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From the WID [1], one of the objectives are on specifying the MBS services for Idle/Inactive states:
· 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 IDLE/INACTIVE state for the configuration of PTM reception. [RAN2, RAN1].
In RAN1#105-e, numerous agreements were made progressing the support of MBS for Idle and Inactive UEs. In this contribution, we follow up with the agreements made with additional views on the FFSs that have been identified. Furthermore, due to the RAN2 decision to only consider broadcast services at this time, this contribution also only focuses on broadcast services for Idle/Inactive UEs.

Discussion
CFR Design
A basic structure on the CFR for Inactive/Idle UEs has been agreed for broadcast reception. For Idle/Inactive UEs, the group-common PDCCH is 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 used. In RAN1#103-e, it was agreed that one common frequency resource for group-common PDCCH/PDSCH can be defined/configured and in the absence of configuration, the initial BWP is assumed to be the CFR.
Agreements: For IDLE/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

In RAN1#104-e, the different methods on how the CFR can be configured have been identified. The different methods are:
· The CFR is defined based on a configured BWP
· The initial BWP fully contains the CFR in the frequency domain
· The initial BWP has same size as the CFR in the frequency domain. 

In RAN1#105-e:
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 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.
In [2], we have considered and proposed for the Connected UEs a CFR that is configurable with the starting PRB and the number of PRBs within the unicast BWP in a straightforward manner through SIB. Additional configuration using RRC can also be considered, and it is up to network implementation whether to send additional signaling when such cases arise. 
The same approach can be applied for the CFR configuration of UEs in the Idle/Inactive state via SIB.  This allows the UEs in the Idle/Inactive state to obtain the MBS configuration without the need to transition to the Connected RRC state. Furthermore, the UE minimum bandwidth based on the initial BWP means all UEs are capable to receive these MBS configurations in Idle/Inactive states. The same approach was adopted during the design of CORESET0, with configuration is also signaled using SIB.
The approach described above would be consistent with the case where the initial BWP fully contains the CFR in the frequency domain. Even with such an approach, we have identified two possible scenarios during our discussion in RAN1#104e:
· [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.

Similar to the design considerations applied to CORESET0 where its frequency resources are not mandated to be the same frequency resources as the UE minimum bandwidth (initial BWP), Case D, configuration through SIB1 provides the flexibility in terms of the frequency resources since the configured CFR need not to be of the same size as CORESET0. 
Proposal 1a: For Idle/Inactive UEs broadcast reception, the common frequency resource (CFR) for group-common PDCCH/PDSCH is fully contained within the initial BWP and is configured by SIB.  Furthermore, the frequency resources for the CFR does not need to be equal to CORESET0 (Case D).
It has been agreed that one common frequency resource for group-common PDCCH/PDSCH can be defined/configured and in the absence of configuration, the initial BWP is assumed to be the default CFR. 
Proposal 1b: CORESET0 is the default common frequency resource (CFR) i.e., the UE may assume the initial BWP as the default CFR if a specific CFR is not configured.

It should also be feasible for the configured CFR within the initial BWP to be accessed by both Idle/Inactive UEs and Connected UEs when the UE-specific active BWP of the Connected UE contains the common frequency resource of Idle/Inactive UEs and the SCS and CP are the same. This provides added flexibility if the network implementation chooses to do. From RAN1#104-e, we have:
· FFS: the case when UE-specific active BWP of RRC_CONNECTED UE does not contain the common frequency resource of RRC_IDLE/INACTIVE UEs.

In [4], we have proposed:
· The CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP cannot be used for multicast transmission even if the CORESET is fully contained in the CFR in frequency domain, but the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.

Similar principle is proposed here for Idle/Inactive UEs. In the case when the UE-specific active BWP of Connected UEs does not contain the common frequency resource of Idle/Inactive, then it is assumed that Idle/Inactive and Connected UEs would be accessing distinct BWPs that are different and separate for broadcast services.  Network configuration should strive for a common broadcast CFR for all idle/inactive and connected UEs receiving broadcast since there is no clear motivation why the connected UEs should be treated differently than idle/inactive UEs for broadcast.
However, it is up to network configuration to ensure that when a Connected UE starts to use broadcast service, it is configured such that its active BWP is in a CFR which also includes or serves as a new active BWP for unicast of the UE.
Proposal 2: For broadcast reception, a common CFR for both Idle/Inactive and Connected UEs is configured.  
For Idle/Inactive UEs, it has been agreed that one common frequency resource for group-common PDCCH/PDSCH can be defined/configured. As for Connected UEs, the justification for more than one CFR needs to be configured for the Idle/Inactive UE is not clear. Hence, the same approach as adopted for Connected UEs should be applied here as well for Idle/Inactive UEs.
Proposal 3: For Idle/Inactive UEs, only one common frequency resource for group-common PDCCH/PDSCH can be defined/configured.

