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Introduction
[bookmark: _Hlk525462591]Based on the outcome of RAN1-105-e meeting, the following agreements have been made via email discussions for UEs in RRC_IDLE/INACTIVE state:
Regarding CFR configuration, the following has been agreed for MCCH and MTCH respectively:
· Agreement: 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 (i.e., Case A), to receive GC-PDCCH/PDSCH carrying MCCH.
· Note: 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.
· Agreement: 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 (i.e., Case A), to receive GC-PDCCH/PDSCH carrying MTCH.
· Note: 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.
Regarding CORESET/SearchSpace/DCI configuration, the following has been agreed for MCCH and MTCH respectively:
· Agreement: For RRC_IDLE/RRC_INACTIVE UEs, the CORESET index can be the same for GC-PDCCH of MCCH and MTCH.
· Agreement: For Rel-17, for broadcast reception, RRC_IDLE/RRC_INACTIVE UEs do not exceed the maximum number of CORESETs mandatorily (in the minimum capability) supported for Rel-15/Rel-16 UEs, i.e., 2 CORESETs. 
· If the CFR has the same frequency range as the initial BWP, where the initial BWP has the same frequency resources as CORESET0 or where the initial BWP has the frequency resources configured by SIB1, RRC_IDLE/RRC_INACTIVE UEs can be configured with the following options:
· CORESET#0 (default option if CFR is the initial BWP and CORESET is not configured); or
· CORESET configured by commonControlResourceSet; or
· CORESET#0 and CORESET configured by commonControlResourceSet.
· Agreement: For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, both searchSpace#0 and common search space other than searchSpace#0 can be configured for GC-PDCCH scheduling MCCH.
· Agreement: For broadcast reception, RRC_IDLE/RRC_INACTIVE UEs support the same CSS type for MCCH and MTCH.
· FFS support of different CSS types for MCCH and MTCH channels for broadcast reception.
· Agreement: For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, DCI format 1_0 is used as baseline for GC-PDCCH of MCCH and MTCH.
· FFS details of FDRA.
Regarding beam operation, the following has been agreed for MCCH and MTCH respectively:
· Agreement: For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, the same beam can be used for group-common PDCCH and the corresponding scheduled group-common PDSCH for carrying MCCH or MTCH.
· UE may assume that DMRS ports of the group-common PDCCH/PDSCH for MCCH is QCL’d with SSB.
· UE may assume that DMRS ports of the group-common PDCCH/PDSCH for MTCH is QCL’d with SSB.
· FFS: group-common PDCCH/PDSCH for MTCH is QCL’d with periodic TRS if configured
Regarding RNTI and/or DCI design of MCCH change notification, the following has been discussed and agreed:
· Agreement: For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, study the following alternatives for MCCH change notification indication due to session start:
· Alt 1: Define a dedicated RNTI to scramble the CRC of a DCI indicating a MCCH change notification;
· Alt 2: Use of a field in a DCI format scheduling a MCCH without a dedicated RNTI for MCCH change notification;
Other solutions are not precluded and it is also not precluded whether to support both Alt1 and Alt2.
· Conclusion: It is up to RAN2 to decide the specific contents of the MCCH change notification, e.g, whether notification only informs about session start, whether or not notification also informs about session modification/stop or whether or not the notification informs about any other information.
Regarding beam association for MCCH, the following has been confirmed to RAN2 LS:
· Agreement: For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, RAN1 confirms the following assumptions made by RAN2
· RAN2 assumes, in case searchSpace#0 is configured for MCCH (if allowed, pending RAN1 decision), the mapping between PDCCH occasions and SSBs is the same as for SIB1. 
· RAN2 assumes that if common search space other than searchSpace#0 is configured for MCCH (if allowed, pending RAN1 decision), the PDCCH monitoring occasions for MCCH message which are not overlapping with UL symbols are sequentially numbered from one in the MCCH transmission window and mapped to SSBs using the similar rule as defined for OSI in TS 38.331.
In our companion contribution, we provide the discussions related to group scheduling mechanism to support broadcast/multicast services for RRC_CONNECTED UEs in [1], discussions related to improve reliability of broadcast/multicast services for RRC_CONNECTED UEs in [2], and other aspects for Rel17 MBS in [3].
Considerations of 5G NR Broadcast for RRC_IDLE / RRC_INACTIVE UEs
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]CFR/BWP considerations for broadcast services of RRC_IDLE/INACTIVE UEs
So far, the discussions with agreements on CFR Case A have been the most focus. And there is the need to discuss on whether other CFR cases as agreed in RAN1-104-e meeting and shown in Figure-1 can be supported or not for operation of MCCH or MTCH respectively.


