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Introduction
In RAN#86 meeting, new work item on NR Multicast and Broadcast Services [1] was agreed. Some of objectives of this study item are showing below,
· 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 support for dynamic change of Broadcast/Multicast service delivery between multicast (PTM) and unicast (PTP) with service continuity for a given UE [RAN2, RAN3]
· Specify support for basic mobility with service continuity [RAN2, RAN3]
· Assuming that the necessary coordination function (like functions hosted by MCE, if any) resides in the gNB-CU, specify required changes on the RAN architecture and interfaces, considering the results of the SA2 SI on Broadcast/Multicast (SP-190625) [RAN3]
· 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]
· Study the support for dynamic control of the Broadcast/Multicast transmission area within one gNB-DU and specify what is needed to enable it, if anything [RAN2, RAN3]
Some MBS scheduling mechanism related agreements were made in RAN1#107bis-e meeting [2]. In this contribution, we discuss the remaining issues of  MBS scheduling mechanism and give the proposals.
Group scheduling mechanism for RRC_CONNECTED UEs
simultaneous reception of unicast PDSCH and group-common PDSCH 
Regarding the FMDed reception of unicast PDSCH and multicast PDSCH, the following agreements were reached in previous agreements. Whether to support case 6 FDM between multiple TDMed unicast PDSCHs and one GC-PDSCH in a slot was discussed in last RAN1 meeting, unfortunately no agreement could be reached. However, the case 4 was already considered in the type1 HARQ-ACK feedback design, and it was captured in the specification TS38.213. 
	Agreements: RAN1#103 Further study the following cases for simultaneous reception of unicast PDSCH and group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs.
· Case 1: support TDM between multiple TDMed unicast PDSCHs and one group-common PDSCH in a slot
· Case 2: support TDM among multiple group-common PDSCHs in a slot
· Case 3: support TDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot
· Case 4: support FDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot
· Case 5: support FDM among multiple group-common PDSCHs in a slot
· FFS: maximum number of PDSCHs in a slot simultaneous received per UE


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]If the case 4 is not supported, the specification needs to be updated to make it clear that only one unicast PDSCH and one multicast PDSCH can be received in FDM manner. According to current specification, if UE reports the capability of FDM reception and TDM reception for unicast or multicast, case 4 is supported.
In addition, we don’t see any benefits of FDM reception one unicast PDSCH and one multicast PDSCH in a slot if UE already has the TDM reception capability. 
	9.1.2.1 Type-1 HARQ-ACK codebook in physical uplink 
…..
If a UE is provided fdmed-Reception-Multicast and the UE is configured to monitor PDCCH for detection of unicast DCI formats and to monitor PDCCH for detection of multicast DCI formats 
-	a serving cell is placed in a first set  of  serving cells if the UE is configured to monitor PDCCH for DCI formats 1_0/1_1/1_2 for scheduling on serving cell , and
-	a serving cell is placed in a second set  of  serving cells if the UE is configured to monitor PDCCH for detection of DCI format 4_1/4_2 for scheduling on serving cell , and
-	serving cells are placed in a set according to an ascending order of a serving cell index
the UE generates a Type-1 HARQ-ACK codebook for the set  and the set  of serving cells separately by setting  and  in the following pseudo-code. The UE concatenates the HARQ-ACK codebook generated for the set  followed by the HARQ-ACK codebook generated for the set  to obtain a total number of  HARQ-ACK information bits.
…..
if the UE does not indicate a capability to receive more than one unicast PDSCH or multicast PDSCH per 
slot and R ≠ ∅, 
MA,c = MA,c ∪ j; 
j = j + 1; 
else
Set R to the cardinality of R Set m to the smallest last OFDM symbol index, as determined by the 
SLIV, among all rows of R 
….


