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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 RRC_CONNECTED UEs and the NR MBS solution for RRC_IDLE/RRC_INACTIVE UEs. In this work item, an MBS can be provided with two kinds of bearers: PTM bearer and PTP bearer, where the PTM bearer is used to provide an MBS to a group of UEs with PTM while the PTP bearer is used to provide an MBS to a given UE with PTP. In the contribution, the MBS group scheduling method for the different bearers for RRC_CONNECTED UEs is discussed and the related proposals are made.
2. [bookmark: _Ref40865202]Group scheduling for PTM bearer
In this section, the following content is discussed.
(1) BWP configuration for MBS
(2) CORESET and Search Space (SS) for MBS dedicated BWP
(3) Logical channel for PTM bearer
(4) Group scheduling for PTM bearer

2.1 BWP configuration for MBS
In order to provide the MBS in an NR cell with less effect on the existing BWP architecture, several MBS dedicated BWPs can be pre-configured with each MBS dedicated BWP providing the radio resource for the MBS. 
In order to provide the MBS for RRC_CONNECTED UEs with at least one unicast service, several general BWPs for an MBS dedicated BWP can be pre-configured where each general BWP (G-BWP) contains the MBS dedicated BWP (MBS BWP). Each G-BWP provides the radio resource for the unicast service. 
gNB can pre-configure the same MBS BWPs for each NR cell and the same G-BWPs for each MBS BWP. When gNB is divided into gNB-CUs and gNB-DUs，F1 and E1 should support the unitary configuration of MBS BWP and G-BWP.
For a new MBS, when gNB determines to provide the MBS with the PTM bearer in an NR cell, gNB selects an MBS BWP to transmit the MBS. When a RRC_CONNECTED UE receiving the MBS with the PTM bearer has at least one unicast service, during the selection procedure of the MBS BWP for the MBS, gNB takes the DL BWP configurations of the UE into account. If the selected MBS BWP is not within the active DL BWP of the UE, gNB needs to take one of the action listed below.
(1) Switch the active DL BWP for the UE if the selected MBS BWP is within one inactive DL BWP of the UE
(2) Select a G-BWP as the new active DL BPW of the UE and then reconfigured the active DL BWP for the UE
(3) Establish the PTP bearer to provide the MBS for the UE
(4) Establish another PTM bearer on the MBS BWP which is within one of the DL BWP of the UE
Based on the above discussion, the following proposals are made:
[bookmark: OLE_LINK1]Proposal 1: Pre-configure at least one MBS dedicated BWP with each MBS dedicated BWP providing the radio resource for the MBS.
Proposal 2: Preconfigure at least one general BWP for each MBS dedicated BWP with each general BWP containing the MBS dedicated BWP
Proposal3: gNB should support to pre-configure the same MBS dedicated BWPs and the same general BWPs for each MBS dedicated BWP for all NR cells controlled by the gNB.

2.2 CORESET and Search Space for MBS dedicated BWP
In order to transmit the dynamic scheduling information for the MBS on each MBS BWP, gNB pre-configures at least one CORESET and search space (SS) group on each MBS BWP. One CORESET and SS group indicates one CORESET and one SS on the indicated CORESET. Each CORESET and SS group on an MBS BWP can be shared by the MBS BWP and its G-BWPs.
Based on the discussion above, the following proposals are made.
Proposal 4: gNB pre-configures at least one CORESET and SS group on each MBS dedicated BWP
Proposal 5: gNB should support to pre-configure the same CORESET and SS groups on each MBS dedicated BWP for all NR cells
2.3 Logical channel for PTM bearer
Due to the fact that the PTM bearer of an MBS is shared by a group of RRC_CONNECTED UEs, the logical channel for the PTM bearer of the MBS shall be a common logical channel. Therefore, SC-MTCH in LTE SC-PTM is reused to carry the PTM bearer.
If the MBS session of an MBS consists of more than one QOS flows and the QOS flows are mapped onto K RBs, the PTM bearer of the MBS has K SC-MTCHs with one-to-one mapping between the K RBs and K SC-MTCHs.
Proposal 6: Support more than one SC-MTCHs for the PTM bearer of an MBS

