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Introduction
The WID on NR Multicast and Broadcast Services was endorsed in RAN#86 and further updated in RAN#88e with following RAN1 related objectives[1]:
· Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]
· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.
· Specify required changes to improve reliability of Broadcast/Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application/service provided.[RAN1, RAN2]
In this paper we discuss group scheduling mechanism for NR multicast and broadcast services (MBS).
Discussion
1.1 Group scheduling DCI
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.

Group scheduling DCI is supposed to be received by multiple UEs, from this point of view, the group scheduling DCI should be transmitted in CSS set. On the other hand, group scheduling DCI is used to indicate MBS transmission on a specific BWP, to constrain the number of PDCCH blind detection, the size of group scheduling DCI is preferable to be same as DCI 1-0 or DCI 1-1. 

However, the size of the group scheduling DCI could be dependent on the bandwidth of the BWP for MBS. If multiple TBs transmission is supported for MBS, the size of group scheduling DCI could be further impacted by the number of TBs transmitted in one PDSCH. Hence the size of group scheduling 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 scheduling DCI cannot be same as DCI 1-1 either. Hence, to support group scheduling of MBS a new DL DCI format should be defined.

UE is supposed to have both MBS and unicast traffic and may even have multiple MBS traffic, for each MBS traffic, a specific MBS-RNTI should be configured to differentiate it with others.

Proposal 1: A new DL DCI format should be defined for group scheduling of MBS, the new DL DCI should be transmitted within a separate CSS set and scrambled with specific MBS-RNTI.

1.2 [bookmark: OLE_LINK5][bookmark: OLE_LINK6]MBS BWP
MBS is targeted to multiple RRC connected UEs, each of which may already have active BWP for unicast, configuration of the active BWP of these UEs can be different, hence it may not be possible to use a common MBS BWP for all targeted UEs. As 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 targeted UEs 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 one BWP for a single MBS for all targeted UEs, 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.

In general, there are 3 possible cases (as shown in Figure 1):
Case 1: Both group scheduling DCI and scheduled MBS data are always transmitted on active BWP for unicast of a UE.
Case 2: Group scheduling DCI is always transmitted on active BWP for unicast of a UE, however, the scheduled MBS data can be transmitted on a different BWP;
Case 3: Group scheduling DCI cannot be transmitted on active BWP of a UE, e.g. there is no corresponding search space set for group scheduling DCI on the active BWP of the UE. In this case, MBS traffic can be transmitted via unicast manner or transmitted via a configured grant on a different BWP for MBS (i.e. UE switches to MBS BWP if there is MBS transmission and switch back to unicast BWP after that). 

Case 1 and Case 2 may have impact in RAN1 on group scheduling design, the specification impact of Case 3 is limited to higher layer.



Figure 1 3 Cases on BWP configuration for MBS

Proposal 2: Group scheduling design for MBS should take Case 1 and Case 2 above into account.

1.3 Simultaneous operation with unicast reception
According to the WID, necessary enhancements to enable simultaneous operation with unicast reception should be specified. Simultaneous operation with unicast reception can be guaranteed under following restrictions:
· Unicast and MBS are transmitted on the same BWP; and,
· TCI state indicated for unicast and MBS transmission are same (i.e. transmitted with same beam); and, 
· Sufficient processing time for HARQ-ACK feedback;
These requirements may impose some restriction on gNB. 

As discussed in previous 2 sections, the 3 requirements may not be satisfied all the time, e.g. gNB may need to transmit MBS on a different BWP or through a different beam to accommodate more UEs, in this sense, simultaneous operation with DL reception should be done by best efforts manner. In case of gNB schedule unicast and MBS in one slot but UE has no capability to receive them simultaneously, some dropping rule is needed.

Observation 1: To enable simultaneous operation with unicast reception, following restrictions on gNB are needed:
· Unicast and MBS are transmitted on the same BWP; and,
· TCI state indicated for unicast and MBS transmission are same; and, 
· Sufficient processing time for HARQ-ACK feedback.
Conclusion
In this contribution, we discussed potential issues that need to be considered to support group scheduling, we have following observation and proposals:
Observation 1: To enable simultaneous operation with unicast reception, following restrictions on gNB are needed:
· Unicast and MBS are transmitted on the same BWP; and,
· TCI state indicated for unicast and MBS transmission are same; and, 
· Sufficient processing time for HARQ-ACK feedback;

Proposal 1: A new DL DCI format should be defined for group scheduling of MBS, the new DL DCI should be transmitted within a separate CSS set and scrambled with specific MBS-RNTI.
Proposal 2: Group scheduling design for MBS should take Case 1 and Case 2 above into account.
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