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1. Introduction 
In this document, we will discuss the PHY aspects on the MCCH/MTCH for the broadcast RRC_IDLE/RRC_INACTIVE UEs.

2. Discussion 
2.1 CFR for Broadcast MCCH/MTCH 
Based on the RAN1 agreements, the default CFR for broadcast is the initial BWP if not configured in SIB; otherwise, it is FFS whether the MBS CFR for broadcast can have the frequency size to be same, larger or smaller than initial BWP. 
There is some discussion on different interpretations of initial BWP for RRC_IDLE/INACTIVE and RRC_CONNECTED UEs when initial BWP is configured in SIB larger than CORESET#0. For legacy UEs, “it keeps CORESET#0 until after reception of RRCSetup/RRCResume/RRCReestablishment”, which means RRC_CONNECTED UEs may assume initial BWP for paging while RRC_IDLE/INACTIVE UEs still camp on CORESET#0. 
Now, we are discussing the UE behavior of new Rel-17 UEs capable of broadcast reception. If a CFR is configured with the same size as initial BWP broadcasted by SIB (i.e., Case C), it is common for Rel-17 UEs in all states to receive broadcast GC-PDCCH/GC-PDSCH. It seems unnecessary to further limit a CFR with size smaller than the initial BWP for broadcast MCCH/MTCH. 

Considering different types of information carried in MCCH and MTCH, separate CFR can be configured with different frequency range, pdsch-config, and/or pdcch-config. Even if the frequency range is same as initial BWP, we may still need a CFR with pdsch-config and pdcch-config for broadcast, different than SIB/paging.
· For MCCH, the CFR can be configured with the frequency size to be same as that of initial BWP (Case A/C).
· For MTCH, besides Case A/C, it is also possible to configure broadcast CFR by MCCH, e.g., larger than initial BWP (Case E) for flexible scheduling to avoid congestion by SI/paging/broadcast traffic in same band. 

The CFR for broadcast services can be defined as Broadcast BWP, received by UEs in all states. 
· For RRC_IDLE/INACTIVE UEs, there is no dedicated BWP. The CFR for MCCH is broadcasted in SIB and the CFR for MTCH is broadcasted in MCCH. Here, the Option 2B to define a CFR within a dedicated BWP cannot be applied. It is straightforward to define a CFR as MBS specific BWP (Option 2A). 
· For RRC_CONNECTED UEs, the broadcast CFR/BWP (indicated in SIB/MCCH) can be associated with a dedicated BWP if the broadcast CFR/BWP is fully confined within the dedicated BWP and using same SCS/CP. When the dedicated BWP is active, the UE can receive simultaneously multicast in multicast CFR/BWP, broadcast in broadcast CFR/BWP and unicast in the associated dedicated BWP without BWP switching.

Proposal 1: Separate CFR configuration for MCCH/MTCH.
· For MCCH, the CFR can be configured with the frequency size same as CORESET#0 or initial BWP.
· For MTCH, the CFR can be configured with the frequency size same as CORESET#0 or initial BWP or larger than that of initial BWP.

Proposal 2: The CFR for broadcast is defined as a Broadcast BWP.

2.2 GC-PDCCH for Broadcast MCCH/MTCH 
From RAN1 perspective, we focus on the discussion of the MCCH/MTCH configuration in terms of CORESET and SS for GC-PDCCH monitoring.
 
· CORESET of GC-PDCCH for broadcast MCCH/MTCH
· It is possible to configure the CORESET for MCCH by SIB, different than CORESET#0.
· CORESET for broadcast MTCH can be CORESET#0 or configured by MCCH within the Broadcast CFR/BWP.

Proposal 3: CORESET of GC-PDCCH for MCCH and MTCH can be separately configured in corresponding CFR.
· CORESET for MCCH can be configured by SIB.
· CORESET for MTCH can be configured by MCCH.


