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Introduction
In this paper, we will present our opinions on MBS group scheduling for RRC_CONNECTED UEs.

Discussion
Frequency resource configuration for MBS
Last meeting, the following working assumption on frequency resource configuration of MBS is agreed [1]:
	Working assumption: 
For multicast of RRC-CONNECTED UEs, a common frequency resource for group-common PDCCH / PDSCH is confined within the frequency resource of a dedicated unicast BWP to support simultaneous reception of unicast and multicast in the same slot
· Down select from the two options for the common frequency resource for group-common PDCCH/ PDSCH
· Option 2A: The common frequency resource is defined as an MBS specific BWP, which is associated with the dedicated unicast BWP and using the same numerology (SCS and CP)
· FFS BWP switching is needed between the multicast reception in the MBS specific BWP and unicast reception in its associated dedicated BWP
· Option 2B: The common frequency resource is defined as an ‘MBS frequency region’ with a number of contiguous PRBs, which is configured within the dedicated unicast BWP.
· FFS: How to indicate the starting PRB and the length of PRBs of the MBS frequency region
· FFS whether UE can be configured with no unicast reception in the common frequency resource
· FFS on details of the group-common PDCCH / PDSCH configuration
· FFS whether to support more than one common frequency resources per UE / per dedicated unicast BWP subjected to UE capabilities



The motivation for option 2A is to leverage the configuration method of Rel-15/16 BWP, which avoids excessive specification work. For example, if based on MBS specific BWP, parameters such as PDCCH-Config, PDSCH-Config, could be naturally configured within MBS specific BWP. During the discussion in last meeting, the controversial lies in that option 2A may need switching time between the multicast reception in the MBS specific BWP and unicast reception in its associated dedicated BWP. In our opinion, here MBS specific BWP is just used to demonstrate MBS frequency resource and transmission related configuration, and it is not ‘real BWP’ like Rel-15/Rel-16. For option 2B, the obvious benefit is to support simultaneous reception of unicast and multicast in the same slot with ‘0’ switching time, while how to configure transmission related parameters needs to be redesigned. Generally, we are fine with both. But from spec. workload perspective, we slightly prefer option 2A.
Proposal 1: For the common frequency resource for group-common PDCCH/ PDSCH, support option 2A.
Regarding to whether UE can be configured with no unicast reception in the common frequency resource, in our understanding it is up to NW implementation, and it is not necessary to restrict unicast reception either allowed or not in the common frequency resource. Otherwise, the network efficiency is very low especially when there is no MBS.
Proposal 2: UE can be configured with or without unicast reception in the common frequency resource.
Regarding to whether to support more than one common frequency resources per UE / per dedicated unicast BWP, during the discussion in last meeting, some companies claim that if UE support multiple types of MBS, multiple common frequency resources could be configured per dedicated unicast BWP per UE to match with respective type of MBS. In our understanding one common frequency resources per UE / per dedicated unicast BWP is enough. For URLLC service in Rel-15/Rel-16, although the KPI requirements are different among URLLC services, the resources are shared among URLLC services, even for eMBB services. It is up to NW network scheduling. Likewise, resources could be shared among multiple MBSs.
Proposal 3: Support only one common frequency resource per dedicated unicast BWP per UE.

Group scheduling mechanism
In RAN1#102e meeting [2], we have agreed to PTM1. PTP has been agreed in RAN2, and at least from the perspective of RAN1, there is no spec impact for PTP. Compared with PTM1, obviously PTM2 will bring in more PDCCH overhead and transmission delay. The benefit and use case for PTM2 are not clear to us, especially on top of PTM1.
Proposal 4: For RRC_CONNECTED UEs for NR MBS, not support PTM2.
For PTM scheme 1, CORESET/Search space set related agreements have been achieved in RAN1#103e meeting [1].
	Agreements: For PTM transmission scheme 1, the CORESET for group-common PDCCH is configured within the common frequency resource for group-common PDSCH.
· FFS: number of CORESET(s) for group-common PDCCH within the common frequency resource for group-common PDSCH
Agreements: For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, the CCE indexes are common for different UEs in the same MBS group.
Agreements: Down select from the two options for BDs/CCEs limit for Rel-17 MBS
· Option 1: the maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot per serving cell defined in Rel-15 is kept unchanged for Rel-17 MBS.
· Option 2: For UEs supporting CA capability, the budget of BDs/CCEs of an unused CC can be used for group-common PDCCH to count the number of BDs/CCEs, which is similar to the method used for multi-DCI based multi-TRP in Rel-16.
· 
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 

