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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.
CFR and BWP
Regarding common frequency resource, RAN1 made some agreements for connected UEs as follows:
	For multicast of RRC-CONNECTED UEs, a common frequency resource for group-common PDCCH / PDSCH is confined within the frequency resource of a dedicated unicast BWP to support simultaneous reception of unicast and multicast in the same slot
· Down select from the two options for the common frequency resource for group-common PDCCH/ PDSCH
· Option 2A: The common frequency resource is defined as an MBS specific BWP, which is associated with the dedicated unicast BWP and using the same numerology (SCS and CP)
· FFS BWP switching is needed between the multicast reception in the MBS specific BWP and unicast reception in its associated dedicated BWP
· Option 2B: The common frequency resource is defined as an ‘MBS frequency region’ with a number of contiguous PRBs, which is configured within the dedicated unicast BWP.
· FFS: How to indicate the starting PRB and the length of PRBs of the MBS frequency region
· FFS whether UE can be configured with no unicast reception in the common frequency resource
· FFS on details of the group-common PDCCH / PDSCH configuration
· FFS whether to support more than one common frequency resources per UE / per dedicated unicast BWP subjected to UE capabilities
· FFS whether the use of a common frequency resource for multicast is optional or not
· FFS whether the common frequency resource is applicable for PTM scheme 2 (if supported) or not



Meanwhile, RAN1 also agreed to further study some 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. In addition, for broadcast reception, the same group-common PDCCH and the corresponding scheduled group-common PDSCH can be received by both RRC_IDLE/RRC_INACTIVE UEs and RRC_CONNECTED UEs when UE-specific active BWP of RRC_CONNECTED UE contains the common frequency resource of RRC_IDLE/INACTIVE UEs and the SCS and CP are the same. 
Accordingly, we think that the concept of the CFR is used by UEs receiving multicast and/or broadcast regardless of RRC states.
Observation: the concept of the CFR is used by UEs receiving multicast and/or broadcast regardless of RRC states.
We think that the CFR needs to support all of the following cases:
· A wider bandwidth than bandwidth of the initial DL BWP for broadcast or multicast services
· A bandwidth equal to the initial DL BWP or UEs active BWP for broadcast or multicast services
Note that in Rel-15/16, connected UEs can switch to the initial BWP. In this case, we wonder how a frequency region confined within the initial BWP can support a wider bandwidth than bandwidth of the initial DL BWP for multicast. 
In our view, for compromise and addressing different cases, RAN1 could support both Option 2A and 2B for both multicast and broadcast regardless of RRC states.
Proposal 1: Support both Option 2A and 2B for both multicast and broadcast regardless of RRC states for compromise as follows:
· Option 2A for a wider MBS specific BWP than the initial DL BWP or UE’s active DL BWP, and 
· Option 2B for a frequency region within or equal to the initial DL BWP or UE’s active DL BWP.
· Which option is used is up to gNB configuration
· The existing term ‘BWP’ is re-used to specify CFR in specifications.
It is FFS whether UE can be configured with no unicast reception in the common frequency resource. R15/16 UE in RRC_CONNECTED should activate at least one UE dedicated BWP. We think that a connected UE should always need to monitor unicast PDCCH at least for UE dedicated RRC message (e.g. via SRB1). We should not change R15/16 UE dedicated BWP operation for multicast.
Proposal 2: Connected UE should maintain at least one UE’s active BWP as specified in REL-15/16.
It is FFS whether BWP switching is needed between the multicast reception in the MBS specific BWP and unicast reception in its associated dedicated BWP. We think that for simplicity, UE could simultaneously activate one MBS specific BWP and one UE’s active BWP. We propose that BWP switching between MBS specific BWP and UE’s active BWP is NOT supported.
Proposal 3: BWP switching between MBS specific BWP and UE’s active BWP is NOT supported. UE is allowed to simultaneously activate one MBS specific BWP and one UE’s active BWP.
It is FFS whether to support more than one common frequency resources per UE / per dedicated unicast BWP subjected to UE capabilities. For simplicity, we prefer that MBS capable UE activates only one MBS DL BWP at a time for REL-17. 