Beam Sweeping of Group-Common PDCCH 
It has been agreed that for Idle/Inactive UEs, beam sweeping is supported for group-common PDCCH/PDSCH due to the fact that for Idle/Inactive UEs, their beam orientation is unknown to the gNB. In RAN1#104-e, the UE may assume that group-common PDCCH/PDSCH is QCL’d with SSB with the additional agreement below:
Agreement:
For IDLE/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

In RAN1#105-e, additional agreements contain the following:
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

It is noted that beam sweeping operations by the gNB is supported for initial access including for the reception of the SIB, RMSI and Paging signals. With the assumption that the group-common PDCCH/PDSCH is QCL’d with SSB, these UEs would only need to receive the PDCCH/PDSCH using the same beam as for the reception of the SSB, resulting in significant power saving, an important consideration for UEs that are Idle/Inactive states. 
Next, previous RAN1 discussions touch upon the monitoring occasions for the PDCCH for broadcast and if these monitoring occasions should be similar to the use of Paging occasion. A PO is a set of PDCCH monitoring occasions and can consist of multiple time slots (e.g., subframe or OFDM symbol) where paging DCI can be sent. Alternatively, since the configuration of the MBS CFR is carried as part of the SIB-x. the use of SI-windows is re-used with less specification impact. In [3], RAN2 agreed on the following:
· The concept of MCCH transmission window, similar to the one used for LTE SC-PTM, is used for NR MCCH scheduling. The exact parameters to define the window are FFS (discussed in the following proposals).
· The MCCH transmission window is defined by MCCH repetition period, MCCH window duration and radio frame/slot offset. 
· R2 assumes PDCCH occasions for MCCH search space are associated with SSBs in a pre-defined manner so that the UE can receive MCCH scheduling on PDCCH occasions according to its detected SSB. 
· R2 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. 

With the above agreements, the beam sweeping operation of the group-common PDCCH for broadcast services is similar to the SIB reception in Rel-15 based on the SI-window.
Observation1: The Idle/Inactive UEs monitoring of the group-common PDCCH transmissions corresponding to broadcast services is based on the operation:
· Within the broadcast MCCH transmission window, UE assumes that the same broadcast messages are repeated in all beams of the sweeping pattern and thus the selection of the beam(s) for the reception of the broadcast message is up to UE implementation. 
· The MCCH transmission window is defined by MCCH repetition period, MCCH window duration and radio frame/slot offset, and is RRC configured to the UE. 

Search Space
On the search space design, it has been agreed that for Idle/Inactive UEs, CSS is supported for group-common PDCCH. The FFSs that remain are:
· FFS: reuse current CSS type, define a new CSS type, etc.
· FFS other details.
In RAN1#105-e, the use cases, and designs of other common search space for MBS were discussed. The following were agreed:
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.
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.

The search space set of group-common PDCCH of PTM scheme 1 for multicast in Connected state supports common CCE indices for different UEs in the same MBS group. In addition, we have also the following agreements in RAN1#104-e and RAN1#104-bis-e, respectively:
Agreements: For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, further study the following options.
· Option 1: Define a new search space type specific for multicast 
· Option 2: Reuse the existing CSS type(s) in Rel-15/16
· FFS: whether modifications are needed for multicast 
· Option 3: Reuse the existing USS in Rel-15/16 with necessary modifications for MBS
· FFS: detailed modifications 
Agreement:
For CSS of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, down-select from the following alternatives (to be decided in RAN1#105):
· Alt 1: support Type-3 CSS
· The monitoring priority of Type-3 CSS for group-common PDCCH is the same as existing Rel-15/16 CSS, regardless of which DCI format of group-common PDCCH is configured in Type-3 CSS
· Alt 2: support a new Type-x CSS
· The monitoring priority of new Type-x CSS is determined based on the search space set indexes of the new Type-x CSS set and USS sets, regardless of which DCI format of group-common PDCCH is configured in the new Type-x CSS.
· Alt 3: support both Alt 1 and Alt 2

During discussions for Connected UEs, it was decided that reusing the common search space (CSS) in existing Rel-15 and Rel-16 specifications would be straightforward (Option 2) from standardization point of view. Similarly, in our view reusing the same CSS type (e.g., Type3) with a new and distinct RNTI for group-common PDCCH for Idle/Inactive UEs would be the efficient approach. 
Multicast and broadcast services may be conducted concurrently where the broadcast services will serve both the Connected and Idle/Inactive UEs. In such a scenario, the Connected UEs will access the broadcast services using a new RNTI specific for broadcast services, each with its own PDCCHs sharing the same CSS.  
Proposal 4: Reuse the CSS as agreed for Connected UEs as baseline, with both the Connected UEs and Idle/Inactive UEs sharing the same CSS but with a new RNTI for broadcast services.  

[bookmark: _Ref129681832]Conclusion
Proposal 1a: For Idle/Inactive UEs broadcast reception, the common frequency resource (CFR) for group-common PDCCH/PDSCH is fully contained within the initial BWP and is configured by SIB.  Furthermore, the frequency resources for the CFR does not need to be equal to CORESET0 (Case D).
It has been agreed that one common frequency resource for group-common PDCCH/PDSCH can be defined/configured and in the absence of configuration, the initial BWP is assumed to be the default CFR. 
Proposal 1b: CORESET0 is the default common frequency resource (CFR) i.e., the UE may assume the initial BWP as the default CFR if a specific CFR is not configured.
Proposal 2: For broadcast reception, a common CFR for both Idle/Inactive and Connected UEs is configured.  
Proposal 3: For Idle/Inactive UEs, only one common frequency resource for group-common PDCCH/PDSCH can be defined/configured.
Observation1: The Idle/Inactive UEs monitoring of the group-common PDCCH transmissions corresponding to broadcast services is based on the operation:
· Within the broadcast MCCH transmission window, UE assumes that the same broadcast messages are repeated in all beams of the sweeping pattern and thus the selection of the beam(s) for the reception of the broadcast message is up to UE implementation. 
· The MCCH transmission window is defined by MCCH repetition period, MCCH window duration and radio frame/slot offset, and is RRC configured to the UE. 

Proposal 4: Reuse the CSS as agreed for Connected UEs as baseline, with both the Connected UEs and Idle/Inactive UEs sharing the same CSS but with a new RNTI for broadcast services.  
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