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Introduction
The WID on NR Multicast and Broadcast Services was endorsed in RAN#86 and further updated in RAN#88e [1]. In RAN1#103-e NR Multicast and Broadcast Services was discussed with following agreements[2]:
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)

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?
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

Agreements: Support TDM between one unicast PDSCH and one group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs. 

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
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
Agreements: 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: 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.
Agreements: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
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: No specification enhancement in Rel-17 to support SDM between unicast PDSCH and group-common PDSCH in a slot for RRC_CONNECTED UEs.

Agreements: 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.
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.)
In this paper we discuss further issues on group scheduling mechanism for NR multicast and broadcast services (MBS).
Discussion
1.1 Transmission Schemes for re-transmission
In the last meeting, if PTM transmission scheme 1 is used for initial transmission, whether PTP or PTM transmission scheme 2 can be used for re-transmission is for further study. Using PTP for re-transmission may be beneficial if only a few receivers failed to decode the group common PDSCH, gNB can transmit UE-specific PDCCH and PDSCH with transmission schemes optimized for the UE(s), e.g. using a narrower beam toward the UE(s). But the pre-condition of using PTP for re-transmission is that gNB can distinguish HARQ feedback of each individual UE within the group, such that gNB can re-transmit to the UEs which feedback NACK with PTP. The benefit of using PTM scheme 2 for re-transmission seems marginal, as reliability of PDCCH can be improved with UE-specific transmission scheme, while the reliability of scheduled PDSCH cannot be improved. 

If PTP is used for re-transmission of PTM scheme 1, to ensure soft combining between initial transmission and re-transmission of the same TB, PTP for re-transmission should be linked to the PTM scheme 1 transmission. One option is to add one field in DCI to indicate which MBS transmission the PTP transmission is associated with. However, the size of the field is dependent on the number of G-RNTI configured for the UE, which may complicate the DCI design. In contrast, to scramble the PDCCH of PTP with the same G-RNTI as the PTM scheme 1 seems much simpler solution to associate the PTP and PTM scheme 1.

Proposal 1: 
· If gNB can distinguish HARQ feedback of each UE within the group in PTM transmission scheme 1, PTP can be used for re-transmission;
· The PDCCH scheduling the PTP transmission is scrambled with the same G-RNTI as the PTM scheme 1.
1.2 Common frequency resource for group-common PDSCH
2 options for the configuration of group common frequency resources for group-common PDCCH/PDSCH was made as working assumption in last meeting. Both of the options are aiming at avoiding BWP switching for support of MBS, but are different on how to define the common frequency resource. In option 2A, the common frequency resource is defined as an MBS specific BWP, companies have different understanding on whether this definition would introduce BWP switching or not, the benefit of the option is that the signaling structure for configuration of PDCCH/PDSCH in unicast can be reused. It is common understanding that there is no BWP switching in option 2B, but it seems this option may introduce significant specification efforts on RRC signaling design.  In our view, it seems not necessary to give a clear definition for the common frequency resource, i.e. to use the terminology of “MBS specific BWP” or “MBS frequency region”, rather RAN1 can directly discuss which restrictions the configured common frequency resource should satisfy, e.g. the common frequency resource is configured within dedicated unicast BWP, and the numerology of the common frequency resource is same as the dedicated unicast BWP. And then up to RAN2 to decide how to configure the common frequency resources.

Proposal 2: Common frequency resource is configured within dedicated unicast BWP, and the numerology of the common frequency resource is same as the dedicated unicast BWP. It is up to RAN2 to decide how to configure the common frequency resource.

For the open issue “FFS whether UE can be configured with no unicast reception in the common frequency resource”, in our view, there is no need to add such a restriction, UE already has capability to receive on the entire BWP, gNB should be able to schedule the UE to the common frequency resource for efficient resource utilization. 

Proposal 3: Configuring a UE with no unicast reception in the common frequency resource is not supported.

Furthermore, as UE may have multiple MBS services and belong to different MBS group, it is necessary to configure multiple common frequency resources to accommodate different MSB groups.

Proposal 4: Support more than one common frequency resources per UE / per dedicated unicast BWP subjected to UE capabilities.

As the configuration of the dedicated unicast BWP of all UEs within the group can be different, hence it may not be possible to use common frequency resource for all UEs in the group. And since UE can only have one active BWP at a given time, from UE complexity point of view, it is desirable to use a single BWP for both MBS and unicast. To this end, gNB may need to configure different BWPs for a single MBS if the active BWPs of UEs within the group are not same. If this is the case switching between MBS BWP and unicast BWP for a UE can be avoid at the cost of more resources for MBS.

From resource efficiency point of view, it is beneficial to configure common BWP for one MBS for all UEs in the group, furthermore, it may not be possible to use a common BWP to accommodate both MBS and unicast of a UE if MBS traffic and unicast traffic of the UE need different configuration, e.g. SCS or CP length. Hence it is still necessary to consider switching between MBS BWP and unicast BWP for some UEs.

Proposal 5: Support to configure a dedicated MBS BWP for group-common PDCCH/PDSCH transmission.

1.3 SPS group-common PDSCH
If a UE is configured with SPS for group-common PDSCH, as the SPS is supposed to be used by the group of UEs receiving the group-common PDSCH, the group-common PDCCH should be used to activate/deactivate the configured SPS. As UE may have more than one MBS traffic, it is beneficial to allow more than one SPS group-common PDSCH for a UE, each of the SPS could be associated with a particular CS-RNTI. For uplink feedback configuration and re-transmission of SPS group-common PDSCH, the mechanism used in unicast SPS can be reused.

Proposal 6: Support more than one SPS group common PDSCH for a UE, the SPS should be activated/deactivated by group-common PDCCH scrambled by the corresponding CS-RNTI.