Proposal 4: MBS capable UE activates only one MBS DL BWP at a time for REL-17.
Group common PDCCH/PDSCH
RAN1 agreed to support at least CSS for search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state. It is FFS whether to reuse existing CSS type(s) in Rel-15/16 or define a new Type CSS. In our view, if an existing CSS type is used, at least CSS Type 3 could be supported for group common PDCCH.
Proposal 5: support CSS Type 3 for group common PDCCH for connected UEs as well as idle/inactive UEs.
Moreover, if an existing CSS type is not sufficient, new CSS type 4 could be additionally supported for group common PDCCH. Currently, a UE is not expected to be configured with PDCCH monitoring in CSS(s) for more than what UE can monitor in terms of number of BDs/CCEs. Then, the UE maps all candidates of USS search space set with lower SS set ID before candidates of USS with higher ID. If CSS is always used for group common PDCCH, someone may concern prioritization of group common PDCCH over UE specific PDCCH scheduling higher priority data. Search Space for MBS cannot always have a higher priority than CSS in PDCCH monitoring rule. Thus, the new CSS type 4 for MBS should be handled like USS for PDCCH monitoring priority.
Proposal 6: support additional new CSS type 4 for multicast of which monitoring priority is handled like USS.
Regarding DCI size budget, the working assumption made in RAN1#104B is to keep the “3+1” DCI size budget defined in Rel-15 for Rel-17 MBS. It is FFS whether the G-RNTI is counted as “C-RNTI” or as “other RNTI” when considering the “3+1” DCI size budget rule for group-common PDCCH. We think that the G-RNTI can be considered as “other RNTI” when considering the “3+1” DCI size budget rule for group-common PDCCH for less impact. If necessary, the total number of different DCI sizes configured to monitor could be increased up to 5 for the cell where CFR is configured, while the total number of different DCI sizes with C-RNTI configured to monitor can be still kept as 3.
Proposal 7: the G-RNTI is “other RNTI” when considering the “3+1” DCI size budget rule for group-common PDCCH for less impact. If necessary, the total number of different DCI sizes configured to monitor could be increased up to 5 for the cell where CFR is configured, while the total number of different DCI sizes with C-RNTI configured to monitor is kept as 3.
In addition, RAN1 agreed to support group-common SPS PDSCH configuration for MBS. It is currently FFS on the retransmission scheme(s) of group common SPS. Support of group common PDCCH for activation/deactivation of group common SPS is also a working assumption. In our view, it is likely to use new or existing CS-RNTI at least for activation or deactivation of group common SPS. Thus, if new CS-RNTI is introduced for activation, retransmission or deactivation of group common SPS, the new CS-RNTI can be also considered “other RNTI”.
Proposal 8: If new CS-RNTI is introduced for group common SPS, the new CS-RNTI is “other RNTI”.
In RAN1#104-e, RAN1 agreed that for broadcast reception, the same group-common PDCCH and the corresponding scheduled group-common PDSCH can be received by both RRC_IDLE/RRC_INACTIVE UEs and RRC_CONNECTED UEs when UE-specific active BWP of RRC_CONNECTED UE contains the common frequency resource of RRC_IDLE/INACTIVE UEs and the SCS and CP are the same. Meanwhile, RAN1 previously agreed that for RRC_IDLE/RRC_INACTIVE UEs, beam sweeping is supported for group-common PDCCH/PDSCH. Thus, in our view, assuming that gNB would broadcast multiple group common PDSCH transmissions associated to different SSBs for a same TB for broadcast for idle/inactive UEs, connected UEs interested to receive the broadcast service are expected to selectively receive one or more of the group-common PDSCH transmissions associated to a selected SSB for broadcast. 
On the other hand, even for multicast, gNB may need to transmit multiple TDMed group-common PDSCHs of a same TB to connected UEs in a same group with selectively different RSs. In this case, we think that for both broadcast and multicast, different UE in a same group do not need to receive all TDMed group common PDSCHs of the same TB. Instead, the UEs should be allowed to selectively receive same or different PDSCHs among TDMed group common PDSCHs carrying the same TB.
