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1. Introduction
The work item “NR Multicast and Broadcast Services” [1] was agreed in RAN#88-e to provide MBS in a cell. During the past RAN2 meetings, two delivery modes are defined to carry the MBS sessions in a cell. Based on the discussion on delivery mode 2 in the past RAN2 meetings, MCCH and the MCCH specific SIB are defined to provide the PTM bearer configuration information of each MBS session with delivery mode 2. The further discussion on delivery mode 2 is made in the contribution with the focuses on the following topics and the related proposals are suggested.
· BWP for MBS sessions with delivery mode 2
· PTM bearer for an MBS session with delivery mode 2
· MCCH and MCCH specific SIB
· repetition periods and modification periods for MCCH and MCCH change notification

2. Further discussion on delivery mode 2
For the MBS session with delivery mode 2, the PTM bearer can be used to transmit the MBS session to all RRC_CONNECTED/RRC_IDLE/RRC_INACTIVE UEs in a cell. The configuration information of the PTM bearer for each MBS session with delivery mode 2 is sent on MCCH. The configuration information of MCCH is sent with an MCCH specific SIB.
In the intra-frequency network, the MBS related network planning will be made before the MBS sessions with delivery mode 2 are provided in the predefined area. Through the MBS related network planning, usually the same radio resource for the MBS sessions with delivery mode 2 and the same radio resource for MCCH will be booked in each cell.
Use the frequency range [F1, F2] to indicate the same booked radio resource for the MBS sessions with delivery mode 2 in each cell within the predefined area. The frequency range [F1, F2] is area specific, which means the frequency range [F1, F2] is same in each cell. Define the frequency range [F1, F2] as an MBS specific BWP for delivery mode 2. Use D2-MBS BWP to indicate the MBS specific BWP for delivery mode 2. Furthermore, through the MBS related network planning, the D2-MBS BWP can be booked as area specific, which means D2-MBS BWP has the same configuration information in each cell within the predefined area. In detail, the area specific D2-MBS BWP has the following same configuration information in each cell.
(1) Same BWP configuration: same frequency resource, same CP length and same subcarrier spacing
(2) Same CORESETs and same search spaces for the PTM bearer monitoring of an MBS session with delivery mode 2
(3) PDCCH configuration information for MTCH
(4) PDSDH configuration information for MTCH
(5) FFS: other configuration information if any 
When the D2-MBS BWP is area specific, UE can use the configuration information of the D2-MBS BWP obtained from the current cell as the configuration information of the D2-MBS BWP in the target cell.
Based on the area specific D2-MBS BWP, the PTM bearer of an MBS session with delivery mode 2 can be configured as area specific, which means the PTM bearer of an MBS session with delivery mode 2 has the same configuration in each cell. If the PTM bearer of an MBS session with delivery mode 2 is area specific, UE can use the PDCCH part of the same PTM bearer configuration information to receive the scheduling information of the MBS session in a cell and then use the captured scheduling information and the PDSCH part of the same PTM bearer configuration information to receive the MBS session in the same cell. Therefore, the area specific PTM bearer of an MBS session with delivery mode 2 can avoid the interruption of the MBS session reception in the target cell and improve the reception performance during UE mobility from the source cell to the target cell if UE receives the MBS session simultaneously in both the source cell and the target cell.
Based on the same booked radio resource for MCCH in each cell within the predefined area, the MCCH specific SIB can be area specific, which means that MCCH has the same configuration information in each cell. When the MCCH specific SIB is area specific, UE can receive MCCH in the target cell using the MCCH configuration information from the MCCH specific SIB in the current cell. Such processing will reduce or even eliminate the delay in the MCCH reception in the target cell during the UE mobility. In detail, the area specific SIB for MCCH has the following same configuration information in each cell.
(1) Same BWP configuration
(2) Same CORESETs and same search spaces for the MCCH monitoring
(3) PDCCH configuration information for MCCH
(2) PDSDH configuration information for MCCH
(3) Same transmission parameters for MCCH: repetition period/modification period and so on
(4) FFS: other configuration information if any
Based on the above discussion, the following proposals are suggested.
[bookmark: OLE_LINK23][bookmark: OLE_LINK78][bookmark: OLE_LINK56][bookmark: OLE_LINK57]Proposal 1: The BWP for the MBS sessions with delivery mode 2 can be area specific, which means the same BWP is used in each cell for the MBS sessions with delivery mode 2.
Proposal 2: The PTM bearer of an MBS session with delivery mode 2 can be area specific, which means the same PTM bearer is used in each cell for the MBS session reception.
Proposal 3: The MCCH specific SIB can be area specific, which means the MCCH specific SIB has the same content in each cell within the area or means the MCCH specific SIB has the same content in each cell transmitting it.
In order to avoid the BWP switch during the MBS session reception by UE, D2-MBS BWP needs to contain the initial DL BWP. For the same reason, the BWP for MCCH is the initial BWP or the D2-MBS BWP.
Based on the above discussion, the following proposals are suggested：
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK79]Proposal 4: The BWP for the MBS sessions with delivery mode 2 contains the initial BWP.
Proposal 5: MCCH is transmitted in the initial BWP or in the same BWP for the MBS sessions with delivery mode 2.
D2-MBS BWP can be configured according to the bandwidth requirement for the MBS sessions with delivery mode 2. From the gNB side, for simplicity only one D2-MBS BWP is configured. But from the UE side, the bandwidth for receiving an MBS session with delivery mode 2 should be as small as possible to reduce the power consumption of the UE as much as possible. Therefore, if the entire bandwidth of D2-MBS BWP is greater, D2-MBS BWP can be divided into several sub-BWPs. Each sub-BWP contains the initial BWP, the CORESETs for the PTM bearer monitoring and the CORESETs for the MCCH monitoring. If the frequency resource for an MBS session is always within a sub-BWP, the BWP for this MBS session can be this sub-BWP. The PTM bearer configuration information of this MBS session on MCCH should indicate that this MBS session is provided on this sub-BWP to reduce the power consumption of UE. The application of sub-BWPs for each MBS session can reduce the power consumption of UE. The influence of sub-BWPs on gNB is listed below:
(1) gNB should prefer to schedule an MBS session in a small sub-BWP.
(2) The sub-BWP for an MBS session should be indicated in the PTM bearer configuration information of this MBS session on MCCH.

