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1 Introduction
The work item “NR Multicast and Broadcast Services” [1] was agreed in RAN#88-e to provide MBS in a cell. Based on the agreement on NR MBS in the past RAN1 meetings, the discussion on the basic functions for broadcast mode is made with the focuses on the following topics and the related proposals are suggested in the contribution.
(1) MCCH specific basic functions
(2) MTCH specific basic functions
(3) CFR for multicast mode and CFR for broadcast mode
(4) CORESET/CSS configuration for MCCH/MTCH

2 MCCH specific basic functions
[bookmark: OLE_LINK1][bookmark: _Ref40865202]According to the agreement on MCCH, only one CFR is configured for MCCH. The CFR for MCCH can be the initial DL BWP. In order to make RRC_IDLE/RRC_INACITVE UEs acquire MCCH without the BWP switch between the initial DL BWP and the CFR for MCCH, it’s better to make the CFR for MCCH is the initial DL BWP.
MCCH has a repetition period and a modification period. During the modification period, MCCH is transmitted repeatedly in each repetition period. But in order to make UE acquire MCCH as quickly as possible, slot level repetition for MCCH in each repetition period may be needed. 
Based on the above discussion, the following proposals are suggested.
Proposal 1: The CFR for MCCH is the initial DL BWP.
Proposal 2: Support slot level repetition for MCCH.

3 MTCH specific basic functions
[bookmark: OLE_LINK45]According to the agreement on MTCH for broadcast mode, only one CFR is configured for MTCH. The CFR for MTCH can be the initial DL BWP. Whether or not to support the CFR for MTCH can be larger than the initial DL BWP is in the discussion.
For broadcast mode, the CFR for MTCH should be determined by the bandwidth requirement for broadcast mode. In order to meet the bandwidth requirement for broadcast mode, the following two options can be used.
Option 1: The CFR for MTCH can be configured larger than the initial DL BWP, which means the CFR for MTCH contains the initial DL BWP and has the same numerology (same SCS and CP) as the initial DL BWP. The initial DL BWP is configured as usual to meet the bandwidth requirement for SI/paging/DL transmission for random access/other legacy DL transmission.
Option 2: Make the MBS related network planning before MBS can be provided in a cell. As the result of the MBS related network planning, the bandwidth requirement for broadcast mode can be determined. The bandwidth of the initial DL BWP is equal to or more than the sum of the bandwidth requirement for SI/paging/ other legacy DL transmission and the bandwidth requirement for broadcast mode. Configure the initial DL BWP according to its bandwidth requirement. 
Between the two options, option 1 has no influence on the UEs not receiving an MBS session. These UEs works on the initial DL BWP. Option 2 needs to configure a larger initial DL BWP to support MBS on the initial DL BWP. The UEs not receiving an MBS session work on the larger initial DL BWP, which leads to unnecessary power consumption in these UEs for MBS. Therefore, it’s better to support option 1.
Based on the above discussion, the following proposal is suggested.
Proposal 3: The CFR for MTCH can be larger than the initial DL BWP, which means the CFR for MTCH can contain the initial DL BWP and has the same numerology as the initial DL BWP.
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Figure 1: CFRs and sub-BWPs
From the gNB side, one CFR for MTCH is enough if the CFR for MTCH can be configured larger than the initial DL BWP. But If the CFR is far larger than the initial DL BWP, it will lead to the unnecessary power consumption in a UE just receiving an MBS session scheduled within a narrow part of the CFR because the UE has to work on the entire CFR. 
In order to reduce the power consumption in UE under the above scenario, the CFR can be divided into several sub-CFRs. Each sub-CFR has the following features. 
(1) Contain the initial DL BWP and have the same numerology as the initial DL BWP
(2) Contain the CFR for MCCH

