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1. Introduction
In the R17 WID of the NR multicast and broadcast services, the following objectives of basic functions for broadcast/multicast for UEs in RRC_IDLE/RRC_INACTIVE states were made in RAN#88-e meeting [1]. 
	-	Specify 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].


Based on the guidance of the objective, the following agreements were reached in RAN1#104-e meeting [2]:
	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 this contribution, we will further discuss the basic functions for UE supporting broadcast/multicast in RRC_IDLE/ RRC_INACTIVE states based the WID objective and previous meeting agreement.
2. [bookmark: _Ref53170110]Discussion
2.1 [bookmark: OLE_LINK1] Common frequency resource (CFR) for MBS
Actually, regarding the CFR configuration, a high-level agreements had been made in RAN1#103-e meeting [3], the detailed contents are copied as followings.
	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


According to the agreements, it can be seen that the initial BWP is as the default common frequency resource if a specific common frequency resource is not configured. However, whether to configure one/more common frequency resources was not decided in that meeting. In the RAN1#104-e meeting, supporting one CFR was agreed for UE scheduling group common PDCCH/PDSCH in RRC IDLE/INACTIVE states. However, there are still remaining issue about whether to define/configure more than one common frequency resources. As we discussed in AI 8.12.1 for CFR configuration in RRC_CONNECTED state, it is no clear motivation to define/configure more than one CFR for UE supporting MBS. One larger CFR is enough if UE support multiple multicast/broadcast services.
[bookmark: _Ref71574723]Proposal 1: Not support more than one CFR for UE supporting MBS in RRC_IDLE/RRC_INACTIVE states.
Regarding the relation between the common frequency resource if configured and initial BWP, there were larger controversial in last meeting discussion. For case E, the case where a MBS CFR is defined based on a configured BWP for broadcast reception in RRC_IDLE/RRC_INACTIVE states. Proponents of case E suggest that defining a MBS specific CFR can be well suitable for configuring a larger CFR than initial BWP. About the MBS specific BWP, maybe it will be stuck in BWP switching delay discussion as discussed in AI 8.12.1 for CFR configuration. 
[bookmark: _Ref71574724]Proposal 2: Not support MBS specific BWP configuration for UE supporting multicast/broadcast in RRC_IDLE/RRC_INACTIVE states.
Besides, from our perspective, configuring a larger CFR than initial BWP is not clear motivation, if UE want to multiple broadcast services, a larger CFR can be configured based on network implementation. 
Limiting the size of bandwidth for PTM Radio Bearer based transmission for multicast/broadcast service is beneficiary. The UE only receiving multicast/broadcast service is not required to transmit or receive outside of the configured frequency range. It reduces the UE’s bandwidth processing requirement and also enable RF-Baseband interface operation with a lower sampling rates, and eventually reduces the UE’s power consumption. 
The reduction of power consumption is obvious for UEs in RRC Idle state that join the reception of broadcast service. For a UE in RRC Connected state, an active BWP may be existing for the UE for unicast (e.g. point-to-point RB) based downlink transmission. The PTM based transmission should be configured within the active BWP, to avoid the need to switch the BWP for the UE for PTM reception. 
Currently, the UEs in RRC Idle state are only required to monitor the Initial BWP for the purpose of acquisition of system information, paging monitoring and initial access. If PTM Radio Bearer based transmission for broadcast service is configured outside of Initial BWP, the UEs in RRC Idle state receiving PTM transmission needs to monitor both the bandwidth of Initial BWP and the additional bandwidth used for PTM transmission. This will complicate the UE behaviour in RRC Idle state and may cause the UE to consume unnecessary power. The ideal scenario for UEs in RRC Idle state should be that the PTM transmission is configured within the bandwidth of Initial BWP. It can be up to network configuration that whether to configure a smaller or equal to CFR that initial BWP. So, we suggest that for RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, a configured/defined specific common frequency resource for group-common PDCCH/PDSCH can be smaller or equal to the initial BWP based on network configuration.
[bookmark: _Ref71574725]Proposal 3: For RRC_IDLE/RRC_INACTIVE UEs, a configured CFR for group-common PDCCH/PDSCH can be smaller or equal to the initial BWP based on network configuration.
Note that in case of PTM transmission, all of the UEs participating the reception of the PTM transmission should monitor the same common bandwidth. It is easy to handle this common bandwidth for UEs in RRC Idle state. But it puts a lot of restriction for allocation of BWP for UEs in RRC Connected state. The reason is that for a particular multicast/broadcast session, there may be UEs in both RRC Connected and RRC Idle state. In order to ensure all of the UEs to participate the PTM transmission, all of the UEs in RRC Connected state needs to be configured the same common frequency resource used for PTM transmission for a particular MBS service, even though different UEs may be configured with a different active BWP. In addition, if the UE in connected mode is scheduled on a dedicated BWP that does not overlap with the initial BWP where the PTM transmission (over the common frequency resource) is configured, the UE may be not able to receive the PTM transmission. We expect this issue can be resolved by network implementation. 
[bookmark: _Ref61343385]Proposal 4: Network implementation guarantee the allocation of common frequency resource for UEs in both RRC_CONNECTED mode and TDLE/INACTIVE mode to receive the PTM transmission.

