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1 Introduction
In RAN Meeting #88-e a new working item was approved WID [1] targeting the RAN support of Multicast/ Broadcast Services (MBS) in R17.One of the objectives of this WID is to;
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:

·  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.
According to the above objective of the WID, it is clear that there is a need for a discussion of the issue of simultaneous operations of MBS and unicast in the context of MBS group scheduling. This report tires to discuss this issue, and provides some enhancements to the enable reception of unicast and group scheduled MBS services simultaneously.
2 Discussion
RAN1 has already agreed to support the reception of MBS services (i.e., by PTP transmission over PDSCH or PTM transmission over group-common gc-PDSCH) and unicast services (i.e., by PTP transmission over PDSCH) simultaneously in both time domain (e.g., in a slot) and frequency domain. According to this agreement, an MBS capable UE shall support at least one of following reception configurations:
1. Reception of PTP unicast service scheduled over PDSCH using C-RNTI; 

2. Reception of PTP/PTM MBS service scheduled or over group common PDSCH using g-RNTI or over PDSCH by C-RNTI; 

3. Simultaneous reception of PTP unicast and PTP/PTM MBS service scheduled by C-RNTI and, C-RNTI or g-RNTI (Table 1). 

Table 1: RNTI configuration for Simultaneous Reception
	Unicast Reception 
	MBS Reception   
	Simultaneous Reception  

	 Unicast [PTP]
	Multicast/Broadcast [PTM/PTP]
	Unicast [PTP] + MBS [PTM]

Unicast [PTP] + MBS [PTP]

	C-RNTI
	G-RNTI/C-RNTI
	1- C-RNTI and C-RNTI

2- C-RNTI and g-RNTI


From the above discussion, we can notice that for simultaneous reception of MBS and unicast, the UE may end up receiving and/or monitoring more than one RNTIs at time. If such a monitoring process happens in a single time slot duration, this could relatively increases the reception complexity of the UE. To overcome such a problem it is quite necessary to discuss the mapping relation between the transport channels and physical channels used for MBS. However, for the transport channel, it is still not decided yet in RAN2 whether to reuse an LTE MBMS like channel such as multicast channel (MCH) or to use NR unicast downlink-shared channel (DL-SCH) as a transport channel for NR MBS. No matter whether MCH or DL-SCH or both are agreed in RAN2 as transport channel, the mapping between these channels and the physical downlink channel (i.e., PDSCH/gc-PDSCH) will be as illustrated in Figure 1. As for MBS (PTP/PTM) physical downlink channels (i.e., PDSCH/gc-PDSCH) the following transmission schemes were agreed in RAN1:
· 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.
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Figure 1: Mapping of MBS and Unicast transport and physical channels
According to the above-discussed MBS transmission schemes, and transport to physical channel mapping, we kindly ask RAN1 to discuss the following proposals for enabling the support of MBS and unicast simultaneous reception:
· Proposal 1: RAN1 requests RAN2 for a further discussion regarding the transport channel design for MBS. 

· Proposal 2: If DL-SCH is agreed for NR MBS, a UE can be configured with a UE-specific PDCCH scrambled with C-RNTI to schedule both a PDSCH (i.e., scrambled by C-RNTI) carrying MBS and a PDSCH (i.e., scrambled by C-RNTI) carrying unicast.

· Proposal 3: If DL-SCH is agreed for NR MBS, a UE can be configured with a UE-specific PDCCH scrambled with C-RNTI to schedule both a group common PDSCH (i.e., scrambled by g-RNTI) carrying MBS and a PDSCH (i.e., scrambled by C-RNTI) carrying unicast for simultaneous reception at the UE side.

· Proposal 4: If MCH is agreed for NR MBS, the network may switch the transport block of MCH channel to use UE-specific PDSCH, and the UE can be configured with UE-specific PDCCH scrambled by C-RNTI to schedule a PDSCH carrying MBS and a PDSCH carrying the unicast service.

· Proposal 5: If MCH is agreed for NR MBS, the network may map MCH TB directly to a group-common PDSCH, and the UE can be configured with UE-specific PDCCH scrambled by C-RNTI to schedule a group-common PDSCH carrying MBS and a PDSCH carrying the unicast service.
3
Conclusions
In this contribution, the simultaneous operations of MBS and unicast is discussed in the context of MBS group scheduling, and the following proposals were made to enable simultaneous reception of unicast and group scheduled MBS services:
· Proposal 1: RAN1 requests RAN2 for a further discussion regarding the transport channel design for MBS. 

· Proposal 2: If DL-SCH is agreed for NR MBS, a UE can be configured with a UE-specific PDCCH scrambled with C-RNTI to schedule both a PDSCH (i.e., scrambled by C-RNTI) carrying MBS and a PDSCH (i.e., scrambled by C-RNTI) carrying unicast.

· Proposal 3: If DL-SCH is agreed for NR MBS, a UE can be configured with a UE-specific PDCCH scrambled with C-RNTI to schedule both a group common PDSCH (i.e., scrambled by g-RNTI) carrying MBS and a PDSCH (i.e., scrambled by C-RNTI) carrying unicast for simultaneous reception at the UE side.

· Proposal 4: If MCH is agreed for NR MBS, the network may switch the transport block of MCH channel to use UE-specific PDSCH, and the UE can be configured with UE-specific PDCCH scrambled by C-RNTI to schedule a PDSCH carrying MBS and a PDSCH carrying the unicast service.

· Proposal 5: If MCH is agreed for NR MBS, the network may map MCH TB directly to a group-common PDSCH, and the UE can be configured with UE-specific PDCCH scrambled by C-RNTI to schedule a group-common PDSCH carrying MBS and a PDSCH carrying the unicast service.
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