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Introduction
In order to support multicast PDSCH transmission in NR, a work item was approved for Rel-17 [1]. There would be several applications of multicast data transmissions, which was not supported by NR in Rel-15 and Rel-16 including mission critical, V2X applications, multicast delivery, IPTV, software delivery over wireless, group communications and IoT applications. The followings were agreed in last RAN1#102-e. 
	Agreements:
For RRC_CONNECTED UEs, HARQ-ACK feedback is supported for multicast and no additional evaluation is needed to justify this.
· FFS: The detailed HARQ-ACK feedback solutions, e.g., ACK/NACK based, NACK-only based.
· FFS: HARQ-ACK feedback can be optionally disabled and/or enabled.

Agreements:
For RRC_CONNECTED UEs, at least support group-common PDCCH with CRC scrambled by a common RNTI to schedule a group-common PDSCH, where the scrambling of the group-common PDSCH is based on the same common RNTI.
o   FFS: whether to support UE-specific PDCCH to schedule a PDSCH for MBS.
Agreements:
· For RRC_CONNECTED UEs, define/configure common frequency resource for group-common PDSCH.
· FFS: whether to reuse the BWP framework or not 
· FFS: the relation between the common frequency resource and UE dedicated BWP, e.g., the common frequency resource is a MBS specific BWP, or the common frequency resource is confined within UE’s dedicated BWP, etc. 
· FFS: whether more than one common frequency resource can be configured per UE
Agreements:
· For RRC_CONNECTED UEs, at least support FDM between unicast PDSCH and group-common PDSCH in a slot based on UE capability.
· FFS: TDM or SDM in a slot.
Agreements:
· For RRC_CONNECTED UEs, at least support slot-level repetition for group-common PDSCH. 
· FFS: whether enhancement is needed
Agreements:
· For RRC_CONNECTED UEs, existing CSI feedback can be used for multicast transmission.
· FFS: whether enhancement is needed 



This contribution considers the above FFS points for mechanisms to support group scheduling for RRC_CONNECTED UEs.  

Discussion

BWP issues
In RAN1#102-e, it was agreed to configure common frequency resource for group-common PDSCH transmissions. It is FFS whether or not the common frequency resource belongs to a MBS specific BWP. There are the following options to configure the parameters for MBS to a UE.
· Option 1. Configure frequency resources and PDSCH-related parameters within a UE-specific BWP for a given UE
· Option 2. Define a MBS BWP. Then, configure frequency resources and PDSCH-related parameters within the MBS BWP. 

For option 1, if MBS BWP is not defined, configuration of different sets of parameters for unicast and MBS PDSCH receptions is not possible. For option 2, if MBS BWP is defined, it is necessary for a UE to handle BWP switching to receive unicast and multicast PDSCH, separately. 
An RRC_CONNECTED UE can be configured with up to 4 BWPs, where only one BWP can be activated. When BWP switching is triggered, a UE changes its active BWP, but there should be time gap in changing the active BWP as illustrated in Figure 1.

[image: ]
[bookmark: _Ref47629397]Figure 1. Example of active BWP switching

Similar to the existing framework of a BWP, if the active UE-specific BWP and the MBS-specific BWP do not have same frequency resources and same numerology (i.e., are not physically identical), then the UE cannot receive unicast and MBS data simultaneously. In this case, if a UE needs to receive unicast and MBS data, the UE needs to perform BWP switching. 
	In considering the BWP switching delay, we propose Option 1 above, i.e., to configure frequency resources and PDSCH-related parameters within a UE-specific BWP for a given UE. However, to enable separate configuration of parameters for MBS PDSCH receptions, the UE-specific BWP can also be configured with parameters related to MBS PDSCH receptions.
[bookmark: _Ref54368939]Proposal 1: Configure MBS PDSCH reception parameters for UE-specific BWPs.

Scheduling issues
SPS for multicast PDSCH
	Considering the applications for multicast, traffic can be periodic. For example, IPTV and multimedia data transmission can generate periodic data. For such applications, SPS (Semi-persistent scheduling) offers benefit by reducing control overhead. It is noted that control overhead is not marginal because it is likely that gNB transmits PDCCH with the largest CCE aggregation level (e.g., 8 CCEs or 16 CCEs corresponding to 48 RBs or 96 RBs in one symbol) based on the UEs with the lowest SINRs among a group of UE. Since NR already supports SPS for unicast, specification impact for supporting multicast SPS is expected to be marginal.  
[bookmark: _Ref47646583][bookmark: _Ref47717541]Proposal 2: Supports SPS for multicast.

FDM between unicast PDSCH and group-common PDSCH
	It was agreed that FDM between unicast PDSCH and multicast PDSCH is supported depending on UE capability. The agreement can be interpreted in two ways: 
· First interpretation: FDM scheduling is allowed and a UE can simultaneously receive both unicast PDSCH and multicast PDSCH. 
· Second interpretation: FDM scheduling is allowed, but UE is not capable of simultaneously receiving both unicast PDSCH and multicast PDSCH.  

