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1. Introduction
The work item “NR Multicast and Broadcast Services” [1] was agreed in RAN#88-e. During the past RAN1 meeting, the following agreements were made with some open questions left for solving.
	Agreements: For RRC_IDLE/RRC_INACTIVE UEs, support group-common PDCCH with CRC scrambled by a common RNTI to schedule a group-common PDSCH, where the scrambling of the group-common PDSCH is based on the same common RNTI.
· FFS details
Agreements:
· For RRC_IDLE/RRC_INACTIVE Ues, beam sweeping is supported for group-common PDCCH/PDSCH.
· FFS: Details for support of beam sweeping for group-common PDCCH/PDSCH.

[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Agreements: For RRC_IDLE/RRC_INACTIVE UEs, define/configure common frequency resource(s) for group-common PDCCH/PDSCH.
· the UE may assume the initial BWP as the default common frequency resource for group-common PDCCH/PDSCH, if a specific common frequency resource is not configured.
· FFS: the relation of the common frequency resource(s) (if configured) and initial BWP.
· FFS: whether to configure one/more common frequency resources
· FFS: configuration and definition details of the common frequency resource

Agreements: From physical layer perspective, for broadcast reception, the same group-common PDCCH and the corresponding scheduled group-common PDSCH can be received by both RRC_IDLE/RRC_INACTIVE UEs and RRC_CONNECTED UEs.
· FFS details.

Agreements: For RRC_IDLE/RRC_INACTIVE UEs, CSS is supported for group-common PDCCH.
· FFS: reuse current CSS type, define a new CSS type, etc.
· FFS other details.
Agreements: For RRC_IDLE/RRC_INACTIVE UEs, a CORESET can be configured within the common frequency resource for group-common PDCCH/PDSCH. CORESET0 is used by default if the common frequency resource for group-common PDCCH/PDSCH is the initial BWP and the CORESET is not configured.
FFS: configuration details of the CORESET for group-common PDCCH/PDSCH



Based on the above agreements and the open questions left for solving, the further discussion on the basic functions for MBS for RRC_IDLE/RRC_INACTIVE UEs is done and the related proposals are suggested in the contribution. In detail, the following content is discussed.
(1) BWP configuration for MBS for II-UE ( II-UE: RRC_IDLE/RRC_INACITVE UE)
(2) Group scheduling for PTM bearer

2. [bookmark: _Ref40865202]BWP configuration for MBS for II-UEs
[bookmark: _GoBack]Based on the above agreements for II-UEs, the common frequency resource for group-common PDCCH/PDSCH should be configured for MBS. If the common frequency resource is not configured, the initial DL BWP is by default the common frequency resource. The CORESET for the group-common PDCCH/PDSCH is configured within the common frequency resource. If the COREST for the group-common PDCCH/DPSCH is configured, CORESET 0 is by default the CORESET for the group-common PDCCH/PDSCH.
In order to avoid the 3GPP signalling effort for the configuration of the common frequency resource, it’ better to reuse the BWP configuration signalling to configure the common frequency resource for the group-common PDCCH/PDSCH. Under such configuration, use II-UE BWP to denote the common frequency resource. In order to provide the MBS to II-UEs with no influence on the actions by II-UEs on the initial DL BWP, the II-UE BWP should contain the initial DL BWP. For an II-UE receiving an MBS on the II-UE BWP, in order to avoid the BWP switch between the initial DL BWP and the II-UE BWP, the UE works on the II-UE BWP.
When the initial DL BWP can’t satisfy the MBS bandwidth requirement, the frequency range [F1, F2] for MBS for II-UEs with the initial DL BWP included can be found based on the MBS bandwidth requirement for II-UEs. See Figure 1 for the frequency range [F1, F2] for MBS for II-UEs. 
In order to lower the power consumption of II-UE, the frequency range [F1, F2] can be divided into several BWPs where each generated BWP contains the initial DL BWP. In Figure 1, the frequency range [F1, F2] is divided into five BWPs (BWP1~BWP5). These five BWPs are the II-UE BWPs.
Configure at least one CORESET and Search Space ( SS ) group for each II-UE BWP where one CORESET and SS group indicates one CORESET and one SS on the indicated CORESET.
[bookmark: OLE_LINK3]
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Figure 1: Configuration of II-UE BWP
The different II-UE may have the different RF channel bandwidths. If the bandwidth of an II-UE BWP is beyond the RF channel bandwidth of an II-UE, the UE can’t receive the MBS on the II-UE BWP. In order for all II-UEs to receive the MBS on the frequency range [F1, F2], both (F2-f1) and (f2-F1) should be no more than the RF channel bandwidth of the II-UE with the minimum RF channel bandwidth. Such condition limits the bandwidth of the frequency range [F1, F2]. If the frequency range [F1, F2] satisfying such condition can’t provide enough bandwidth for the MBS for II-UE, at least one secondary II-UE BWP needs to be configured to provide the radio resource for the MBS for II-UE.
Each secondary II-UE BWP is configured outside of the frequency range [F1, F2]. Each secondary II-UE BWP acts as the initial DL BWP does, which means each secondary II-UE BWP provides the same information to an II-UE as the initial DL BWP does. An II-UE camps on the secondary II-UE BWP just as it camps on the initial DL BWP. With the secondary II-UE BWP, the bandwidth requirement for the MBS for II-UEs can be met with the extra radio resource consumption for the system information and paging information on the secondary II-UE BWP. In order to provide the scheduling information, at least one CORESET and SS group needs to be configured for each secondary II-UE BWP, where one CORESET and SS groups indicate one CORESET and one SS on the indicated CORESET.
In the intra-frequency network where the same frequency is applied in each cell of the area, in order to simplify the MBS related configuration for II-UE, the frequency range [F1, F2] can be area specific. Each II-UE BWP can be area specific. Each secondary II-UE BWP can be area specific.
Based on the above discussion, the following proposals are made.
Proposal 1: The frequency range [F1, F2] with the initial DL BWP contained can be set to provide the MBS for II-UEs. The frequency range [F1, F2] can be divided into several II-UE BWPs to lower the power consumption of II-UEs with each II-UE BWP containing the initial DL BWP.
Proposal 2: One or several secondary II-UE BWPs can be configured outside the frequency range [F1, F2] to meet the bandwidth requirement for MBS for II-UE. Each secondary II-UE BWP can not only provide the MBS for II-UEs, but also acts as the initial DL BWP does.
Proposal 3: At least one CORESET and SS group needs to be configured for each II-UE BWP or each secondary II-UE BWP.
Proposal 4: The frequency rang [F1, F2] can be area specific. Each II-UE BWP as area specific. Each secondary II-UE BWP can be area specific. 
Proposal 5: The CORESET and search space groups for each II-UE BWP or each secondary II-UE BWP can be area specific.

