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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This contribution mainly focuses on scheduling multicast for RRC_CONNECTED UEs including multicast resource configuration, scheduling scheme, and detailed issues etc., per the agreements achieved in the last meeting [1]. 
HARQ and retransmission for multicast
1.1 [bookmark: _Ref67663020]HARQ process number management
How HARQ processes are managed between unicast and multicast was discussed in the last meeting without conclusion. 
Currently, up to 16 parallel HARQ process numbers (HPN) can be configured for UE receiving downlink and the dedicated broadcast HARQ process is used for BCCH. For Rel-17 UEs supporting both multicast and unicast services, how HPNs are allocated between unicast and multicast needs further discussion. 
Two possible options could be considered. One is as shown in Fig 1 as an example where the total number of HPNs are split between unicast and multicast. For this option, how to split the HPNs may not need to be specified and could be up to the network scheduling, to ensure the HPNs will not be conflicted between initial transmissions for unicast and multicast for a given scheduling unit. 
[image: ]
[bookmark: _Ref68081569][bookmark: _Ref67579640]Fig 1. Split HPNs between multicast and unicast
Another option is that both multicast and unicast can utilize all the configured HPNs as illustrated in Fig 2. This option can benefit the network for ease of scheduling. When scheduling a multicast data using a group-common PDCCH, gNB does not need to care whether the HPN for the multicast has been used for unicast scheduling of other UEs. From UE perspective, it may happen that the same HPN is simultaneously used for both the unicast and multicast transmissions, in which case UE needs to increase the soft buffer so that both unicast and multicast can be received. Increasing soft buffer for receiving multicast is not expected, in order to minimize the impact to UE.
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[bookmark: _Ref68081659][bookmark: _Ref67579701][bookmark: OLE_LINK5]Fig 2. Both multicast and unicast can use all the configured HPNs
Comparing these two options, the first one is simpler in terms of less specification impact and ease of UE implementation, so it is preferable. 
Proposal 1: The configurable number of maximum HARQ process number is kept unchanged for UE supporting multicast reception, and 
· The HPN for PTM scheme 1 initial transmission is different from that for unicast initial transmission for each UE within the group at a given time. 

1.2 PTP for multicast retransmission
As discussed in the last section, the HPN for PTM scheme 1 initial transmission is different from that for unicast initial transmission for each UE within the group at a given time. It may be difficult for network to coordinate a HPN for PTM scheme 1 TB#1 initial transmission that is not identical to any HPN used for unicast initial transmission of either UE within the group. 
Enabling PTP for retransmitting the earlier failed group-common TB as agreed in the last meeting would help alleviate it in some extent as illustrated in Fig. 3. UE#1 in the group failed decoding multicast TB#1 with HPN 000 at time “t1”, but the network does not have to hold HPN 000 till UE#1 feedback HARQ-ACK and succeeds in decoding retransmission. Instead, network can still use HPN 000 for TB#2 initial transmission and use PTP for UE1’s TB1 retransmission. 

[bookmark: _GoBack][image: ]
[bookmark: _Ref67587659]Fig. 3: HPN coordination between PTM scheme 1 initial transmission and PTP retransmission
In such a case, UE#1 may be scheduled a multicast TB#2 initial transmission and a PTP TB#1 retransmission which use the same HPN 000. UE’s behavior needs to be defined to solve this case, i.e., decide to receive which TB, to facilitate network to coordinate HPN for multicast and unicast. 
Proposal 2: Define UE’s behavior when UE is scheduled to receive a multicast TB#2 initial transmission and a PTP TB#1 retransmission with the same HPN. 

Scheduling multicast for RRC_CONNECTED UEs
1.3 Frequency resource configuration for NR multicast
Regarding the common frequency resources for multicast of RRC-CONNECTED UEs, the way forward achieved in the last meeting is as follows:
	Agreement:
From RAN1 perspective, the CFR (common frequency resource) for multicast of RRC-CONNECTED UEs, which is confined within the frequency resource of a dedicated unicast BWP and using the same numerology (SCS and CP), includes the following configurations:
· Starting PRB and the number of PRBs 
· One PDSCH-config for MBS (i.e., separate from the PDSCH-Config of the dedicated unicast BWP)
· One PDCCH-config for MBS (i.e., separate from the PDCCH-Config of the dedicated unicast BWP)
· SPS-config(s) for MBS (i.e., separate from the SPS-Config of the dedicated unicast BWP)
· FFS: Other configurations and details including whether signaling of starting PRB and the length of PRBs is needed when CFR is equal to the unicast BWP
· FFS: Whether a unified CFR design is also used for broadcast reception for RRC_IDLE/INACTIVE and RRC_CONNECTED
· FFS: Whether Coreset(s) for CFR in addition to existing Coresets in UE dedicated BWP is needed
· Note: The terminology of CFR is only aiming for RAN1 discussion, and the detailed signaling design is up to RAN2
· Note: This agreement does not negate any previous agreements made on CFR.



