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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. Based on the agreements on NR MBS so far, the discussion on the basic functions for MBS for RRC_IDLE/RRC_INACTIVE UEs is made and the related proposals are suggested in the contribution. In detail, the following content is discussed.
(1) CFR and working BWP
(2) MCCH related processing
(3) Group scheduling of PTM bearer 
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Based on the bandwidth requirement of MBS for RRC_IDLE/RRC_INACTIVE UEs, the frequency range [F1, F2] in Figure 1 can be found for transmitting MBS for RRC_IDLE/RRC_INACITVE UEs. If the initial BWP for DL can provide enough bandwidth for MBS for RRC_IDLE/RRC_INACTIVE UEs, the frequency range is equal to the initial BWP for DL or contained in the initial BWP for DL. Otherwise, the frequency range contains the initial BWP for DL and meets the following condition.
(1) F2-F1=A+B, where A is the bandwidth requirement of MBS for RRC_IDLE/RRC_INACTIVE UEs, B is the bandwidth reserved for SI and paging within the initial BWP for DL, and A/B/F1/F2 has the unit of MHz.
For the UE receiving an MBS session, if the frequency range is contained in the initial BWP for DL, the UE works on the initial BWP for DL. Otherwise, the UE regards the frequency range as the working BWP and works on it.
If the frequency range is much greater than the initial BWP for DL, it can be divided into several CFRs as shown in Figure 1. Each CFR contains the initial BWP for DL. Such processing can reduce the power consumption of the UE receiving an MBS session in the most scenarios. 
For example, MBS session 1 is an MBS session of voice type and is transmitted with the SPS group common PDSCH. The SPS group common PDSCH is located in CFR 1 in Figure 1. If a UE only needs to receive MBS session 1, the UE works with CFR1 as the working BWP instead of working on the frequency range. 
If a UE is receiving several MBS sessions, the UE regards the combined CFR as the working BWP where the combined CFR consists of the CFRs providing the MBS sessions received by the UE. For example, a UE is receiving MBS session 2 in CFR2 and MBS session 3 in CFR4, it works with the combined CFR as the working BWP where the combined CFR consists of CFR2 and CFR4 and is shown in RED in Figure 1.
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Figure 1: CFRs and working BWP
Based on the above discussion, the following proposal is suggested.
Proposal 1: Support one CFR or several CFRs for MBS for RRC_IDLE/RRC_INACTIVE UEs. Each CFR contains the initial BWP for DL or is contained in the initial BWP for DL.
Proposal 2: If all CFRs are configured within the initial BWP for DL, the UE receiving MBS works on the initial BWP for DL. Otherwise, the UE receiving MBS works with the combined CFR as the working BWP where the combined CFR consists of the initial BWP for DL and the CFRs providing the MBS sessions received by the UE.
3 MCCH related processing
MCCH is a control channel specific for MBS with delivery mode 2. MCCH is mapped onto an MCCH specific DL-SCH and the MCCH specific DL-SCH is mapped onto an MCCH specific PDSCH. In order to identify MCCH over Uu, an MCCH specific RNTI (denoted by MCCH-RNTI) should be configured. MCCH-RNTI can have a fixed value.
If only one MCCH is supported in a cell, the unique MCCH is used to carry the control plane information for delivery mode 2 which consists of the configuration information of the PTM bearer of each MBS session with delivery mode 2 in the cell. In order to avoid the BWP switching during the MCCH reception by UE, MCCH should be configured within the initial BWP for DL, which means the CORESETs for the MCCH monitoring and the MCCH specific group common PDSCH should be configured within the initial BWP for DL.  
For the scenario of more than one CFRs for MBS for RRC_IDLE/RRC_INACTIVE UEs, if more than one MCCHs are supported, each CFR can be configured with a MCCH. Each MCCH can carry one part or all parts of the control plane information for delivery mode 2. For a CFR, its specific MCCH needs to carry at least the configuration information of the PTM bearer of each MBS session with delivery mode 2 which is transmitted on the CFR. If several CFRs share a MCCH, the MCCH needs to carry at least the configuration information of the PTM bearer of each MBS session with delivery mode 2 which is transmitted on one of these CFRs.
