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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
RAN1 is currently discussing the standardization needed to support group scheduling mechanisms for MBS including topics such as group common PDCCH/PDSCH, transmission and retransmission schemes, DCI, Search Space and CORESET designs. Continuing with the progress made in RAN1#105-e, in this contribution some remaining issues are addressed.  

Discussion
[bookmark: _Ref61803636]CORESET and PDCCH 
In this section, we consider the agreements made in RAN1#105-e and provide our views on the FFS that have been identified. First, the related agreements made in RAN1#105-e are copied below:
Agreement:
For CSS of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, Alt 2 is supported:
· Alt 2: support a Type-x CSS
· The monitoring priority of Type-x CSS is determined based on the search space set indexes of the Type-x CSS set and USS sets, regardless of which DCI format of group-common PDCCH is configured in the Type-x CSS.
· FFS: Whether the Type-x CSS is a Type-3 CSS

Agreement:
As a baseline, reuse existing fields in DCI format 1_0 with CRC scrambled by C-RNTI for the fields of first DCI format with CRC scrambled with G-RNTI.
· FFS: how to determine the bitlength of FDRA field.
· FFS: Whether ‘Identifier for DCI formats’, ‘TPC command for scheduled PUCCH’ are needed.
· FFS: How to perform DCI size alignment
· FFS: Whether to include new DCI fields
· Note: All of the fields may not be reused and the size of the fields may not be the same

[bookmark: _Hlk72793804]Agreement:
As a baseline, reuse existing fields in DCI format 1_1 for the fields of the second DCI format with CRC scrambled with G-RNTI.
· FFS: whether ‘Identifier for DCI formats’, ‘TPC command for scheduled PUCCH’, ‘Carrier indicator’ and ‘Bandwidth part indicator’ are needed.
· FFS: How to perform DCI size alignment
· FFS: Whether to include new DCI fields for the second DCI format
· Note: All of the fields may not be reused and the size of the fields may not be the same

Working assumption:
The maximum number of CORESETs per BWP is not increased for support of MBS, and the number of CORESETs configured within the CFR is left to gNB implementation.
Agreement:
Confirm the working assumption: 
Keep the “3+1” DCI size budget defined in Rel-15 for Rel-17 MBS.
· FFS: Whether the G-RNTI is counted as “C-RNTI” or as “other RNTI” when considering the “3+1” DCI size budget rule for group-common PDCCH.

Agreement:
For multicast of RRC_CONNECTED UEs, further study
· How the LBRM (Limited buffer rate-matching) for GC-PDSCH TBS is determined.
· how the xOverhead for GC-PDSCH TBS determination is configured.
· whether MAC-CE over GC-PDSCH is needed for activation/deactivation of semi-persistent ZP CSI-RS resource set if the semi-persistent ZP CSI-RS resource set is configured in PDSCH-Config in CFR.

Agreement:
For Rel-17 MBS UE, the UE maximum number of TDMed PDSCH receptions capability in a slot per CC is kept as for Rel-15/Rel-16, i.e., {2/4/7} based on UE FG5-11/5-11a/5-11b.
· Note:   Group-common PDSCH(s) are counted as unicast PDSCH(s).

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. 
Agreement in RAN1#105-e is to support a Type-x CSS. For a group-common PDCCH, reusing the common search space (CSS) in existing Rel-15/16 specifications (Option 2) means minimal standardization effort. The search space should support a UE receiving both multicast and broadcast services in the Connected state through a single search space. This can be achieved by sharing the same CSS type (e.g., Type3), allowing the UE to access the multicast and broadcast with different RNTI for group common PDCCH for multicast and broadcast transmissions. 
It was agreed that the monitoring priority of Type-x CSS is determined based on the search space set indexes of the Type-x CSS set and USS sets, regardless of which DCI format of group-common PDCCH is configured in the Type-x CSS. Adopting legacy rules where the CSS is mapped before USS would result in ascending order of the SS indices i.e., PTM scheme 1 have higher monitoring priority relative to traffic scheduled over USS.