· Search Space of GC-PDCCH for broadcast MCCH/MTCH
· A new type of CSS for GC-PDCCH should be defined for SS of MCCH/MTCH.
· The SS of GC-PDCCH for broadcast MTCH could be same as that of MCCH or configured by MCCH.
· To answer the RAN2 question on MCCH [1], we think SS#0 or an SS other than SS#0 can be configured.

Proposal 4: A new type of CSS is defined as the SS of MCCH/MTCH.
· For MCCH, SS#0 or an SS other than SS#0 can be configured.


· DCI format of GC-PDCCH for broadcast MCCH/MTCH

For multicast RRC_CONNECTED UEs, we have agreed:
Agreement:
For group-common PDCCH of Rel-17 MBS, support at least two DCI formats.
· DCI format 1_0 is used as the baseline for the first DCI format with CRC scrambled with G-RNTI.
· DCI format 1_1 or 1_2 is used as the baseline for the second DCI format with CRC scrambled with G-RNTI
· FFS: Which of DCI format 1_1 or 1_2 is used as the baseline
· FFS: Details of the reuse (or not) of DCI format 1_0, 1_1 or 1_2 fields 

For broadcast, DCI format 1_0 can be used as the baseline for MCCH, MTCH and MCCH change notifications. Similar as the design of LTE SC-PTM, a dedicated RNTI (e.g., MCCH-N-RNTI) can be used for MCCH change notifications, to be different than MCCH.

Proposal 5: DCI format 1_0 can be used as the baseline for MCCH, MTCH, and MCCH change notifications.

Proposal 6: A dedicated RNTI (e.g., MCCH-N-RNTI) can be used for MCCH change notifications.

2.3 GC-PDSCH for Broadcast MCCH/MTCH 

· GC-PDSCH configuration 

For GC-PDSCH transmission of broadcast MCCH/MTCH, the configuration can be separately considered, i.e., pdsch-config in corresponding CFR for MCCH/MTCH:
· For sake of simplicity, GC-PDSCH for MCCH can assume QPSK and single layer, similar as SIB/paging. 
· GC-PDSCH configuration for broadcast MTCH can be more flexible, configured by MCCH.

Proposal 7: 
· GC-PDSCH for broadcast MCCH can use QPSK and single layer.
· GC-PDSCH for broadcast MTCH can be configured by MCCH to use flexible MCS.

· HARQ process for GC-PDSCH

In last meeting, we have discussed the HARQ process number for multicast and have following conclusion:
Conclusion:
The maximum number of HARQ processes per cell, currently supported for unicast, is kept unchanged for UE to support multicast reception.
· How to allocate HARQ processes between unicast and multicast is up to gNB.

However, it is not clear the case of NR broadcast GC-PDSCH. For LTE broadcast with no QoS requirement, e.g., SC-PTM, MBSFN, EnTV, no HARQ combining is supported. In NR, a dedicated HARQ process is used for SIB, not occupying the total number of HARQ processes for unicast. For NR Rel-17 broadcast, RAN1 needs to discuss whether/how to allocate HARQ process(es) for broadcast.
· Opt1: not support HARQ combining for broadcast, not requiring HARQ process(es)
· Opt2: support HARQ combining for broadcast, requiring HARQ process(es).
· Opt2-1: introduce additional dedicated HARQ process(es)
· Increase the total number of HARQ processes per UE, which may increase UE complexity due to larger soft buffer
· Opt2-2: share the dedicated HARQ process with SIB
· Limited to the HARQ process with low data rate/QPSK due to small soft buffer for SIB
· May need different scheduling window for SIB and broadcast
· Opt2-3: borrow HARQ process(es) from unicast/multicast 
· No increase the total number of HARQ processes per UE
· May need different scheduling window for unicast/multicast/broadcast

Opt1 is similar as LTE broadcast. Opt2 is beneficial to improve the robustness of NR Rel-17 broadcast, but Opt2-1 and 2-2 are not preferred. Regarding Opt2-3, at least for RRC_IDLE/INACTIVE UEs, the HARQ processes of unicast/multicast are available, and it is possible to support HARQ combining for broadcast MCCH/MTCH without increasing the UE soft buffer size. For RRC_CONNECTE UEs, if redundant HARQ process is available (up to gNB scheduling), it may be possible to support Opt2-3, otherwise Opt1. 

