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1. [bookmark: _Toc120549591]Introduction
In last RAN1 #103-e meeting, some agreements about NR MBS in RRC_IDLE/RRC_INACTIVE states are as the following [1],
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.
[bookmark: _Hlk60647507]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 contribution, some further discussion for RRC_IDLE/RRC_INACTIVE states support in MBS will be discussed.
2. MBS in RRC_IDLE/RRC_INACTIVE states
2.1 Common frequency resource

In last RAN1 meeting agreement, common frequency resource(s) can be defined/configured for group-common PDCCH/PDSCH, but there are some FFS points. 
The first is the relationship between the common frequency resource(s) and initial BWP. Considering SSB, CORESET 0 and PDSCH associated with SI-RNTI have occupied many resources of initial BWP, the bandwidth of initial BWP may be not enough for transmitting group-common PDCCH/PDSCH, the common frequency resource can be configured with a larger bandwidth than initial BWP. In addition, the common frequency resource should contain the initial BWP and have the same SCS/ centre frequency with initial BWP to avoid BWP switching time. For UEs in RRC_IDLE/RRC_INACTIVE states, the legacy UE behaviours, e.g., paging and RRM measurement are performed in initial BWP as usual, and only group-common PDCCH/PDSCH can be received in the common frequency resource.
The second FFS is the number of common frequency resource. We think one common frequency resource is enough considering the broadcast service is with low QoS which don’t need too much PRB resources. In addition, if multiple common frequency resources are defined, how to switch between multiple common frequency resources need to be studied because DCI format 1_0 cannot be used for BWP switching and there is also no dedicated RRC signalling for RRC_IDLE/RRC_INACTIVE UEs.
Proposal 1. For RRC_IDLE/RRC_INACTIVE UEs, one common frequency resource for group-common PDCCH/PDSCH which contains the initial BWP and has the same SCS with the initial BWP can be configured.
The third FFS is configuration and definition details of the common frequency resource. As the discussion above, the SCS of common frequency resource is the same with initial BWP, the only thing needs to be configured is the bandwidth of common frequency resource. There are two methods to configure the RB location and bandwidth of common frequency resource in SIB information. One is configuring the start RB and the number of contiguous RBs similar to Rel-15/16 BWP configuration via dedicated RRC signalling. Another is configuring the RB offset corresponding to initial BWP, e.g., the offset of the lowest RB of common frequency resource to the lowest RB of initial BWP and the offset of the highest RB of common frequency resource to the highest RB of initial BWP. 
Proposal 2. Two alternatives can be studied to configure the common frequency resource via SIB information:
· Alt 1. Configuring the start RB and the number of contiguous RBs similar to Rel-15/16 BWP configuration via dedicated RRC signalling;
· Alt 2. Configuring the offset of the lowest RB of common frequency resource to the lowest RB of initial BWP and the offset of the highest RB of common frequency resource to the highest RB of initial BWP.
2.2 Beam sweeping design
In Rel-15/16, beam sweeping methods are defined for paging and SIBx. For broadcast service, similar beam sweeping method as SIBx can be re-used, which defining PDCCH monitoring window for different broadcast service, and each group-common PDCCH monitoring occasion in the monitoring window has an association with one actually transmitted SSB.
In addition, the impact of DRX may need to be taken into account. In LTE, dedicated DRX configuration of PDCCH associated with G-RNTI is designed and also applied for RRC_IDLE UE(s). However, whether to support DRX for group-common PDCCH in NR MBS needs further study since the periodicity of search apace in NR MBS can be configured which is different from LTE, and has the similar effect with DRX to realize discontinuous PDCCH monitoring. If DRX for group-common PDCCH is supported, the group-common PDCCH monitoring occasions will be extended when drx-Inactivity timer is running, and the association between monitoring occasions and SSB indexes needs to be defined.
Proposal 3. The association between transmitted SSB indexes and group-common PDCCH monitoring occasions similar with SIBx can be defined to support beam sweeping in RRC_IDLE/RRC_INACTIVE states.
2.3 Search space
CSS is agreed to be used for group-common PDCCH for RRC_IDLE/RRC_INACTIVE UEs. Because RRC_CONNECTED UEs can receive the same group-common PDCCH and the corresponding scheduled group-common PDSCH for broadcast service with RRC_IDLE/RRC_INACTIVE UEs, the same CSS is used for all three RRC states.
As the discussion in our contribution [2], PDCCH overbooking rule should be considered in the discussion of CSS types for broadcast group-common PDCCH. For RRC_IDLE/RRC_INACTIVE UEs, only CSS can be monitored, and gNB can guarantee the monitored CSS PDCCHs not beyond the BD/CCEs limit. For RRC_CONNECTED UEs, all configured CSS PDCCHs are counted into the monitored BD/CCEs and the left BD/CCEs capability are used for USS in Rel-15/16. However, it’s up to UE to receive Rel-17 broadcast services or not, that is UE may not receive some configured broadcast service CSS PDCCHs. If current CSS type is reused for broadcast group-common PDCCH and the same PDCCH overbooking rule is re-used for RRC_CONNECTED UEs, the non-monitored BD/CCEs are occupied by these non-received broadcast group-common PDCCHs, which causing the reduction of USS scheduling opportunity.