Proposal 1: A new Type-x CSS is defined. It should be clear that this Type-x is not a Type-3 CSS and the rule of monitoring priority of Type-x CSS is determined based on the search space set indexes of the Type-x CSS set and USS sets, as agreed.

Number of CORESET(s)
There were discussions and questions during RAN1#104-e on 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. Furthermore, in RAN1#105bis-e, it was agreed that the maximum number of CORESETs per BWP is not increased for support of MBS, and the number of CORESETs configured within the CFR is left to gNB implementation.
Observation 1: The number of CORESET(s) for group-common PDCCH within the common frequency resource for group-common PDSCH is left to gNB implementation, subjected to the restriction that the maximum number of CORESETs per BWP is not increased.

Blind Decodings/CCE
In RAN1#103-e, two options have been identified 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 both 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. In the last meeting, there have been continuing discussion on this, and one of the questions is whether a new UE capability is needed if Option 2 above is agreed. 
Observation 2: Both options, Option 1 and 2, are applicable for the limit of BDs/CCEs for Rel-17 MBS.


Common Frequency Resource
There have been extensive discussions in previous meetings [1] [2] on the design and definition of the common frequency resource for the group common PDCCH and PDSCH. The following Working Assumption was established in RAN1#105-e:
Working assumption:
Option 2B for CFR associated with UE active BWP other than initial BWP is supported at least for multicast of RRC-CONNECTED UEs.
· FFS: CFR associated with initial BWP
· FFS: CFR larger than initial BWP

In [1], the CFR for multicast of RRC-CONNECTED UEs is defined as confined within the frequency resources of a dedicated unicast BWP with the same numerology (SCS and CP) and configurable starting PRB and the number of PRBs. Also, separate PDSCH-config, PDCCH-config and SPS-config are defined for MBS, and in the absence of MBS traffic, unicast traffic can be scheduled in this CFR. Option 2B is defined as:
· 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
The CFR as agreed in the above retains similarity with BWP without needing for extensive configurations (e.g., BWP switching) that the BWP framework entails. 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 the SIB. Additional configuration using RRC can also be considered. If SIB signaling is used, then it is expected that such signaling is sent regardless of whether 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 needs arise.
Both starting location and the length can be jointly encoded to reduce overhead in the signaling.
Proposal 2: Confirm the Working Assumption on the support of Option 2B.
[bookmark: _Hlk69828918]Proposal 3: 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. In the absence of SIB signaling, the starting PRB and the number of PRBs of the CFR equal the unicast BWP. Both starting location and the length can be jointly encoded to reduce overhead in the signaling.

Number of CFR
It has been agreed that one CFR is configured per dedicated unicast BWP for multicast of RRC-CONNECTED UEs with the agreement below.
Agreement:
One CFR is supported per dedicated unicast BWP for multicast of RRC-CONNECTED UEs.
· FFS: Whether more than one CFR is supported per dedicated unicast BWP
· FFS: Whether multicast can be supported or not in a dedicated unicast BWP when no CFR is configured for that BWP
Agreement:
If a CFR is configured for multicast in RRC-CONNECTED state and confined within a dedicated unicast BWP, further study the following options.
· Option 1: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for multicast transmission if the CORESET is fully contained in the CFR in frequency domain, and the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.
· Option 2: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP cannot be used for multicast transmission even if the CORESET is fully contained in the CFR in frequency domain, and the CORESET configured in PDCCH-config for MBS in the CFR cannot be used for unicast transmission.
· Option 3: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for multicast transmission if the CORESET is fully contained in the CFR in frequency domain, but the CORESET configured in PDCCH-config for MBS in the CFR cannot be used for unicast transmission.
· Option 4: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP cannot be used for multicast transmission even if the CORESET is fully contained in the CFR in frequency domain, but the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.