Proposal 1: Support Case 4, i.e., FDM between multiple TDMed unicast PDSCHs and multiple TDMed GC-PDSCHs in a slot, based on UE capability. 
In last meeting, the collision between multicast SPS PDSCH and unicast SPS PDSCH was discussed. The proposal is showing in below table. The first part of proposal is to solve the collision within unicast PDSCHs and multicast PDSCHs respectively, then solve the collision between single unicast SPS PDSCH and single multicast SPS PDSCH. First, if the FDM case 4 and case 5 are not supported, then there is only one unicast PDSCH and one multicast PDSCH in a slot, there is no such case to handle collision among unicast PDSCHs or among multicast PDSCHs. Second, if UE reports the capability of FDM reception, but the gNB schedule or configure the colliding resource in frequency domain, it should be an error case. Especially for SPS case, as proposed, if there is collision then only SPS PDSCH configured with lower sps-ConfigIndex will be transmitted, another SPS PDSCH will be dropped. The issue is MBS SPS PDSCH is targeting for group of users, dropping multicast SPS is not desirable. For example, UE A will receive both unicast and multicast SPS PDSCH; if there is collision, multicast SPS PDSCH is dropped according to the rule. However, UE B only receives the multicast SPS PDSCH, but the PDSCH is dropped unfortunately.
	Updated proposal 5-2:
For multicast, if UE is provided fdmed-Reception-Multicast, and if more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, the UE resolves collisions among unicast SPS PDSCHs resulting in one unicast SPS PDSCH and collisions among multicast SPS PDSCHs resulting in one multicast SPS PDSCH as in Rel-16, respectively. If the resulting unicast SPS PDSCH and multicast SPS PDSCH overlap in frequency, the UE receives the one with lower configured sps-ConfigIndex.


Proposal 2: If UE is provided fdmed-Reception-Multicast, UE assumes there is no collision between unicast PDSCH and multicast PDSCH in frequency domain.
DCI size alignment
The following agreement was reached for DCI size alignment for DCI format 4_2 in last meeting. The agreement is aligned with legacy DCI format 2_x configuration methodology. With the agreement, the size of DCI format 4_2 can be configured with the same size of DCI format 2_x or the same size of DCI format scrambled with C-RNTI.
	Agreement
For DCI size alignment of DCI format 4_2, the size of DCI format 4_2 is configured by RRC signaling for RRC_CONNECTED UEs (similar as the configuration for the size alignment among DCI format 2_0/2_1/2_4/2_5/2_6). 


If the G-RNTI is considered as C-RNTI. The DCI format 4_2 size is to align with DCI format 1_1 or DCI format 1_2, however the DCI format 4_2 targets for a group of users, it is difficult to align the DCI format 4_2 to each UE’s DCI format 1_1 or DCI format 1_2. The DCI format 4_2 will align to the UE with largest size of DCI format 1_1 or DCI format 1_2, in another way around the DCI format 4_2 will impact the size of DCI format 1_1 or DCI format 1_2 of users in the group. If G-RNTI is counted as other RNTI, as the size of DCI format 2_0/2_1/2_4/2_5/2_6 is configurable, the restriction on gNB scheduling is smaller than another option. Thus, the size of DCI format 4_2 is aligned to DCI format 2_0/2_1/2_4/2_5/2_6 is preferred.
In last meeting, a compromised solution was proposed that it’s up to gNB configuration to align the size of DCI format 4_2 to DCI format 2_x or DCI scrambled with C-RNTI. The compromised proposal makes the UE DCI size alignment procedure complicated without any benefits. As it was already agreed the size of DCI forma 4_2 is configurable, it’s enough to simply configure with the same size as DCI format 2_x or configured with a new size if DCI format 2_x is not configured.
Proposal 3: The DCI format 4_2 can be configured with the same size as DCI format 2_x.
Summary
In this contribution, we discuss the MBS group scheduling mechanism and have the following proposals.
Proposal 1: Support Case 4, i.e., FDM between multiple TDMed unicast PDSCHs and multiple TDMed GC-PDSCHs in a slot, based on UE capability. 
Proposal 2: If UE is provided fdmed-Reception-Multicast, UE assumes there is no collision between unicast PDSCH and multicast PDSCH in frequency domain.
Proposal 3: The DCI format 4_2 can be configured with the same size as DCI format 2_x.
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