Per the current agreements, RAN1 can further focus on discussing the detailed issues in RAN1 and leave design of signaling aspect to RAN2 which can finalize it later. 
Depending on whether the CFR in frequency domain fully contains the CORESETS configured for unicast scheduling within the unicast dedicated BWP, additional CORESETS may or may not be needed. For example, if does not contain, additional CORESETS are needed; otherwise, not needed. Even when additional CORESETS are configured, network will guarantee the number of configurations not exceed UE capability. 
With the CFR confined within dedicated unicast BWP, it is the resource that could be allowable for scheduling multicast instead of dedicated resource for scheduling multicast only. Therefore, the resource could be used for scheduling unicast where multicast is not to be scheduled. 
Proposal 3: For CFR confined within a dedicated unicast BWP, 
· It is up to gNB to schedule unicast or multicast within the CFR, and
· Additional CORESETS could be configured if the CFR does not fully contain the CORESETS configured for unicast scheduling with the total number not exceeding UE capability. 
1.4 Search space configuration
For search space set of group-common PDCCH of PTM scheme 1, at least CSS is supported per the agreements achieved in the last meeting:
	Agreement:
For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, at least support CSS
· FFS: reuse existing CSS type(s) in Rel-15/16 or define a new Type CSS
· FFS: Two options for monitoring priority:
· Option 1: the monitoring priority is the same as existing Rel-15/16 CSS
· Option 2: the monitoring priority is determined based on the search space set indexes of search space set(s) for multicast and USS sets.



The open issues include reusing the current CSS type or defining new CSS type and what the monitoring priority is for this search space. 
Type3-CSS is sufficient for group-common PDCCH without need of defining a new CSS type, especially considering C-RNTI and CS-RNTI scrambled DCI can also be scheduled in Type3-CSS on PCell, which can solve the monitoring priority issue. 
First of all, monitoring priority is defined in the case of overbooking allowable only for PCell. When overbooking happens on PCell, either unicast URLLC services for the UE are scheduled in Type3-CSS as well when multicast is scheduled at the same time, or it is up to network to not configure the Type3-CSS for multicast and the USS for URLLC in the same slot to avoid overbooking, so that unicast URLLC services scheduling would not be skipped by the UE. Hence, it can be up to network to guarantee multicast of low priority scheduled in Type3-CSS would not necessarily lead to unicast URLLC services of high priority being dropped because of overbooking. 
Therefore, the monitoring priority for Type3-CSS can be kept the same as the current specification defined. 
Proposal 4: For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state,
· Reuse Type3-CSS with monitoring priority kept the same as the current specification defined. 

1.5 Scheduling DCI format(s) for multicast
In NR Rel-15 and Rel-16, three DCI formats including DCI formats 1_0, 1_1 and 1_2 have been defined for scheduling unicast PDSCH. Scheduling multicast PDSCH is similar to scheduling unicast in a large extent, hence defining a new DCI format does not seem necessary. 
One difference for scheduling a multicast PDSCH from unicast PDSCH is the FDRA field in the DCI. The FDRA is dimensioned per initial BWP or dedicated unicast BWP when scheduling unicast but should be per multicast frequency region when scheduling multicast. 
Proposal 5: DCI formats 1_0, 1_1 and 1_2 can be used for scheduling multicast with necessary modifications, and new DCI format is not needed:
· For a common multicast frequency region for multicast configured within dedicated unicast BWP and a group-common PDCCH based scheduling, the FDRA field in DCI is dimensioned per the common multicast frequency region. 
1.6 DCI size budget
In order to keep blind decoding to a reasonable level for a UE, the DCI formats that a UE monitors per slot/span should be subject to size alignment within a budget. The current DCI size budget is that the total number of different DCI sizes configured to monitor is no more than 4 for the cell and the total number of different DCI sizes with C-RNTI configured to monitor is no more than 3 for the cell. 
In our view, considering the implementation complexity in UE, existing DCI size budget should be kept. Therefore, size of the DCI scheduling multicast can be aligned with existing DCI format being scheduled at least for DCI format 1_0, or it is up to gNB implementation to guarantee the number of DCI sizes not exceeding the current size budget. 
Proposal 6: The existing “3+1” DCI size budget should be kept for multicast, and DCI size for multicast at least should be aligned with DCI format 1_0 if used for scheduling.
For BDs/CCEs limit for multicast, the agreement is shown as following.
	Agreement:
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 multicast.
· FFS whether the budget of BDs/CCEs of an unused CC can be used for group-common PDCCH to count the number of BDs/CCEs for UEs supporting CA capability based on configuration, which is similar to the method used for multi-DCI based multi-TRP in Rel-16.