The remaining question is 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 is there to ensure that sufficient capacity can be configured for the single CFR. 
Proposal 4: Only 1 CFR per unicast BWP per UE can be configured. 
It was concluded in RAN1#104-bis-e that it is up to gNB implementation to schedule unicast on the frequency resources covered by CFR configured for multicast. One reason to support this is the fact that unicast is a subset for multicast. However, the reverse (i.e., supporting multicast in unicast BWP) should not be supported. Only upon configuration a multicast CFR, it is considered active and supports both unicast and multicast. Without such configuration, multicast reception by the UE should not be supported. 
Proposal 5: Without CFR configured, multicast reception by default is not supported. In combination with Proposal 3, the support of Option 4 (listed above) is proposed i.e., the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP cannot be used for multicast transmission even if the CORESET is fully contained in the CFR in frequency domain, but the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.


Group Scheduling and Retransmission / HARQ processes 
In the RAN1#104b-e meeting, it was agreed on the support of initial and retransmission based on PTM scheme 1 and PTP, respectively, for multicast transmission. Similarly, in RAN1#104b-e, PTP retransmission is supported for SPS group-common PDSCH:
Agreement:
The retransmission scheme for a given SPS group-common PDSCH can be either PTM scheme 1 or PTP.
· FFS: Whether PTM scheme 1 retransmission and PTP retransmission can be used simultaneously for different UEs in the same MBS group

[bookmark: _Hlk69402851]It was further agreed that the same HARQ process ID and NDI are used for PTM scheme 1 (re)transmissions and PTP retransmissions of the same TB. The maximum number of HARQ processes per cell, currently supported for unicast, is kept unchanged for UE to support multicast reception. How to allocate HARQ processes between unicast and multicast is up to gNB.
There have been some remaining issues that were raised during the discussions in the previous meetings:
· If multiple retransmission schemes are supported, then can different retransmission schemes be supported simultaneously for different UEs in the same group?
· Whether the UE is expected to receive a new TB#2 transmitted by PTM scheme 1 for a given HPN before the end of the expected transmission of HARQ-ACK of the previous TB#1, which is initially transmitted by PTM scheme 1, for that HPN.
· Whether the UE is expected to receive unicast TB by PTP for a given HPN between the end of the transmission of HARQ-ACK of the previous TB#1, which is initially transmitted by PTM scheme 1, and the start of a new TB#2 transmitted by PTM scheme 1 for that HPN
There exists a scenario where the PTP retransmission is sent to UE #1 simultaneously (same slot) while PTM scheme 1 retransmission is sent to other UEs, sending the same TB. See Figure 1. 
Initial transmission
PTM scheme 1
HARQ ID: x0
Retransmission
For Other UEs:
PTM scheme 1
HARQ ID: x0
For UE#1:
PTP
HARQ ID: x0

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

Since the same HARQ process ID is used and the NDI has not been toggled, UE #1 is still able to receive the PTM scheme 1 retransmission. Therefore UE #1 is able to simultaneously receive both retransmissions and combine them for decoding of the TB. This provides the benefit for UE#1 to soft combine both the PTM scheme 1 and PTP retransmissions.
Proposal 6: Different retransmission schemes (e.g., PTM scheme 1 and PTP) can be used simultaneously for different UEs in the same group.
· The same HARQ process ID and NDI bit (not toggled) are used to signal transmission of the same TB.
· The soft combining of the same TB from the PTM scheme 1 and PTP retransmissions is left up to UE implementation.

