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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
3GPP Rel-17 work item for Multicast and Broadcast Services (MBS) was approved in [1]. Among the key objectives, the scope of this WI includes specifying a group scheduling mechanism for UEs to receive Broadcast/Multicast services and necessary enhancements that are required to enable simultaneous operation with unicast reception.

	· 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]



During RAN1#102-e meeting, some high-level agreements were made on scheduling aspects of MBS:
	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.
· 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.


In this contribution, we present our view on the group scheduling mechanism for MBS. 
Discussion
BWP and Common Frequency Resource
In RAN1#102e meeting, the following agreement was made.
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

During the meeting, several alternatives and details were discussed regarding the FFS points.  These FFS points are not mutually exclusive, they overlap.  In the WID restrictions and assumptions “resource allocation up to 100% to Broadcast/Multicast is not guaranteed requirement in this WI” would mean that the frequency resources could be shared between MBS(s) and unicast.  The common frequency resource confined within UE’s dedicated BWP and thus reusing the BWP framework is simpler and should be the baseline.  With one active BWP, both the MBS TBs and NR unicast TBs can be received in the same timeslot. 
[bookmark: _Hlk54264083]Proposal 1: Support common frequency resource for MBS to be confined within UE’s dedicated BWP. 
[bookmark: _Hlk54264005]Proposal 2: Support simultaneous reception of NR unicast TB and MBS TBs in the UE dedicated BWP. 
Group scheduling details
For RRC_CONNECTED UEs, a group-common PDCCH with CRC scrambled by a common RNTI to schedule a group-common PDSCH. In the same slot, there could be a UE-specific PDCCH with CRC scrambled by C-RNTI to schedule a unicast PDSCH. In this section, we discuss the DCI fields for group scheduling and its similarities and differences with the UE-specific PDCCH.

PDCCH DCI fields scrambled by G-RNTI
For MBS, a new set of DCI fields is required to define group-common MBS frequency resource allocation, a new HARQ-ACK operation for the group-common PDSCH, a new PUCCH resource indicator and configurations, etc. This new set of DCI fields is specific to enabling MBS and efficient group-scheduling. These DCI fields will have following considerations. 
Proposal 3: New DCI fields are needed for group scheduling MBS. FFS if a new DCI format is needed or if an existing DCI format(s) can be modified

FDRA
On receiving a group-common PDCCH, the UE determines the resource allocation within the bandwidth part. Both downlink resource allocation schemes, type 0 and type 1 can be supported for MBS.  

[bookmark: _Hlk54370928]From 38.214 - 5.1.2.2, in downlink resource allocation of type 0, the resource block assignment information includes a bitmap indicating the Resource Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive virtual resource blocks.  In downlink resource allocation of type 1, the resource block assignment information indicates to a scheduled UE a set of contiguously allocated non-interleaved or interleaved virtual resource blocks within the active bandwidth part of size  PRBs. 
To allow flexibility in MBS downlink resource allocation, both the method of bitmap indicating the Resource Block Groups (RBGs) as well as non-interleaved or interleaved virtual resource blocks within the active bandwidth part should be considered.
Proposal 4: Both downlink resource allocation schemes type 0 and type 1 are supported for MBS. 

NACK-only based HARQ operation
From RAN1#102e meeting, we have the agreement that for RRC_CONNECTED UEs, the HARQ-ACK feedback mechanism is supported for multicast. With the group-common PDCCH scheduling group-common PDSCH, the NACK-only scheme of HARQ-ACK is a logical next step. In NACK-only method of HARQ feedback, a UE transmits NACK when the TB decoding fails. The gNB would receive a NACK if any of the UEs in the MBS group transmits a NACK. With this mechanism, the gNB would not be able to distinguish which UE transmitted NACK or how many UEs transmitted NACK. On the receipt of NACK, gNB would then be able to retransmit the corresponding TB that was NACKed.
[bookmark: _Hlk54371028]The DCI fields should consider the other HARQ-ACK feedback related details such as PUCCH resource configuration. 
NACK-only PUCCH Resource Configuration
In NACK-only feedback, all the UEs in the MBS group share a common PUCCH resource. With multiple HARQ processes, the gNB can continue to transmit the main MBS TB transmissions. The retransmission of this mechanism relies on UEs in the MBS group to transmit NACK at a given common PUCCH resource when they fail to decode the TB. The PUCCH resource is indexed based on the number of HARQ processes. The NACK would correspond to the particular TB and its HARQ process ID. 
Proposal 5: 
· Define common PUCCH resource for MBS HARQ feedback. 
· This common PUCCH resource is in addition to any PUCCH resource that NR unicast may have.
· The common PUCCH resource is indexed based on the HARQ process number.
· The common-RNTI scrambled DCI PRI field indicates orthogonal PUCCH resources per HARQ process ID to transmit UL feedback.  
HARQ-ACK timing relationship
The PDSCH-to-HARQ_feedback timing indicator field defines the time gap between PDSCH transmission and the reception of the PUCCH that carries ACK/NACK for the PDSCH. The PDSCH-to-HARQ_feedback timing indicator field values map to {1, 2, 3, 4, 5, 6, 7, 8}. For a DCI format, other than DCI format 1_0, say for DCI format 1_1 the PDSCH-to-HARQ_feedback timing indicator field values map to values for a set of number of slots provided by dl-DataToUL-ACK.
Observation 1: The DCI field PDSCH-to-HARQ_feedback timing indicator can reuse the DCI format 1_0 or DCI format 1_1 method of indicating as long as it enables indicating multiple PDSCHs that may be scheduled in the slot

[bookmark: _Ref129681832]Conclusion
In this contribution, we discussed presented our views on group scheduling for MBS.
Proposal 1: Support common frequency resource for MBS to be confined within UE’s dedicated BWP. 
Proposal 2: Support simultaneous reception of NR unicast TB and MBS TBs in the UE dedicated BWP.
Proposal 3: New DCI fields are needed for group scheduling MBS. FFS if a new DCI format is needed or if existing DCI format(s) can be modified
Proposal 4: Both downlink resource allocation schemes type 0 and type 1 are supported for MBS. 
Proposal 5: 
· Define common PUCCH resource for MBS HARQ feedback. 
· This common PUCCH resource is in addition to any PUCCH resource that NR unicast may have.
· The common PUCCH resource is indexed based on the HARQ process number.
· The common-RNTI scrambled DCI PRI field indicate orthogonal PUCCH resources per HARQ process ID to transmit UL feedback.  
Observation 1: The DCI field PDSCH-to-HARQ_feedback timing indicator can reuse the DCI format 1_0 or DCI format 1_1 method of indicating as long as it enables indicating multiple PDSCHs that may be scheduled in the slot
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