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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Group scheduling mechanisms for MBS includes the following aspects: PDCCH and transmission schemes, retransmissions, and possible fields for a DCI supporting MBS. Various options for further considerations and decisions have been discussed during the RAN1#104-e meeting. 
In the contribution, we present our views on the group scheduling mechanism for MBS, including PDCCH and transmission schemes, retransmissions, and SPS scheduling of MBS services.  

Discussion
[bookmark: _Ref61803636]Common Frequency Resource
There have been extensive discussions in previous meetings resulting in the use of the common frequency resource for the group common PDCCH and PDSCH. The configurability of the common frequency resource (CFR) was discussed, and some open issues have been identified.  
Agreement:
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
· FFS whether the use of a common frequency resource for multicast is optional or not
· FFS whether the common frequency resource is applicable for PTM scheme 2 (if supported) or not
Agreement:
· If Option 2B is supported for common frequency resource for multicast of RRC-CONNECTED UEs, the starting PRB and the length of PRBs of the MBS frequency region within a dedicated unicast BWP are configured via UE-specific RRC signaling.
· The starting PRB is referenced to one of the two options:
· Option 1: Point A
· Option 2: the starting PRB of the dedicated unicast BWP
· FFS the detailed signaling
· If Option 2A is supported for common frequency resource for multicast of RRC-CONNECTED UEs, the configurations of the starting PRB and the length of PRBs of the MBS frequency resource reuse the legacy BWP configuration.

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

From the latest agreement, the CFR for multicast of RRC-CONNECTED UEs is confined within the frequency resource of a dedicated unicast BWP with the same numerology (SCS and CP) and configurable starting PRB and the number of PRBs. However, separate PDSCH-config, PDCCH-config and SPS-config are defined for MBS, retaining some similarities with a BWP. Hence, in the absence of MBS traffic, unicast traffic can be scheduled in this CFR. 
Signaling of starting PRB and the length of PRBs is needed when CFR is equal to the unicast BWP
The CFR as agreed in the above retains similarity with BWP without needing for extensive configurations that the BWP framework provides. The CFR can be configured with only with the starting PRB and the number of PRBs within the unicast BWP in a straightforward manner through SIB. Additional configuration using RRC can also be considered. If SIB signaling is used, then it is expected that such signaling is sent regardless if the CFR is equal to the unicast BWP or not. As for the RRC, it is up to network implementation whether to send additional signaling when such cases arise.
Both starting location and the length can be jointly encoded to reduce overhead in the signaling.
Proposal 1: The starting PRB and the number of PRBs of the CFR within the unicast BWP is signaled in the SIB as a baseline. Additional configuration using RRC can also be considered. 
Proposal 2: Both starting location and the length can be jointly encoded to reduce overhead in the signaling.

Number of CFR
It has been agreed that at most one CFR is configured per dedicated unicast BWP for multicast of RRC-CONNECTED UEs. It is unclear why more than one CFR needs to be configured per UE, especially now that it has already been agreed that the CFR shares the same numerology as the associated unicast BWP. In addition, flexibility should be designed such that sufficient capacity can be configured for the CFR. 
Proposal 3: Baseline of 1 CFR per unicast BWP per UE is supported. Additional CFR greater than 1 is FFS. 

Unified CFR design for RRC_IDLE/INACTIVE and RRC_CONNECTED
Here, we should note that the WID states the following objective: “keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception”. If the CFR configurations are signaled in the SIB, Idle UEs are able to receive the necessary CFR configurations as with Connected UEs. Supporting MBS services in the Idle state provides other important advantages from a power savings point of view. As a side note, a similar concept of the Resource Pool for Sidelinks is applicable for UEs that are in either the Connected state or Idle state.
Proposal 4: CFR configuration for UEs in Idle state should be supported. 

CORESET and PDCCH 
Many high-level agreements regarding aspects of the control channel and search spaces were made in RAN1#103, given below. In this section, we consider those agreements and provide our views and considerations. 

