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Introduction
In order to support multicast transmission in NR, the work item was approved for Rel-17 [1]. There would be many applications of multicast data transmission, which was not supported by NR in Rel-15 and Rel-16, where the use cases include mission critical, V2X applications, multicast delivery, IPTV, software delivery over wireless, group communications and IoT applications. 
In this contribution, the basic mechanism to support RRC_connected UEs for multicast data transmission is discussed. 
Discussion
In LTE, broadcast and multicast transmission were supported: 1) eMBMS and 2) SC-PTM, respectively. The former is by configuring specific subframes and using the entire system bandwidth while the latter is by using PDSCH like unicast transmission with group RNTI delivered by SIB. In NR, in order to support dynamic change of broadcast/multicast service and unicast service, the mechanism similar to SC-PTM in LTE seems proper. 
[bookmark: _Ref47646564]Proposal 1: Multicast data is transmitted on PDSCH.

	In followings, the issues in physical layer to support multicast are discussed.

Whether to configure a separate BWP for multicast 
For RRC_idle UEs, to allow enough resources for multicast, larger bandwidth is allocated for multicast BWP. Not to have BWP switching between multicast BWP and initial BWP, it is better to have CORESET#0 included in multicast BWP.  Also, frequency resources for DCI, i.e., CORESET, to schedule multicast PDSCH, needs to be configured within a BWP for UEs. 



[image: ]
[bookmark: _Ref47652056]Figure 1. Illustration of initial BWP and multicast BWP in frequency domain

	For RRC_connected UEs, each 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 2.

[image: ]
[bookmark: _Ref47629397]Figure 2. Example of active BWP switching

One issue for multicast is whether a separate BWP needs to be configured for multicast or not. If a BWP only for multicast can be configured to a UE, then the UE should switch the active BWP when it receives unicast and multicast. If there are frequent changes of unicast and multicast data services for the UE, severe delay could happen due to the BWP switching. Therefore, it would be better not to configure a separate BWP for multicast.
[bookmark: _Ref47646569]Proposal 2: A separate BWP designated only for multicast is not configured for RRC_connected UEs. 


Frequency resources and configuration of CORESET and related scheduling parameters
	In order to transmit multicast data to a group including UE1 and UE2, the frequency resource allocated for the multicast data should be within the intersection of the active BWPs of UE1 and UE2. If not, some UE cannot receive the multicast PDSCH. In Figure 3, which frequency resource can be used for multicast is illustrated for a group of UE1 and UE2. 
[image: ]
[bookmark: _Ref47633304]Figure 3. Frequency resource available for UE1 and UE2

[bookmark: _Ref47646574]Proposal 3: In case of multicast data transmission, the frequency resource allocated to a group of UEs should be within the intersection of the active BWPs of all the UEs within the group. 

Also, frequency resources for DCI, i.e., CORESET, to schedule multicast PDSCH, needs to be configured within a BWP for a given UE. By configuring CORESET for DCI scheduling multicast PDSCH per BWP, a UE can monitor the multicast CORESET. The gNB can transmit multicast DCI in the CORESET to the target UEs. Even though the target UEs have different active BWPs, the same CORESET can be configured and the same PDSCH for multicast can be received and decoded by the group of UEs. To determine the size of bit field of resource allocation, the set of possible PRBs or multicast PDSCH should be configured to the group of UEs. In addition, to properly decode the PDSCH, the related parameters such as which MCS table is used, and how many layers are used should be configured. 
[bookmark: _Ref47646578]Proposal 4: CORESET for multicast and group-specific RNTI are configured per BWP. 
[bookmark: _Ref47646581]Proposal 5: PRBs, MCS table, and number of layers for multicast PDSCH transmission are configured per BWP.


Scheduling for multicast PDSCH
	Considering the applications for multicast, periodic traffic can occur for multicast. For example, IPTV and multimedia data transmission can generate periodic data to be transmitted. In this application, configured grant (CG) scheduling offers benefit by reducing the control overhead.
[bookmark: _Ref47646583][bookmark: _Ref47717541]Proposal 6: CG scheduling for multicast is supported.


Conclusions
This contribution considered basic aspects to support multicast transmission in NR and provided the following proposals. 
Proposal 1: Multicast data is transmitted on PDSCH.
Proposal 2: A separate BWP designated only for multicast is not configured for RRC_connected UEs.
[bookmark: _GoBack]Proposal 3: In case of multicast data transmission, the frequency resource allocated to a group of UEs should be within the intersection of the active BWPs of all the UEs within the group.
Proposal 4: CORESET for multicast and group-specific RNTI are configured per BWP.
Proposal 5: PRBs, MCS table, and number of layers for multicast PDSCH transmission are configured per BWP.
Proposal 6: CG scheduling for multicast is supported.
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