Figure-1: Options of CFR cases

In legacy, the CORESET#0 region is the initial BWP for RRC_IDLE/INACTIVE UEs, meaning that the SIB1 configured initial BWP, i.e. locationAndBandwidth, can be applied only to the RRC_CONNECTED UEs. However, the CORESET#0 region has rather limited frequency bandwidth with the size of either 24, 48, or 96 PRBs depending on the SS/PBCH block and CORESET multiplexing pattern configuration as well as sub-carrier space configuration. Technically, the CORESET#0 region can be used for OSI/Paging as well as MBS (MCCH/MTCH) payload transmissions. But practically, the CORESET#0 region may not always have enough capacity to carry larger traffic payloads of both OSI/Paging and MBS services with MCCH/MTCH transmission. Considering if the capacity demanding transmission is required for MBS services, the larger bandwidth may require to be configured accordingly. 
So for Rel17 MBS, it is understood that there can be a new SIBx configured CFR parameter introduced, where it allows the RRC_IDLE/INACTIVE UEs to operate with bandwidth more than just the legacy CORESET#0 narrow region for carrying larger MBS service payload if needed. For instance, as shown in Figure-1 with different CFR cases as agreed in RAN1-104-e meeting, 
· the size of SIBx configured CFR can be identical to the size of CORESET#0 region, (CFR Case A) 
· or the size of SIBx configured CFR can be identical to the size of SIB1 configured initial BWP, (CFR Case C)
· or the size of SIBx configured CFR can be smaller than the size of SIB1 configured initial BWP, with CORESET#0 either confined within the configured CFR (CFR Case D-1), or without confined within the configured CFR, (CFR Case D-2)
· or the size of SIBx configured CFR can be larger than the size of SIB1 configured initial BWP. (CFR Case E)
As shown in Figure-1, the difference among the CFR Case C, Case D-1 and Case E is the configured value of CFR size. Practically depending on the MBS traffic payload size, the support of all 3 cases may allow the network to flexibly configure the size of CFR for RRC_IDLE/INACTIVE UEs to monitor and receive MBS services. Therefore, we propose to support the CFR Case C, Case D-1 and Case E on top of Case A. 

Proposal-1: Considering introducing a new SIBx configured CFR parameter, where it allows the RRC_IDLE/INACTIVE UEs to operate with bandwidth more than just the legacy CORESET#0 narrow region.
Proposal-2: Support of CFR Case C, Case D-1 and Case E on top of Case A.

· CFR of MCCH and MTCH:
Based on the agreement in RAN1-105-e meeting, the CFR [Case A] shown in Figure-1 has been agreed, where the same CORESET#0 region can be used as (default) CFR for both MCCH and MTCH. However, practically the traffic payload size for MCCH and MTCH can be different a lot. For instance, the control configuration payload carried via MCCH can be much smaller than the MBS traffic data payload carried via MTCH. Thus, to our view, the CFR for MCCH and MTCH can be also configured differently and controlled by network gNB based on traffic needs. For instance, with CFR [Case C-1] shown in Figure-2, the MCCH CFR can be configured in CORESET#0 region and the MTCH CFR can be configured differently with CFR identical to initial BWP.