Number of CORESET(s)
There were discussions during RAN1#104-e and questions of whether CORESET(s) for CFR in addition to existing CORESETs for UE dedicated BWP is needed or not. In the meeting before that, we have agreed on the following baseline:
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
For PTM transmission scheme 2, the CORESET for the UE-specific PDCCH is configured within the unicast BWP and can be outside the MBS frequency region. In Release 15, the maximum number of CORESETs per BWP per cell is 3 and confirmed for 10 as the maximum number of search space sets per BWP per cell. 
The number of CORESET(s) for group-common PDCCH within the common frequency resource for group-common PDSCH is a question on the capability of an MBS-enabled UE and should be discussed as part of the overall UE capability discussion. 
Observation 1: The number of CORESET(s) for group-common PDCCH within the common frequency resource for group-common PDSCH should be considered during UE capability discussions for MBS-enabled UE.

Blind Decodings/CCE
In RAN1#103-e, two options are listed on the number of BDs and CCEs: 
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.
The above two options can be adopted instead of selecting one or the other. For UEs without CA capability, Option 1 applies where the Rel-15 rules apply. At the same time, for CA-capable UEs, Option 2 can be applied.
Proposal 5: The number of BDs/CCEs follow Rel-15 limits for UEs without CA capability and for UEs with CA capability, the number of BDs/CCEs, which is similar to the method used for multi-DCI based multi-TRP in Rel-16.

Search Space
It was agreed that for the search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, the CCE indices are common for different UEs in the same MBS group. In addition, we have also the following agreements:
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 
For a group-common PDCCH, reusing the common search space (CSS) in existing Rel-15 and Rel-16 specifications should be straightforward (Option 2). Adapting the existing CSS type (e.g., Type3) to support the to-be-defined common RNTI for group-common PDCCH can be a starting design to reduce standardization effort.
Proposal 6: Reuse the existing CSS type(s) in Rel-15/16 for the search space of group-common PDCCH.

Group Scheduling and Retransmission / HARQ processes 
Thus far, we have the following agreement from RAN1#103e and RAN1#104e, respectively: 
Agreements: 
For RRC_CONNECTED UEs, if initial transmission for multicast is based on PTM transmission scheme 1, at least support retransmission(s) can use PTM transmission scheme 1.
· FFS: whether to support PTP transmission for retransmission(s).
· FFS: whether to support PTM transmission scheme 2 for retransmission(s).
· FFS: How to indicate the association between PTM scheme 1 and PTP transmitting the same TB.
FFS: If multiple retransmission schemes are supported, then can different retransmission schemes be supported simultaneously for different UEs in the same group?

Agreement:
For RRC_CONNECTED UEs, if ACK/NACK based HARQ-ACK feedback is supported for PTM scheme 1, and if initial transmission for multicast is based on PTM transmission scheme 1, support retransmission(s) using PTP transmission.
· The HARQ process ID and NDI indicated in DCI is used to associate the PTM scheme 1 and PTP transmitting the same TB.
In RAN1#104e, it was agreed that if the first transmission uses PTM scheme 1, and if initial transmission for multicast is based on PTM transmission scheme 1, the HARQ process ID and NDI indicated in the DCI is used to associate the PTM scheme 1 and PTP retransmitting the same TB.
There exists a scenario where the PTP retransmission is sent to UE #1 simultaneously while PTM scheme 1 retransmission is sent to other UEs. See Fig. 1. UE #1 is still able to receive the PTM scheme 1 retransmission. Logically, UE #1, in this case, should be allowed to simultaneously receive both retransmissions and combine them for decoding of the TB. The benefits of this PTP retransmission(s) would be on handling a UE in bad channel condition and at the same time preventing that UE from needing numerous retransmissions by arranging simultaneous PTP retx for some selected UEs that are in bad channel conditions and the PTM scheme 1 for others.   