Agreements: For PTM transmission scheme 1, if Option 2A or Option 2B for common frequency resource for group-common PDCCH/PDSCH is agreed, the FDRA field of group-common PDCCH is interpreted based on the common frequency resource.
Agreements: For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, further study the following options for the monitoring priority of search space set
· Option 1: The monitoring priority of search space set for multicast is the same as existing Rel-15/16 CSS
· Option 2: The monitoring priority of search space set for multicast is the same as existing Rel-15/16 USS
· Other options are not precluded 
· The monitoring priority is used at least for PDCCH overbooking case
· FFS for other cases (e.g., to prune PDCCH in terms of whether it’s unicast or multicast, etc.)



Regarding to BDs/CCEs limit for Rel-17 MBS, in our understanding, if UE does not support CA, option 1 could be considered; otherwise, option 2 could be supported.
Proposal 5: For BD/CCE limit for Rel-17 MBS, both option 1 and option 2 could be supported.
In Rel-15/Rel-16, CSS is used for fallback DCI scheduling common PDSCH, unicast PDCCH scheduling unicast PDSCH, and group common PDCCH without PDSCH, and USS is only for unicast PDCCH. On the other hand, last meeting, we have agreed that the CCE indexes are common for different UEs in the same MBS group. Thus, in our opinion, it is reasonable to use CSS for Rel-17 PTM1. 
[bookmark: _GoBack]In current specification, CSS set includes five types: Type0-PDCCH CSS set, Type0A-PDCCH CSS set, Type1-PDCCH CSS set, Type2-PDCCH CSS set, and Type3-PDCCH CSS set, where Type0/Type0A/Type 2 are only applicable for primary cell of the MCG, and Type1/Type3 when applied for scheduling are only applicable for primary cell.  For some MBS, e.g., video streaming, for the sake of load balance, they could be carried on Scell. Thus, in our opinion, one new CSS type, e.g., Type4 could be defined for Rel-17 MBS, which could be used for both Pcell and Scell.
Proposal 6: For search space type for Rel-17 MBS, support option 1, i.e., Define a new search space type specific for multicast.
In Rel-15, for PDCCH overbooking case, network would ensure CSS related PDCCH not to be dropped, while USS related to PDCCH could be dropped based on USS ID.  Since search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state is CSS type, it is reasonable to inherit the existing monitoring priority rule.
Proposal 7: For the monitoring priority of search space set, support option 1, i.e., the monitoring priority of search space set for multicast is the same as existing Rel-15/16 CSS.
In RAN1#103e meeting, SPS group-common PDSCH has been agreed to be supported for MBS for RRC_CONNECTED UEs [2].
	Agreements: Support SPS group-common PDSCH for MBS for RRC_CONNECTED UEs
· FFS: use group-common PDCCH or UE-specific PDCCH for SPS group-common PDSCH activation/deactivation
· FFS: whether to support more than one SPS group-common PDSCH configuration per UE
· FFS: whether and how uplink feedback could be configured
· FFS: retransmission of SPS group-common PDSCH


As aforementioned, for dynamic group-common PDSCH, PTM1 could be supported. Likewise, group-common PDCCH could also be considered to be supported for SPS group-common PDSCH activation/deactivation to reduce overhead and improve network efficiency. In Rel-16 URLLC session, to satisfy 1ms air interface, multiple SPS unicast PDSCH configurations are supported. For Rel-17 MBS services, the performance requirement is not clear. The use case and benefit of supporting multiple SPS group-common PDSCHs should be further studied. 
Proposal 8: Support group-common PDCCH for SPS group-common PDSCH activation/deactivation.