For the first interpretation, the gNB would not have any constraint to schedule unicast PDSCH ant multicast PDSCH since the UE can receive/process both. So, it is expected that specification impact is marginal. However, the UE implementation impact is likely to be significant although it can be viewed as UE capability. If a separate BWP is used for scheduling MBS PDSCH, the first interpretation implies CA operation or a UE capable of simultaneously receiving on two BWPs. The spec impact would be much simpler if the first interpretation is considered as CA operation in case a separate BWP is defined for MBS PDSCH transmissions. Otherwise, if a same BWP is used for both unicast and MBS PDSCH transmissions, the specification impact is expected to be minimal and only a UE capability needs to be defined.

For the second interpretation, the UE needs to prepare which of the two PDSCHs to receive/process. If the unicast PDSCH is scheduled at a same PDCCH MO or at a PDCCH MO that is after the PDCCH MO for the scheduling of the MBS PDSCH, the unicast PDSCH should be prioritized as, otherwise, there is no reason for the gNB to schedule the unicast PDSCH. If the unicast PDSCH is scheduled at a PDCCH MO before the PDCCH MO for scheduling the MBS PDSCH, either the unicast PDSCH can again be prioritized to have a single UE behavior or the gNB can configure the prioritization. Also, prioritization can be done according to whether MBS PDSCH requires HARQ-ACK feedback or not.  

[bookmark: _Ref54368945]Proposal 3: Consider whether a same BWP or different BWPs are used for unicast and MBS PDSCH transmissions for determining support of FDM between multicast PDSCH and unicast PDSCH. 

MCS table support
For MBS, various use cases are now being considered, e.g., multimedia data transfer and group control. Some use cases require high data throughput or high reliability. In Rel-15 NR, three MCS tables are defined and one of them is configured for a UE, where two MCS tables are with 64 QAM, and another MCS table is with 256 QAM. Similar to unicast case, one of the three MCS tables defined in Rel-15 can be separately configured for MBS PDSCH receptions.

PDCCH monitoring
A UE can monitor PDCCH for detection of a DCI format scheduling MBS PDSCH according to CSS or USS. It is noted that the issue is not whether the DCI format is “UE group common” or “UE-specific” as that is not visible in the specs. The issue is basically whether for the search space equation, whether  (CSS) or  (USS).

Either approach is possible without trade-offs if a UE is exclusively configured an active DL BWP for MBS – meaning that a UE needs to switch active DL BWP to be scheduled unicast transmissions/receptions. The switching may not necessarily require a switching delay (e.g. physical BWP for MBS PDSCH and unicast can be identical) but at a given time/slot, a UE can only monitor PDCCH for scheduling MBS PDSCH or PDCCH for scheduling unicast PDSCH/PUSCH based on RRC configuration. This relates to the first proposal. Otherwise, if a same BWP can be used to schedule both MBS PDSCH and unicast PDSCH/PUSCH, aspects such as DCI size budget and search space set dropping need to be considered in determining whether it is preferable for the UE to monitor PDCCH for MBS PDSCH scheduling according to CSS or according to USS.

Another consideration is whether multi-TRP support should be enabled for MBS PDSCH receptions. In such case, considering the Rel-16 specifications, it is simpler for the UE to monitor PDCCH for MBS PDSCH scheduling according to USS.  

Observation 1: Whether a UE monitors PDCCH for scheduling MBS PDSCH receptions according to CSS or according to USS can be determined after a decision whether the UE also monitors PDCCH for scheduling unicast PDSCH/PUSCH in the same DL BWP or whether MBS PDSCH receptions from multiple TRPs are supported. 

The DCI format for scheduling MBS PDSCH can be based on DCI format 1_2. Additional simplifications can be made to reduce the payload size. Unlike for the case of a single UE, the link adaptation for MBS PDSCH receptions can be coarser as not all UEs can be expected to always provide timely CSI feedback. Therefore, the MCS field size can be also configurable. Additionally, as for operation on the sidelink (regardless of multi-cast/broadcast or unicast), there is no need for a TPC command.



Conclusions
This contribution considered basic aspects to support multicast transmission in NR and provided the following proposals. 
Proposal 1: Configure MBS PDSCH reception parameters for UE-specific BWPs.
Proposal 2: Supports SPS for multicast.
Proposal 3: Consider whether a same BWP or different BWPs are used for unicast and MBS PDSCH transmissions for determining support of FDM between multicast PDSCH and unicast PDSCH.

[bookmark: _GoBack]There is also an observation as
Observation 1: Whether a UE monitors PDCCH for scheduling MBS PDSCH receptions according to CSS or according to USS can be determined after a decision whether the UE also monitors PDCCH for scheduling unicast PDSCH/PUSCH in the same DL BWP or whether MBS PDSCH receptions from multiple TRPs are supported.
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