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1. [bookmark: _Toc120549591]Introduction
In last RAN1 #103-e meeting, some agreements about group scheduling for multicast and broadcast service were agreed [1]. In this contribution, some detailed group scheduling mechanisms design for RRC_CONNECTED UEs including multicast and broadcast will be discussed.
2. Multicast group scheduling mechanisms for RRC_CONNECTED UEs
In last RAN1 meeting, two PTM transmission schemes are defined as the following. 
Agreements: For convenience of discussion, consider the following clarification as RAN1 common understanding. 
· PTP transmission: For RRC_CONNECTED UEs, use UE-specific PDCCH with CRC scrambled by UE-specific RNTI (e.g., C-RNTI) to schedule UE-specific PDSCH which is scrambled with the same UE-specific RNTI. 
· PTM transmission scheme 1: For RRC_CONNECTED UEs in the same MBS group, use group-common PDCCH with CRC scrambled by group-common RNTI to schedule group-common PDSCH which is scrambled with the same group-common RNTI. This scheme can also be called group-common PDCCH based group scheduling scheme.
· PTM transmission scheme 2: For RRC_CONNECTED UEs in the same MBS group, use UE-specific PDCCH with CRC scrambled by UE-specific RNTI (e.g., C-RNTI) to schedule group-common PDSCH which is scrambled with group-common RNTI. This scheme can also be called UE-specific PDCCH based group scheduling scheme.    
· Note: The ‘UE-specific PDCCH / PDSCH’ here means the PDCCH / PDSCH can only be identified by the target UE but cannot be identified by the other UEs in the same MBS group with the target UE.
· Note: The ‘group-common PDCCH / PDSCH’ here means the PDCCH / PDSCH are transmitted in the same time/frequency resources and can be identified by all the UEs in the same MBS group.
· FFS whether or not to have additional definition of transmission scheme(s)

In this section, we discuss the detailed issues for two different group scheduling mechanisms including common frequency resource, CORESET, search space, DCI format, retransmission scheme, SPS etc.

2.1 PTM transmission scheme 1
2.1.1 Common Frequency resource
In last meeting, the working assumption about common frequency design for group-common PDCCH/PDSCH is as the following,
Working assumption: 
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
And agreement about FDRA field is as the following,
Agreement: For PTM transmission scheme 1, if Option 2A or Option 2B for common frequency resource for group-common PDCCH/PDSCH is agreed, the FDRA field of group-common PDCCH is interpreted based on the common frequency resource.

Considering different UEs may have different dedicated BWPs, network can decide whether to put UEs with different BWPs in a MBS group. From network point of view, 
· If different UEs interested in the same multicast service have the same BWP configuration, there is no problem to put them in one MBS group, and the BWP for unicast is the same as the BWP for PTM transmission. 
· If the BWPs of different UEs interested in the same multicast service are non-overlapped, network will not group them together for PTM transmission. 
· If the BWPs of different UEs interested in the same multicast service are partially overlapped, network can decide whether to group them together and, if grouped, configure a proper common frequency resource for the PTM transmission. Thus, different UEs in the same group can monitor the same group-common PDCCH and receive the same group-common PDSCH in the common frequency resource with PTM transmission scheme 1, and UE also can simultaneously receive multicast service and unicast service without any interruption time because one UE is always working in a single active BWP.
The most important motivation of defining the common frequency resource confined within the frequency resource of a dedicated unicast BWP is to support simultaneous reception of unicast and multicast in the same slot. Otherwise, if a new BWP is defined for group-common PDCCH/PDSCH, UE has to switch between the unicast active BWP and the additional group-common PDCCH/PDSCH BWP to receive unicast traffic and MBS traffic, which causes unnecessary BWP switching time and data latency.
Therefore, we think the working assumption in RAN1 #103-e meeting about the common frequency design for group-common PDCCH/PDSCH can be confirmed.
Proposal 1. The working assumption in RAN1 #103-e meeting about the common frequency for group-common PDCCH/PDSCH can be confirmed.

The remaining issues about common frequency resource are discussed as the following:
Down-selection of options for the common frequency resource
There are two options about the definition of common frequency resource for group-common PDCCH / PDSCH. The main difference between them is whether the common frequency resource is defined as a specific BWP or not. For Option 2A, the BWP switching time between the multicast reception in the MBS specific BWP and unicast reception in its associated dedicated BWP should be discussed and may involve some RAN4 work. For Option 2B, there is no switching time between ‘MBS frequency region’ and dedicated unicast BWP and also no RAN4 work. 
Some companies have concern about the definition of ‘MBS frequency region’ within BWP configuration in Option 2B may cause some ambiguity related to BWP-Id IE in current Rel-15/16 RRC signalling framework, e.g., the BWP-Id is also used in other IEs. However, after checking the current Rel-16 BWP-DownlinkDedicated IE as the following, the BWP-Id only occurs in TCI-State of PDSCH-Config IE and NZP-CSI-RS-ResourceId of RadioLinkMonitoringConfig IE. Therefore, a new configuration of ‘MBS frequency region’ within the BWP-DownlinkDedicated IE and new configuration of CORESET for group-common PDCCH within ‘MBS frequency region’ IE will not refer to BWP-Id and not cause ambiguity.
BWP-DownlinkDedicated information element
-- ASN1START
-- TAG-BWP-DOWNLINKDEDICATED-START

