR MBS configuration control plane (CP) scheduling, it has been agreed in RAN2 113e meeting that MBS will adopt LTE SC-PTM two-step based scheduling approach (i.e. by providing on a SIB carried by BCCH the scheduling configuration about the multicast control channel (MCCH); then, providing the control plane scheduling for the MBS services via MCCH scheduling) which is more flexible for providing different scheduling configuration for different MBS services. For the configuration of MCCH scheduling or transmission window within the MBS SIB, LTE approach can be reused while taking into account that the granularity of the scheduling in NR is a slot. Therefore, the configuration of the transmission window may compromises the MCCH repetition period (i.e., multiple NR slots), the MCCH modification period, the MCCH radio frame offset with reference the system frame number (SFN) boundary, the first slot in the radio frame where MCCH can be scheduled and the duration during which MCCH can be scheduled (e.g. expressed in the number of slots) as shown in Figure 1. In order to handle the diversity of the user service requirements within an MBS service area, there are two possible options of the configurations of MCCH per a cell or per an area under gNB-D : 1) a single MCCH with multiple scheduling instances (i.e., each instance with a separate modification period, repetition period etc.) or; 2) multiple MCCHs (i.e., each MCCH with a separate modification period, repetition period etc.) to provide the control plane scheduling for the MBS traffic channels which carries the MBS services for the UEs. Therefore, we propose
· Proposal 1: A single MCCH with multiple scheduling instances (each instance with a separate modification period, repetition period etc) or multiple MCCHs (each MCCH with a separate modification period, repetition period etc) can be configured to provide the control plane scheduling for the MBS traffic channels which carries the MBS services for the UEs
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Figure 1. The Configuration of MCCH.
Association between Beams, MCCHs/MCCH Instances and MBS Services 
To handle the dynamicity of UEs distribution within the MBS service area the network or gNB may configure multiple beams (e.g. based on UEs beam quality reports). For a gNB to determine the appropriate number of MCCHs or MCCH instances that should be configured to schedule the MBS services of interest of different UE within a beam, it requires some knowledge about how these services are mapped into radio bearers since the radio bearers are the only channels available between UE and gNB from the perspective of data or user plane scheduling. As defined in [3], for NR unicast transmission, the 5GC and NG-RAN ensure the downlink (DL) QoS by mapping the DL packets to appropriate QoS Flows and then to the radio bearers in two stage. In the first stage, the 5GC associates DL packets of different service with QoS Flows and QoS Flow Identifier (QFI). In the second stage, the NG-RAN maps DL QoS Flows of different services into different data (DRBs). As for NR MBS it has been agreed in RAN2-112e that the function of mapping of QoS flows to radio bearers in service data adaptation protocol (SDAP) is required for mapping between MBS DL QoS flows and MBS radio bearers (MRB). Therefore, gNB may utilizes the knowledge reported by UEs or acquired form 5G core  (e.g., for multicast) regarding the service interest of UEs to map (using it SDAP function) the MBS DL OoS flows to the appropriate MBS radio bearers (MRB). The mapping should be in a way that the the OoS flows of different MBS services are mapped to the same MRB if multiple UEs within the beam are interested to receive these same set of services. In this way the gNB may configure for each MRB a separate MCCH (i.e. the number of MCCH per beam/cell is associated with the number of the configured MRB per beam/cell). This can guarantee that each UE will be configured to monitor the MCCH/MCCH instance which carry the scheduling information of MRB associated with the QoS flows of service/services that the UE is interested to receive. For example as shown in Figure 2, for the first beam (B1) three MCCH are configured for three services assuming that their qoS flows are mapped to three MRBs. For the second beam (B2) single MCCH is configure for a single MRB. As for the third beam (B2) only two MCCHs are configured due to mapping QoS flows associated with two service (service 1 and service 2) into a single MRB because all UEs in the third beam are interested to receive these services. Based on the above discussion we have the following proposal: 
· Proposal 2: Multiple beams can be configured; within a beam, multiple MRBs can be configured for the QoS flows of the MBS services of interest of UEs within the beam, and a separate MCCH/ MCCH instance can be configured for each separate MRB configured within the beam.
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Figure 2. MBS Control channel configuration for based on UEs service interest and beam reports
Beam Sweeping Configuration for MCCH scheduling/ MCCH change notifications
Beam sweeping has been agreed for the NR MBS user or data plane data scheduling as stated in according to RAN1 103e agreements:
· For RRC_IDLE/RRC_INACTIVE UEs, beam sweeping is supported for group-common PDCCH/PDSCH.
