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1.	Introduction
The WID on NR Multicast and Broadcast Services was revised in RAN#88e [1]. 
One of the objectives led by RAN1 is to specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state:
· 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 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]
In addition, RAN1 is involved in specification of RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:
· Specify required changes 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. [RAN2, RAN1].
· Note: the possibility of receiving Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, without the need for those UEs to get the configuration of the PTM bearer carrying the Broadcast/Multicast service while in RRC CONNECTED state beforehand, is subject to verification of service subscription and authorization assumptions during the WI. 
In this contribution, we discuss how to support a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service.
2.	Scenarios for group scheduling
One of the benefits in Multicast/Broadcast transmissions is to use a single transmission resource to perform transmission of a same MBS (Multicast/Broadcast Service) TB towards multiple UEs. In unicast transmission, gNB should use multiple separate resources which of each is used for transmission to a single UE. Thus, Multicast/Broadcast transmissions allow the network to save resources by avoiding multiple unicast transmissions.
From network perspective, it seems desirable to provide all multicast/broadcast transmissions in a same DL BWP. However, if a UE is in RRC_CONNECTED, the UE receives transmissions in UE’s own active DL BWP. The UE may also perform BWP switching which leads to deactivation of a DL BWP and activation of another DL BWP. Hence, it would be difficult for the network to switch all UEs to receive both MBS TBs and unicast TBs in the same DL BWP. Switching to the same BWP for all UEs is also not desirable e.g. due to potential congestion in the BWP. Hence, gNB may sometimes configure a MBMS DL BWP on which all UEs receiving on UE’s own active BWPs may receive MBS TBs.
Moreover, LTE MBMS UE is allowed to receive MBMS transmissions in a Secondary Cell. It seems reasonable to consider the scenario that gNB configures one or more inter-frequency cells (i.e. MBMS SCell) on which all MBS TBs are transmitted to all UEs. All UEs do not need to consider the MBMS Cell as a Primary Cell since the UEs should be well distributed across multiple inter-frequency cells.
Accordingly, we propose to support the following scheduling scenario from UE perspective:
· Scenario 1A: Group scheduling of a MBS TB within UE’s active BWP
· Scenario 1B: Group scheduling of a MBS TB in a BWP not overlapped with UE’s active BWP within UE’s serving cell
· Scenario 1C: Group scheduling of a MBS TB in a cell other than UE’s serving cell
In our view, considering beam based multicast/broadcast transmissions, gNB performs group scheduling of a MBS TB with multiple beams in a DL BWP as follows:
· Group scheduling of a MBS TB with Group RNTI in Scenario 1A/B/C is defined as follows:
· DCI(s) with Group RNTI schedules PDSCH transmission(s) of the TB with one or more beams.
· Each of UEs in the group selects a beam and receives at least one PDCCH/PDSCH transmission possibly received by other UE(s) in the group.
Meanwhile, NR supports beam based transmissions at a cell. Since we cannot always expect all UEs receiving a same MBS TB at a cell will be served by a same TX beam, gNB may use multiple TX beams to transmit the same MBS TB. Such transmission seems basically similar to broadcast transmissions of system information or paging. gNB may repeat PDCCH/PDSCH transmissions of the same MBS TB with different beams. UE may select one of the transmissions according to beam measurement. If so, different UEs may receive different transmissions sometimes. Thus, the benefit of using group scheduling would not be well justified.
Observation: In case multiple UEs receive same MBS transmissions with same beam at a cell, it is beneficial to use group scheduling. However, in case only a few UEs receives same MBS transmission, sometimes with different beams, the benefit of using group scheduling would not be well justified. 
Considering the above observation, it is also interesting to consider unicast scheduling of a MBS TB as in a legacy unicast manner e.g. with C-RNTI. From UE perspective, such unicast scheduling of a MBS TB has a benefit because connected UEs will anyway monitor DCI with C-RNTI in UE’s active BWP. If gNB has no benefit with group scheduling of a certain MBS TB sometimes, e.g. due to lack of the number of interested UEs or using diverged beams for the same TB, gNB could schedule unicast transmission of the MBS TB by DCI with C-RNTI. Such unicast transmission can be better optimized for a single UE.
Accordingly, we propose to support the following scheduling scenario from UE perspective:
· Scenario 2: UE specific scheduling of a MBS TB with UE’s C-RNTI in UE’s active BWP
· DCI(s) with UE’s C-RNTI schedules UE’s own PDSCH transmission(s) of the TB with at least a beam selected for the UE.
· Each of UEs in the group receives UE’s own PDCCH/PDSCH transmission of the TB.
Proposal 1: Support UE specific scheduling as well as group scheduling in reception of a MBS TB in RRC_CONNECTED UEs.
3.	Group scheduling with multiple beams
It is expected that not only connected UEs but also idle/inactive UEs may receive a same MBS TB. Since gNB cannot know which beam is good for idle/inactive UEs, gNB may need to use all beams to transmit the MBS TB in order to ensure all UEs interested to receive the MBS TB correctly receive the MBS TB. Thus, RAN1 should support PDCCH/PDSCH repetitions in time and/or frequency resources to transmit the MBS TB possibly with all beams/TRPs.