BWP-DownlinkDedicated ::=           SEQUENCE {
    pdcch-Config                        SetupRelease { PDCCH-Config }                                     OPTIONAL,   -- Need M
    pdsch-Config                        SetupRelease { PDSCH-Config }                                     OPTIONAL,   -- Need M
    sps-Config                          SetupRelease { SPS-Config }                                       OPTIONAL,   -- Need M
    radioLinkMonitoringConfig           SetupRelease { RadioLinkMonitoringConfig }                        OPTIONAL,   -- Need M
    ...,
    [[
    sps-ConfigToAddModList-r16          SPS-ConfigToAddModList-r16                                        OPTIONAL,   -- Need N
    sps-ConfigToReleaseList-r16         SPS-ConfigToReleaseList-r16                                       OPTIONAL,   -- Need N
    sps-ConfigDeactivationStateList-r16 SPS-ConfigDeactivationStateList-r16                               OPTIONAL,   -- Need R
    beamFailureRecoverySCellConfig-r16  SetupRelease {BeamFailureRecoverySCellConfig-r16}                 OPTIONAL,   -- Cond SCellOnly
    sl-PDCCH-Config-r16                 SetupRelease { PDCCH-Config }                                     OPTIONAL,   -- Need M
    sl-V2X-PDCCH-Config-r16             SetupRelease { PDCCH-Config }                                     OPTIONAL    -- Need M
    ]]
}

SPS-ConfigToAddModList-r16 ::=          SEQUENCE (SIZE (1..maxNrofSPS-Config-r16)) OF SPS-Config

SPS-ConfigToReleaseList-r16 ::=         SEQUENCE (SIZE (1..maxNrofSPS-Config-r16)) OF SPS-ConfigIndex-r16

SPS-ConfigDeactivationState-r16 ::=     SEQUENCE (SIZE (1..maxNrofSPS-Config-r16)) OF SPS-ConfigIndex-r16

SPS-ConfigDeactivationStateList-r16 ::= SEQUENCE (SIZE (1..maxNrofSPS-DeactivationState)) OF SPS-ConfigDeactivationState-r16

-- TAG-BWP-DOWNLINKDEDICATED-STOP
-- ASN1STOP

TCI-State information element
-- ASN1START
-- TAG-TCI-STATE-START

TCI-State ::=                       SEQUENCE {
    tci-StateId                         TCI-StateId,
    qcl-Type1                           QCL-Info,
    qcl-Type2                           QCL-Info                                                    OPTIONAL,   -- Need R
    ...
}

QCL-Info ::=                        SEQUENCE {
    cell                                ServCellIndex                                               OPTIONAL,   -- Need R
    bwp-Id                              BWP-Id                                                      OPTIONAL, -- Cond CSI-RS-Indicated
    referenceSignal                     CHOICE {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb                                 SSB-Index
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}

-- TAG-TCI-STATE-STOP
-- ASN1STOP

RadioLinkMonitoringConfig information element
-- ASN1START
-- TAG-RADIOLINKMONITORINGCONFIG-START

RadioLinkMonitoringConfig ::=       SEQUENCE {
    failureDetectionResourcesToAddModList   SEQUENCE (SIZE(1..maxNrofFailureDetectionResources)) OF RadioLinkMonitoringRS
                                                                                                                  OPTIONAL, -- Need N
    failureDetectionResourcesToReleaseList  SEQUENCE (SIZE(1..maxNrofFailureDetectionResources)) OF RadioLinkMonitoringRS-Id
                                                                                                                  OPTIONAL, -- Need N
    beamFailureInstanceMaxCount             ENUMERATED {n1, n2, n3, n4, n5, n6, n8, n10}                          OPTIONAL, -- Need R
    beamFailureDetectionTimer               ENUMERATED {pbfd1, pbfd2, pbfd3, pbfd4, pbfd5, pbfd6, pbfd8, pbfd10}  OPTIONAL, -- Need R
    ...
}

RadioLinkMonitoringRS ::=           SEQUENCE {
    radioLinkMonitoringRS-Id            RadioLinkMonitoringRS-Id,
    purpose                             ENUMERATED {beamFailure, rlf, both},
    detectionResource                   CHOICE {
        ssb-Index                           SSB-Index,
        csi-RS-Index                        NZP-CSI-RS-ResourceId
    },
    ...
}

-- TAG-RADIOLINKMONITORINGCONFIG-STOP
-- ASN1STOP

Proposal 2. Support 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.
Regarding how to indicate the starting PRB and the length of PRBs of the MBS frequency region, because the‘MBS frequency region’ is confined within the UE’s dedicated unicast BWP, one simple way is configuring an offset from the starting PRB of the MBS frequency region to the starting PRB of the dedicated unicast BWP, and the length of PRBs counting from the starting PRB of the MBS frequency region.
Proposal 3. gNB can configure the offset from the starting PRB of the MBS frequency region to the starting PRB of the dedicated unicast BWP and the length of PRBs counting from the starting PRB of the MBS frequency region.

Whether UE can be configured with no unicast reception in the common frequency resource
Considering the common frequency resource is part of UE dedicated unicast BWP and multicast service reception should not impact legacy unicast service reception, it’s up to gNB’ scheduling to scheduling unicast reception in the common frequency resource or not. Therefore, we should not restrict only multicast reception in the common frequency resource.
Proposal 4. UE cannot be configured with no unicast reception in the common frequency resource.

Group-common PDCCH / PDSCH configuration
It is up to gNB’s implementation whether to configure additional configuration of other physical layer parameters used in common frequency resource for PTM transmission, e.g., TDRA table, DMRS configuration. For example, for the physical layer parameters which are the same for PTP transmission and PTM transmission, no need to configure them in common frequency resource for MBS. However, for the physical layer parameters, which are different for PTP transmission and PTM transmission, gNB can configure them additionally under the configuration of common frequency resource, and these additional physical layer parameters are only used for PTM transmission.
Proposal 5. For PTM transmission scheme 1, dedicated physical layer parameters for group-common PDSCH e.g., TDRA table, DMRS configuration, etc., can be configured under the configuration of common frequency resource.