Regarding BD/CCEs limit for Rel-17 multicast, if UE supports the capability of re-distributing BD/CCE limits among serving cells, the above FFS can be supported. 
Proposal 7: Re-distributing the BD/CCE limit among serving cells can be supported subject to UE capability.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]SPS for multicast
For SPS group-common PDSCH for multicast for RRC_CONNECTED UEs, the agreement is shown as follows:
	Agreement: 
For RRC_CONNECTED UEs, more than one SPS group-common PDSCH configuration for multicast can be configured per UE subject to UE capability
· The total number of SPS configurations supported by a UE currently defined for unicast is not increased due to additionally supporting multicast.
· FFS: How to allocate the total SPS configurations between multicast and unicast.
Agreement: 
For RRC_CONNECTED UEs, support HARQ-ACK feedback for SPS group-common PDSCH for multicast
· FFS: The retransmission scheme(s)
· FFS: The HARQ-ACK details for SPS PDSCH and activation/deactivation, which can be discussed in AI 8.12.2



Regarding the issue how to allocate the total SPS configurations between multicast and unicast, two possible options could be considered. Option 1 is that both multicast and unicast can utilize the same SPS configuration indexes and it is up to network to configure the total number of SPS configurations that not exceed the number UE reports in capability. 
Option 2 is that SPS configurations are indexed across unicast and multicast, such as SPS configuration#0~3 for unicast and SPS configuration#4~7 for multicast. It is also up to network indicating the index for unicast and multicast. 
Comparing these two options, option 2 is preferable due to less specification impact, because with this option the current specification for Type-1 or Type-2 HARQ-ACK codebook generation can naturally include the cases of multicast SPS without additional spec impact as discussed in [3] for AI 8.12.2.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Proposal 8: The multicast SPS configuration index is different from unicast SPS configuration index for each UE within the group. 
Regarding retransmission scheme for multicast SPS, PTP retransmission is beneficial as well as it is motivated for retransmission of multicast non-SPS. Therefore, PTM and PTP for multicast SPS retransmission should be supported. 
Proposal 9: Support PTM scheme 1 and PTP for multicast SPS retransmission. 

Conclusions
This paper focuses on discussion on multicast scheduling for RRC_CONNECTED UEs, which leads to the proposals as follows:
Proposal 1: The configurable number of maximum HARQ process number is kept unchanged for UE supporting multicast reception, and 
· The HPN for PTM scheme 1 initial transmission is different from that for unicast initial transmission for each UE within the group at a given time. 
Proposal 2: Define UE’s behavior when UE is scheduled to receive a multicast TB#2 initial transmission and a PTP TB#1 retransmission with the same HPN. 
Proposal 3: For CFR confined within a dedicated unicast BWP, 
· It is up to gNB to schedule unicast or multicast within the CFR, and
· Additional CORESETS could be configured if the CFR does not fully contain the CORESETS configured for unicast scheduling with the total number not exceeding UE capability. 
Proposal 4: For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state,
· Reuse Type3-CSS with monitoring priority kept the same as the current specification defined. 
Proposal 5: DCI formats 1_0, 1_1 and 1_2 can be used for scheduling multicast with necessary modifications, and new DCI format is not needed:
· For a common multicast frequency region for multicast configured within dedicated unicast BWP and a group-common PDCCH based scheduling, the FDRA field in DCI is dimensioned per the common multicast frequency region. 
Proposal 6: The existing “3+1” DCI size budget should be kept for multicast, and DCI size for multicast at least should be aligned with DCI format 1_0 if used for scheduling.
Proposal 7: Re-distributing the BD/CCE limit among serving cells can be supported subject to UE capability.
Proposal 8: The multicast SPS configuration index is different from unicast SPS configuration index for each UE within the group. 
Proposal 9: Support PTM scheme 1 and PTP for multicast SPS retransmission. 
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