Figure-2: CFRs for MCCH and MTCH
Moreover, support of single MCCH has been agreed in RAN2. Thus, a single common MCCH CFR is more sensible to be considered. However, considering that the traffic data size of different MBS services could be varying a lot, and depending on the MBS services applied, the MTCH CFR can be also configured differently for different MBS services. For instance as shown in CFR [Case C-2] of Figure-2, the same MCCH CFR can be configured for both MBS services, but the CFR of MTCH-1 is configured to be associated with CORESET#0 and the CFR of MTCH-2 is configured to be associated with the larger CFR that is identical to initial BWP.
So far, the payload size of MCCH traffic is not clear. For MCCH carrying the system information with small payload size, the capacity of limited CORESET#0 region can be enough. But if larger payload size is intended to be carried via MCCH traffic, the larger CFR size than default CORESET#0 region may be needed for MCCH. Thus, it is proposed that the CFR for MCCH can be configured other than default CORESET#0. For example, as shown in CFR [Case C-3] of Figure-2, the CFR of MCCH is configured with size larger than CORESET#0 and identical to initial BWP.

Proposal-3: CFR for MCCH and MTCH can be configured to be the same or differently.
Proposal-4: Support more than one CFRs, with separate CFR for MCCH and MTCH, respectively.
Proposal-5: Considering having multiple CFRs is supported, it is enough to have single MCCH CFR configured, but there can be multiple MTCH CFRs configured corresponding to difference MBS service types applied.
Proposal-6: It is proposed that the CFR for MCCH can be configured other than default CORESET#0.


CORESET, Search Space and DCI considerations for broadcast services of RRC_IDLE/INACTIVE UEs

CORESET consideration:
Based on the outcome in RAN1-105-e meeting, it has been only agreed that the same CORESET can be utilized for GC-PDCCH of MCCH and MTCH. However, by considering that the CFR for MCCH and MTCH can be configured differently as stated in above, it is proposed that different/separate CORESET can be also utilized for GC-PDCCH of MCCH and MTCH.

Proposal-7: Support different/separate CORESET can be utilized for GC-PDCCH of MCCH and MTCH.

Furthermore, it has been agreed that the maximum number of CORESETs for UE mandatory support is still 2 as Rel15/Rel16 UEs. And it has been further agreed that for CFR [Case A] the CORESET configured for RRC_IDLE/INACTIVE UEs can be CORESET#0 or CORESET via legacy commonControlResourceSet of SIB1 initial BWP configuration or both. Considering that if CFR [Case C] in Figure-1 is agreed to be supported, the same agreement as agreed can be also applied. And further considering if CFR [Case D-1] and [Case E] is agreed to be supported, the corresponding CFR_CORESET configured via SIBx of CFR configuration can be applied accordingly, and CORESET#0 is applied as default if corresponding CFR_CORESET is not configured.

Observation-1: If CFR [Case C] in Figure-1 is agreed to be supported, the agreements that have been agreed for CFR [Case A] can be applied directly.
Proposal-8: If CFR [Case D-1] and [Case E] are agreed to be supported, the corresponding CFR_CORESET configured via SIBx of CFR configuration can be applied accordingly, and CORESET#0 is applied as default if corresponding CFR_CORESET is not configured.

Search space (SS) consideration:
In the RAN1-105-e meeting, it has been agreed that additional SS can be configured for MCCH in addition to SS#0. To our understanding, this agreement focused on the CFR [Case A] specifically, where the CORESET#0 is utilized as the common CORESET for both MCCH and MTCH. One issue that need to be addressed is whether additional SS can be configured for MTCH specifically in addition to the SS#0 and SS for MCCH. To our view, depends on the MBS services, the MTCH traffic may need to be monitored with different periodicity than OSI/Paging messages and MCCH traffic. Thus, it is supported to have additional SS configuration(s) for MTCH in addition to SS#0 and SS for MCCH.

Proposal-9: It is supported to have additional SS configuration(s) for MTCH in addition to SS#0 and SS for MCCH.

Furthermore, it has been agreed in the RAN1-105-e meeting that the same common search space (CSS) can be applied for MCCH and MTCH. Additionally, to our view, reusing legacy CSS for RRC_IDLE/INACTIVE UEs is enough, and there is no need to specify multicast SS (MSS) as it was discussed in other agenda items for RRC_CONNECTED UEs. The MSS was discussed for RRC_CONNECTED UEs to solve the monitoring priority issue between CSS and USS, but it is not the case for RRC_IDLE/INACTIVE UEs.

Proposal-10: Reusing legacy CSS for RRC_IDLE/INACTIVE UEs is enough, and there is no need to specify multicast SS (MSS) as it was discussed for RRC_CONNECTED UEs.  