3. Group scheduling for PTM bearer
The PTM bearer is used to carry the MBS with PTM mode to II-UEs. Reuse SC-MTCH in the LTE SC-PTM to denote the MBS specific traffic channel. If a PTM bearer has K RBs, K SC-MTCHs can be configured for the PTM bearer with one-to-one mapping between K RBs and K SC-MTCHs.
In order for II-UEs to be able to receive an MBS, SC-MCCH in LTE SC-PTM is reused for carrying the SC-PTM configuration information to II-UEs where the SC-PTM configuration information consists of the configuration of each PTM bearer of each MBS for II-UEs.
The RBs of the PTM bearer can be classified into SPS RBs and Non-SPS RBs. Each SPS RB has the feature of transmitting periodically with the same fixed data amount during each period. Except SPS RBs, all the remaining RBs are Non-SPS RBs. In order to provide an MBS for II-UEs, the following proposals are suggested.
Proposal 6: G-RNTI for Non-SPS RBs and SPS G-RNTI for SPS RBs are configured for an MBS.
Proposal 7: For each SPS RB of the PTM bearer, the following items need to be supported.
(1) Configure the SPS group common PDSCH to transmit the data of a SPS RB of the PTM bearer.
(2) The group common PDCCH with CRC scrambled with SPS G-RNTI is used to activate/de-activate the SPS group common PDSCH.
(3) SPS G-RNTI is used in the bit scrambling of the SPS group common PDSCH.

Proposal 8: For all the Non-SPS 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 Non-SPS RBs of the PTM bearer with the SC-MTCHs of all the Non-SPS RBs multiplexed onto one DL-SCH.
(2) Each time the PTM bearer is scheduled, the group common PDCCH and the group common PDSCH are transmitted. The CRC of the group common PDCCH is scrambled with G-RNTI. The group common PDSCH uses G-RNTI in the bit scrambling.
(3) Each time the PTM bearer is scheduled, each TB on the PTM bearers is repeatedly transmitted N1 (N1>=1) times in each beam coverage area of the B beam coverage areas. The b-th beam coverage area is covered by the b-th beam of the B beams which are used to transmit SS/PBCH block.
Proposal 9: The PTM bearer for an MBS for II-UEs can be area specific which means the PTM bearer has the same configuration in each cell transmitting the MBS.

