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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 basic functions for broadcast/multicast in RAN1.
2.	Discussion
RAN1 agreed to further study cases of a configured/defined specific common frequency resource (CFR) for group-common PDCCH/PDSCH, and identify which case(s) will be supported for RRC_IDLE/RRC_INACTIVE UEs for broadcast reception.
For a connected UE, a CFR is associated to UE’s active BWP. Considering UE’s active BWP can be initial DL BWP for a connected UE, the CFR associated with the initial DL BWP can be also used for idle/inactive UEs as well as connected UEs.
Observation 1: If the CFR is associated with the initial DL BWP for a connected UE, the CFR can be also used by idle/inactive UEs.  
RAN1 agreed that one CFR is supported per dedicated unicast BWP for multicast of RRC-CONNECTED UEs. We think that this agreement can be also applied to broadcast of idle/inactive UEs. Thus, from idle/inactive UE perspective, one CFR is associated to the initial DL BWP of UE’s serving cell for REL-17.
Proposal 1: From idle/inactive UE perspective, one CFR is associated to the initial DL BWP of UE’s serving cell for REL-17. 
For multicast of RRC-CONNECTED UEs, the CFR and the UE active BWP associated to the CFR have same numerology. Similarly, we propose that for Rel-17, the CFR associated to the initial DL BWP cannot be configured with a different numerology than that of the initial DL BWP. 
Proposal 2: For Rel-17, the CFR associated to the initial DL BWP cannot be configured with a different numerology than that of the initial DL BWP.
When a CFR is associated to the initial DL BWP, CFR may be equal to or smaller than the initial DL BWP in some cases. In our view, depending on gNB configuration, CFR should be allowed to be also configured with a wider bandwidth than the initial DL BWP. We concern that CFR equal to or smaller than the initial DL BWP would lead to low multicast capacity in CFR and potentially cause overload in initial DL BWP. It would be beneficial to support possibility of configuring a wider CFR than initial DL BWP.
Observation 2: Limiting to broadcast transmission within the initial DL BWP would lead to low broadcast capacity in CFR and potentially cause overload in initial DL BWP.
Proposal 3: For idle/inactive UEs receiving broadcast, CFR associated to initial DL BWP can be configured with a wider bandwidth than the initial DL BWP or a bandwidth equal to or smaller than the initial DL BWP. 
· If configured as a wider bandwidth, the initial DL BWP should be confined within the MBS specific BWP.
RAN2 recently agreed that MBS specific SIB is defined to carry MCCH configuration. Thus, we understand that MBS specific SIB is introduced for broadcast. We expect that MBS specific SIB would be delivered as Other SI. Thus, UE could monitor PDCCH for Type0A-PDCCH CSS set to detect a DCI with SI-RNTI and receive MBS specific SIB on PDSCH on the initial DL BWP of a serving cell.
Proposal 4: Idle/inactive UE monitors PDCCH for Type0A-PDCCH CSS set to detect a DCI with SI-RNTI and receive MBS specific SIB on the corresponding PDSCH on the initial DL BWP of a serving cell for broadcast.
RAN1 agreed that for broadcast reception, RRC_IDLE/RRC_INACTIVE UEs can use a configured/defined CFR with the same size as the initial BWP, where the initial BWP has the same frequency resources as CORESET0 to receive GC-PDCCH/PDSCH carrying MTCH. GC-PDCCH/PDSCH transmission within a narrower portion of the Initial BWP (where the initial BWP has the same frequency resources as CORESET0) is possible by implementation via appropriate scheduling. We understand that RAN1 would further discuss whether RRC_IDLE/RRC_INACTIVE UEs can use a CFR defined based on a configured BW.
We concern that CFR equal to the initial DL BWP would lead to low broadcast capacity in CFR considering the initial DL BWP is consistently serving system information, paging, initial access from several UEs and additionally new multicast support for UEs switching to initial BWP, and furthermore potentially cause overload in initial DL BWP together with multicast. Thus, it would be beneficial to support possibility of configuring a wider CFR than initial DL BWP for broadcast. Wider CFR would be also beneficial for connected UEs receiving multicast as well as broadcast. Accordingly, it is desirable to support a CFR defined based on a configured BW as well as a CFR with the same size as the initial BWP.
Meanwhile, RAN2 agreed that MCCH contents should include information about broadcast sessions such as G-RNTI, MBS session ID as well as scheduling information for MTCH (e.g. search space, DRX). L1 parameters that need to be included in MCCH are pending further RAN1 progress and input. We think that bandwidth configuration of CFR for MTCH can be also carried in MCCH contents to support a CFR defined based on a configured BW as well as a CFR with the same size as the initial BWP.