[bookmark: _Hlk60821340]Whether to support more than one common frequency resources per UE / per dedicated unicast BWP
Another FFS point is whether more than one common frequency resources can be configured per UE or per dedicated unicast BWP. Let’s consider such an example, UE 1 and UE 2 receive MBS service 1, and UE 1 and UE 3 receive MBS service 2, but UE 2’s BWP and UE 3’s BWP are not overlapped. In this case, gNB can configure two common frequency resources in UE1’s BWP for receiving MBS service 1 and MBS service 2 separately. However, two CORESETs will be occupied by PTM transmission for UE1’s BWP in this case, considering the total CORESET number per BWP is up to three, the configuration of more than one common frequency resources per BWP may occupy too many CORESETs and the CORESET number may be limited. In addition, considering the DCI size of group-common PDCCH is also associated to the bandwidth of common frequency resource, there will be more than one DCI sizes of group-common PDCCH for one UE if more than one common frequency resources are configured per dedicated unicast BWP and causes more spec effort on DCI size alignment procedure. To avoid this problem, another alternative is that gNB using PTP delivery methods for MBS service 2 and only configure one common frequency resource for UE 1 for MBS service 1. Therefore, we think one only common frequency resource per dedicated unicast BWP is enough in Rel-17 and will not introduce additional problem. 
Proposal 6. Support only one common frequency resource per dedicated unicast BWP.

2.1.2 Search space and CORESET
Search space type
Agreement: For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, the CCE indexes are common for different UEs in the same MBS group.
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 
Agreements: For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, further study the following options for the monitoring priority of search space set
· Option 1: The monitoring priority of search space set for multicast is the same as existing Rel-15/16 CSS
· Option 2: The monitoring priority of search space set for multicast is the same as existing Rel-15/16 USS
· Other options are not precluded 
· The monitoring priority is used at least for PDCCH overbooking case
· FFS for other cases (e.g., to prune PDCCH in terms of whether it’s unicast or multicast, etc.)

There are two remaining issues about the search space design, one is the search space type and another is the PDCCH monitoring priority.
As the agreement in last RAN1 meeting, CSS is supported for broadcast service reception for RRC_CONNECTED UEs. Considering the main difference between multicast service and broadcast service from RAN is whether there is a MBS group or not, the multicast service should have the similar monitoring priority as broadcast service. But from another perspective, multicast service can be delivered by PTM transmission and PTP transmission, the PDCCH monitoring priority of group-common PDCCH should also be similar as UE-specific PDCCH.
Therefore, we think a new CSS type can be supported for multicast group-common PDCCH of PTM transmission scheme 1, but the PDCCH monitoring priority of new CSS for multicast is the same as existing Rel-15/16 USS and lower than legacy CSS, i.e., the PDCCH monitoring priority of new CSS for multicast is related to its SS set index. 
In this solution, the PDCCH monitoring priority between new CSS for multicast and USS can be controlled by gNB’s configuration, e.g., if gNB don’t want UE dropping multicast group-common PDCCH, the SS set index(es) of new CSS for multicast can be configured lower than USS(s), otherwise, UE can drop some new CSS for multicast with higher SS set index when PDCCH overbooking exists.
Proposal 7. Define a new CSS type for group-common PDCCH of PTM transmission scheme 1 for multicast in RRC_CONNECTED state.
Proposal 8. The monitoring priority of new CSS type for multicast is the same as existing Rel-15/16 USS.

BD/CCE limits
In last RAN1 meeting, some agreements about BDs/CCEs limit are as the following,
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.
For UEs without CA capability, option 1 can be adopted to maintain the BD/CCE limits defined in Rel-15, because this capability will not increase UE’s cost and is beneficial for commercial deployment of NR MBS. 
For UEs supporting CA capability, we think both option 1 and option 2 can be supported based on UE’s capability, e.g., Rel-15 BDs/CCEs limit is re-used for UE capability#1, and the budget of BDs/CCEs of an unused CC can be used for group-common PDCCH monitoring if UE support more aggressive PDCCH monitoring capability, i.e., UE capability #2.
Proposal 9. For UEs without CA capability, 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.
Proposal 10. For UEs with CA capability, both 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 and Option 2: the budget of BDs/CCEs of an unused CC can be used for group-common PDCCH to count the number of BDs/CCEs can be supported for Rel-17 MBS, and it is based on UE’s capability to support Option 1 or Option 2.

CORESET
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
As the discussion in section 2.1.1, we think only one common frequency resource is enough per dedicated unicast BWP. Considering the maximum 3 CORESETs limit per BWP in Rel-15/16, maximum 3 CORESETs for group-common PDCCH can be configured within the common frequency resource and the CORESET(s) for group-common PDCCH are also counted in the number of maximum 3 CORESETs per DL BWP.
Proposal 11. Maximum 3 CORESETs for group-common PDCCH can be configured within the common frequency resource.
Proposal 12. The CORESET(s) for group-common PDCCH are counted in the number of maximum 3 CORESETs per DL BWP.

DCI format
Both fallback DCI format 1_0 and non-fallback DCI format 1_1/1_2 could be considered with new interpretations, because some fields in current DCI format may not be used in group-common PDCCH.
Proposal 13. For PTM transmission scheme 1, both fallback DCI format 1_0 and non-fallback DCI format 1_1/1_2 could be considered with new interpretations.