1.4 DCI for scheduling of the group-common PDSCH

It has already been agreed that scheduling of group-common PDSCH with group-common PDCCH is support. As discussed above, group-common PDSCH may be transmitted in BWP dedicated for MBS, the BWP may not be the active BWP of a UE, in this case it is necessary to transmit UE specific PDCCH in active BWP of the UE to schedule group-common PDSCH in the dedicated BWP. 

Proposal 7: Support of using UE specific PDCCH transmitted on dedicated unicast BWP to schedule group common PDSCH on another BWP.

In Rel-15 2 DL DCI formats are defined, i.e. DCI format 1-0 and DCI format 1-1, where the size of DCI format 1-0 is fixed and the size of DCI format 1-1 can be configurable. A UE can be configured with less than 10 search space sets, a search space set is either CSS or USS. DCI format 1-0 can be transmitted in CSS set or USS set, while DCI format 1-1 can only be transmitted in USS set.

If group-common PDSCH is scheduled by group-common PDCCH, the PDCCH is supposed to be received by multiple UEs, from this point of view, the group-common DCI should be transmitted in CSS set. In current specification, bit width of FDRA is determined according to the size of CORESET 0 or the bandwidth of initial BWP, this mechanism should be reused for the group-common DCI design. However, if multiple TBs transmission is supported for the group-common PDSCH, the size of group-common DCI could be further impacted by the number of TBs transmitted in one PDSCH. Hence the size of group-common DCI may not be aligned with DCI format 1-0. Furthermore, if MBS and unicast of a UE are transmitted on different BWPs, or transmitted on same BWP but number of TBs are different, the size of group-common DCI cannot be same as DCI 1-1 either. 

If the group-common PDSCH is scheduled by UE specific PDCCH (i.e. PTM scheme 2), as the size of common frequency resource for the group-common PDSCH may be different from the size of active BWP for unicast, and the number of TBs conveyed in the group-common PDSCH may be different from the number of unicast TBs, the DCI format for group-common PDSCH scheduling could be different than DCI format 1-1 as well.

Proposal 8: A new DL DCI format should be defined for the scheduling of group-common PDSCH.

[bookmark: _Hlk61454013][bookmark: _Hlk61428150]In case of group-common PDSCH is transmitted with PTM scheme 1, as there is no UE specific PDCCH, gNB cannot adjust the PUCCH transmission power per UE, this may impact the reception of HARQ feedback for the group-common PDSCH at gNB. To avoid the problem, a TPC-PUCCH-RNTI different from that for unicast should be configured for a UE within the group such that gNB can adjust the PUCCH transmission power of the UE. 

Proposal 9: For a UE receiving group-common PDSCH transmitted with PTM scheme 1 a TPC-PUCCH-RNTI different from that for unicast should be configured.

1.5 CORESET number and BD/CCE limit
For transmission of group common PDCCH at least one CORESET needs to be configured on the common frequency resource, it is up to gNB to configure more than on CORESET on the common frequency resource, but the maximum number of CORESET within one serving cell defined in R-16 should be kept. The number of monitored PDCCH candidates and non-overlapped CCEs may increase for the detection of the group common PDCCH. However, there is no need to increase the BD/CCE limit as defined in R-16.

Proposal 10: The maximum number of CORESTs within one serving cell and the BD/non-overlapped CCE limit are not increase for support of MBS.
1.6 Search Space set for group common PDCCH
As group common PDCCH is transmitted to multiple UEs, it should be transmitted in a common search space set. As agreed in the last meeting, the common search set is associated with a CORESET configured within the common frequency resource, CRC of DCI transmitted within the search space is scrambled with G-RNTI, and size of FDRA field of the DCI is determined based on common frequency resource. Furthermore, in case of PDCCH overbooking, the monitoring priority of search space set for multicast should be configurable.
Proposal 11: A new common search space set is defined for group-common PSCCH transmission, the monitoring priority of the new CSS set is configurable.

Conclusion
In this contribution, we discussed potential issues that need to be considered to support group scheduling, we have following proposals:

Proposal 1: 
· If gNB can distinguish HARQ feedback of each UE within the group in PTM transmission scheme 1, PTP can be used for re-transmission;
· The PDCCH scheduling the PTP transmission is scrambled with the same G-RNTI as the PTM scheme 1.
Proposal 2: Common frequency resource is configured within dedicated unicast BWP, and the numerology of the common frequency resource is same as the dedicated unicast BWP. It is up to RAN2 to decide how to configure the common frequency resource.

Proposal 3: Configuring a UE with no unicast reception in the common frequency resource is not supported.

Proposal 4: Support more than one common frequency resources per UE / per dedicated unicast BWP subjected to UE capabilities.

Proposal 5: Support to configure a dedicated MBS BWP for group-common PDCCH/PDSCH transmission.

Proposal 6: Support more than one SPS group common PDSCH for a UE, the SPS should be activated/deactivated by group-common PDCCH scrambled by the corresponding CS-RNTI.

Proposal 7: Support of using UE specific PDCCH transmitted on dedicated unicast BWP to schedule group common PDSCH on another BWP.

Proposal 8: A new DL DCI format should be defined for the scheduling of group-common PDSCH.

Proposal 9: For a UE receiving group-common PDSCH transmitted with PTM scheme 1 a TPC-PUCCH-RNTI different from that for unicast should be configured.

Proposal 10: The maximum number of CORESTs within one serving cell and the BD/non-overlapped CCE limit are not increased for support of MBS.

Proposal 11: A new common search space set is defined for group-common PSCCH transmission, the monitoring priority of the new CSS set is configurable.
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