2.4 Group scheduling for PTM bearer of MBS
If one RB of the PTM bearer has the feature of transmitting periodically with the same fixed data amount during each period, this RB is called P-RB. Except the P-RBs, each other RB is called NP-RB. For each P-RB, gNB can configure the SPS PDSCH resource for transmitting the data of this RB periodically. For all NP-RBs, gNB can transmit the data of these NP-RBs by multiplexing the SC-MTCHs of these NP-RBs onto one DL-SCH.
In order to identify an MBS over Uu, G-RNTI and SPS G-RNTI are configured. In order to activate or de-activate the SPS PDSCH resource, the PDCCH with CRC scrambled with SPS G-RNTI is used to carry the corresponding DCI format to a group of RRC_CONNECTED UEs.
For all the NP-RBs of the PTM bearer, each time the PTM bearer is scheduled, the PDCCH and PDSCH resource is allocated. The PDCCH with CRC scrambled with G-RNTI is transmitted with the allocated PDCCH resource. The PDSCH with G-RNTI used in the bit scrambling is transmitted with the allocated PDSCH resource.
Based on the location of each RRC_ONNECTED UE receiving the PTM bearer, the gNB can determine the beam coverage areas for transmitting the PTM bearer. 
In detail, beam “b” is used to indicate the b-th beam of the B beams for transmitting the SS/PBCH BLOCK. The beam coverage area “b” is used to indicate the coverage area covered by beam “b”. For a beam coverage area, if no RRC_CONNECTED UE is located in this beam coverage area, the PTM bearer is not transmitted in this beam coverage area.
Denote the number of the beam coverage areas for transmitting the PTM bearer by B1. Each time the PTM bearer is scheduled, the B2*N1 PDCCH/PDSCH occasions (timelsots) are allocated and one TB is generated. The TB is repeated N1 times in each beam coverage area of the B2 beam coverage areas. The B2*N1 PDCCH/PDSCH occasions are divided into N1 groups with each group containing B2 consecutive occasions.
If B2=B, the m-th PDCCH/PDSCH occasion in each group is used to transmit the PDCCH/PDSCH with beam “m” in the beam coverage area “m”, where m=1,….,B. If no RRC_CONNECTED UE is located in the beam coverage area “m”, there’s no need to transmit the PTM bearer in the m-th occasion.
If B2=B1, the m-th PDCCH/PDSCH occasion in each group is used to transmit the PDCCH/PDSCH with beam “b(m)” in the beam coverage area “b(m)”, where m=1,….,B1 and b(m) is used to denote the index of the m-th beam coverage area of the B1 beam coverage areas for transmitting the PTM bearer.
Based on the above discussion, the following proposals are made.
Proposal 7: G-RNTI and SPS G-RNTI are configured for an MBS.
Proposal 8: For a P-RB of the PTM bearer, the following items need to be supported.
(1) Configure the SPS PDSCH resource to transmit the data of a P-RB of the PTM bearer periodically
(2) PDCCH with CRC scrambled with SPS G-RNTI is used to activate/de-activate the SPS PDSCH resource.
(3) SPS G-RNTI is used in the bit scrambling of the PDSCH carrying a P-RB of the PTM bearer. 
Proposal 9: For all the NP-RBs of the PTM bearer, the following items need to be supported.
(1) The dynamic scheduling is used to transmit the data of all the NP-RBs of the PTM bearer with the SC-MTCHs of all the NP-RBs multiplexed onto one DL-SCH.
(2) Each time the PTM bearer is scheduled, the PDCCH and PDSCH resource is allocated. The PDCCH with CRC scrambled with G-RNTI is transmitted with the allocated PDCCH resource. The PDSCH with G-RNTI used in the bit scrambling is transmitted with the allocated PDSCH resource
(3) Each time the PTM bearer is scheduled, one TB is generated and repeatedly transmitted N1 times in each beam coverage area where at least one RRC_CONNECTED UE is located.
Proposal 10: Support the group scheduling method for B2=B and/or B2=B1.