[bookmark: _Ref61254188]SPS Scheduling 
For SPS group common PDSCH for MBS, it was agreed that G-CS-RNTI is defined for SPS group-common PDSCH and activation/deactivation of SPS group-common PDSCH, different from CS-RNTI for unicast SPS PDSCH.
Agreement:
The retransmission scheme for a given SPS group-common PDSCH can be either PTM scheme 1 or PTP.
· FFS: Whether PTM scheme 1 retransmission and PTP retransmission can be used simultaneously for different UEs in the same MBS group

Still unresolved, noted as FFS above, is on the support for different UEs in the same MBS group to receive either PTM scheme 1 or PTP retransmissions. We see similarity in performance benefits in terms of handlings UEs in bad channel conditions by allowing these UEs to receive PTP retransmissions that are targeted for it and leveraging soft combining at the UE. 
Proposal 7: The retransmission scheme for a given SPS group-common PDSCH can be either PTM scheme 1 or PTP for different UEs in the same group.

For the activation of SPS group common PDSCH, it was agreed that at least group-common PDCCH is supported for activation. From RAN1#104-e:
Agreement:
Confirm the 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

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 8: At least UE-specific PDCCH is supported for deactivation of SPS group-common PDSCH. 

During RAN1#105-e discussion on reliability, the issues of how to address the missed activation and deactivation were further analyzed. Some alternatives on how to re-send the activation command were listed as such:   
Agreement:
For reliability of the group-common PDCCH activation of SPS group-common PDSCH, support at least one of the following alternatives.
· Alt 1: retransmit the activation command via group-common PDCCH.
· Alt 2: retransmit the activation command via UE-specific PDCCH.
· Alt 3: retransmit the activation command via MAC-CE.
· FFS other details.
· Note: Down-selection can take into account the HARQ-ACK feedback scheme for SPS activation

We see similarity of this support with the support of UE-specific deactivation and hence Alt 2 should be supported. Alt 1 should be the default mode.
Proposal 9: Re-sending of the activation command via group-common PDCCH (Alt1) and UE-specific PDCCH (Alt 2) should be supported. 

To support different MBS traffic with different requirements and deployment scenarios, more than one SPS configuration should be supported. 
Proposal 10: 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. 
Proposal 1: A new Type-x CSS is defined. It should be clear that this Type-x is not a Type-3 CSS and the rule of monitoring priority of Type-x CSS is determined based on the search space set indexes of the Type-x CSS set and USS sets, as agreed.
Observation 1: The number of CORESET(s) for group-common PDCCH within the common frequency resource for group-common PDSCH is left to gNB implementation, subjected to the restriction that the maximum number of CORESETs per BWP is not increased.
Observation 2: Both options, Option 1 and 2, are applicable for the limit of BDs/CCEs for Rel-17 MBS.
Proposal 2: Confirm the Working Assumption on the support of Option 2B.
Proposal 3: 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. In the absence of SIB signaling, the starting PRB and the number of PRBs of the CFR equal the unicast BWP. Both starting location and the length can be jointly encoded to reduce overhead in the signaling.
Proposal 4: Only 1 CFR per unicast BWP per UE can be configured. 
Proposal 5: Without CFR configured, multicast reception by default is not supported. In combination with Proposal 3, the support of Option 4 (listed above) is proposed i.e., the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP cannot be used for multicast transmission even if the CORESET is fully contained in the CFR in frequency domain, but the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.
Proposal 6: Different retransmission schemes (e.g., PTM scheme 1 and PTP) can be used simultaneously for different UEs in the same group.
· The same HARQ process ID and NDI bit (not toggled) are used to signal transmission of the same TB.
· The soft combining of the same TB from the PTM scheme 1 and PTP retransmissions is left up to UE implementation.
Proposal 7: The retransmission scheme for a given SPS group-common PDSCH can be either PTM scheme 1 or PTP for different UEs in the same group.
Proposal 8: At least UE-specific PDCCH is supported for deactivation of SPS group-common PDSCH. 
Proposal 9: Re-sending of the activation command via group-common PDCCH (Alt1) and UE-specific PDCCH (Alt 2) should be supported. 
Proposal 10: Support of more than one SPS group-common PDSCH configuration.
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