Proposal 7: If ACK/NACK based HARQ-ACK feedback is supported for PTM scheme 1, and if PTM scheme 1 is used for initial transmission, PTM scheme 1 retransmission and PTP retransmission can be used by UEs in the same MBS group. 
Proposal 8: A UE receiving its PTP retransmission is allowed to receive a simultaneous PTM scheme 1 retransmission for the same TB for decoding. This support should be left to UE implementation.
There are remaining details that need further discussion and considerations related to the agreements proposed in Proposal 7 and 8 above: 
1. The assignment of the HARQ process for the retransmissions: Figure 1 illustrates the case when two HARQ process IDs associated with the same initial TB so that they can refer to the same TB at the same time for retransmissions. 

Should the two retransmissions use the same HARQ process number or different numbers i.e. HARQ process numbers used for unicast initial transmission and the corresponding retransmission(s) The answer to the question has implications on the setting of the NDI and HARQ IDs. It also may impact HARQ-ACK feedback, such as which PUCCH resource to use and whether both HARQ-ACK feedback is sent or dropping of one of them, though this could be left to implementation.
Initial transmission
PTM scheme 1
HARQ ID: x0
Retransmission
PTM scheme 1
HARQ ID: x0
PTP
HARQ ID: x0

[bookmark: _Ref68206653]Fig. 1. HARQ process(es) for initial transmission and retransmissions

2. The maximum number of HARQ processes per UE; on whether it be kept unchanged when the UE supports reception of both unicast and multicast.
3. Handling of scenario such as when the UE didn’t receive the PDCCH for its PTP retransmission but received the PDCCH for the PTM scheme 1 retransmission due to e.g., deterioration of the beam used for the PTP.
As a starting point for further discussions, the following observation lists our view on the above issues.
Observation 2:
· The UE’s HARQ processes are divided into two sets, the set for unicast and another set for MBS PTM. This allows the simplest association, as in Fig 1, where the same HARQ ID and NDI is used for PTM (re)transmissions and PTP retransmissions for a TB.
· PTM initial tx, PTM retx, and the simultaneous PTP (HARQ) retx for the UE(s) need to share the same HARQ process ID to support soft combining.
· If there are PTM retx or PTP (HARQ) retx that is still active/pending on the HARQ process, the gNB starts the initial transmission of a new data in a new HARQ process. 
· Either additional MBS PTM HARQ processes are allowed in addition to the existing number of HARQ processes (preferred), or the number of HARQ processes is kept unchanged in the UE and some number (possibly up to a maximum) are allowed for MBS PTM. The maximum.  
To further extend the retransmission flexibility to provide for efficient scheduling, the PTM transmission scheme 2 for retransmission(s) should also be supported. In other words, if ACK/NACK based HARQ-ACK feedback is supported for PTM scheme 1, and if initial transmission for multicast is based on PTM transmission scheme 1, retransmission(s) using PTM scheme 2 should be supported as well.
Proposal 9: For Connected UEs, PTM transmission scheme 2 for retransmission(s) should also be supported.
Finally, we see limited use scenarios that would benefit from the supporting PTM transmission scheme 2 for initial transmission of MBS in the RRC_CONNECTED state.
Proposal 10: PTM transmission scheme 2 for initial transmission of MBS is not supported for Connected UEs. 

Figure 2 summarizes our view of the supported retransmission schemes.
Initial transmission
PTM scheme 1
Retransmission
PTM scheme 1
PTM scheme 2
PTP
PTM scheme 2
PTP
PTP
PTM scheme 2
PTP
PTM scheme 1
Retransmission

[bookmark: _Ref68206722][bookmark: _Ref61254946]Fig. 2. Supported Retransmissions schemes 


[bookmark: _Ref61254188]SPS Scheduling 
For SPS group common PDSCH for MBS, the following progress has been made.
Agreement: 
For RRC_CONNECTED UEs, more than one SPS group-common PDSCH configuration for MBS 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 MBS.
· FFS: How to allocate the total SPS configurations between MBS and unicast.
 