DCI size alignment
Regarding DCI size alignment, the first issue to discuss is whether the DCI size budget defined in Rel-15/16 should be kept or can be extended. In our opinion, it is preferred to maintain the DCI size budget defined in Rel-15/16, which will not increase UE’s cost and is beneficial for commercial deployment of NR MBS.
Proposal 14. Keep the “3+1” DCI size budget as in Rel-15/16 when PTM transmission scheme 1 is enabled. 
The second issue to discuss is that the DCI size with G-RNTI should be counted in the “3” DCI size budget with C-RNTI, or counted in the “1” DCI size budget of other RNTIs. 
On one hand, G-RNTI is different from C-RNTI, and from this point of view, the DCI size with G-RNTI should be counted in the DCI size budget with other RNTIs. On the other hand, group-common PDCCH DCI format is also different from other DCI formats with CRC scrambled by other RNTIs, e.g., DCI format 2_x series, since group-common PDCCH is a scheduling DCI but DCI format 2_x series will not be used for scheduling PDSCH. From this point of view, the DCI size with G-RNTI is more suitable to be counted in the DCI size budget with C-RNTI.
Whatever the G-RNTI DCI size is counted in “3” or “1”, the DCI size alignment procedure will impact the other PDCCHs’ detection performance. For example, if G-RNTI DCI size is counted in maximum “3”, for one UE, the G-RNTI DCI size should be aligned with other UEs in the same MBS group, and aligned with unicast C-RNTI DCI size at meanwhile. This will introduce additional DCI size alignment procedure to align unicast DCI size with G-RNTI DCI size, and cause performance degradation of unicast DCI if the payload size is increased. If G-RNTI DCI size is counted in “1”, all the other DCI size (DCI format 2_0, 2_1, 2_4, 2_5, 2_6) and G-RNTI DCI size should be aligned to the maximum DCI size among these. In addition, the support of 2_x series DCI formats are also different among UEs in the same MBS group. It may be difficult for network to configure the DCI size(s).
Therefore, the DCI size alignment procedure of PTM transmission scheme 1 may cause the performance degradation of other PDCCHs, especially the case which DCI sizes are much various among UEs in the same MBS group. 
Observation 1. The DCI size alignment procedure for PTM transmission scheme 1 will cause the performance degradation of other PDCCHs.
Proposal 15. For PTM transmission scheme 1, decide whether the DCI size associated with G-RNTI should be counted in the DCI size budget associated with C-RNTI or counted in the DCI size budget associated with all RNTIs.
2.1.3 Retransmission scheme
[bookmark: _Hlk60925237]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.
· [bookmark: _Hlk61619501]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.
· [bookmark: _Hlk60927245][bookmark: _Hlk60926570][bookmark: _Hlk60927291]FFS: If multiple retransmission schemes are supported, then can different retransmission schemes be supported simultaneously for different UEs in the same group?

The dynamic switch between PTP and PTM for one UE is under discussion in RAN2/3, where the delivery method of initial transmission for one group common PDSCH can be switched between PTP and PTM according to channel conditions. For example, if some cell edge UEs’ channel states become worse, network can switch these cell edge UEs into PTP transmission based on CSI/RSRP report result to improve reliability. Considering the dynamic switch between PTP and PTM can improve the reliability of group-common PDSCH, the performance gain of supporting per-UE PTP transmission for retransmission(s) compared with dynamic switch may be limited.
In addition, if PTP retransmission method is supported, the ACK/NACK based HARQ-ACK feedback method must be supported as well, but the spec effort of supporting ACK/NACK based HARQ-ACK feedback for PTM transmission scheme 1 is too large. As the discussion in our company’s contribution [2], both separate PUCCH resources configuration and shared PUCCH resources configuration have cons and pros and introduce large standard effort, especially if companies want to design flexible and complete PUCCH prioritization and multiplexing solutions as unicast.
[bookmark: _Hlk61619487]Therefore, considering the dynamic switch between PTP and PTM will be supported and large spec effort is needed for PTP retransmission, PTP retransmission can be supported only if there is significant performance gain compared with dynamic switch between PTP and PTM. 
Proposal 16. For RRC_CONNECTED UEs, if initial transmission for multicast is based on PTM transmission scheme 1, PTP transmission for retransmission(s) can be supported only if there is significant performance gain compared with dynamic switch between PTP and PTM.
2.1.4 SPS group-common PDSCH
Agreements: Support SPS group-common PDSCH for MBS for RRC_CONNECTED UEs
· FFS: use group-common PDCCH or UE-specific PDCCH for SPS group-common PDSCH activation/deactivation
· FFS: whether to support more than one SPS group-common PDSCH configuration per UE
· FFS: whether and how uplink feedback could be configured
· FFS: retransmission of SPS group-common PDSCH
SPS has been supported for group-common PDSCH, but there are some FFS points need to be discussed. The first is the group-common PDSCH activation/deactivation PDCCH, we think at least group-common PDCCH should be used for SPS group-common PDSCH activation/deactivation to reduce the activation PDCCH overhead. 
As for the uplink feedback and retransmission, we think the same HARQ-ACK feedback mechanism and retransmission scheme used for dynamic group-common PDSCH scheduling should be re-used for SPS, i.e., at least NACK-only based HARQ feedback and PTM transmission scheme 1 for retransmission can be supported, but the PTP retransmission and ACK/NACK based HARQ feedback can be supported only if there is significant performance gain compared with dynamic switch between PTP and PTM. 
In Rel-16, multiple DL SPS configurations per UE has been supported, therefore we think this mechanism can also be introduced for MBS.
Proposal 17. Group-common PDCCH is used as the activation/deactivation PDCCH for SPS group-common PDSCH.
Proposal 18. At least NACK-only based HARQ-ACK feedback is supported for SPS group-common PDSCH.
Proposal 19. At least PTM transmission scheme 1 is used as retransmission for SPS group-common PDSCH.
Proposal 20. Support more than one SPS group-common PDSCH configurations per UE.  