[bookmark: OLE_LINK80][bookmark: OLE_LINK81][bookmark: OLE_LINK60][bookmark: OLE_LINK61]Proposal 6: The BWP for the MBS sessions with delivery mode 2 can be divided into several sub-BWPs. Each sub-BWP contains the initial DL BWP, the CORESETs for the PTM bearer monitoring and the CORESETs for the MCCH monitoring. These sub-BWPs can be used to indicate the BWP for each MBS session.
MCCH transmits the configuration information of the PTM bearer for each MBS session with delivery mode 2. The different MBS types have the different QOS requirements. In order to satisfy the QOS requirement of each MBS type with the radio resource as little as possible, several groups of the repetition period and the modification period should be taken for MCCH. In detail, MCCH can be transmitted according to the following method.
(1) For each MBS type, the modification period and the repetition period are configured according to the QOS requirement of the MBS type.
(2) With the minimum value among the repetition periods of all MBS types as the transmission period of MCCH, MCCH is transmitted in each transmission period. The starting point for transmitting MCCH in each transmission period is same. MCCH carries the configuration information of the different MBS types in the different transmission periods.
(3) For each MBS type and each MBS session belonging to the MBS type, MCCH transmits the configuration information of the PTM bearer for the MBS session according to the modification/repetition period configured for the MBS type.
(4) The repetition period and the modification period configured for each MBS type is applied to the MCCH change notification of the MBS type.
An example for the above method is shown in Figure 2. There are two MBS types on MCCH: MBS type 1 has the modification/repetition period of 40ms/20ms while MBS type 2 has the modification/repetition period of 80ms/40ms. 
MCCH is transmitted in each transmission period of 20ms. In the two consecutive transmission periods, MCCH transmits the configuration of MBS session 1 in each transmission period and only transmits the configuration of MBS session 2 in the first transmission period. 
In Figure 1, the configuration of MBS session 1 is updated from the forth modification period for MBS type 1 and the configuration of MBS session 2 is updated from the second modification period for MBS type 2. 
The MCCH change notification for MBS session 1 is transmitted in each repetition period of the forth modification period for MCCH type 1 while the MCCH change notification for MBS type 2 is transmitted in each repetition period of the second modification period for MBS type 2. In summary, the MCCH change notification is transmitted in the 5th, 7th and 8th transmission periods of MCCH, where only one MCCH change notification is sent in the 7th transmission period.
 


Figure 1: Different modification/repetition periods for different MBS types
Based on the above discussion, the following proposal is suggested.
[bookmark: OLE_LINK76][bookmark: OLE_LINK77]Proposal 7: The different modification/repetition periods for the different MBS types can be configured for MCCH. The MCCH specific SIB carries the modification/repetition period for each MBS type.

3. Conclusion
Based on the discussion in the above section, the following proposals for delivery mode 2 are suggested.
Proposal 1: The BWP for the MBS sessions with delivery mode 2 can be area specific, which means the same BWP is used in each cell for the MBS sessions with delivery mode 2.
Proposal 2: The PTM bearer of an MBS session with delivery mode 2 can be area specific, which means the same PTM bearer is used in each cell for the MBS session reception.
Proposal 3: The MCCH specific SIB can be area specific, which means the MCCH specific SIB has the same content in each cell within the area or means the MCCH specific SIB has the same content in each cell transmitting it.
Proposal 4: The BWP for the MBS sessions with delivery mode 2 contains the initial BWP.
Proposal 5: MCCH is transmitted in the initial BWP or in the same BWP for the MBS sessions with delivery mode 2.
Proposal 6: The BWP for the MBS sessions with delivery mode 2 can be divided into several sub-BWPs. Each sub-BWP contains the initial DL BWP, the CORESETs for the PTM bearer monitoring and the CORESETs for the MCCH monitoring. These sub-BWPs can be used to indicate the BWP for each MBS session to reduce the power consumption in UE.
Proposal 7: The different modification/repetition periods for the different MBS types can be configured for MCCH. The MCCH specific SIB carries the modification/repetition period for each MBS type.
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