Agreement: 
For RRC_CONNECTED UEs, support HARQ-ACK feedback for SPS group-common PDSCH for MBS
· 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

[bookmark: _Hlk63418960]Working assumption:
For activation/deactivation of SPS group-common PDSCH for MBS in RRC_CONNECTED state,
· At least group-common PDCCH is supported
· FFS: Whether and how to address the missed activation and deactivation
· FFS: Whether UE-specific PDCCH is supported for activation/deactivation

For the activation of SPS group common PDSCH, it was agreed that at least group common PDCCH is supported for activation. While there may not be strong motivations for UE-specific PDCCH activation since the scheduling of SPS should be applicable to the whole group, there would be instances where the deactivation would be beneficial if it is UE-specific. For example, when the UE is completing a handoff, in order to avoid disrupting other UEs on that SPS process, it is better to send the SPS deactivation from the UE-specific search space.
The frequency of activation/deactivation of SPS group common PDSCH is service dependent. For some services such as video, there may be a need to deactivate frequently if video data is not available in time. Other services may need to activate/deactivate infrequently. By allowing UEs to skip monitoring the PDCCH for SPS activation and deactivation, one benefit is power savings.
Proposal 11: At least UE-specific PDCCH is supported for deactivation of SPS group-common PDSCH. 
To support different MBS traffic with different requirements and deployment scenarios, more than one SPS configuration should be supported. 
Proposal 12: Support of more than one SPS group-common PDSCH configuration.


[bookmark: _Ref129681832]Conclusion
In this contribution, we discussed and presented our views on group scheduling for MBS. The following observation and proposals have been made. 
Observation 1: The number of CORESET(s) for group-common PDCCH within the common frequency resource for group-common PDSCH should be considered during UE capability discussions for MBS-enabled UE.
Proposal 1: The starting PRB and the number of PRBs of the CFR within the unicast BWP is signaled in the SIB as a baseline. Additional configuration using RRC can also be considered. 
Proposal 2: Both starting location and the length can be jointly encoded to reduce overhead in the signaling.
Proposal 3: Baseline of 1 CFR per unicast BWP per UE is supported. Additional CFR greater than 1 is FFS. 
Proposal 4: CFR configuration for UEs in Idle state should be supported. 
Proposal 5: The number of BDs/CCEs follow Rel-15 limits for UEs without CA capability and for UEs with CA capability, the number of BDs/CCEs, which is similar to the method used for multi-DCI based multi-TRP in Rel-16.
Proposal 6: Reuse the existing CSS type(s) in Rel-15/16 for the search space of group-common PDCCH.
Proposal 7: If ACK/NACK based HARQ-ACK feedback is supported for PTM scheme 1, and if PTM scheme 1 is used for initial transmission, PTM scheme 1 retransmission and PTP retransmission can be used by UEs in the same MBS group.
Proposal 8: A UE receiving its PTP retransmission is allowed to receive a simultaneous PTM scheme 1 retransmission for the same TB for decoding. This support should be left to UE implementation.
Observation 2:
· The UE’s HARQ processes are divided into two sets, the set for unicast and another set for MBS PTM. This allows the simplest association, as in Fig 1, where the same HARQ ID and NDI is used for PTM (re)transmissions and PTP retransmissions for a TB.
· PTM initial tx, PTM retx, and the simultaneous PTP (HARQ) retx for the UE(s) need to share the same HARQ process ID to support soft combining.
· If there are PTM retx or PTP (HARQ) retx that is still active/pending on the HARQ process, the gNB starts the initial transmission of a new data in a new HARQ process. 
· Either additional MBS PTM HARQ processes are allowed in addition to the existing number of HARQ processes (preferred), or the number of HARQ processes is kept unchanged in the UE and some number (possibly up to a maximum) are allowed for MBS PTM. The maximum.
Proposal 9: For Connected UEs, PTM transmission scheme 2 for retransmission(s) should also be supported.
Proposal 10: PTM transmission scheme 2 for initial transmission of MBS is not supported for Connected UEs. 
Proposal 11: At least UE-specific PDCCH is supported for deactivation of SPS group-common PDSCH. 
Proposal 12: Support of more than one SPS group-common PDSCH configuration.
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