2.2 PTM transmission scheme 2
2.2.1 Necessity of PTM transmission scheme 2
In section 2.1.2, we analyse the DCI size alignment procedure may impact other PDCCHs’ performance in PTM transmission scheme 1. But for PTM transmission scheme 2, it is the same as unicast transmission from UE’s perspective, which is completely based on gNB’s implementation to schedule a group-common PDSCH for a group of UEs with UE-specific PDCCHs. Therefore, there is no additional DCI size alignment problem and PDCCH detection performance degradation in PTM transmission scheme 2. 
Regarding the ACK/NACK based HARQ feedback, the most advantage of PTM scheme 2 is that the HARQ-ACK feedback related design for unicast in Rel-15/16, e.g., PUCCH configuration and indication, UCI multiplexing can be maximally reused, so that less spec effort is needed. In contrast, for PTM transmission scheme 1, large spec impact and standardization effort will be needed for ACK/NACK based HARQ-ACK feedback as the discussion in section 2.1.3 and our company’s contribution [2], including PUCCH resource configuration, HARQ-ACK multiplexing / prioritization between multicast and unicast, and multiplexing/prioritization between HARQ-ACK and other UCIs.
Regarding the PDCCH overhead of PTM transmission scheme 2, we think the PDSCH resources overhead of PTM transmission scheme 2 has already been reduced a lot compared with unicast / PTP transmission. From operator’s perspective, the PDCCH overhead of PTM transmission scheme 2 is acceptable for some scenarios, especially when the UE number is not large.
[bookmark: _Hlk60942768]Therefore, PTM transmission scheme 1 and scheme 2 are not mutually exclusive and can be used in different scenarios. Due to some limitations of PTM transmission scheme 1, PTM transmission scheme 2 is a supplementary scheme, which can provide more flexibility and choice for operators. For example, if operator has concern about PDCCH overhead, PTM transmission scheme 1 can be utilized and if operator has concern about other PDCCH performance degradation, PTM transmission scheme 2 can be utilized.
Observation 2. PTM transmission scheme 1 and scheme 2 are not mutually exclusive and can be used in different scenarios. PTM transmission scheme 1 is much suitable for the case network operator has concern about PDCCH overhead. PTM transmission scheme 2 is much suitable for the case network operator has concern about PDCCH performance degradation.  
Proposal 21. For RRC_CONNECTED UEs, support PTM transmission scheme 2 for multicast service.
2.2.2 Common frequency resource
Similar to the discussion in section 2.1.1, a common frequency resource can also be defined within each UE’s active BWP but the motivation is a little different. Considering different UEs may have different active BWPs, sometimes it may be difficult for gNB to indicate the same type 0 resource allocation for different UEs, since the RBG size for FDRA is determined based on the BWP size and the size of different UEs may not be the same. One simple way to solve this problem is also defining a common frequency resource in each UE’s active BWP, and the RBG size and RBG numbering are determined based on the size of MBS frequency resource instead of UE’s active BWP size. 
Proposal 22. The common frequency resource for group-common PDSCH can be optionally configured for PTM transmission scheme 2. If type 0 frequency domain resource allocation is used, the RBG size and RBG numbering for FDRA indication in the UE-specific DCI are determined based on the size of common frequency resource instead of UE’s active BWP.
As the discussion in section 2.1.1, considering different UEs may have different physical layer parameters, dedicated physical layer parameters for group-common PDSCH e.g., TDRA table, DMRS configuration, etc., can also be configured under the configuration of common frequency resource to realize UEs in one MBS group receiving the same group-common PDSCH. 
Proposal 23. For PTM transmission scheme 2, dedicated physical layer parameters for group-common PDSCH e.g., TDRA table, DMRS configuration, etc., can be configured under the configuration of common frequency resource.
2.2.3 Search space and CORESET
CORESET/Search space
The CORESET and search space configuration could be based on network implementation, and there is no additional spec impact.
DCI format
Regarding DCI format, only non-fallback DCI format 1_1/1_2 can be considered with one additional field to differentiate the PDSCH scrambling initialization for unicast and multicast. 
The scrambling sequence generator for PDSCH is initialized with

where[image: ] corresponds to the RNTI associated with the PDSCH transmission.
For unicast PDSCH, the PDSCH scrambling is associated with C-RNTI to realize interference randomization. For PTM transmission scheme 2, the group-common PDSCH’s scrambling sequence should be the same for UEs in a MBS group. Therefore, the scrambling sequence for group-common PDSCH scheduled by UE-specific PDCCH should not be associated with C-RNTI but a higher layer configured group-common RNTI (G-RNTI). In addition, considering one UE may receive multiple multicast service, one or more bits in DCI can be used to indicate UE which PDSCH scrambling initialization should be used, e.g., C-RNTI or which G-RNTI.
Proposal 24. For PTM transmission scheme 2, non-fallback DCI format 1_1/1_2 could be considered, and one or more additional bits in DCI is defined to differentiate that the scheduled PDSCH’s scrambling initialization is based on C-RNTI or G-RNTI(s).
BD/CCE limits
The BD/CCE limits defined in Rel-15 should also be reused.
Proposal 25. For PTM transmission scheme 2, keep the same maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot per serving cell as in Rel-15 when R17 NR MBS is enabled.
2.2.4 Retransmission scheme
Considering it is natural to support ACK/NACK based HARQ feedback for PTM transmission scheme 2, both PTM transmission scheme 2 and PTP transmission can be supported as retransmission scheme.
Proposal 26. For RRC_CONNECTED UEs, if initial transmission for multicast is based on PTM transmission scheme 2, retransmission(s) can use PTM transmission scheme 2 or PTP transmission.
3. Broadcast reception for RRC_CONNECTED UEs
In last meeting, some agreements about broadcast service reception are agreed in agenda 8.12.3. In this section, the broadcast service reception for RRC_CONNECTED UEs are discussed. 
3.1 Broadcast group-common PDCCH/PDSCH reception
As the agreements in last RAN1 meeting, same group-common PDCCH/PDSCH can be received by RRC_IDLE/INACTIVE UEs and RRC_CONNECTED UEs as the following, but some details need further discussion.
Agreements: From physical layer perspective, for broadcast reception, the same group-common PDCCH and the corresponding scheduled group-common PDSCH can be received by both RRC_IDLE/RRC_INACTIVE UEs and RRC_CONNECTED UEs.
· FFS details.
Let’s consider two cases about the relationship of common frequency resource of RRC_IDLE/INACTIVE UEs and UE-specific active BWP of RRC_CONNECTED UEs:
Case 1: UE-specific active BWP of RRC_CONNECTED UE contains the common frequency resource of RRC_IDLE/INACTIVE UEs
In the first case, the UE-specific active BWP of RRC_CONNECTED UE totally contains the common frequency resource of RRC_IDLE/INACTIVE UEs, the same group-common PDCCH/PDSCH for broadcast service can be shared by RRC_IDLE/INACTIVE UEs and RRC_CONNECTED UEs and there is no BWP switching time between broadcast service reception and unicast/multicast service reception.
It is noted that the frequency resource location of common frequency resource for multicast service discussed in section 2.1 will not impact the broadcast service reception of RRC_CONNECTED UEs in this case, because the group-common PDCCHs / PDSCHs for two services are different.
Proposal 27. For broadcast reception, the same group-common PDCCH and the corresponding scheduled group-common PDSCH can be received by both RRC_IDLE/RRC_INACTIVE UEs and RRC_CONNECTED UEs when UE-specific active BWP of RRC_CONNECTED UE contains the common frequency resource of RRC_IDLE/INACTIVE UEs.

