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1. Introduction
The work item “NR Multicast and Broadcast Services” [1] was agreed in RAN#88-e. This work item focuses on providing both the NR MBS solution for UE in RRC_CONNECTED state and the NR MBMS solution for UE in RRC_IDLE or RRC_INACTIVE state. In the contribution, the LTE MBS solution for SC-PTM is introduced briefly and then the NR MBS solution for UE in RRC_IDLE or RRC_INACTIVE state is proposed and analysed.

2. [bookmark: _Ref40865202]LTE MBS solution for SC-PTM

According to the LTE MBS solution for SC-PTM, an MBMS is identified with TMGI in the application layer and with G-RNTI in Uu. In order to transfer the user plane data of an MBMS, the logical channels SC-MTCH and SC-MCCH are defined. SC-MTCH is used to carry the user plane data of an MBMS. SC-MCCH is configured for each cell to carry the SC-PTM configuration information. The SC-PTM configuration information is the set of the configuration information of each MBMS broadcast with the SC-PTM mode. 
SC-MTCH is broadcast in the cell. In order to receive an MBMS, UE monitors the PDCCH with CRC scrambled with G-RNTI based on the configuration information of this MBMS. The DCI format on the corresponding PDCCH is the dynastic scheduling information of the SC-MTCH specific PDSCH.
SC-MCCH is broadcast in the cell based on the broadcast parameters. The said broadcast parameters include: modification period, repetition period, radio frame offset and so on. SC-MCCH is broadcast in each modification period. In each modification period, SC-MCCH is repeatedly transmitted in each repetition period. When a new MBMS is broadcast in the current cell, the SC-MCCH modification notification is sent on the PDCCH with CRC scrambled with SC-N-RNTI, where SC-N-RNTI is used to identify the SC-MCCH modification notification in Uu and no corresponding PDSCH is transmitted。
The broadcast parameters of SC-MCCH are sent by the corresponding SIB. UE interested in an MBMS receives the corresponding SIB to acquire the broadcast parameters, and then monitors the PDCCH with CRC scrambled with SC-RNTI where SC-RNTI is used to identify SC-MCCH in Uu. The corresponding PDCCH carries the dynastic scheduling information of the SC-MCCH specific PDSCH.
The above LTE MBS solution for SC-PTM works well. Therefore, the NR MBS solution for UE in RRC_IDLE or RRC_INACTIVE state can be proposed by inheriting the above LTE MBS solution for SC-PTM as much as possible. In the following sections of the contribution, the NR MBS solution for UE in RRC_IDLE or RRC_INACTIVE state is proposed and analysed.

3. NR MBS user plane solution

In the NR MBS user plane solution for UE in RRC_IDLE or RRC_INACTIVE state, an MBMS is identified with TMGI in the application layer. The new logical channel SC-MTCH is defined for carrying the user plane data of an MBMS.
In the NR cell, each physical channel is only transmitted in one BWP. SC-MTCH is also transmitted in one BWP. How to configure the BWP for SC-MTCH can be decided later. 
For an MBMS in the NR cell, if this MBMS has the characteristic of transmitting periodically with the fixed data amount for each transmission, the SPS scheduling can be used for this MBMS with the SPS resource configured for transferring the user plane data of this MBMS periodically. For an MBMS without the above characteristic, the dynastic scheduling can be used for this MBMS to transfer the user plane data of this MBMS. 
In order to identify an MBMS in Uu in any NR cell broadcast this MBMS, G-RNTI or SPS G-RNTI can be configured for the MBMS. If the MBMS takes the dynastic scheduling, the unique G-RNTI is configured. If the MBMS takes the SPS scheduling, the unique SPS G-RNTI is configured.
Based on the above discussion, the following proposals are made.
Proposal 1: The new logical channel SC-MTCH is used to carry the user plane data of an MBMS.
Proposal 2: Both the SPS scheduling and the dynastic scheduling are supported in the NR cell for MBMS.
Proposal 3: In order to identify an MBMS in Uu in any NR cell broadcast this MBMS, SPS G-RNTI/G-RNTI can be configured for this MBMS if this MBMS takes the SPS/dynastic scheduling. 
Due to the fact that SA2 has not decided on whether or not to support an MBMS with more than one QOS streams, how to configure SC-MTCH for an MBMS can be decided later with the final decision from the SA2 as input. For the same reason, whether or not there is the scenario for configuring both G-RNTI and SPS G-RNTI for an MBMS can be decided later.
For an MBMS broadcast on a BWP, the CORESET and common search space on the same BWP need to be configured to carry the dynastic scheduling information of this MBMS. For simplicity, all MBMS on a BWP share the same CORESET and common search space.
Based on the above discussion, the following proposal is made.
Proposal 4：Configure the CORESET and common search space for an MBMS to carry the dynastic scheduling information of this MBMS on the BWP broadcasting this MBMS.
For an MBMS, the user plane protocol stack shown in the following figure can be used.