2.2  Broadcast session delivery and MCCH design
In the last RAN2 meeting, a LS about the broadcast session delivery and MCCH design was reached and delivered from RAN2 to RAN1 [5]. In the LS, RAN2 respectfully asks RAN1 to take RAN2 agreements into account in their work on MBS and discuss RAN1 aspects of MCCH as requested following.
	LS form RAN2 to R1:
In particular, RAN2 would like to request RAN1 to investigate and provide feedback on the following aspects, considering the above agreements made by RAN2:
1. Details of Common Search Space design for MCCH channel, e.g. is SS#0 allowed to be configured as a search space for MCCH, is search space other than SS#0 allowed to be configured as a search space for MCCH.
2. Details of the allowed transmission bandwidth/BWP configurations for MCCH transmission.
3. Details of the RNTI and DCI design for carrying MCCH change notifications.
· NOTE: RAN2 is still discussing some aspects that may have an impact on this issue, e.g. whether or not to support multiple MCCH or whether or not a notification about the modification/stop of an ongoing session is needed, as indicated above. RAN2 will update RAN1 as soon as further agreements are made on these items.


Regarding the Search Space design, RAN1 has achieved some agreements as following.
	Agreement: 
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.


Based on the agreement, CSS is supported for group-common PDCCH monitoring. Whether to reuse current CSS type or define a new CSS type is still controversial. In RAN2’s discussion, the two-step based approach (i.e. BCCH and MCCH) as adopted by LTE SC-PTM is agreed for the transmission of PTM configuration for NR MBS delivery mode 2. In LTE SC PTM, SIB-20 carries the configuration information of SC-MCCH, including reception period, time location and modification period, etc. Then SC-MCCH carries the configuration information for SC-MTCH(s), including G-RNTI, TMGI, DRX parameter, etc. The similar mechanism can be reused for NR MBS in RRC_IDLE/RRC_INACTIVE states. The group common PDSCH transmission carrying MCCH information should be common to all UEs capable of broadcast services. Meanwhile, RAN2 has defined a delivery mode 2 as following:
	· Delivery Modes 2 is used for broadcast session (FFS for multicast session for UEs in RRC Inactive, but this scenario is down-prioritized) delivery and is applicable to UEs in all RRC states. The UE is provided with MBS configuration using common RRC signalling in a two-step based approach, i.e. SIB will be used to provide the transmission configuration of MCCH. Based on the MCCH configuration received via SIB, UE reads MCCH, which carries transmission configuration of MTCH(s), e.g. G-RNTI. The MTCH configuration acquired from MCCH is applied by the UE for MTCH reception regardless of UE’s RRC state (for RRC_CONNECTED state, the possibility to receive MTCH can be further subject to UE’s configuration and capabilities).