Observation: gNB may use all beams to ensure all idle/inactive/connected UEs served by different beams/TRPs receive a MBS TB, because gNB cannot estimate good beams for idle/inactive UEs. 
Proposal 2: PDCCH/PDSCH transmissions of a MBS TB can be repeated in time and/or frequency resources with all beams/TRPs, e.g. if idle/inactive UEs as well as connected UEs receive the TB.
In LTE/NB-IOT/MTC MBMS, MBMS control information is broadcast on MCCH mapped to PDSCH to inform UEs about service availability. Such broadcast of MBS control information seems also required in NR not only for idle/inactive UEs but also for connected UEs. If so, UEs interested to receive a MCCH TB need to monitor PDCCH candidates in CORESET associated to group scheduling to detect DCI with CRC scrambled by SC-RNTI (i.e. Single Cell RNTI as in LTE SC-PTM). Such UE needs to be provided configuration of multiple CORSETs in search space set for group scheduling of the MCCH TB e.g. via system information or UE dedicated signaling.
Proposal 3: Support configuration of multiple CORESETs in search space set for group scheduling of a MBS control TB on PDSCH with multiple beams/TRPs e.g. via system information or UE dedicated signaling, if MCCH-like logical channel is supported by RAN2.
In LTE/NB-IOT/MTC MBMS, MBMS user data is broadcast on MTCH mapped to PDSCH. Assuming that MTCH-like logical channel is supported by RAN2, UEs interested to receive a MTCH TB need to monitor PDCCH candidates in CORESET associated to group scheduling to detect DCI with CRC scrambled by G-RNTI (i.e. Group RNTI as in LTE SC-PTM). Such UE needs to be provided configuration of multiple CORESETs and search space sets for group scheduling of the MCCH TB e.g. via system information or UE dedicated signaling.
Proposal 4: Support configuration of multiple CORESETs in search space set for group scheduling of a MBS data TB on PDSCH with multiple beams/TRPs e.g. via MCCH signaling or UE dedicated signaling, if MTCH-like logical channel is supported by RAN2.
Connected UEs perform Beam Management (BM). If all UEs receiving a MBS TB are in RRC_CONNECTED, gNB can select only some beams serving those UEs to transmit the MBS TB. Thus, assuming that gNB keeps all MBS UEs in RRC_CONNECTED, gNB does not need to use all beams of a cell to transmit the TB and so may repeat PDCCH/PDSCH transmissions of a MBS TB in time and/or frequency resources only with one or more selective beams/TRPs.
Observation: gNB may be able to use unicast beam management to transmit a MTCH TB to multiple connected UEs served by different beams/TRPs.
Proposal 5: PDCCH/PDSCH transmissions of a MBS TB can be repeated in time and/or frequency resources only with multiple selective beams/TRPs (i.e. not all beams/TRPs), e.g. if only connected UEs receive the TB.
4. Conclusion
In this contribution, we discussed how to support a group scheduling mechanism in NR.
Proposal 1: Support all the following scenarios for UE specific scheduling as well as group scheduling in reception of a MBS TB in RRC_CONNECTED UEs.
· Scenario 1: Group scheduling of a MBS TB with Group RNTI
· Scenario 1A: Group scheduling of a MBS TB within UE’s active BWP
· Scenario 1B: Group scheduling of a MBS TB in a BWP not overlapped with UE’s active BWP within UE’s serving cell
· Scenario 1C: Group scheduling of a MBS TB in a cell other than UE’s serving cell
NOTE: Group scheduling of a MBS TB with Group RNTI in Scenario 1A/B/C is defined as follows:
· DCI(s) with Group RNTI schedules PDSCH transmission(s) of the TB with one or more beams.
· Each of UEs in the group selects a beam and receives at least one PDCCH/PDSCH transmission possibly received by other UE(s) in the group.
· Scenario 2: Unicast scheduling of a MBS TB with UE’s C-RNTI in UE’s active BWP
· DCI(s) with UE’s C-RNTI schedules UE’s own PDSCH transmission(s) of the TB with at least a beam selected for the UE.
· Each of UEs in the group receives UE’s own PDCCH/PDSCH transmission of the TB.
Proposal 2: PDCCH/PDSCH transmissions of a MBS TB can be repeated in time and/or frequency resources with all beams/TRPs, e.g. if idle/inactive UEs as well as connected UEs receive the TB.
Proposal 3: Support configuration of multiple CORESETs in search space set for group scheduling of a MBS control TB on PDSCH with multiple beams/TRPs e.g. via system information or UE dedicated signaling, if MCCH-like logical channel is supported by RAN2.
Proposal 4: Support configuration of multiple CORESETs in search space set for group scheduling of a MBS data TB on PDSCH with multiple beams/TRPs e.g. via MCCH signaling or UE dedicated signaling, if MTCH-like logical channel is supported by RAN2.
Proposal 5: PDCCH/PDSCH transmissions of a MBS TB can be repeated in time and/or frequency resources only with multiple selective beams/TRPs (i.e. not all beams/TRPs), e.g. if only connected UEs receive the TB.
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