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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN#88-e, a new RAN2-led work item on ‘NR Multicast and Broadcast Services’ [1] was agreed. One of the objectives in the WID mentioned is to specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states. In RAN1#103-e meeting, the following agreements were made [2]:
	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.

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, we will provide the potential solutions for enabling the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states.
Discussion on RAN1 impact
1.1 Beam sweeping
Beam sweeping mechanism is widely used for common channel transmissions in NR, such as SSB, SI and paging, in order to guarantee the coverage requirement. For example, one paging occasion contains multiple sub-occasions each linked with corresponding SSB index, so a UE only needs to monitor a subset of the sub-occasions for paging. Similarly, this could also be considered for the broadcast based transmissions for multicast, i.e., MCCH and the related scheduling DCI(s). In this way, a UE may only need to monitor a subset of the occasions for MCCH and multicast scheduling by G-RNTI(s) based on corresponding SSB index, in order to save power consumption. 
One solution is that the PDCCH monitoring occasions are mapped with SSB beams, and only the PDCCH associated with the UE’s beam is monitored by the UE. As illustrated in Figure 1, the configuration of search space and CORESET is as follows. In a timing window, e.g., the search space periodicity, three PDCCH monitoring occasions are mapped with three SSB beams, and the offset of the first PDCCH monitoring occasions reusing the offset of the search space. Owing to the UE is associated with SSB beam#1 marked by green, the UE only needs to monitor the first occasion, and the other two occasions do not need to be monitored. In this way, the UE can save power consumption and with higher searching efficiency.
	· Configuration of Search Space 
· monitoringSlotPeriodicityAndOffset: 2 slot & 1 slot
· duration: 1 slot
· monitoringSymbolsWithinSlot: [1 1 1 0  0 1 1 1 0 0 1 1 1 0]
· Configuration of CORESET
· duration: 3 symbols 
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[bookmark: _Ref60994979]Figure 1: Example for beam sweeping of PDCCH scrambled by G-RNTI
Based on the above discussions, the following is proposed:
Proposal 1: For group-common PDCCH/PDSCH for MBS, UE monitoring occasions are associated with a subset of the total SSB indexes, and a timing window should be defined in which UE monitoring occasions are mapped with SSB indexes.
· Further study reusing the periodicity and offset of current search space or define new periodicity and offset for the timing window.

1.2 Common frequency resource(s)
For broadcast reception, the PDSCH carried SIB20 and MCCH may occupy some resources of initial BWP. In addition, SSB, CORESET0 and PDSCH carried other SI would be located in initial BWP. If the resources of initial BWP is not sufficient for above channels associated with providing MBS service for RRC_IDLE/RRC_INACTIVE UEs, one common frequency resource should be configured.
Proposal 2: If the resources of initial BWP is limited for providing MBS service, one common frequency resource should be configured.
Regarding the relation of the common frequency resource (if configured) and initial BWP, we prefer the common frequency resource if configured should contain the initial BWP to avoid BWP switching and don’t see the scenario of the common frequency resource(s) does not contain the initial BWP. As discussed in [3], the BWP switch delay for UEs which have dedicated BWPs non-overlapped with the MBS specific BWP would affect both unicast and MBS performance.
Proposal 3: The common frequency resource (if configured) for providing MBS service should contain the initial BWP.

1.3 CSS type and CORESET
CORESET0 is agreed to be used by default if the common frequency resource for group-common PDCCH/PDSCH is the initial BWP and the CORESET is not configured. When a common frequency resource for group-common PDCCH/PDSCH is not the initial BWP, a MBS-specific CORESET could be configured by high layer signaling.
In NR, several kinds of types of CSS are defined, i.e., Type0, Type0A, Type1, Type2 and Type3. A Type0-PDCCH CSS set is used for a DCI format with CRC scrambled by a SI-RNTI (SIB1); a Type0A-PDCCH CSS set is used for a DCI format with CRS scrambled by a SI-RNTI (other SI); a Type3-PDCCH CSS set can be used for a DCI scrambled by C-RNTI. 
As discussed in the companion contribution [4],  for CCE index calculation of the G-RNTI based search space set for MBS can be zero which is the same as current CSS or the G-RNTI. If the value for CCE index calculation is G-RNTI, then a new CSS type is defined; otherwise, the current CSS type is reused. In other words, reuse current CSS type or define a new CSS type depends on the value used for CCE index calculation.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 4: If G-RNTI is used for determining the CCE indexes, a new CSS type is defined.

Conclusions
This paper focuses on discussion on multicast support for IDLE/INACTIVE UEs, which leads to the proposals as follows:
Proposal 1: For group-common PDCCH/PDSCH for MBS, UE monitoring occasions are associated with a subset of the total SSB indexes, and a timing window should be defined in which UE monitoring occasions are mapped with SSB indexes.
· Further study reusing the periodicity and offset of current search space or define new periodicity and offset for the timing window.

Proposal 2: If the resources of initial BWP is limited for providing MBS service, one common frequency resource should be configured.
Proposal 3: The common frequency resource (if configured) for providing MBS service should contain the initial BWP.
[bookmark: _GoBack]Proposal 4: If G-RNTI is used for determining the CCE indexes, a new CSS type is defined.
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