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Introduction
[bookmark: _Hlk525462591]The Rel-17 WI on the support of NR Multicast and Broadcast Services [1], includes two RAN1 lead objectives to: 
· 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]

This document, which covers the first objective related to group scheduling, mainly focuses on the remaining issues that are still open after the RAN1-107-e meeting, and proposals that were discussed during the meeting and has not yet been agreed.

In section 2, we discuss our views on the above-mentioned agreements and proposals, mainly focusing on how to progress with the topics that are currently being further studied.

In section 3, we conclude the document by presenting the summary.

Discussion on Group Scheduling Mechanism for 5G Multicast / Broadcast
MBS Common Frequency Region
In this section we will discuss aspects related to MBS common frequency region, specifically addressing further details, open issues and FFSs from previous meetings.
Issues Related to CFR for Simultaneous Broadcast and Unicast Reception
[image: ]
Figure 1 MBS CFR and BC MTCH/MCCH CFR.
As part of the RAN1 group scheduling discussions, it was agreed that MBS CFR for multicast would be confined within the UE’s dedicated unicast bandwidth part, which is configured after UE establishes RRC connection with the gNB. However, most of the discussions related to broadcast CFR have been in relation to the UE’s initial BWP, the configuration of which is received using SIB1 before RRC connection is established. A related agreement is as shown below:
Agreement: For broadcast reception, RRC_IDLE/RRC_INACTIVE UEs can use a configured/defined CFR with the same size as the initial BWP, where the initial BWP has the same frequency resources as CORESET0 (i.e., Case A), to receive GC-PDCCH/PDSCH carrying MCCH. 
· Note: GC-PDCCH/PDSCH transmission within a narrower portion of the Initial BWP (where the initial BWP has the same frequency resources as CORESET0) is possible by implementation via appropriate scheduling.
A related discussion was made during RAN1-106bis-e and the following proposal was discussed, but not agreed:
[Medium] Updated proposal 1-6 (for conclusion):
If a broadcast CFR is configured/defined for RRC_IDLE/INACTIVE UEs to receive a broadcast service,  for an RRC_CONNECTED UE that has sent the MBS Interest Indication for the broadcast service to network, it is up to network implementation to guarantee the broadcast CFR is within the bandwidth of the active BWP of the RRC_CONNECTED UE.  

This raises the question whether for a UE receiving both multicast and broadcast services simultaneously, the broadcast CFR and multicast CFR need to be overlapping. Consider the scenario shown in the figure above where UE-1 and UE-2 are receiving only multicast services and hence are configured with the multicast CFR, UE-3 receives only broadcast service and hence is configured only with the initial / broadcast CFR and UE-4 receives both multicast and broadcast services. Here there are two possible alternatives for UE-4: (1) configure a single MBS CFR encompassing the initial / BC CFR and multicast CFR (shown as Alt1 in figure), or (2) configure two different CFRs and associated CORESETs where the UE could monitor BC CFR during DRX periods based on UE implementation (shown as Alt2 in figure). Using alternative (1) could lead to significantly wide BWPs configured for the UE, which might negate the energy saving benefits gained from using the BWP concept.
Observation-1: Broadcast and multicast or unicast can be on separate BWPs – with broadcast CFR associated with initial BWP / CORESET0, and multicast or unicast associated with UE’s dedicated unicast BWP, if a UE is receiving different services simultaneously.
Proposal-1: The configuration of CFRs and associated BWPs for simultaneous reception of broadcast and multicast / unicast could be left to network configuration and UE capabilities.
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Figure 2 Autonomous BWP switching between MBS CFR / unicast BWP and initial BWP / BC CFR for simultaneous broadcast and multicast/unicast reception.
One possible alternative for UEs receiving broadcast and multicast/unicast traffic simultaneously is to configure the UE-dedicated BWP and associated MBS CFR for multicast separately from the initial BWP where BC CFR would be scheduled. Once the UE sends broadcast service interest indication to the gNB, the gNB would be aware of the fact that UE is receiving these services simultaneously and can configure DRX periods overlapping with the time periods where BC traffic is scheduled, thereby enabling the UE to autonomously switch between the unicast BWP / MBS CFR and initial BWP / BC CFR. Such an autonomous BWP switching could be left to UE implementation – assuming that the gNB will not schedule multicast and broadcast transmissions to overlap in time, and could be triggered using the inactivity timer or a new MAC CE DRX command. However, as shown in the figure above, if the broadcast transmission is stopped on the initial BWP / BC CFR while the UE is in the dedicated unicast BWP, it would be beneficial to inform UE within the unicast BWP in order to avoid unnecessary BWP switching.
Proposal-2: Autonomous switching between broadcast CFR and unicast dedicated BWP which might also contain the multicast CFR could be left to UE implementation.
Proposal-3: Support for independent configuration of broadcast CFR and unicast BWP require enhanced signaling to avoid unnecessary BWP switching.

DCI Format Issues
In this section we will discuss aspects related to DCI formats for MBS, specifically addressing further details, open issues and FFSs from the agreements from RAN1-107-e meeting.

Agreement
The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by G-RNTI for multicast:
· Frequency domain resource assignment
· Time domain resource assignment – 4 bits as defined in Clause 5.1.2.1 of TS38.214
· VRB-to-PRB mapping – 1 bit according to Table 7.3.1.2.2-5 in TS38.212
· Modulation and coding scheme – 5 bits as defined in Clause 5.1.3 of TS38.214
· New data indicator – 1 bit
· Redundancy version – 2 bits as defined in Table 7.3.1.1.1-2 in TS38.212
· HARQ process number – [4 or 5] bits
· Downlink assignment index – 2 bits as defined in Clause 9.1.3 of TS 38.213, as counter DAI
· PUCCH resource indicator – 3 bits as defined in Clause 9.2.3 of TS38.213
· PDSCH-to-HARQ_feedback timing indicator – 3 bits as defined in Clause 9.2.3 of TS38.213
· Reserved bits –3 bits
· FFS: Some of the fields may be not useful and can be reserved in some conditions, and FFS the details of the conditions
· FFS: other fields, e.g. for HARQ enabling/disabling
Note: Whether new fields are defined for multicast DCI format 1_0 can be discussed separately. The reserved bits can be used for new fields if needed.

