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1. Introduction
[bookmark: _Hlk47452474]In RAN#86 meeting, the work item of NR support of Multicast and Broadcast Services has been approved [1]. The followings have been identified as the objectives related with physical layer of the work item.
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:
· [bookmark: _Hlk47369038]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]
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:
· Specify required changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception. [RAN2, RAN1].
Note: the possibility of receiving Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, without the need for those UEs to get the configuration of the PTM bearer carrying the Broadcast/Multicast service while in RRC CONNECTED state beforehand, is subject to verification of service subscription and authorization assumptions during the WI. 
In this contribution, we will make discussions on mechanisms to support group scheduling for Broadcast/Multicast service for RRC_CONNECTED UEs.
2. [bookmark: _Ref498564494]Discussion
1. 
2. 
Clarification on enabling simultaneous operation with unicast reception
According to the WID, one objective is to specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service and this objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception. Then it is suggested to clarify the understanding on simultaneous operation with unicast reception. Does it mean that a UE is required to receive both groupcast PDSCH and unicast PDSCH simultaneously in one slot? Or rather, whether a UE is required to support groupcast PDSCH and uncast PDSCH reception in TDMed, FDMed or SDMed manner. Note that, in the current specification, for unicast PDSCH, a UE can only be capable to receive one or multiple TDMed PDSCHs in one slot. If FDMed groupcast PDSCH and unicast PDSCH receptions are supported, it may have impact on HARQ-ACK feedback (e.g. type 1 HARQ-ACK codebook construction) if supported.
[bookmark: _Ref47372784]Proposal 1: To enable simultaneous operation with unicast reception, it is suggested to clarify whether a UE is required to receive groupcast PDSCH and unicast PDSCH simultaneously in one slot.
[bookmark: _Hlk40086845]Group scheduling mechanism for MBS
Multiple g-RNTIs
[bookmark: _Ref47343307]It is possible that a UE is interested in one or multiple Broadcast/Multicast services (MBS), then one or multiple g-RNTIs for PDSCH scrambling are needed for different Broadcast/Multicast services.
[bookmark: _Ref47372788]Proposal 2: A UE can be configured with multiple g-RNTIs for PDSCH scrambling for different Broadcast/Multicast services.
Groupcast PDCCH vs unicast PDCCH
Regarding group scheduling mechanism for MBS, dynamic PDCCH scheduling for each groupcast PDSCH can be considered. In addition, both groupcast PDCCH and unicast PDCCH can be considered. 
· For groupcast PDCCH scheduling mechanism, DCI 1_1/1_2 or DCI 2_X can be considered to be reused. A UE can monitor the DCI format scrambled with g-RNTI in a common search space. 
· This mechanism can benefit from PDCCH overhead consumption, 
· However, it has significant specification impacts on HARQ-ACK feedback if supported, e.g. HARQ-ACK feedback timing indication (i.e., k1 indication), PUCCH resource indication, TPC, etc. 
· For k1, if it is indicated in groupcast PDCCH, all UEs in an MBS group will feed back HARQ-ACK in the same PUCCH slot, the HARQ-ACK paylaod may be very large within one PUCCH slot, which would result in PUCCH resource overload and collision.
· For PUCCH resource, it may be required to configure different resources for UEs in an MBS group to gurantee the indicated PUCCH resources for these UEs are orthogonal.
· DCI size alignment for groupcast PDCCH for MBS may impact other DCIs
· So far, DCI size budget only supports 3+1. By using groupcast PDCCH for MBS, other group common DCI need to align the DCI payload size with it, which may reduce the performance of other group common DCI. 
· Signficant imapcts when considering simultaneous receptions of groupcast PDSCH and unicast PDSCH
· For unicast PDCCH scheduling mechanism, DCI 1_1/1_2 can be reused to shceule groupcast PDSCH and indication of PDSCH scrambling initialization. i.e., C-RNTI or g-RNTI is needed. 
· This mechanism can benefit from minimum impact on HARQ-ACK feedback if supported. 
· gNB can indicate different HARQ-ACK feedback timings for different UEs in an MBS group to offload HARQ-ACK payload within a certain slot. 
· gNB can indicate different PUCCH resources and different TPC for different UEs. 
· In general, it is same as that for unicast PDSCH, gNB can make it all under flexible control.
· No additional imapct when when considering simultaneous receptions of groupcast PDSCH and unicast PDSCH
The comparisons of groupcast PDCCH and unicast PDCCH are summarized in following Table 1.
[bookmark: _Ref47372661]Table 1 Comparisons of groupcast PDCCH and unicast PDCCH
	