Figure 1: MBMS user plane protocol stack
The user plane data of an MBMS is sent to gNB in the form of PDU session. There is no SA2 decision on whether or not the PDU session of an MBMS supports more than one QOS streams. Therefore, how SDAP maps the PDU Session of an MBMS to RB needs the further study with the SA2 decision as input. Correspondingly, the mapping between SDAP and PDCP needs further study. RLC in the user plane protocol stack can take TM or UM mode. If the corresponding SC-MTCH takes the SPS scheduling, RLC can take TM mode. In the other scenarios, RLC can take UM mode. In the physical layer, the TB on the MBMS specific DL-SCH uses LDPC coding while the MBMS specific PDSCH takes the same processing procedure as the PDSCH carrying DTCH or DCCH, but with the corresponding PDSCH parameters set specifically for SC-MTCH.
Based on the above discussion, the following proposal is made.
Proposal 5: Take the user plane protocol stack as shown in Fiugure 1 for MBMS. RLC can take TM or UM mode. The MBMS specific DL-SCH takes LDPC coding. The MBMS specific PDSCH has the corresponding PDSCH parameters set specifically for SC-MTCH.

4. NR MBS control plane solution

In the NR MBS control plane solution for UE in RRC_IDLE or RRC_INACTIVE state, the new logical channel SC-MCCH is defined for carrying the SC-PTM configuration information. The SC-PTM configuration information is the set of the configuration information of each MBMS broadcast with the SC-PTM mode in the NR cell. 
In the NR cell, SC-MCCH is broadcast in the same manner as SC-MCCH in the LTE cell. The broadcast parameters for SC-MCCH in the NR cell is sent with a new SIB. Similar to each existing physical channel in the NR cell, SC-MCCH is transmitted in one BWP. In order to identify SC-MCCH in Uu in any NR cell, a fixed SC-RNTI is configured for SC-MCCH. For SC-MCCH on a BWP, the CORESET and common search space on the same BWP need to be configured to carry the dynastic scheduling information of SC-MCCH.
Based on the above discussion, the following proposals are made.
Proposal 6: The new logical channel SC-MCCH is used to carry the SC-PTM configuration information.
Proposal 7: The broadcast parameters for SC-MCCH in the NR cell is sent with a new SIB.
Proposal 8: A fixed SC-RNTI is configured for identifying SC-MCCH in Uu in any NR cell.
Proposal 9：Configure the CORESET and common search space for SC-MCCH to carry the dynastic scheduling information of SC-MCCH on the BWP broadcasting SC-MCCH.
For SC-MCCH, the NR MBS control plane protocol stack as shown in the following figure can be used for SC-MCCH.
[image: ]
Figure 2: NR MBS control plane stack for SC-MCCH
According to the above NR MBS control plane stack for SC-MCCH, RRC generates the SC-PTM configuration information for SC-MCCH. The corresponding information is sent to PDCP. RLC takes UM mode. In the physical layer, the SC-MCCH specific DL-SCH takes LDPC coding while the SC-MCCH specific PDSCH takes the same processing procedure as the PDSCH carrying DCCH or DTCH, but with the corresponding PDSCH parameters set specifically for SC-MCCH.
Based on the above discussion, the following proposal is made.
Proposal 10: Take the NR MBS control plane protocol stack as shown in Figure 2 for SC-MCCH. RLC takes UM mode. The SC-MCCH specific DL-SCH takes the LDPC coding. The SC-MCCH specific PDSCH has the PDSCH parameters set specifically for SC-MCCH.

5. Conclusion
Based on the discussion in the above sections, the following proposals for the NR MBS solution for UE in RRC_IDLE or RRC_INACTIVE state are made and expected to be discussed and agreed.
Proposal 1: The new logical channel SC-MTCH is used to carry the user plane data of an MBMS.
Proposal 2: Both the SPS scheduling and the dynastic scheduling are supported in the NR cell for MBMS.
Proposal 3: In order to identify an MBMS in Uu in any NR cell broadcast this MBMS, SPS G-RNTI/G-RNTI can be configured for an MBMS if the MBMS takes the SPS/dynastic scheduling.
Proposal 4：Configure the CORESET and common search space for an MBMS to carry the dynastic scheduling information of this MBMS on the BWP broadcasting this MBMS.
Proposal 5: Take the user plane protocol stack as shown in Fiugure 1 for MBMS. RLC can take TM or UM mode. The MBMS specific DL-SCH takes LDPC coding. The MBMS specific PDSCH has the corresponding PDSCH parameters set specifically for SC-MTCH.
Proposal 6: The new logical channel SC-MCCH is used to carry the SC-PTM configuration information.
Proposal 7: The broadcast parameters for SC-MCCH in the NR cell is sent with a new SIB.
Proposal 8: A fixed SC-RNTI is configured for identifying SC-MCCH in Uu in any NR cell.
Proposal 9：Configure the CORESET and common search space for SC-MCCH to carry the dynastic scheduling information of SC-MCCH on the BWP broadcasting SC-MCCH.
Proposal 10: Take the NR MBS control plane protocol stack as shown in Figure 2 for SC-MCCH. RLC takes UM mode. The SC-MCCH specific DL-SCH takes the LDPC coding. The SC-MCCH specific PDSCH has the PDSCH parameters set specifically for SC-MCCH.
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