Considering the search space type, in legacy the Type0/0A/1/2-PDCCH can be applied to RRC_IDLE/INACTIVE UEs associated with the CSS of CORESET#0. For the operation of MBS services, there is a need to define a new TypeX-PDCCH that is similar to the Type3-PDCCH applied to RRC_CONNECTED UEs, because the aforementioned search space types are dedicated to purposes other than MBS. And the configuration of TypeX-PDCCH can be associated with the configuration of MBS CFR.

Proposal-11: For the operation of MBS services, there is a need to define a new TypeX-PDCCH.

DCI format consideration:
It has been agreed in RAN1-105-e meeting that, for RRC_IDLE/RRC_INACTIVE UEs, the DCI format 1_0 is used as baseline for broadcast reception of GC-PDCCH of MCCH and MTCH. Moreover, depends on the CFR discussions for RRC_IDLE/RRC_INACTIVE UEs, the details of FDRA design is FFS. As discussed in above, considering carrying the large MBS payload may needed, the CFR for RRC_IDLE/RRC_INACTIVE UEs might not only limit to the CORESET#0 region. For CFR size larger than CORESET#0 region, the size of FDRA field should be determined by the size of configured CFR.

Proposal-12: If the configured CFR size is larger than CORESET#0 region, the size of FDRA field in DCI format 1_0 should be determined by the size of CFR.

Discussion on Beam Sweeping support for RRC_IDLE / RRC_INACTIVE UEs
Association rules between SSB indexes and UE monitoring occasions
Regarding association rules between SSB indexes and UE monitoring occasions for MCCH, in RAN1-105-e meeting, the RAN1 has discussed and confirmed the RAN2 understanding that in case searchSpace#0 is configured for MCCH, the mapping between PDCCH occasions and SSBs is the same as for SIB1. And if common search space other than searchSpace#0 is configured for MCCH, the PDCCH monitoring occasions for MCCH message which are not overlapping with UL symbols are sequentially numbered from one in the MCCH transmission window and mapped to SSBs using the similar rule as defined for OSI in TS 38.331. 
Based on our understanding as specified in TS 38.331, an example is shown in Figure-3 with 5 out of 8 SSB beams having MCCH traffic transmissions. With the MCCH window duration and MCCH repetition period as defined by RAN2, the actual transmitted SSBs are mapped with sequentially numbered from one in ascending order of their SSB indexes, i.e. SSB#0, SSB#1, SSB#3, SSB#4 and SSB#7 in the Figure-3. And if the configured number of PDCCH MOs within the MCCH window duration is larger than the actual transmitted SSBs, the SSB index mapping will repeatedly in the MCCH window and continuing with the ascending SSB index number in the coming MCCH window, e.g. at the 2nd MCCH window duration in Figure-3, the SSB index start with SSB#4 (green-colour block) by following the last SSB#3 (blue-colour block) in the 1st MCCH window duration. With this approach, it results the case that the PDCCH MO corresponding to each transmitted SSB are not evenly distributed among each MBS window duration. For example, as shown in Figure-3, with SSB#4, there is 1 PDCCH MO associated with it at the 1st and 4th MCCH window duration, and there are 2 PDCCH MO associated with it at the 2nd and 3rd MCCH window duration. 



Figure-3: Legacy OSI way of PDCCH MO and SSB Index Mapping
For Rel17 MBS, the traffic scheduling of MBS services for a certain SSB beam can be more dynamic than OSI information scheduling. In order to allow the network to better control the number of mapped SSB beams within a MBS window, the mapping across the MBS window can be “disabled” by the network, meaning that the number of mapped SSB beams can be evenly distributed among each MBS window duration. Moreover, depends on the UE location, the number of repetition transmissions for each SSB beam within the MBS window duration can be also controlled by the network. For example as shown in Figure-4, the MBS service-2 is evenly transmitted at SSB#3, SSB#4, SSB#5 at the configured MBS window duration, and in each MBS window, there are 2-repetition configured for SSB#3 and SSB#5, and there are 3-repetition configured for SSB#4.