When only one group of modification period and repetition period is configured for MCCH, both the modification period and the repetition period are configured with smaller values to meet the minimum delay requirement and the highest reliability requirement among all MBS types on MCCH, which means more radio resource consumption by MCCH. In order to reduce the radio resource consumption by MCCH, several groups of modification period and repetition period can be configured. The different MBS types use the different groups. 
An example for several groups of modification period and repetition period 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. The minimum value between the two repetition periods is 20ms. The transmission period of MCCH is 20ms, which means that MCCH is transmitted in each 20ms long transmission period. But MCCH has no need to carry the configuration information of each MBS type in each 20ms long transmission period.
In the two consecutive transmission periods, MCCH transmits the PTM bearer configuration information of MBS session 1 in each transmission period because MBS session 1 belongs to MBS type 1 and MBS type 1 has the repetition period of 20ms. 
In the two consecutive transmission periods, MCCH only transmits the PTM bearer configuration information of MBS session 2 in the first transmission period because MBS session 2 belongs to MBS type 2 and MBS type 2 has the repetition period of 40ms.
In Figure 2, the PTM bearer configuration information of MBS session 1 is updated from the forth modification period of MBS type 1 where each modification period of MBS type 1 is 40ms.
In Figure 2, the PTM bearer configuration information of MBS session 2 is updated from the second modification period of MBS type 2 where each modification period of MBS type 2 is 80ms.
The MCCH change notification for MBS session 1 is transmitted in each repetition period of the forth modification period of MCCH type 1 while the MCCH change notification of MBS type 2 is transmitted in each repetition period of the second modification period of 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 2: Different modification/repetition periods for different MBS types

When several groups of modification period and repetition period are configured for MCCH, for each MBS session with delivery mode 2, gNB should indicate on MCCH which group of modification period and repetition period is used by the MBS session.
Based on the above discussion, the following proposals are suggested.
Proposal 3: MCCH has a specific DL-SCH and a specific PDSCH. MCCH has a specific RNTI (denoted by MCCH-RNTI) for identifying MCCH over Uu. MCCH-RNTI can use a fixed value.
Proposal 4: If only one MCCH is configured for a cell, the CORESETs for the MCCH monitoring and the MCCH specific group common PDSCH are configured within the initial BWP for DL.
Proposal 5: For the scenario of more than one CFRs for MBS for RRC_IDLE/RRC_INACTIVE UEs in a cell, if more than one MCCHs are supported in a cell, each CFR can be configured with a MCCH. For a CFR, its specific MCCH needs to carry at least the configuration information of the PTM bearer of each MBS session with delivery mode 2 which is transmitted on the CFR. If several CFRs share a MCCH, the MCCH needs to carry at least the configuration information of the PTM bearer of each MBS session with delivery mode 2 which is transmitted on one of these CFRs.
Proposal 6: Several groups of modification period and repetition period can be configured. The different MBS types can use the different groups. For each MBS session, gNB should indicate on MCCH which group of modification period and repetition period is used by the MBS session.


4 Group scheduling of PTM bearer
For an MBS session with delivery mode 2, the PTM bearer is used to transmit the RBs of the MBS session. The RBs of the MBS session can be classified into two classes: SPS RBs and Non-SPS RBs. Each SPS RB has the feature of transmitting the same data amount during each period. Except SPS RBs, all the remaining RBs are Non-SPS RBs. In order to provide an MBS session with delivery mode 2, the following proposals are suggested.
Proposal 7: G-RNTI for Non-SPS RBs and G-CS-RNTI for SPS RBs are configured respectively for an MBS session if needed.
Proposal 8: For each SPS RB of the MBS session, the following items need to be supported.