Proposal 9: support transmission of multiple TDMed group-common PDSCHs carrying a same TB with selectively different RSs for both broadcast and multicast. Different UE in the group selectively receive same or different PDSCHs among TDMed PDSCHs carrying the TB. 
For unicast PDSCH, PDSCH configuration in 38.331 can currently provide tci-StatesToAddModList in PDSCH-config. Similarly, we propose that multiple TCI states can be configured in PDSCH-config for group common PDSCH for the CFR.
Proposal 10: Multiple TCI states can be configured in PDSCH-config for group common PDSCH for the CFR.
Moreover, gNB may need to configure multiple CORESETs and transmit group common PDCCHs to multiple UEs with same or different TCI states in a group. For a same TB of a same MBS service, the DCI could be repeated on multiple CORESETs with same or different TCI states. Different UEs may monitor same or different CORESETs depending on TCI states. 
Proposal 11: From gNB perspective, gNB may configure multiple CORESETs and transmit group common PDCCHs to multiple UEs in a group. The DCI can be repeated on multiple CORESETs with same or different TCI states
The CORESTE configuration in 38.331 can currently provide tci-StatesPDCCH-ToAddList for controlResourceSetId. Similarly, we propose that multiple TCI states could be configured for a CORESET ID for a Search Space of group common PDCCH by RRC.
Proposal 12: Multiple TCI states can be configured for a CORESET ID for a Search Space of group common PDCCH by RRC.
Group Common SPS
NOTE: This section is also shown in LG’s other contribution to AI 8.12.2 in R1-2103358.
RAN1 previously agreed that for slot-level repetition for group-common PDSCH for RRC_CONNECTED UEs receiving multicast, UE can be optionally configured with pdsch-AggregationFactor, or UE can be optionally configured with TDRA table with repetitionNumber as part of the TDRA table. Meanwhile, RAN1 also agreed to support SPS group-common PDSCH for MBS for RRC_CONNECTED UEs. Thus, RAN1 can further clarify whether slot-level repetition can be also applied to group common SPS configuration. Considering that multiple UEs would receive group common SPS transmissions, it seems beneficial to provide those UEs in a group with multiple opportunities that the UEs can receive. In our view, both options agreed for group common PDSCH repetition can be also supported for group common SPS.
Proposal 13: For a group common SPS configuration, UE can be optionally configured with either pdsch-AggregationFactor or TDRA table with repetitionNumber as part of the TDRA table. 

For group common SPS, it is unclear how group common PDSCH transmission can address different TCI states for different UEs in a same group, because group common SPS is not UE specific and different UEs may need to be configured with different TCI states. If repetition of group common SPS, we could associate different repetition of a same TB with different TCI states to allow different UEs to properly receive group common SPS. Or, gNB may provide separate SPS configurations to different UEs based on different TCI states even for the same multicast group of UEs. We propose to further discuss how to support different TCI states for group common SPS.
Proposal 14: Discuss whether different TCI states can be configured for group common SPS received by different UE, e.g. different slots of group common SPS PDSCH repetitions or different SPS configurations can be associated to different TCI states for the same group of UEs. 

RAN1 agreed that for RRC_CONNECTED UEs, HARQ-ACK feedback is supported for SPS group-common PDSCH for MBS. Since RAN1 already agreed to support ACK/NACK based HARQ-ACK for multicast, it seems likely to support at least ACK/NACK based HARQ-ACK for group common SPS. As we know, NACK-only based HARQ=ACK is still FFS for multicast. In our view, NACK-only based HARQ-ACK would give additional benefit to group common SPS because PUCCH transmissions from multiple UEs in the same group are performed at the same time. Thus, if SPS periodicity is short, HARQ-ACK from multiple UEs could be easily packed in a short periodicity with NACK only based HARQ-ACK. Thus, we propose to support both group common NACK only based HARQ-ACK and UE specific ACK/NACK based HARQ-ACK for group common SPS.
Proposal 15: For group common SPS, both group common NACK only based HARQ-ACK and UE specific ACK/NACK based HARQ-ACK are supported.