As shown in Figure 1, the CFR with the frequency range [F1, F2] are divided into 5 sub-CFRs: CFR1~CFR5. MBS session 1, MBS session 2 and MBS session 3 are provided in CFR1, CFR2 and CFR 4 respectively.
The introduction of the sub-CFRs can reduce the power consumption in the UE just receiving an MBS session scheduled in a sub-CFR. As shown in Figure 1, the UE just receiving MBS session 1/2/3 can work on CFR1/CFR2/CFR4 instead of working on the entire CFR. If a UE is receiving both MBS session 2 and MBS session 3, it can work on the combined CFR which is the union of CFR2 and CFR4.
Based on the above discussion, the following proposal is suggested.
[bookmark: OLE_LINK60][bookmark: OLE_LINK61][bookmark: OLE_LINK80][bookmark: OLE_LINK81][bookmark: OLE_LINK18]Proposal 4: If the bandwidth of the CFR for MTCH is far greater than the initial DL BWP and then the sub-CFRs are configured on MCCH, the CFR per MBS session is indicated on MCCH if needed.
For an MBS session with broadcast mode, only one layer and only one antenna port are supported for the GC-PDSCH/SPS GC-PDSCH of the MBS session because gNB doesn’t know which UEs are receiving the MBS session. Due to the same reason, for the GC-PDSCH of MCCH, only one layer and only one antenna port are supported. Furthermore, it’s better that the GC-PDSCH of MCCH uses QPSK just as the PDSCH of SI/paging.
Based on the above discussion, the following proposals are suggested.
Proposal 5: Only one layer and only one antenna port are supported for the GC-PDSCH of an MBS session.
Proposal 6: Only one layer and only one antenna port are supported for the GC-PDSCH of MCCH. Furthermore, the GC-PDSCH of MCCH uses QPSK.

4 CFR for multicast mode and CFR for broadcast mode
In NR MBS, multicast mode and broadcast mode are used to provide MBS over Uu. For multicast mode, only one CFR can be configured per DL BWP. For broadcast mode, only one CFR for MTCH can be configured per cell.
For a RRC_CONNECTED UE, there exists the scenario that the CFR for MTCH is outside the CFR of the active DL BWP of the UE. Under the scenario, the UE can’t receive broadcast sessions, unicast sessions and multicast sessions simultaneously. If the scenario happens, the UE needs to send the MBS interest indication message to gNB.
After receiving the MBS interest indication message from the UE, gNB can reconfigure the active DL BWP of the UE to make the CFR for MTCH within the new active DL BWP. In addition, gNB needs to configure a CFR for multicast mode on the new active DL BWP for the UE to receive multicast sessions on the new active DL BWP. 
Based on the above discussion, the following proposals are suggested.
Proposal 7: For a RRC_CONNECTED UE, if the CFR for MTCH is outside the CFR of the active DL BWP of the UE, the UE needs to send the MBS interest indication message to gNB.
Proposal 8: For a RRC_CONNECTED UE, if the CFR for MTCH is outside the CFR of the active DL BWP of the UE, gNB reconfigures the active DL BWP of the UE to make the CFR for MTCH within the new active DL BWP and then configures a CFR for multicast mode on the new active DL BWP.

5 CORESET/CSS configuration for MCCH/MTCH
The CFR for MTCH contains the CFR for MCCH. MTCH and MCCH may have same CORESETs/CSSs and different CORESETs/CSSs. Therefore the following configurations need to be supported for the CORESETs/CSSs for MCCH/MTCH.
· If a CORESET/CSS not configured by initialDownlinkBWP is shared by MCCH and broadcast sessions, it’ better to configure the CORESET/CSS on SIB x (carrying the MCCH configuration information) with the type of the CORESET/search space set as “Shared”.
· If a CORESET/CSS not configured by initialDownlinkBWP is only used by MCCH, configure the CORESET/CSS on SIB x with the type of the CORESET/CSS set as “NOT Shared”.
· If a CORESET/CSS not configured by initialDownlinkBWP is only used by broadcast sessions, configure it on MCCH.
· If at least one CORESET/CSS configured by initialDownlinkBWP is used by MCCH, a CORESET/CSS ID list is provided on SIB x to indicate which CORESETs/CSSs by initialDownlinkBWP are used by MCCH. For each CORESET/CSS in the ORESET/CSS ID list, if it’s shared by broadcast sessions, its type is set as “Shared’. Otherwise its type is set as “NOT Shared”.
· If at least one CORESET/CSS configured by initialDownlinkBWP is used by broadcast sessions but not used by MCCH, a CORESET/CSS ID list is provided on MCCH to indicate which CORESETs/CSSs by initialDownlinkBWP are used by broadcast sessions.