[bookmark: _GoBack]For efficient and unified data plane and control plane scheduling of MBS services, the control plane scheduling shall also support multi beams or beam sweeping operations. In order to support beam sweeping for the MCCH and/or the MCCH change notification, a set of repetition PDCCHs can be configured for the monitoring occasion of the MCCH scheduling and/or the MCCH change notification and can be associated to a SSB  in order to sweep the MCCH scheduling and/or the MCCH change notification into specific direction . However, the association configuration should take into account the configuration of MCCH (i.e., whether a single MCCH or multiple MCCH are configured) as well as the association of MCCHs/MCCH instance with service(s) of interest of UEs as detailed below 
 
Multiples MCCHs configurations  
For multiples MCCHs configurations as provided in Figure 3, The gNB may configure based on the reported beams measurement quality by UEs multiple beams and configuring multiple MCCHs and/or MCCH change notifications each with different scheduling configurations (e., g., modification periods and repetition periods etc.) to support scheduling of the MRBs configured for each beam. The gNB may configure for each of the configured MCCH and/or MCCH change notification an RNTI and associating each with a monitoring occasion. In addition, the gNB may configure for the configured monitoring occasion of the MCCH and/or the MCCH change notification, a set of PDCCHs repetitions and associating each PDCCH repetition to an SSB. The gNB may also configure the beam sweeping for the MCCH and/or the MCCH change notification in the directions of the associated SSBs by sweeping the configured PDCCH to the associated SSB beam directions. Thereby, the UE only needs to acquire one PDCCH to receive the configured MCCH scheduling or MCCH change notification. Because the configured MCCH scheduling or MCCH change notification is associated with MRBs carrying the service of interest of the UEs, even if the UE monitors PDDCH blindly, the UE will only acquire MCCH that serves its service(s) of interest. 
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Figure 3. Multiple MCCHs Beam Sweeping Configuration for MCCHs scheduling/ MCCH change notifications 
Single MCCH configuration 
For single MCCH configuration as provided in Figure 4, The gNB may configure based on the reported beams measurement quality by UEs multiple beams and multiple MCCH instances, and configure for each MCCH instance a single MCCH and/or a MCCH notification change with different scheduling configurations (such as diverse modification periods and repetition periods etc.) to support scheduling of the MRBs configured for a beam. In addition, the gNB may configure for each configured MCCH and/or the MCCH change notification scheduling configuration a specific RNTI with additional bitmap (e.g., 8 bits bitmap) and associate the scheduling with a monitoring occasion. Moreover, the gNB may configure for each of the configured MCCH and/or MCCH change notification scheduling configuration monitoring occasion, a set of PDCCHs repetitions associated with the monitoring occasion and associate each PDCCH repetition to an SSB. The gNB may also configure the beam sweeping for the MCCH and/or the MCCH change notification scheduling configuration to the directions of the associated SSBs by sweeping the configured PDCCH to the associated SSB beam directions. Thereby, the UE only needs to acquire one PDCCH to receive the configure MCCH or MCCH change notification. However, using only the above configurations, it is difficult for the UE to figure out which MCCH instance is serving the service that is interested to receive; which could end up UE monitoring more than one MCCH instance. To avoid this,, the gNB may use the additional information e.g., 8 bits bitmap to differentiate between scheduling configurations of different MCCH instances configured for different services of interest of UEs  within a configured beam.
Based on the above discussion we propose 
· Proposal 3: For a configured  MCCH or MCCH instance,  an association can be configured between MCCH scheduling and/or MCCH change notification monitoring occasions with PDCCH repetitions and SSBs for sweeping the MCCH scheduling and/or the MCCH change notification into a specific direction e.g., by weeping the configured PDCCH to the associated SSB beam directions
· Proposal 4: For a configured MCCH instance, a specific RNTI with additional bitmap e.g., 8 bits bitmap can be configured to differentiate between scheduling configurations of different MCCH instances configured for different services of interest of UEs  within a configured beam. 
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Figure 4. Single MCCH Beam Sweeping Configuration for MCCH scheduling/ MCCH change notifications 
Conclusion
In this contribution, we discussed the beam sweeping configuration for flexible MBS control plane scheduling to support the dynamicity of UEs distribution within the MBS service area and the diversity on UEs service interests. Based on our discussion propose these following for NR MBS control plane configuration 
· Proposal 1: A single MCCH with multiple scheduling instances (each instance with a separate modification period, repetition period etc) or multiple MCCHs (each MCCH with a separate modification period, repetition period etc) can be configured to provide the control plane scheduling for the MBS traffic channels which carries the MBS services for the UEs
· Proposal 2: Multiple beams can be configured; within a beam, multiple MRBs can be configured for the QoS flows of the MBS services of interest of UEs within the beam, and a separate MCCH/ MCCH instance can be configured for each separate MRB configured within the beam.
· Proposal 3: For a configured MCCH or MCCH instance, an association can be configured between MCCH scheduling and/or MCCH change notification monitoring occasions with PDCCH repetitions and SSBs for sweeping the MCCH scheduling and/or the MCCH change notification into a specific direction e.g., by weeping the configured PDCCH to the associated SSB beam direction.
· Proposal 4: For a configured MCCH instance, a specific RNTI with additional bitmap e.g., 8 bits bitmap can be configured to differentiate between scheduling configurations of different MCCH instances configured for different services of interest of UEs  within a configured beam.
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