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Introduction
In RAN#86 meeting [1], the following objectives related to RAN1 were achieved as follows:
	Objective
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:
· Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]
· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.
· Specify required changes to improve reliability of Broadcast/Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application/service provided.[RAN1, RAN2]
· 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].
Note: the possibility of receiving Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, without the need for those UEs to get the configuration of the PTM bearer carrying the Broadcast/Multicast service while in RRC CONNECTED state beforehand, is subject to verification of service subscription and authorization assumptions during the WI. 


In RAN1 #102-e meeting [2], the following agreements were reached:
	Agreements:
· For RRC_CONNECTED UEs, HARQ-ACK feedback is supported for multicast and no additional evaluation is needed to justify this.
· FFS: The detailed HARQ-ACK feedback solutions, e.g., ACK/NACK based, NACK-only based.
· FFS: HARQ-ACK feedback can be optionally disabled and/or enabled.
Agreements:
· For RRC_CONNECTED UEs, at least 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.
o   FFS: whether to support UE-specific PDCCH to schedule a PDSCH for MBS.
Agreements:
· For RRC_CONNECTED UEs, define/configure common frequency resource for group-common PDSCH.
· FFS: whether to reuse the BWP framework or not 
· FFS: the relation between the common frequency resource and UE dedicated BWP, e.g., the common frequency resource is a MBS specific BWP, or the common frequency resource is confined within UE’s dedicated BWP, etc. 
· FFS: whether more than one common frequency resource can be configured per UE
Agreements:
· For RRC_CONNECTED UEs, at least support FDM between unicast PDSCH and group-common PDSCH in a slot based on UE capability.
· FFS: TDM or SDM in a slot.
Agreements:
· For RRC_CONNECTED UEs, at least support slot-level repetition for group-common PDSCH. 
· FFS: whether enhancement is needed
Agreements:
· For RRC_CONNECTED UEs, existing CSI feedback can be used for multicast transmission.
· FFS: whether enhancement is needed 


This contribution discusses search space type definition for group scheduling mechanism for RRC_CONNECTED UEs.
Discussion
Search space type for MBS
In current spec, a set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search space sets, and a search space set can be a common search space (CSS) set or a UE-specific search space (USS) set. A UE monitors PDCCH candidates in one or more types of the search space sets. The Types are configured by higher signaling as Type0/Type0A/Type1/Type2/Type3 PDCCH for CSS set, and USS set is also configured by higher layer signaling. Among the common search space set types, Type0/Type0A/Type1/Type2 are configured for search spaces of cell level information, and Type3 is configured for search space of specific UE group. MBS services are transmitted through broadcast for all the UEs in a cell and groupcast for group of UEs in a cell. It is feasible for MBS using CSS, e.g. Type3, as the search space set.
A UE expects to monitor PDCCH candidates for up to 4 sizes of DCI formats that include up to 3 sizes of DCI formats in CSS and 1 size of DCI format in USS. By considering about UE blind decoding capability of PDCCH, the number of blind decoding PDCCH in one slot should be no more than 44, 36, 22 and 20 for SCS 15KHz, 30 KHz, 60 KHz and 120 KHz, respectively. For example, when the candidate PDCCH in one slot is more than 44 for SCS 15 KHz, UE can only decode 44 PDCCH in maximum, and the PDCCHs exceed the limitation will not be decoded. The total number of PDCCH blind decoding is calculated by considering PDCCH for CSS first and then PDCCH for USS and the allocation for USS is according to search space ID order.
Observation 1: A UE expects to monitor PDCCH candidates for up to 4 sizes of DCI formats that include up to 3 sizes of DCI formats in CSS and 1 size of DCI format in USS.
Observation 2: The allocation of PDCCH candidate blind decoding is determined by considering DCI formats for CSS first and then DCI format for USS and the allocation for USS is according to search space ID in ascending order.
When the total number of blind decoding PDCCH candidates exceeds UE decoding capability, some PDCCHs will be dropped without decoding. If the search space for MBS is defined as CSS and the total number of PDCCH candidates is increased, there would be no chance for decoding on USS on this slot. If services on USS are dropped without decoding, some of the services may not satisfy the requirement of requirement in unicast, e.g. URLLC services. If the search space for MBS is defined within USS, different UE may determine different locations of CCE candidates. MBS group-common scheduling requires the group of UEs to derive the same CCE candidate location, but UEs may derive different CCE locations according to the current USS calculation mechanism.
A MBS-specific search space can be defined within CSS, e.g. CSS Type4. The candidate PDCCHs for MBS search space is determined based on legacy CSS method. When determining the PDCCH blind decoding order, MBS CSS has the lower priority than all the other CSS and according to the search space ID together with USS.
Proposal 1: An MBS-specific search space is supported, e.g. CSS Type4, which is the lowest order among CSS and making sure the group of UEs deriving a common CCE candidate location.
Conclusion
In this contribution, search space type definition for group scheduling for RRC_CONNECTED UEs, we have the following proposals:
Observation 1: A UE expects to monitor PDCCH candidates for up to 4 sizes of DCI formats that include up to 3 sizes of DCI formats in CSS and 1 size of DCI format in USS.
Observation 2: The allocation of PDCCH candidate blind decoding is determined by considering DCI formats for CSS first and then DCI format for USS and the allocation for USS is according to search space ID in ascending order.
Proposal 1: An MBS-specific search space is supported, e.g. CSS Type4, which is the lowest order among CSS and making sure the group of UEs deriving a common CCE candidate location.
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