Based on the above discussion, the following proposal is suggested.
Proposal 9: The CORESETs/CSSs for GC-PDCCH scheduling MCCH/MTCH can be configured as below.
· If a CORESET/CSS not configured by initialDownlinkBWP is shared by MCCH and broadcast sessions, it’ better to configure the CORESET/CSS on SIB x ( carrying the MCCH configuration information) with the type of the CORESET/search space set as “Shared”.
· If a CORESET/CSS not configured by initialDownlinkBWP is only used by MCCH, configure the CORESET/CSS on SIB x with the type of the CORESET/CSS set as “NOT Shared”.
· If a CORESET/CSS not configured by initialDownlinkBWP is only used by broadcast sessions, configure it on MCCH.
· If at least one CORESET/CSS configured by initialDownlinkBWP is used by MCCH, a CORESET/CSS ID list is provided on SIB x to indicate which CORESETs/CSSs by initialDownlinkBWP are used by MCCH. For each CORESET/CSS in the ORESET/CSS ID list, if it’s shared by broadcast sessions, its type is set as “Shared’. Otherwise its type is set as “NOT Shared”.
· If at least one CORESET/CSS configured by initialDownlinkBWP is used by broadcast sessions but not used by MCCH, a CORESET/CSS ID list is provided on MCCH to indicate which CORESETs/CSSs by initialDownlinkBWP are used by broadcast sessions.

6 Conclusion
[bookmark: OLE_LINK46]Based on the discussion in the above sections, the following proposals are suggested.
Proposal 1: The CFR for MCCH is the initial DL BWP.
Proposal 2: Support slot level repetition for MCCH.
Proposal 3: The CFR for MTCH can be larger than the initial DL BWP, which means the CFR for MTCH can contain the initial DL BWP and has the same numerology as the initial DL BWP.
Proposal 4: If the bandwidth of CFR for MTCH is far greater than the initial DL BWP and then the sub-CFRs are configured on MCCH, the CFR per MBS session is indicated on MCCH if needed.
Proposal 5: Only one layer and only one antenna port are supported for the GC-PDSCH of an MBS session.
Proposal 6: Only one layer and only one antenna port are supported for the GC-PDSCH of MCCH. Furthermore, the GC-PDSCH of MCCH uses QPSK.
Proposal 7: For a RRC_CONNECTED UE, if the CFR for MTCH is outside the CFR of the active DL BWP of the UE, the UE needs to send the MBS interest indication message to gNB.
Proposal 8: For a RRC_CONNECTED UE, if the CFR for MTCH is outside the CFR of the active DL BWP of the UE, gNB reconfigures the active DL BWP of the UE to make the CFR for MTCH within the new active DL BWP and then configures a CFR for multicast mode on the new active DL BWP.
Proposal 9: The CORESETs/CSSs for GC-PDCCH scheduling MCCH/MTCH can be configured as below.
· If a CORESET/CSS not configured by initialDownlinkBWP is shared by MCCH and broadcast sessions, it’ better to configure the CORESET/CSS on SIB x ( carrying the MCCH configuration information) with the type of the CORESET/search space set as “Shared”.
· If a CORESET/CSS not configured by initialDownlinkBWP is only used by MCCH, configure the CORESET/CSS on SIB x with the type of the CORESET/CSS set as “NOT Shared”.
· If a CORESET/CSS not configured by initialDownlinkBWP is only used by broadcast sessions, configure it on MCCH.
· If at least one CORESET/CSS configured by initialDownlinkBWP is used by MCCH, a CORESET/CSS ID list is provided on SIB x to indicate which CORESETs/CSSs by initialDownlinkBWP are used by MCCH. For each CORESET/CSS in the ORESET/CSS ID list, if it’s shared by broadcast sessions, its type is set as “Shared’. Otherwise its type is set as “NOT Shared”.
· If at least one CORESET/CSS configured by initialDownlinkBWP is used by broadcast sessions but not used by MCCH, a CORESET/CSS ID list is provided on MCCH to indicate which CORESETs/CSSs by initialDownlinkBWP are used by broadcast sessions.
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