Based on the above agreements, we can see that the broadcast session can be applicable to UEs in RRC_CONNECTED, RRC_IDLE, RRC_INACTIVE states. So, we suggest the same CSS also can be used for all three RRC states for broadcast transmisiion. Besides, the CSS type’s discussion is ongoing for RRC_CONNECTED UEs in AI8.12.1. From our perspective, the same CSS type with corresponding RNTI (e.g., MCCH-RNTI) can be reused for MCCH channel. The network can configure this CSS type with MCCH-RNTI to support group common PDSCH reception associated with MCCH information.
[bookmark: _Ref71574729]Proposal 5: The CSS type defined in AI 8.12.1 for MBS group scheduling with MCCH-RNTI can be reused for MCCH reception on PDSCH.
Regarding the CFR configuration, as we discussed in Clause 2.1, for RRC_IDLE/RRC_INACTIVE UEs, a configured CFR for group-common PDCCH/PDSCH can be smaller or equal to the initial BWP based on network configuration. 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, which has been agreed in RAN1#103-e meeting. For the MCCH transmission of broadcast services, the CFR configuration discussion can be reused.
	Agreement: 
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



[bookmark: _Ref71574730]Proposal 6: The configured CFR for group-common PDCCH/PDSCH in RRC_IDLE/RRC_INACTIVE states can be reused to NR MBS MCCH transmission.
[bookmark: _GoBack]In LTE SC-PTM, MCCH change notification is also indicated by PDCCH using DCI format 1C with CRC scrambled by SC-N-RNTI. For Rel-17 NR MBS, the similar MCCH change notification can be reused, e.g., the new RNTI (G-N-RNTI) can be defined for NR MBS MCCH change notification. About the DCI format used for multicast broadcast services is being discussed in 8.12.1 AI. As discussed in our companion contribution [4], DCI format 1_X can be as a baseline for MBS PDCCH group scheduling. Thus, we suggest that DCI format 1_X scrambled by a new RNTI (e.g., G-N-RNTI) can be used for MCCH change notification.
[bookmark: _Ref71574780]Proposal 7: Define a new RNTI (e.g., G-N-RNTI) for NR MBS MCCH change notification.
[bookmark: _Ref71574734]Proposal 8: DCI format 1_X scrambled by a new RNTI (e.g., G-N-RNTI) can be used for MCCH change notification.
3. Conclusion 
In this contribution, we discuss the basic function on multicast/broadcast for RRC_IDLE/RRC_INACTIVE UEs, and the following proposals are suggested:
Proposal 1: Not support more than one CFR for UE supporting MBS in RRC_IDLE/RRC_INACTIVE states.
Proposal 2: Not support MBS specific BWP configuration for UE supporting multicast/broadcast in RRC_IDLE/RRC_INACTIVE states.
Proposal 3: For RRC_IDLE/RRC_INACTIVE UEs, a configured CFR for group-common PDCCH/PDSCH can be smaller or equal to the initial BWP based on network configuration.
Proposal 4: Network implementation guarantee the allocation of common frequency resource for UEs in both RRC_CONNECTED mode and TDLE/INACTIVE mode to receive the PTM transmission.
Proposal 5: The CSS type defined in AI 8.12.1 for MBS group scheduling with MCCH-RNTI can be reused for MCCH reception on PDSCH.
Proposal 6: The configured CFR for group-common PDCCH/PDSCH in RRC_IDLE/RRC_INACTIVE states can be reused to NR MBS MCCH transmission.
Proposal 7: Define a new RNTI (e.g., G-N-RNTI) for NR MBS MCCH change notification.
Proposal 8: DCI format 1_X scrambled by a new RNTI (e.g., G-N-RNTI) can be used for MCCH change notification.
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