Proposal 8: At least for RRC_IDLE/INACTIVE UEs, support HARQ combining using the available HARQ process(es) of unicast/multicast.

2.4 Beam sweeping for Broadcast MCCH/MTCH 

RAN1 has agreed to support beam sweeping for RRC_IDLE/INACTIVE UEs. If MCCH/MTCH will be used for broadcast configuration, the beam sweeping for MCCH/MTCH need to be further discussed.
· UE may assume the beam sweeping for MCCH/MTCH based on the following alternatives:
· Alt1: QCL is associated with SSB (similar as SIB)
· Alt2: QCL is associated with periodic TRS if configured in SIB for broadcast reception.
· TRS could be transmitted from serving cell or multiple cells which transmit the broadcast services in the SFN area (which cell is transmitting is transparent to UE).

For MCCH with QPSK, transmitted from serving cell, Alt1 may be sufficient. But for MTCH with higher modulation and/or SFN transmission, TRS is needed for GC-PDSCH reception.


Proposal 9: UE may assume that the GC-PDSCH for MTCH is QCL’d with SSB or periodic TRS if configured for broadcast reception.
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	In this contribution, we discussed the basic functions of broadcast MCCH/MTCH with the following proposals: 

For CFR of broadcast MCCH/MTCH:
Proposal 1: Separate CFR configuration for MCCH/MTCH.
· For MCCH, the CFR can be configured with the frequency size same as CORESET#0 or initial BWP.
· For MTCH, the CFR can be configured with the frequency size same as CORESET#0 or initial BWP or larger than that of initial BWP.

Proposal 2: The CFR for broadcast is defined as a Broadcast BWP.

For GC-PDCCH of broadcast MCCH/MTCH:
Proposal 3: CORESET of GC-PDCCH for MCCH and MTCH can be separately configured in corresponding CFR.
· CORESET for MCCH can be configured by SIB.
· CORESET for MTCH can be configured by MCCH.

Proposal 4: A new type of CSS is defined as the SS of MCCH/MTCH.
· For MCCH, SS#0 or an SS other than SS#0 can be configured.

Proposal 5: DCI format 1_0 can be used as the baseline for MCCH, MTCH, and MCCH change notifications.

Proposal 6: A dedicated RNTI (e.g., MCCH-N-RNTI) can be used for MCCH change notifications.


For GC-PDSCH of broadcast MCCH/MTCH:
Proposal 7: 
· GC-PDSCH for broadcast MCCH can use QPSK and single layer.
· GC-PDSCH for broadcast MTCH can be configured by MCCH to use flexible MCS.

Proposal 8: At least for RRC_IDLE/INACTIVE UEs, support HARQ combining using the available HARQ process(es) of unicast/multicast.


For beam sweeping of MTCH:
Proposal 9: UE may assume that the GC-PDSCH for MTCH is QCL’d with SSB or periodic TRS if configured for broadcast reception.
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Appendix
In RAN1#104-e meeting, we have the following agreements for MBS RRC_IDLE/INACTIVE UEs.
Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, one common frequency resource for group-common PDCCH/PDSCH can be defined/configured.
· FFS: whether to define/configure more than one common frequency resources

Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, the UE may assume that group-common PDCCH/PDSCH is QCL’d with SSB.
· It is up to UE implementation whether UE monitors monitoring occasions corresponding to all SSB indexes or monitoring occasions corresponding to a subset of all SSB indexes. 
· FFS: association rules between SSB indexes and UE monitoring occasions.
· FFS: group-common PDCCH/PDSCH is QCl’d with TRS if configured

Agreement:
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.
· FFS: the case when UE-specific active BWP of RRC_CONNECTED UE does not contain the common frequency resource of RRC_IDLE/INACTIVE UEs.


Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, further study the following cases of a configured/defined specific common frequency resource (CFR) for group-common PDCCH/PDSCH, and identify which case(s) will be supported:
· [Case E] the case where a CFR is defined based on a configured BWP. 
· In particular, study the following:
· whether a configured BWP for MBS is needed or not.
· whether BWP switching is needed or not.
· In this study, the configured BWP has the following properties:
· The configured BWP is different than the initial BWP where the frequency resources of this initial BWP are configured smaller than the full carrier bandwidth. 
· The CFR has the frequency resources identical to the configured BWP.
· The configured BWP needs to fully contain the initial BWP in frequency domain and has the same SCS and CP as the initial BWP. 
· Note: The configured BWP is not larger than the carrier bandwidth
· the case where the initial BWP fully contains the CFR in the frequency domain.
· In this study the following sub-cases are considered:
· [Case B] A CFR with smaller size than the initial BWP, where the initial BWP has the same frequency resources as CORESET0. In this case the CFR has the frequency resources confined within the initial BWP and have the same SCS and CP as the initial BWP.
· [Case D] A CFR with smaller size than the initial BWP, where the initial BWP has the frequency resources configured by SIB1. In this case the CFR has the frequency resources confined within the initial BWP and have the same SCS and CP as the initial BWP.
· In particular, study the following:
· Whether the considered two options with a CFR with smaller size than the initial BWP are needed or not for MBS.
· the case where the initial BWP has same size as the CFR in the frequency domain. 
· In this study the following two sub-cases are considered:
· [Case A] A CFR with the same size as the initial BWP, where the initial BWP has the same frequency resources as CORESET0. In this case the CFR has the same frequency resources and same SCS and CP as the initial BWP.
· [Case C] A CFR with same size as the initial BWP, where the initial BWP has the frequency resources configured by SIB1. In this case the CFR has the same frequency resources and same SCS and CP as the initial BWP.
· In particular, study the following:
· Whether the considered two options with a CFR with the same size as the initial BWP are needed or not for MBS.




In RAN1#103-e meeting, we have the following agreements for MBS RRC_IDLE/INACTIVE UEs.

Agreements: For RRC_IDLE/RRC_INACTIVE UEs, support group-common PDCCH with CRC scrambled by a common RNTI to schedule a group-common PDSCH, where the scrambling of the group-common PDSCH is based on the same common RNTI.
· FFS details
Agreements:
· For RRC_IDLE/RRC_INACTIVE Ues, beam sweeping is supported for group-common PDCCH/PDSCH.
· FFS: Details for support of beam sweeping for group-common PDCCH/PDSCH.

Agreements: For RRC_IDLE/RRC_INACTIVE UEs, define/configure common frequency resource(s) for group-common PDCCH/PDSCH.
· the UE may assume the initial BWP as the default common frequency resource for group-common PDCCH/PDSCH, if a specific common frequency resource is not configured.
· FFS: the relation of the common frequency resource(s) (if configured) and initial BWP.
· FFS: whether to configure one/more common frequency resources
· FFS: configuration and definition details of the common frequency resource

 Agreements: From physical layer perspective, 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.
· FFS details.
 Agreements: For RRC_IDLE/RRC_INACTIVE UEs, CSS is supported for group-common PDCCH.
· FFS: reuse current CSS type, define a new CSS type, etc.
· FFS other details.
 Agreements: For RRC_IDLE/RRC_INACTIVE UEs, a CORESET can be configured within the common frequency resource for group-common PDCCH/PDSCH. CORESET0 is used by default if the common frequency resource for group-common PDCCH/PDSCH is the initial BWP and the CORESET is not configured.
· FFS: configuration details of the CORESET for group-common PDCCH/PDSCH

In this document, we will discuss the details of the basic functions of broadcast/multicast for RRC_IDLE/RRC_INACTIVE UEs.
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