Proposal 5: PDCCH/PDSCH for MTCH transmission can be transmitted on a CFR defined based on a configured BW or a CFR with the same size as the initial BWP, depending on MCCH information.
In addition, we think that the monitoring priority of CSS for MTCH can be determined based on the search space set indexes for both multicast and broadcast. The CSS for MTCHs could be optionally configured by MCCH as mentioned in the above RAN2 agreement.
Proposal 6: For MTCH, support CSS type of which the monitoring priority for group-common PDCCH is determined based on the search space set indexes for MTCHs. The CSS for MTCHs can be optionally configured by MCCH.
RAN1 agreed that for RRC_IDLE/RRC_INACTIVE UEs with broadcast reception, if common search space other than searchSpace#0 is configured for MTCH, the mapping of PDCCH monitoring occasions to SSBs can be configured with a rule. The existing rule defined for OSI in TS 38.331 is used as starting point to define the above rule.
For scheduling of OSI in NR, different SI messages can be scheduled in different SI windows with different scheduling parameters e.g. different SI periodicities. Multiple SIBs having a same SI periodicity can be scheduled in a same SI message while different SIBs having different SI periodicities can be separately scheduled in different SI messages. With such basic principle of scheduling OSI, we think that group common transmissions for different G-RNTIs with different traffic patterns can be scheduled in different transmission windows, while Group common transmissions for different G-RNTIs with similar traffic pattern can be scheduled in same transmission windows.
Unlike MCCH information and System information having periodically stable TB sizes at a cell, MTCH can serve more dynamic data traffic in size and periodicity. Thus, we prefer to have more flexibility in scheduling various broadcast MTCH transmissions, instead of fully reusing the concept of SI window for MTCH. In details, different transmission windows can be configured with different window lengths as well as different periodicities of transmission windows, depending on MTCH traffic characteristics.
Observation 3: Different SI messages can be scheduled in different SI windows with different scheduling parameters e.g. different SI periodicities.
Proposal 7: Group common transmissions for different G-RNTIs with different traffic patterns can be scheduled in different transmission windows. Different transmission windows can be configured with different window lengths as well as different periodicities of transmission windows, depending on MTCH traffic characteristics.
Proposal 8: Group common transmissions for different G-RNTIs with similar traffic pattern can be scheduled in same transmission windows.
In addition, RAN1 previously agreed that for RRC_IDLE/RRC_INACTIVE UEs, beam sweeping is supported for group-common PDCCH/PDSCH. If multi-beam is considered for broadcast, the number of actual transmitted SSBs can be one component to determine PDCCH monitoring occasions. Meanwhile, we think that broadcast services could be available on at a specific local area. For example, some broadcast services may only cover a sports stadium or a building. Thus, gNB may not need to transmit some group common PDSCHs towards a whole of cell coverage for a certain broadcast service. In such a case, gNB would not need to use all SSBs determined in SIB1. Rather, gNB could sometimes use a limited number of SSBs for efficiency.
Accordingly, we propose that for a certain broadcast service, the number of actual transmitted SSBs is used to determine PDCCH monitoring occasions within DRX on-duration and can be smaller than the number of SSBs determined in SIB1.
For OSI, PDCCH monitoring occasions for SI message which are not overlapping with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from one in the SI window. The [x×N+K]th PDCCH monitoring occasion (s) for SI message in SI-window corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K = 1, 2, …N, N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is equal to CEIL(number of PDCCH monitoring occasions in SI-window/N). The actual transmitted SSBs are sequentially numbered from one in ascending order of their SSB indexes. We think that for a certain broadcast service, the actual transmitted SSBs can be smaller than the number of SSBs determined in SIB1 depending on actual broadcast service area. Different broadcast services could be transmitted based on different numbers of actual transmitted SSBs in different transmission windows. 
Observation 4: A certain broadcast service may be available only at a specific local area within a cell.
Proposal 9: For a certain broadcast service, the number of actual transmitted SSBs is used to determine PDCCH monitoring occasions within a transmission window and can be smaller than the number of SSBs determined in SIB1. Different transmission windows can be configured with different number of actual transmitted SSBs, depending on actual broadcast service area.
As previously mentioned, RAN2 agreed that MCCH contents should include information about broadcast sessions such as G-RNTI, MBS session ID as well as scheduling information for MTCH (e.g. search space, DRX). Considering that DRX is mentioned in this agreement, RAN2 could possibly consider DRX for broadcast reception as well as multicast reception. If DRX is used for MTCH reception, the transmission window can be considered as DRX on-duration.