In the above agreement from the previous meeting, it was agreed to further study whether some of the fields need to be reserved under certain conditions, and whether other fields need to be defined for HARQ enabling / disabling. Since we think all the currently agreed fields are necessary, it would be preferred not to reserve any fields for any scenarios. Also, one of the reserved bit could be used for HARQ enabling/disabling.
Proposal-4: Agree to use one of the reserved bits for HARQ enabling/disabling and avoid reserving any of the other agreed fields.

Agreement
Multicast DCI format 1_1 includes all configurable fields of unicast DCI format 1_1 except
· Identifier for DCI formats, TPC command for scheduled PUCCH, SRS request
· FFS: Scell dormancy indication
· One-shot HARQ-ACK request, PDSCH group index, New feedback indicator, Number of requested PDSCH group(s), ChannelAccess-Cpext
· CBGTI, CBGFI
· Minimum applicable scheduling offset indicator
· FFS: Carrier indicator, BWP indicator, ZP CSI-RS trigger
· FFS: MCS/NDI/RV for TB2

In the above agreement from the previous meeting, it was agreed to further study whether carrier indicator, BWP indicator and ZP CSI-RS trigger fields are required. In our opinion, these fields are not required and could be reserved. The fields related to MCS/NDI/RV for TB2 is also not required for GC-PDCCH, and hence can be reserved.
Proposal-5: Agree to reserve the following fields: Carrier indicator, BWP indicator, ZP CSI-RS trigger, and MCS/NDI/RV for TB2.

MBS SS Related Issues
In this section we will discuss aspects related to MBS SS related issues, specifically considering a proposal that was made during the email discussions, but has not yet been agreed.

Updated Proposal 2-2a:
For multicast of RRC_CONNECTED UEs in Rel-17, 
· unicast DCI format 1_0 scheduling PTP ReTx of multicast or unicast (Re)Tx can be configured in the same CSS configuration with multicast DCI formats.
· DCI format 2_x cannot be configured in the same CSS configuration with multicast DCI formats.

The above proposal related to the PTP DCIs being configured in the multicast / type-x CSS closely relates to the following agreement that was also made during the last meeting related to the LBRM/TBS determination.

Agreement
For the LBRM/TBS determination for PTP retransmission of multicast, Option 2 is supported.
· Option 2: based on the LBRM/TBS determination of the legacy unicast PDSCH transmission
· Note: The UE is not required to soft combine the PTM initial transmission and the PTP retransmission in case of different circular buffer
· FFS: spec impact, if any

Since it has been agreed that the LBRM/TBS determination for PTP retransmission of multicast is based on legacy unicast PDSCH transmission, it would be beneficial to allow the UE to easily separate PTP retransmission of multicast from the PTM initial / retransmission. Since the multicast / type-x CSS limits the FDRA field size for multicast, it would be beneficial to schedule PTP retransmission of multicast in legacy USS, in order to avoid any other impacts on the LBRM/TBS determination. Due to these factors, it is proposed to limit unicast DCI format 1_0 scheduling within type-x CSS.
Proposal-6: Unicast DCI format 1_0 and DCI format 2_x cannot be configured in the same CSS configuration with multicast DCI formats.

Conclusions
In this contribution, we have discussed various aspects of group scheduling for this WI.  From those discussions we have the following observations and proposals:

Observation-1: Broadcast and multicast or unicast can be on separate BWPs – with broadcast CFR associated with initial BWP / CORESET0, and multicast or unicast associated with UE’s dedicated unicast BWP, if a UE is receiving different services simultaneously.

Proposal-1: The configuration of CFRs and associated BWPs for simultaneous reception of broadcast and multicast / unicast could be left to network configuration and UE capabilities.
Proposal-2: Autonomous switching between broadcast CFR and unicast dedicated BWP which might also contain the multicast CFR could be left to UE implementation.
Proposal-3: Support for independent configuration of broadcast CFR and unicast BWP require enhanced signaling to avoid unnecessary BWP switching.
Proposal-4: Agree to use one of the reserved bits for HARQ enabling/disabling and avoid reserving any of the other agreed fields.
Proposal-5: Agree to reserve the following fields: Carrier indicator, BWP indicator, ZP CSI-RS trigger, and MCS/NDI/RV for TB2.
Proposal-6: Unicast DCI format 1_0 and DCI format 2_x cannot be configured in the same CSS configuration with multicast DCI formats.
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Example 1: PDCCH transmission

Inactivity timer expiry (0~ 2560 ms)
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BWP2 ~—  onDurationTimer inactivityTimer onDurationTimer inactivityTimer
UE Autonomous BWP switching
BWP1 MTCH onDurationTimer | inactivtyT MTCH onDurationTimer
PDCCH transmission
Example 2: DRX command MAC CE
Lsmp inactivityTimer
— DRX P P
BWP2 ~ onDurationTimer m‘i;nwv onDurationTimer inactivityTimer
UE Autonomous BWP switching
BWP1 MTCH onDurationTimer | inactivityT MTCH onDurationTimer

Issue: UE may switch to BWP1 but no MTCH is transmitted or MBS service stopped.

Solution: Notification on BWP2 if MTCH is going to be scheduled or if MTCH will be scheduled