	groupcast PDCCH
	unicast PDCCH

	PDCCH overhead
	Low 
	high

	Impacts on DL scheduling
	BWP/common resource for MBS
FDRA 
	Common BWP configuration for MBS maybe needed.
Common FDRA indication derived by the common BWP
	Common BWP configuration for MBS maybe or may not needed.
Option 1: FDRA is derived by UE-specific BWP configuration
Option 2: FDRA is derived by common BWP configuration for MBS

	DCI size alignment
	If DCI 1_1/1_2 is used, it may have impact on DCI size alignment
If DCI 2_x is used, other group common DCI need to align the DCI payload size with it, which may reduce the PDCCH performance
	Same as unicast, no additional impact

	Impact on HARQ-ACK feedback

	PUCCH resource
	Hard to indicate orthogonal PUCCH resources due to the same PRI value.  
	Same as HAR-ACK for unicast PDSCH

	
	HARQ-ACK feedback timing
	Same timing, all UEs in an MBS group will feed back HARQ-ACK in the same slot, resulting PUCCH overload and collision  
	Same as HAR-ACK for unicast PDSCH

	
	Supporting of HARQ-ACK feedback
	Difficult to support per UE basis HARQ-ACK feedback
	Same as HAR-ACK for unicast PDSCH, 

	
	TPC
	Difficult to indicate different UEs’ TPC using one single DC
	Same as HAR-ACK for unicast PDSCH

	[bookmark: _Hlk47729175]Impacts when considering simultaneous receptions of groupcast PDSCH and unicast PDSCH  
	DAI
	Separating DAI counting for groupcast PDSCH and uncast PDSCH
	[bookmark: _GoBack]No addition impact

	
	HARQ-ACK Codebook
	Separate or joint HARQ-ACK codebook needs to be discussed
	

	
	
	if separate codebook for groupcast PDSCH and unicast PDSCH, multiplexing/prioritization of different codebooks needs to be discussed
	

	
	RNTI
	if UE is interested in multiple MBS services, UE needs to monitor a PDCCH with multiple g-RNTIs
	


[bookmark: _Ref47372793]
Considering the different pros and cons of the unicast PDCCH and groupcast PDCCH, the following is proposed,
Proposal 3: Both unicast PDCCH and groupcast PDCCH can be considered to schedule groupcast PDSCH for Broadcast/Multicast service.
Dynamic scheduling and semi-president scheduling for MBS service
In addition, considering that MBS packet is periodic in most typical cases, semi-president PDSCH can also be considered to schedule MBS to reduce PDCCH overhead. 
[bookmark: _Ref47372797]Proposal 4: The following two modes are considered to be supported for MBS service scheduling. 
· Dynamic scheduling PDSCH for Broadcast/Multicast service
· Semi-persistent scheduling PDSCH for Broadcast/Multicast service.
3. Conclusion
In this contribution, we make discussions on the mechanisms to support group scheduling for Multicast and Broadcast Services for RRC_CONNECTED UEs, and have the following proposals.
Proposal 1: To enable simultaneous operation with unicast reception, it is suggested to clarify whether a UE is required to receive groupcast PDSCH and unicast PDSCH simultaneously in one slot.
Proposal 2: A UE can be configured with multiple g-RNTIs for PDSCH scrambling for different Broadcast/Multicast services.
Proposal 3: Both unicast PDCCH and groupcast PDCCH can be considered to schedule groupcast PDSCH for Broadcast/Multicast service.
Proposal 4: The following two modes are considered to be supported for MBS service scheduling. 
· Dynamic scheduling PDSCH for Broadcast/Multicast service
· Semi-persistent scheduling PDSCH for Broadcast/Multicast service.
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