Since multiple UEs receive group common SPS, it seems essential for gNB to ensure whether a particular UE in the group is receiving group common SPS activation/(re-)transmission/release. We think that HARQ-ACK for group common SPS will be helpful for gNB to ensure that all UEs in the group are following group common SPS. Especially we propose that all UEs in the group send a confirmation to DCI indicating SPS release by using a HARQ-ACK on PUCCH. 
Proposal 16: For group common SPS, at least UE specific confirmation to group common SPS release can be supported by PUCCH A/N.

In addition, reliability of a DCI indicating activation or release seems important for group common SPS. For example, if some of UEs in a same group misses an activation DCI, it seems not easy for the UEs to follow ongoing group common SPS transmissions. Thus, we propose to support repetition of a same DCI on multiple CORESETs with same or different TCI states for group common SPS.
Proposal 17: For group common SPS activation/deactivation to multiple UEs in a group, (de)activation DCI can be repeated on multiple CORESETs with same TCI state or different TCI states.
Conclusion
In this contribution, we suggest the following proposals for support of group scheduling in NR MBS:
Observation: the concept of the CFR is used by UEs receiving multicast and/or broadcast regardless of RRC states.
Proposal 1: Support both Option 2A and 2B for both multicast and broadcast regardless of RRC states for compromise as follows:
· Option 2A for a wider MBS specific BWP than the initial DL BWP or UE’s active DL BWP, and 
· Option 2B for a frequency region within or equal to the initial DL BWP or UE’s active DL BWP.
· Which option is used is up to gNB configuration
· The existing term ‘BWP’ is re-used to specify CFR in specifications.
Proposal 2: Connected UE should maintain at least one UE’s active BWP as specified in REL-15/16.
Proposal 3: BWP switching between MBS specific BWP and UE’s active BWP is NOT supported. UE is allowed to simultaneously activate one MBS specific BWP and one UE’s active BWP.
Proposal 4: MBS capable UE activates only one MBS DL BWP at a time for REL-17.
Proposal 5: support CSS Type 3 for group common PDCCH for connected UEs as well as idle/inactive UEs.
Proposal 6: support additional new CSS type 4 for multicast of which monitoring priority is handled like USS.
Proposal 7: the G-RNTI is “other RNTI” when considering the “3+1” DCI size budget rule for group-common PDCCH for less impact. If necessary, the total number of different DCI sizes configured to monitor could be increased up to 5 for the cell where CFR is configured, while the total number of different DCI sizes with C-RNTI configured to monitor is kept as 3.
Proposal 8: If new CS-RNTI is introduced for group common SPS, the new CS-RNTI is “other RNTI”.
Proposal 9: support transmission of multiple TDMed group-common PDSCHs carrying a same TB with selectively different RSs for both broadcast and multicast. Different UE in the group selectively receive same or different PDSCHs among TDMed PDSCHs carrying the TB. 
Proposal 10: Multiple TCI states can be configured in PDSCH-config for group common PDSCH for the CFR.
Proposal 11: From gNB perspective, gNB may configure multiple CORESETs and transmit group common PDCCHs to multiple UEs in a group. The DCI can be repeated on multiple CORESETs with same or different TCI states
Proposal 12: Multiple TCI states can be configured for a CORESET ID for a Search Space of group common PDCCH by RRC.
Proposal 13: For a group common SPS configuration, UE can be optionally configured with either pdsch-AggregationFactor or TDRA table with repetitionNumber as part of the TDRA table. 
Proposal 14: Discuss whether different TCI states can be configured for group common SPS received by different UE, e.g. different slots of group common SPS PDSCH repetitions or different SPS configurations can be associated to different TCI states for the same group of UEs. 
Proposal 15: For group common SPS, both group common NACK only based HARQ-ACK and UE specific ACK/NACK based HARQ-ACK are supported.
Proposal 16: For group common SPS, at least UE specific confirmation to group common SPS release can be supported by PUCCH A/N.
Proposal 17: For group common SPS activation/deactivation to multiple UEs in a group, (de)activation DCI can be repeated on multiple CORESETs with same TCI state or different TCI states.
Reference
[bookmark: _Ref32914645][bookmark: _Ref37066925][bookmark: _Ref40384374][1] RP-201038	WID revision: NR Multicast and Broadcast Services,	Huawei, HiSilicon