(1) Configure the SPS group common PDSCH to transmit the data of a SPS RB.
(2) The group common PDCCH with CRC scrambled with G-CS-RNTI is used to activate/de-activate the SPS group common PDSCH.
(3) G-CS-RNTI is used in the bit scrambling of the SPS group common PDSCH.

[bookmark: OLE_LINK2]Proposal 9: For all the Non-SPS RBs of the MBS session, the following items need to be supported.
(1) The dynamic scheduling is used to transmit the data of all the Non-SPS RBs of the MBS session
(2) The MTCHs for the Non-SPS RBs can be multiplexed onto one DL-SCH.
(3) The group common PDCCH and the group common PDSCH are used for the Non-SPS RBs. The CRC of the group common PDCCH is scrambled with G-RNTI. The group common PDSCH uses G-RNTI in the bit scrambling.
(4) Beam sweeping is used for the group common PDSCH to transmit the data of all the Non-SPS RBs of the MBS session with the same beams as the PBCH/SS block.
5 Conclusion
Based on the discussion in the above sections, the following proposals are suggested.
Proposal 1: Support one CFR or several CFRs for MBS for RRC_IDLE/RRC_INACTIVE UEs. Each CFR contains the initial BWP for DL or is contained in the initial BWP for DL.
Proposal 2: If all CFRs are configured within the initial BWP for DL, the UE receiving MBS works on the initial BWP for DL. Otherwise, the UE receiving MBS works with the combined CFR as the working BWP where the combined CFR consists of the initial BWP for DL and the CFRs providing the MBS sessions received by the UE.
Proposal 3: MCCH has a specific DL-SCH and a specific PDSCH. MCCH has a specific RNTI (denoted by MCCH-RNTI) for identifying MCCH over Uu. MCCH-RNTI can use a fixed value.
Proposal 4: If only one MCCH is configured for a cell, the CORESETs for the MCCH monitoring and the MCCH specific group common PDSCH are configured within the initial BWP for DL.
Proposal 5: For the scenario of more than one CFRs for MBS for RRC_IDLE/RRC_INACTIVE UEs in a cell, if more than one MCCHs are supported in a cell, each CFR can be configured with a MCCH. For a CFR, its specific MCCH needs to carry at least the configuration information of the PTM bearer of each MBS session with delivery mode 2 which is transmitted on the CFR. If several CFRs share a MCCH, the MCCH needs to carry at least the configuration information of the PTM bearer of each MBS session with delivery mode 2 which is transmitted on one of these CFRs.
Proposal 6: Several groups of modification period and repetition period can be configured. The different MBS types can use the different groups. For each MBS session, gNB should indicate on MCCH which group of modification period and repetition period is used by the MBS session.
Proposal 7: G-RNTI for Non-SPS RBs and G-CS-RNTI for SPS RBs are configured respectively for an MBS session if needed.
Proposal 8: For each SPS RB of the MBS session, the following items need to be supported.
(1) Configure the SPS group common PDSCH to transmit the data of a SPS RB.
(2) The group common PDCCH with CRC scrambled with G-CS-RNTI is used to activate/de-activate the SPS group common PDSCH.
(3) G-CS-RNTI is used in the bit scrambling of the SPS group common PDSCH.

Proposal 9: For all the Non-SPS RBs of the MBS session, the following items need to be supported.
(1) The dynamic scheduling is used to transmit the data of all the Non-SPS RBs of the MBS session
(2) The MTCHs for the Non-SPS RBs can be multiplexed onto one DL-SCH.
(3) The group common PDCCH and the group common PDSCH are used for the Non-SPS RBs. The CRC of the group common PDCCH is scrambled with G-RNTI. The group common PDSCH uses G-RNTI in the bit scrambling.
(1) Beam sweeping is used for the group common PDSCH to transmit the data of all the Non-SPS RBs of the MBS session with the same beams as the PBCH/SS block.
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