For SC-MCCH, reuse the procedure of SC-MCCH in LTE SC-PTM for the transmission of SC-MCCH. In detail, the following proposals are suggested.
Proposal 10: A new SIB is used to carry the configuration information of SC-MCCH. The new SIB can be area specific.
Proposal 11: PDCCH with CRC scrambled by SC-RNTI I is used to carry the dynamic scheduling information of SC-MCCH.
Proposal 12: The SC-MCCH modification notification is used to indicate a new MBS session in the NR cell. The SC-MCCH modification notification is sent by PDCCH with CRC scrambled by SC-N-RNTI. The SC-MCCH modification notification is transmitted on the same CORESET/search space/BWP as SC-MCCH.
Proposal 13: configure SC-MCCH within the initial DL BWP for all the II-UE BWP.
Proposal 14: configure SC-MCCH on each secondary II-UE BWP.
An MBS for II-UEs can provide the same service types as a unicast service. The different service types have the different QOS requirements. SC-MCCH in LTE SC-PTM has only one modification period and only one repetition period for transmitting the configuration information of each MBS of each MBS type. In order to satisfy the QOS requirement of the delay sensitive MBS and the QOS requirement of the high reliability MBS, the modification/repetition period is usually configured with the smaller value, which leads to the higher radio resource consumption of SC-MCCH. In order to solve this question, the following enhancement to SC-MCCH is suggested.
(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 SC-MCCH, SC-MCCH is transmitted in each transmission period. The starting point for transmitting SC-MCCH in each transmission period is same. SC-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, SC-MCCH transmits the configuration information of the PTM bearer for the MBS session according to the modification/repetition period configured for the MBS type.
An example for the above enhancement to SC-MCCH is shown in Figure 2. There are two MBS types on SC-MCCH: MBS type 1 has the modification/repetition period of 40ms/20ms while MBS type 2 has the modification/repetition period of 80ms/40ms. SC-MCCH is transmitted in each transmission period of 20ms. In the two consecutive transmission periods, SC-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 Fiugre 2, 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.
 
[image: ]
Figure 2: Different modification/repetition periods for different MBS types
Based on the above discussion, the following proposal is suggested.
Proposal 15: The different modification/repetition periods for the different MBS types are configured for SC-MCCH. The SC-MCCH specific SIB carries the modification/repetition period for each MBS type on SC-MCCH.


4. Conclusion
Based on the discussion in the above sections, the following proposals for NR MBS for II-UEs are suggested.
On BWP configuration for MBS for II-UEs:
Proposal 1: The frequency range [F1, F2] with the initial DL BWP contained can be set to provide the MBS for II-UEs. The frequency range [F1, F2] can be divided into several II-UE BWPs to lower the power consumption of II-UEs with each II-UE BWP containing the initial DL BWP.
Proposal 2: One or several secondary II-UE BWPs can be configured outside the frequency range [F1, F2] to meet the bandwidth requirement for MBS for II-UE. Each secondary II-UE BWP can not only provide the MBS for II-UEs, but also acts as the initial DL BWP does.
Proposal 3: At least one CORESET and SS group needs to be configured for each II-UE BWP or each secondary II-UE BWP.
Proposal 4: The frequency rang [F1, F2] can be area specific. Each II-UE BWP as area specific. Each secondary II-UE BWP can be area specific. 
Proposal 5: The CORESET and search space groups for each II-UE BWP or each secondary II-UE BWP can be area specific.

On group scheduling for MBS for II-UEs:

Proposal 6: G-RNTI for Non-SPS RBs and SPS G-RNTI for SPS RBs are configured for an MBS.
Proposal 7: For each SPS RB of the PTM bearer, the following items need to be supported.
(4) Configure the SPS group common PDSCH to transmit the data of a SPS RB of the PTM bearer.
(5) The group common PDCCH with CRC scrambled with SPS G-RNTI is used to activate/de-activate the SPS group common PDSCH.
(6) SPS G-RNTI is used in the bit scrambling of the SPS group common PDSCH.

Proposal 8: For all the Non-SPS RBs of the PTM bearer, the following items need to be supported.
(4) The dynamic scheduling is used to transmit the data of all the Non-SPS RBs of the PTM bearer with the SC-MTCHs of all the Non-SPS RBs multiplexed onto one DL-SCH.
(5) Each time the PTM bearer is scheduled, the group common PDCCH and the group common PDSCH are transmitted. The CRC of the group common PDCCH is scrambled with G-RNTI. The group common PDSCH uses G-RNTI in the bit scrambling.
(6) Each time the PTM bearer is scheduled, each TB on the PTM bearers is repeatedly transmitted N1 (N1>=1) times in each beam coverage area of the B beam coverage areas. The b-th beam coverage area is covered by the b-th beam of the B beams which are used to transmit SS/PBCH block.
Proposal 9: The PTM bearer for an MBS for II-UEs can be area specific which means the PTM bearer has the same configuration in each cell transmitting the MBS.
Proposal 10: A new SIB is used to carry the configuration information of SC-MCCH. The new SIB can be area specific.
Proposal 11: PDCCH with CRC scrambled by SC-RNTI I is used to carry the dynamic scheduling information of SC-MCCH.
Proposal 12: The SC-MCCH modification notification is used to indicate a new MBS session in the NR cell. The SC-MCCH modification notification is sent by PDCCH with CRC scrambled by SC-N-RNTI. The SC-MCCH modification notification is transmitted on the same CORESET/search space/BWP as SC-MCCH.
Proposal 13: configure SC-MCCH within the initial DL BWP for all the II-UE BWP.
Proposal 14: configure SC-MCCH on each secondary II-UE BWP.
Proposal 15: The different modification/repetition periods for the different MBS types are configured for SC-MCCH. The SC-MCCH specific SIB carries the modification/repetition period for each MBS type on SC-MCCH.


Reference 
[1] RP-201038, Revised Work Item on NR Multicast and Broadcast Services, RAN Meeting #88-e. 
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