Figure-4: Mapping across window “Disabled” with 
different repetition within MBS Window Duration

Furthermore, considering more dynamic “ON/OFF” scheduling of MBS services for a certain SSB beam, the mapping of SSB beams without MBS transmission can be also considered. As shown in Figure-5, on top of the “disabled” mapping across window as discussed in above, the PDCCH MO associated with SSB beams without MBS transmission is also mapped within the MBS window.



Figure-5: Mapping of SSB beams without MBS transmission 
together with mapping across window “Disabled”

Proposal-13: Consider the SSB index to PDCCH MO mapping across the MBS window can be “disabled” by network. Thus, the mapped number of mapped SSB beams can be evenly distributed among each MCCH window duration.
Proposal-14: Propose to allow the network to control the number of repetition transmission for each SSB beam within the MBS window duration.
Proposal-15: Consider including the SSB association mapping for SSB beams without MBS transmission.

MBS Interest Indication for UEs in RRC_IDLE/INACTIVE State
To support partial beam sweeping with UEs in RRC_IDLE/INACTIVE states, the gNB needs to have the knowledge of knowing at which SSB beam there are the RRC_IDLE/INACTIVE UEs, that are interested at which MBS broadcast services. Therefore, a certain means for UEs in RRC_IDLE/INACTIVE states to provide the MBS interest indication need to be discussed. For example, based on the PDCCH order indication from gNB, the UEs in RRC_IDLE/INACTIVE states may send a preamble that is associated with MBS service(s) to inform the gNB about its interests to MBS service(s).

Proposal-16: Propose to discuss the way of MBS service interest indication for UEs in RRC_IDLE/INACTIVE states.

Conclusions
In this contribution, we have discussed basic functions to support 5G/NR multicast/broadcast for RRC_IDLE/INACTIVE UEs, and we have the following observations and proposals: 

Proposal-1: Considering introducing a new SIBx configured CFR parameter, where it allows the RRC_IDLE/INACTIVE UEs to operate with bandwidth more than just the legacy CORESET#0 narrow region.
Proposal-2: Support of CFR Case C, Case D-1 and Case E on top of Case A.
Proposal-3: CFR for MCCH and MTCH can be configured to be the same or differently.
Proposal-4: Support more than one CFRs, with separate CFR for MCCH and MTCH, respectively.
Proposal-5: Considering having multiple CFRs is supported, it is enough to have single MCCH CFR configured, but there can be multiple MTCH CFRs configured corresponding to difference MBS service types applied.
Proposal-6: It is proposed that the CFR for MCCH can be configured other than default CORESET#0.
Proposal-7: Support different/separate CORESET can be utilized for GC-PDCCH of MCCH and MTCH.
Observation-1: If CFR [Case C] in Figure-1 is agreed to be supported, the agreements that have been agreed for CFR [Case A] can be applied directly.
Proposal-8: If CFR [Case D-1] and [Case E] are agreed to be supported, the corresponding CFR_CORESET configured via SIBx of CFR configuration can be applied accordingly, and CORESET#0 is applied as default if corresponding CFR_CORESET is not configured.
Proposal-9: It is supported to have additional SS configuration(s) for MTCH in addition to SS#0 and SS for MCCH.
Proposal-10: Reusing legacy CSS for RRC_IDLE/INACTIVE UEs is enough, and there is no need to specify multicast SS (MSS) as it was discussed for RRC_CONNECTED UEs.  
Proposal-11: For the operation of MBS services, there is a need to define a new TypeX-PDCCH.
Proposal-12: If the configured CFR size is larger than CORESET#0 region, the size of FDRA field in DCI format 1_0 should be determined by the size of CFR.
Proposal-13: Consider the SSB index to PDCCH MO mapping across the MBS window can be “disabled” by network. Thus, the mapped number of mapped SSB beams can be evenly distributed among each MCCH window duration.
Proposal-14: Propose to allow the network to control the number of repetition transmission for each SSB beam within the MBS window duration.
Proposal-15: Consider including the SSB association mapping for SSB beams without MBS transmission.
Proposal-16: Propose to discuss the way of MBS service interest indication for UEs in RRC_IDLE/INACTIVE states.
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