Simultaneous reception of unicast and multicast
In RAN1#102e meeting [2], we have agreed to support FDM between unicast PDSCH and group-common PDSCH in a slot based on UE capability.
	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.


In RAN1#103e meeting [1], great progress has been achieved about multiplexing among unicast PDSCH and/or group-common PDSCH as shown below.
	Agreements: Support TDM between one unicast PDSCH and one group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs. 
Agreements:For RRC_CONNECTED UEs, support inter-slot TDM between unicast PDSCH and group-common PDSCH in different slots (mandatory for the UE supporting MBS).
Agreements: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
Agreements:No specification enhancement in Rel-17 to support SDM between unicast PDSCH and group-common PDSCH in a slot for RRC_CONNECTED UEs.


Firstly, regarding the question that whether multiple group-common PDSCHs in a slot are required, in our understanding, the use case for multiple group-common PDSCHs in a slot exists. When UE supports multiple MBS services, e.g., public safety, video streaming, and so on, it is possible that multiple group-common PDSCHs corresponding to different MBSs need to be simultaneously received in a slot.
Secondly, regarding the specific multiplexing schemes listed as Case 1~5, Case 1~3 are about TDMed multiplexing. In Rel-15, up to 2, 4, 7 unicast PDSCHs per slot per CC only in TDM for different TBs could be supported based on UE capability FG5-11/5-11a/5-11b. From UE processing capability, in some degree group-common PDSCH could be taken as unicast PDSCH. Thus, we are fine to support Case 1, Case 2, and Case 3 based on UE capability. However, the number of TDMed PDSCHs including group-common PDSCH and/or unicast PDSSCH should not excess R15 UE capability. Although we have agreed to support FDM between unicast PDSCH and group-common PDSCH in a slot, considering UE pipeline processing mechanism, only FDM between one group-common PDSCH and one unicast PDSCH in a slot could be considered.
Proposal 9: For simultaneous reception of unicast PDSCH and group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs,
· The capability signaling is optional;
· Support TDM between M TDMed unicast PDSCHs and one group-common PDSCH in a slot
· FFS: the value of M
· FFS: per CC, or across CC
· Support TDM among K group-common PDSCHs in a slot
· FFS: the value of K
· FFS: per CC, or across CC
· Support TDM between L TDMed unicast PDSCHs and T TDMed group-common PDSCHs in a slot
· FFS: the value of L, T
· FFS: per CC, or across CC
· Support FDM between one group-common PDSCH and one unicast PDSCH in a slot
· FFS: per CC, or across CC

Conclusion 
In this contribution, we provide our opinions on MBS group scheduling for RRC_CONNECTED UEs:
Proposal 1: For the common frequency resource for group-common PDCCH/ PDSCH, support option 2A.
Proposal 2: UE can be configured with or without unicast reception in the common frequency resource.
Proposal 3: Support only one common frequency resources per dedicated unicast BWP per UE.
Proposal 4: For RRC_CONNECTED UEs for NR MBS, not support PTM2.
Proposal 5: For BD/CCE limit for Rel-17 MBS, both option 1 and option 2 could be supported.
Proposal 6: For search space type for Rel-17 MBS, support option 1, i.e., Define a new search space type specific for multicast.
Proposal 7: For the monitoring priority of search space set, support option 1, i.e., the monitoring priority of search space set for multicast is the same as existing Rel-15/16 CSS.
Proposal 8: Support group-common PDCCH for SPS group-common PDSCH activation/deactivation.
Proposal 9: For simultaneous reception of unicast PDSCH and group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs,
· The capability signaling is optional;
· Support TDM between M TDMed unicast PDSCHs and one group-common PDSCH in a slot
· FFS: the value of M
· FFS: per CC, or across CC
· Support TDM among K group-common PDSCHs in a slot
· FFS: the value of K
· FFS: per CC, or across CC
· Support TDM between L TDMed unicast PDSCHs and T TDMed group-common PDSCHs in a slot
· FFS: the value of L, T
· FFS: per CC, or across CC
· Support FDM between one group-common PDSCH and one unicast PDSCH in a slot
· FFS: per CC, or across CC
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