Observation 5: RAN2 agreed that MCCH contents should include information about broadcast sessions such as G-RNTI, MBS session ID as well as scheduling information for MTCH (e.g. search space, DRX).
Proposal 10: PDCCH monitoring occasions are determined in DRX on-durations for MTCH of a broadcast service for idle/inactive UEs.
According to RAN1 agreement, for slot-level repetition for group-common PDSCH for RRC_CONNECTED UEs receiving multicast,
· (Config A) UE can be optionally configured with pdsch-AggregationFactor.
· (Config B) UE can be optionally configured with TDRA table with repetitionNumber as part of the TDRA table. 
· If UE is configured with Config B, UE does not expect to be configured with Config A for the same group-common PDSCH.
We think that this RAN1 agreement can be also applied to idle/inactive UEs receiving broadcast (as well as connected UEs receiving broadcast).
Proposal 11: For slot-level repetition for group-common PDSCH for RRC_IDLE/INACTIVE UEs receiving broadcast,
· (Config A) UE can be optionally configured with pdsch-AggregationFactor.
· (Config B) UE can be optionally configured with TDRA table with repetitionNumber as part of the TDRA table. 
· If UE is configured with Config B, UE does not expect to be configured with Config A for the same group-common PDSCH.
3.	Conclusion
In conclusion, we propose to discuss the following basic functions for broadcast/multicast in RAN1:
Observation 1: If the CFR is associated with the initial DL BWP for a connected UE, the CFR can be also used by idle/inactive UEs.  
Proposal 1: From idle/inactive UE perspective, one CFR is associated to the initial DL BWP of UE’s serving cell for REL-17. 
Proposal 2: For Rel-17, the CFR associated to the initial DL BWP cannot be configured with a different numerology than that of the initial DL BWP.
Observation 2: Limiting to broadcast transmission within the initial DL BWP would lead to low broadcast capacity in CFR and potentially cause overload in initial DL BWP.
Proposal 3: For idle/inactive UEs receiving broadcast, CFR associated to initial DL BWP can be configured with a wider bandwidth than the initial DL BWP or a bandwidth equal to or smaller than the initial DL BWP. 
· If configured as a wider bandwidth, the initial DL BWP should be confined within the MBS specific BWP.
Proposal 4: Idle/inactive UE monitors PDCCH for Type0A-PDCCH CSS set to detect a DCI with SI-RNTI and receive MBS specific SIB on the corresponding PDSCH on the initial DL BWP of a serving cell for broadcast.
Proposal 5: PDCCH/PDSCH for MTCH transmission can be transmitted on a CFR defined based on a configured BW or a CFR with the same size as the initial BWP, depending on MCCH information.
Proposal 6: For MTCH, support CSS type of which the monitoring priority for group-common PDCCH is determined based on the search space set indexes for MTCHs. The CSS for MTCHs can be optionally configured by MCCH.
Observation 3: Different SI messages can be scheduled in different SI windows with different scheduling parameters e.g. different SI periodicities.
Proposal 7: Group common transmissions for different G-RNTIs with different traffic patterns can be scheduled in different transmission windows. Different transmission windows can be configured with different window lengths as well as different periodicities of transmission windows, depending on MTCH traffic characteristics.
Proposal 8: Group common transmissions for different G-RNTIs with similar traffic pattern can be scheduled in same transmission windows.
Observation 4: A certain broadcast service may be available only at a specific local area within a cell.
Proposal 9: For a certain broadcast service, the number of actual transmitted SSBs is used to determine PDCCH monitoring occasions within a transmission window and can be smaller than the number of SSBs determined in SIB1. Different transmission windows can be configured with different number of actual transmitted SSBs, depending on actual broadcast service area.
Observation 5: RAN2 agreed that MCCH contents should include information about broadcast sessions such as G-RNTI, MBS session ID as well as scheduling information for MTCH (e.g. search space, DRX).
Proposal 10: PDCCH monitoring occasions are determined in DRX on-durations for MTCH of a broadcast service for idle/inactive UEs.
Proposal 11: For slot-level repetition for group-common PDSCH for RRC_IDLE/INACTIVE UEs receiving broadcast,
· (Config A) UE can be optionally configured with pdsch-AggregationFactor.
· (Config B) UE can be optionally configured with TDRA table with repetitionNumber as part of the TDRA table. 
· If UE is configured with Config B, UE does not expect to be configured with Config A for the same group-common PDSCH.
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