Case 2: UE-specific active BWP of RRC_CONNECTED UE does not totally contain the common frequency resource of RRC_IDLE/INACTIVE UEs
In the second case, UE-specific active BWP of RRC_CONNECTED UE does not totally contain the common frequency resource of RRC_IDLE/INACTIVE UEs. If only one same group-common PDCCH/PDSCH are shared by RRC_IDLE/INACTIVE UEs and RRC_CONNECTED UEs, there will be BWP switching time for RRC_CONECTED UEs to receive broadcast service and unicast/multicast service. Therefore, the group-common PDCCH/PDSCH should be transmitted in the UE-specific BWP and are also different from the group-common PDCCH/PDSCH for RRC_IDLE/INACTIVE UEs in this case to avoid the BWP switching delay and latency.
Proposal 28. For broadcast reception, the group-common PDCCH and the corresponding scheduled group-common PDSCH are transmitted in UE-specific active BWP which are different from the group-common PDCCH/PDSCH received by RRC_IDLE/RRC_INACTIVE UEs when UE-specific active BWP of RRC_CONNECTED UE does not totally contain the common frequency resource of RRC_IDLE/INACTIVE UEs.

3.2 Search space and PDCCH overbooking rule for broadcast service
CSS is used for group-common PDCCH for RRC_ IDLE/RRC_INACTIVE UEs as the following agreement.
Agreements: For RRC_IDLE/RRC_INACTIVE UEs, CSS is supported for group-common PDCCH.
· FFS: reuse current CSS type, define a new CSS type, etc.
· FFS other details.
As the discussion in our contribution [3], considering the same-group common PDCCH are received by RRC_IDLE/RRC_INACTIVE UEs and RRC_CONNECTED UEs, CSS should also be supported for RRC_CONNECTED UEs. 
In Rel-15/16, all configured CSS PDCCHs are counted into the monitored BD/CCEs and the left BD/CCEs capability are used for USS for RRC_CONNECTED UEs. But for Rel-17 broadcast services, it’s up to UE to receive it or not, that is UE may not receive some configured broadcast CSS group-common PDCCHs. If the same PDCCH overbooking rule in Rel-15/16 is re-used for RRC_CONNECTED UEs, the BD/CCEs will be occupied by these non-received broadcast CSS and the USS scheduling opportunity is reduced.
Therefore, new CSS type can be defined for broadcast group-common PDCCH, and new PDCCH overbooking rule can also be designed for RRC_CONNECTED UEs. The monitoring priority of new CSS for broadcast is lower than legacy CSS. Considering it’s up to UE to receive the broadcast service or not and in order to align the monitored BD/CCEs counting between UE and gNB, RRC_CONNECTED UEs should inform gNB that which broadcast services the UE is receiving or is interested to receive, which is similar to LTE MBMS interest indication procedure. Only the group-common PDCCHs in new CSS for broadcast, which has been reported in the MBS interest indication procedure, are counted in the monitored BD/CCEs for CSS. In this way, the non-monitored broadcast group-common PDCCHs will not occupy the monitored BD/CCEs capability and the USS scheduling opportunity will not be reduced.
Proposal 29. For RRC_CONNECTED UEs, a new type CSS is supported for group-common PDCCH for broadcast.
Proposal 30. RRC_CONNECTED UE should inform gNB the broadcast service that it is receiving or is interested to receive.
Proposal 31. Only the PDCCHs for scheduling the broadcast service has been reported by RRC_CONNECTED UE are counted in the monitored CSS PDCCH candidates [image: ]and non-overlapping CCEs [image: ] in a slot or span.
4. Simultaneous operation with unicast reception
In this section, we will discuss some issues about simultaneous operation with unicast reception. In last RAN1 meeting, it was agreed to at least support TDM between one unicast PDSCH and one group-common PDSCH in a slot and inter-slot TDM between unicast PDSCH and group-common PDSCH in different slots as the following agreements.
Agreement: No specification enhancement in Rel-17 to support SDM between unicast PDSCH and group-common PDSCH in a slot for RRC_CONNECTED UEs.
Agreement: Support TDM between one unicast PDSCH and one group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs.
Agreement: For RRC_CONNECTED UEs, support inter-slot TDM between unicast PDSCH and group-common PDSCH in different slots (mandatory for the UE supporting MBS).
Agreements: Further study the following cases for simultaneous reception of unicast PDSCH and group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs.
· Case 1: support TDM between multiple TDMed unicast PDSCHs and one group-common PDSCH in a slot
· Case 2: support TDM among multiple group-common PDSCHs in a slot
· Case 3: support TDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot
· Case 4: support FDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot
· Case 5: support FDM among multiple group-common PDSCHs in a slot
· FFS: maximum number of PDSCHs in a slot simultaneous received per UE

However, there are some FFS points, we divide them into two categories, one is TDM-only and another is FDM w and w/o TDM.
4.1 TDM-only between unicast PDSCH(s) and group-common PDSCH(s)
The first category is TDM-only between one/more unicast PDSCH(s) and one/more group-common PDSCH(s), which contains Case 1, Case 2 and Case 3.
Case 1：TDM between multiple TDMed unicast PDSCHs and one group-common PDSCH in a slot
NR has supported PDSCH mapping type B and more than one unicast PDSCHs per slot in TDM as an optional UE capability in R15. Therefore, we think it is easy to extend the multiple TDMed unicast PDSCHs and one group-common PDSCH in one slot in Rel-17 as illustrated in in Figure 1. And the semi-static and dynamic HARQ-ACK codebook designed in Rel-15/16 can be almost reused.