[bookmark: _Hlk60923638]Therefore, a new CSS type can be defined for broadcast group-common PDCCH, which can be monitored both by  RRC_IDLE/RRC_INACTIVE UEs and RRC_CONNECTED UEs. The monitoring priority of new type broadcast CSS is lower than legacy CSS and the non-monitored broadcast CSS group-common PDCCHs are not counted into the monitored BD/CCEs for RRC_CONNECTED UEs.
Proposal 4. New CSS type can be defined for broadcast group-common PDCCH.
Proposal 5. The monitoring priority of new CSS type for broadcast group-common PDCCH is lower than legacy CSS.
2.4 Same group-common PDCCH/PDSCH reception for RRC_IDLE/INACTIVE UEs and RRC_CONNECTED UEs
As the agreements in last RAN1 meeting, same group-common PDCCH/PDSCH can be received by RRC_IDLE/INACTIVE UEs and RRC_CONNECTED UEs as the following, but some details need further discussion.
Let’s consider two cases about the relationship of common frequency resource of RRC_IDLE/INACTIVE UEs and UE-specific active BWP of RRC_CONNECTED UEs:
Case 1: UE-specific active BWP of RRC_CONNECTED UE contains the common frequency resource of RRC_IDLE/INACTIVE UEs
In the first case, the UE-specific active BWP of RRC_CONNECTED UE totally contains the common frequency resource of RRC_IDLE/INACTIVE UEs, the same group-common PDCCH/PDSCH for broadcast service can be shared by RRC_IDLE/INACTIVE UEs and RRC_CONNECTED UEs and there is no BWP switching time between broadcast service reception and unicast/multicast service reception.
Proposal 6. 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.
Case 2: UE-specific active BWP of RRC_CONNECTED UE dose not totally contain the common frequency resource of RRC_IDLE/INACTIVE UEs
In the second case, UE-specific active BWP of RRC_CONNECTED UE does not totally contain the common frequency resource of RRC_IDLE/INACTIVE UEs. If only one same group-common PDCCH/PDSCH are shared by RRC_IDLE/INACTIVE UEs and RRC_CONNECTED UEs, there will be BWP switching time for RRC_CONECTED UEs to receive broadcast service and unicast/multicast service. Therefore, the group-common PDCCH/PDSCH should be transmitted in the UE-specific BWP and are different from the group-common PDCCH/PDSCH for RRC_IDLE/INACTIVE UEs in this case to avoid the BWP switching delay and latency.
Proposal 7. For broadcast reception, the group-common PDCCH and the corresponding scheduled group-common PDSCH are transmitted in UE-specific active BWP which are different from the group-common PDCCH/PDSCH received by RRC_IDLE/RRC_INACTIVE UEs when UE-specific active BWP of RRC_CONNECTED UE does not totally contain the common frequency resource of RRC_IDLE/INACTIVE UEs.
3. Conclusions
In this contribution, the support of MBS in RRC_IDLE/RRC_INACTIVE states are discussed, and the following proposals are made.
Proposal 1. For RRC_IDLE/RRC_INACTIVE UEs, one common frequency resource for group-common PDCCH/PDSCH which contains the initial BWP and has the same SCS with the initial BWP can be configured.
Proposal 2. Two alternatives can be studied to configure the common frequency resource via SIB information:
· Alt 1. Configuring the start RB and the number of contiguous RBs similar to Rel-15/16 BWP configuration via dedicated RRC signalling;
· Alt 2. Configuring the offset of the lowest RB of common frequency resource to the lowest RB of initial BWP and the offset of the highest RB of common frequency resource to the highest RB of initial BWP.
Proposal 3. The association between transmitted SSB indexes and group-common PDCCH monitoring occasions similar with SIBx can be defined to support beam sweeping in RRC_IDLE/RRC_INACTIVE states.
Proposal 4. New CSS type can be defined for broadcast group-common PDCCH.
Proposal 5. The monitoring priority of new CSS type for broadcast group-common PDCCH is lower than legacy CSS.
Proposal 6. 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.
Proposal 7. For broadcast reception, the group-common PDCCH and the corresponding scheduled group-common PDSCH are transmitted in UE-specific active BWP which are different from the group-common PDCCH/PDSCH received by RRC_IDLE/RRC_INACTIVE UEs when UE-specific active BWP of RRC_CONNECTED UE does not totally contain the common frequency resource of RRC_IDLE/INACTIVE UEs.
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