3. Group scheduling for PTP bearer
For a new MBS, when gNB determines to provide the MBS with the PTP bearer for each RRC_CONNECTED UE receiving this MBS in an NR cell, gNB selects an MBS BWP or a G-BWP for all the PTP bearers to transmit on. Such configuration can simplified the dynamic switching between the PTM and PTP bearers for the same MBS.
For the PTP bearer, K DTCHs are configured when the PTP bearer consists of K RBs. The mapping between the K DTCH and K RB is one-to-one.
For each P-RB, the SPS PDSCH resource can be configured for transmitting the P-RB periodically.
For all NP-RBs, if the MBS BWP is selected for the PTP bearer to transmit on, gNB can transmit the data of these NP-RBs by multiplexing the DTCHs of these NP-RBs onto one DL-SCH. If the G-BWP is selected for the PTP bearer to transmit on, gNB can transmit the data of these NP-RBs by multiplexing the DTCHs of these NP-RBs and the other DTCHs of the unicast services onto one DL-SCH.
Based on the above discussion, the following proposals are made.
[bookmark: OLE_LINK2]Proposal 11: For a RRC_CONNECTED UE, support the DTCHs of the UE’s PTP bearer and the DTCHs of the UE’s unicast services are multiplexed onto one DL-SCH.
Proposal 12: For a RRC_CONNECTED UE, support the DTCHs of the UE’s PTP bearer are multiplexed onto one DL-SCH which is independent from the DL-SCH of the UE’s unicast services.



4. Conclusion
Based on the discussion in the above sections, the following proposals for the NR MBS solution for RRC_CONNECTED UEs are made and expected to be discussed and agreed.
Proposal 1: Pre-configure at least one MBS dedicated BWP with each MBS dedicated BWP providing the radio resource for the MBS.
Proposal 2: Preconfigure at least one general BWP for each MBS dedicated BWP with each general BWP containing the MBS dedicated BWP
Proposal3: gNB should support to pre-configure the same MBS dedicated BWPs and the same general BWPs for each MBS dedicated BWP for all NR cells controlled by the gNB.
Proposal 4: gNB pre-configures at least one CORESET and SS group on each MBS dedicated BWP
Proposal 5: gNB should support to pre-configure the same CORESET and SS groups on each MBS dedicated BWP for all NR cells
Proposal 6: Support more than one SC-MTCHs for the PTM bearer of an MBS

Proposal 7: G-RNTI and SPS G-RNTI are configured for an MBS.
Proposal 8: For a P-RB of the PTM bearer, the following items need to be supported.
(1) [bookmark: _GoBack]Configure the SPS PDSCH resource to transmit the data of a P-RB of the PTM bearer periodically
(2) PDCCH with CRC scrambled with SPS G-RNTI is used to activate/de-activate the SPS PDSCH resource.
(3) SPS G-RNTI is used in the bit scrambling of the PDSCH carrying a P-RB of the PTM bearer. 
Proposal 9: For all the NP-RBs of the PTM bearer, the following items need to be supported.
(1) The dynamic scheduling is used to transmit the data of all the NP-RBs of the PTM bearer with the SC-MTCHs of all the NP-RBs multiplexed onto one DL-SCH.
(2) Each time the PTM bearer is scheduled, the PDCCH and PDSCH resource is allocated. The PDCCH with CRC scrambled with G-RNTI is transmitted with the allocated PDCCH resource. The PDSCH with G-RNTI used in the bit scrambling is transmitted with the allocated PDSCH resource
(3) Each time the PTM bearer is scheduled, one TB is generated and repeatedly transmitted N1 times in each beam coverage area where at least one RRC_CONNECTED UE is located.
Proposal 10: Support the group scheduling method for B2=B and/or B2=B1.

Proposal 11: For a RRC_CONNECTED UE, support the DTCHs of the UE’s PTP bearer and the DTCHs of the UE’s unicast services are multiplexed onto one DL-SCH.
Proposal 12: For a RRC_CONNECTED UE, support the DTCHs of the UE’s PTP bearer are multiplexed onto one DL-SCH which is independent from the DL-SCH of the UE’s unicast services.
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