Figure 1. Illustration of Case 1
Case 2: TDM among multiple group-common PDSCHs in a slot 
Similar to the discussion in Case 1, NR has supported multiple unicast TDMed PDSCHs in one slot, and therefore, the number of group-common PDSCHs can also be larger than one and TDM between multiple group-common PDSCHs can be considered as in Figure 2. In this TDM multiplexing method, the Rel-15/16 semi-static and dynamic HARQ-ACK codebook constructions can also be reused with little spec impact.


Figure 2. Illustration of Case 2
Case 3: TDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot
Case 3 is an extension of Case 1, we think Rel-17 can also support it.


Figure 3. Illustration of Case 3
Another issue to discuss is the maximum number of PDSCHs in a slot simultaneous received per UE in Case 1, 2 and 3. In Rel-15/16, one UE can support up to 2/4/7 TDMed unicast PDSCHs in one slot. We think the maximum number of PDSCHs in one slot, i.e., 2/4/7 can be re-used in Case 1, 2 and 3, and regardless that the PDSCH is unicast PDSCH or group-common PDSCH. This solution will not increase UE’s capability and is a union solution considering w or w/o MBS cases. That is UE only need to report its capability of maximum PDSCH simultaneously reception in one slot, but the type of PDSCH is up to gNB’s scheduling and the Rel-15/16 semi-static HARQ-ACK codebook design can be almost re-used. In addition, there is no need to discuss the division of number of PDSCH into unicast or MBS.
Proposal 32. Support the following cases for simultaneous reception of unicast PDSCH and group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs.
· Case 1: TDM between multiple TDMed unicast PDSCHs and one group-common PDSCH in a slot
· Case 2: TDM among multiple group-common PDSCHs in a slot
· Case 3: TDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot
[bookmark: _Hlk61795920]Proposal 33. The maximum number of PDSCHs in a slot simultaneous received per UE can be 2, 4, or 7 based on UE capability, and regardless that the PDSCH is unicast PDSCH or group-common PDSCH. 

4.2 FDM between unicast PDSCHs and group-common PDSCHs or among group-common PDSCHs
The second category is FDM multiplexing between PDSCHs, which contains Case 4 and Case 5.
Case 4: FDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot
An illustration of Case 4 is in Figure 4, it is a combination of TDM and FDM. In this case, Rel-15/16 dynamic codebook can be reused, but some enhancement of Rel-15/16 semi-static HARQ codebook may be needed, for example, two sub-codebooks can be separately constructed for unicast PDSCH and group-common PDSCHs and the final HARQ-ACK codebook is the concatenation of the two sub-codebooks.
But another issue needs to be discussed is the maximum number of PDSCH simultaneous received per UE in one slot. Different from the discussion in section 4.1, both the total PDSCH number and the division between unicast PDSCH and group-common PDSCH should be considered in Case 4. That is because the final HARQ-ACK codebook is the concatenation of the two sub-codebooks, and the number of unicast PDSCHs and group-common PDSCHs will impact the HARQ-ACK codebook bitlength. For example, assuming one UE can receive 7 PDSCHs in one slot and there is no explicit division of number of unicast PDSCHs and group-common PDSCHs, UE need construct two 7-bit sub-codebooks for unicast PDSCH and group-common PDSCH separately, and the total HARQ-ACK codebook is 14 bit which introduce useless overhead. To avoid this problem, one solution is defining the maximum number of unicast PDSCH and group-common PDSCH separately, but will reduce some PDSCH scheduling flexibility compared with cases in section 4.1, which the actual number of group-common PDSCH / unicast PDSCH is up to gNB’s scheduling.


Figure 4. Illustration of Case 4
Case 5: FDM among multiple group-common PDSCHs in a slot
Case 5 is FDM among multiple group-common PDSCHs in a slot, which is illustrated in Figure 5. Because there is no pre-configured frequency domain SLIV for UE to determine the mapping relationship between received PDSCH and the bit location of HARQ-ACK codebook, new method is needed to design semi-static HARQ-ACK codebook. For dynamic HARQ-ACK codebook design, because the C-DAI and T-DAI indicated by DCI, the Rel-15/16 HARQ-ACK codebook construction design can be reused.



Figure 5. Illustration of Case 5 
In a summary, for Case 4, more standard effort is needed to discuss the number of PDSCH and the small enhancement design of semi-static HARQ-ACK codebook. For Case 5, totally new design for semi-static HARQ-ACK codebook may be needed. Therefore, we think the support of Case 4 and Case 5 in Rel-17 can be with low priority to limit the standard effort.
[bookmark: _Hlk61273383]Proposal 34. The support of following cases for simultaneous reception of unicast PDSCH and group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs can be with low priority in Rel-17.
· Case 4: FDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot
· Case 5: FDM among multiple group-common PDSCHs in a slot
5. Conclusions
In this contribution, some group scheduling mechanism design in R17 NR MBS are discussed, and the following observations and proposals are made.
Multicast group scheduling mechanism:
Observation 1. The DCI size alignment procedure for PTM transmission scheme 1 will cause the performance degradation of other PDCCHs.
Observation 2. PTM transmission scheme 1 and scheme 2 are not mutually exclusive and can be used in different scenarios. PTM transmission scheme 1 is much suitable for the case network operator has concern about PDCCH overhead. PTM transmission scheme 2 is much suitable for the case network operator has concern about PDCCH performance degradation.  
Proposal 1. The working assumption in RAN1 #103-e meeting about the common frequency for group-common PDCCH/PDSCH can be confirmed.
Proposal 2. Support 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.
Proposal 3. gNB can configure the offset from the starting PRB of the MBS frequency region to the starting PRB of the dedicated unicast BWP and the length of PRBs counting from the starting PRB of the MBS frequency region.
Proposal 4. UE cannot be configured with no unicast reception in the common frequency resource.
Proposal 5. For PTM transmission scheme 1, dedicated physical layer parameters for group-common PDSCH e.g., TDRA table, DMRS configuration, etc., can be configured under the configuration of common frequency resource.
Proposal 6. Support only one common frequency resource per dedicated unicast BWP.
Proposal 7. Define a new CSS type for group-common PDCCH of PTM transmission scheme 1 for multicast in RRC_CONNECTED state.
Proposal 8. The monitoring priority of new CSS type for multicast is the same as existing Rel-15/16 USS.
Proposal 9. For UEs without CA capability, 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.
Proposal 10. For UEs with CA capability, both 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 and Option 2: the budget of BDs/CCEs of an unused CC can be used for group-common PDCCH to count the number of BDs/CCEs can be supported for Rel-17 MBS, and it is based on UE’s capability to support Option 1 or Option 2.
Proposal 11. Maximum 3 CORESETs for group-common PDCCH can be configured within the common frequency resource.
Proposal 12. The CORESET(s) for group-common PDCCH are counted in the number of maximum 3 CORESETs per DL BWP.
Proposal 13. For PTM transmission scheme 1, both fallback DCI format 1_0 and non-fallback DCI format 1_1/1_2 could be considered with new interpretations.
Proposal 14. Keep the “3+1” DCI size budget as in Rel-15/16 when PTM transmission scheme 1 is enabled. 
Proposal 15. For PTM transmission scheme 1, decide whether the DCI size associated with G-RNTI should be counted in the DCI size budget associated with C-RNTI or counted in the DCI size budget associated with all RNTIs.
Proposal 16. For RRC_CONNECTED UEs, if initial transmission for multicast is based on PTM transmission scheme 1, PTP transmission for retransmission(s) can be supported only if there is significant performance gain compared with dynamic switch between PTP and PTM.
Proposal 17. Group-common PDCCH is used as the activation/deactivation PDCCH for SPS group-common PDSCH.
Proposal 18. At least NACK-only based HARQ-ACK feedback is supported for SPS group-common PDSCH.
Proposal 19. At least PTM transmission scheme 1 is used as retransmission for SPS group-common PDSCH.
Proposal 20. Support more than one SPS group-common PDSCH configurations per UE.   
Proposal 21. For RRC_CONNECTED UEs, support PTM transmission scheme 2 for multicast service.
Proposal 22. The common frequency resource for group-common PDSCH can be optionally configured for PTM transmission scheme 2. If type 0 frequency domain resource allocation is used, the RBG size and RBG numbering for FDRA indication in the UE-specific DCI are determined based on the size of common frequency resource instead of UE’s active BWP.
Proposal 23. For PTM transmission scheme 2, dedicated physical layer parameters for group-common PDSCH e.g., TDRA table, DMRS configuration, etc., can be configured under the configuration of common frequency resource.
Proposal 24. For PTM transmission scheme 2, non-fallback DCI format 1_1/1_2 could be considered, and one or more additional bits in DCI is defined to differentiate that the scheduled PDSCH’s scrambling initialization is based on C-RNTI or G-RNTI(s).
Proposal 25. For PTM transmission scheme 2, keep the same maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot per serving cell as in Rel-15 when R17 NR MBS is enabled.
Proposal 26. For RRC_CONNECTED UEs, if initial transmission for multicast is based on PTM transmission scheme 2, retransmission(s) can use PTM transmission scheme 2 or PTP transmission.

Broadcast service reception for RRC_CONNECTED UEs:
Proposal 27. For broadcast reception, the same group-common PDCCH and the corresponding scheduled group-common PDSCH can be received by both RRC_IDLE/RRC_INACTIVE UEs and RRC_CONNECTED UEs when UE-specific active BWP of RRC_CONNECTED UE contains the common frequency resource of RRC_IDLE/INACTIVE UEs.
Proposal 28. For broadcast reception, the group-common PDCCH and the corresponding scheduled group-common PDSCH are transmitted in UE-specific active BWP which are different from the group-common PDCCH/PDSCH received by RRC_IDLE/RRC_INACTIVE UEs when UE-specific active BWP of RRC_CONNECTED UE does not totally contain the common frequency resource of RRC_IDLE/INACTIVE UEs.
Proposal 29. For RRC_CONNECTED UEs, a new type CSS is supported for group-common PDCCH for broadcast.
Proposal 30. RRC_CONNECTED UE should inform gNB the broadcast service that it is receiving or is interested to receive.
Proposal 31. Only the PDCCHs for scheduling the broadcast service has been reported by RRC_CONNECTED UE are counted in the monitored CSS PDCCH candidates [image: ]and non-overlapping CCEs [image: ] in a slot or span.

Simultaneous operation with unicast:
Proposal 32. Support the following cases for simultaneous reception of unicast PDSCH and group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs.
· Case 1: TDM between multiple TDMed unicast PDSCHs and one group-common PDSCH in a slot
· Case 2: TDM among multiple group-common PDSCHs in a slot
· Case 3: TDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot
Proposal 33. The maximum number of PDSCHs in a slot simultaneous received per UE can be 2, 4, or 7 based on UE capability, and regardless that the PDSCH is unicast PDSCH or group-common PDSCH. 
Proposal 34. The support of following cases for simultaneous reception of unicast PDSCH and group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs can be with low priority in Rel-17.
· Case 4: FDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot
· Case 5: FDM among multiple group-common PDSCHs in a slot
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