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Introduction
[bookmark: OLE_LINK8][bookmark: OLE_LINK7]The work item on NR Multicast and Broadcast Services was approved in RAN 86 meeting[1], the objects of the basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states is specified as following
	Objective:
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:
· Specify required changes to enable the reception of Point to Multipoint (PTM) transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception.
Note: the possibility of receiving PTM transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, without the need for those UEs to get the configuration of the PTM bearer carrying the Broadcast/Multicast service while in RRC CONNECTED state beforehand, is subject to verification of service subscription and authorization assumptions during the WI. 


The discussion in this contribution is mainly focused on the following topics:
· The necessity of receiving MBS and the acquiring of PTM configuration in RRC_IDLE/RRC_INACTIVE
· PTP/PTM indication based on per-SSB
· Multicast/broadcast radio bear (MRB) configuration and monitor occasion (MO) configuration 
· MBS common frequency resource allocation 
· DRX/WUS
Discussion
The necessity of receiving MBS and the acquiring of PTM configuration in RRC_IDLE/RRC_INACTIVE
It is necessary to receive the MBS services for RRC_IDLE/RRC_INACTIVE UEs. There are a few advantages that IDLE/INACTIVE UEs can bring. Firstly, unlike the CONECTTED state UEs, IDLE/INACTIVE UEs do not need to maintain the CONECTTED state procedures (e.g. the RLM management, TA synchronization and RRM actions). In this way, it saves UE power consumption. Secondly, the UEs in IDLE/INACTIVE state which receive the MBS service can improve the network capacity while the number of the CONECTTED UEs becomes large. Last but not least, the IDLE/INACTIVE state UEs can support the implement of special services (e.g. FTA, Free-to-Air). 
Once supporting the IDLE/INACTIVE state UEs, the acquiring of PTM configuration should be further discussed. Generally, there are two options to solve the PTM configuration issue.
· Option1: the PTM configuration is configured by RRC when UE in RRC_CONNRCTED state. In this option, UEs in RRC_IDLE/RRC_INACTIVE state need transform the state to RRC_CONNRCTED state, and gNB configure PTM configuration for the UE. Once obtaining the PTM configuration, the UEs will go back to RRC_IDLE/RRC_INACTIVE state. However, the workload of the network will be very heavy due to the state switching which cause RACH procedure, especially when many MBS services arriving and a plenty of UE receiving the MBS services. Although the enhanced paging and RACH procedures can be provided to reduce the network workload, it still brings another workload of standardizing.
· [bookmark: _GoBack]Option2: LTE SC-PTM can be as baseline to acquire the PTM configuration by the broadcast signaling (i.e.SI and/or by MCCH). Without establishing the RRC_CONNRCTED connection to receive PTM configuration, UEs can bring lower network workload. This option can be used at least for broadcast service due to the absent of HARQ-ACK feedback requirement.             
Proposal 1: It is necessary for RRC_IDLE/RRC_INACTIVE UEs to receive MBS services in NR at least for broadcast service.
Proposal 2: The solution of the PTM configuration acquiring for MBS services (at lease for broadcast service) can be discussed based on LTE SC-PTM mechanisms. 
PTP/PTM indication based on per-SSB
In UTRA and E-UTRA systems, the eNB will choose a proper operation mode for a cell according to the number of UEs which receiving the same MBS services. There are two transmission modes: PTP (Point to Point) mode and PTM (Point to Multi-point) mode. In PTP mode, the eNB allocates a unicast radio bearer for each UE. The PTP mode is applied when few UEs are receiving the MBS services. eNB adjusts the MCS for each UE according to the feedback, which satisfies QoS requirement for each UE. In PTM mode, eNB allocate one radio bearer for multiple UE which receiving the same MBS service. PTM mode is applied when there is large number of UEs (e.g. more than 10) receiving the same MBS services. PTM mode can save radio resources by avoiding repetitive transmission.
 To support multiple-beam operation in Rel-17 MBS (i.e. multiple SSBs are configured in one cell), MBS services is transmitted for per-SSB beam. The gNB transmits the same MBS data multi-times, which is equal the number of SSBs in a cell. For example, there are 4 SSBs in the cell in Figure 1. The MBS service will be transmitted 4 times, and each time transmission is in coverage of one SSB. There are two options to indicate the transmission mode in a cell.
· Option1: PTP/PTM indication based on per-cell. Similar with UTRA and E-UTRA systems, all the SSBs in a cell have the same transmission mode, e.g. PTP mode or PTM mode, which is determined by network based on the number of UEs.  With Option1, the PTM mode will be applied in all SSBs in Figure 1. 
· Option2: PTP/PTM indication based on per-SSB. Each SSB has a transmission mode according to its UE number. PTP mode is applied in an SSB when there are few UEs receiving MBS services. Otherwise, PTM mode is applied.  With Option2, the PTM mode will be applied in SSB-1, and PTP mode will be applied in other SSB areas (e.g. SSB-2, SSB-3 and SSB-4). 
The cell-based mode indication in Option1 is simple, but the resource efficiency is low. Option2 brings high radio resource efficiency by indicating the different transmission mode for different SSBs. Furthermore, the complexity to implement Option 2 is acceptable.  In Option2, UE can also acquire the MBS traffic from other SSB so that the UE can combine the traffic to enhance the quality of the MBS service. 


Figure 1: Four SSBs with various UEs in a cell.
Proposal 3: Multi-beam operation is supported for Rel-17 MBS transmission.
Proposal 4: For saving the frequency resource, the indications of PTP / PTM mode can be based on per-SSB.
MRB and MO configuration
1.1.1 MRB configuration for PTM transmission
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In UTRA and E-UTRA systems，it is supported for CONNECTED/RRC_IDLE UEs receiving MBS services, and the configuration of MCCH is included in SIB1. The MBS service information is indicated by MCCH: 
· MBS transmission area: indicates the cell list which transmitting the MBS services. 
· TMGI (Temporary Mobile Global Identity) message: includes MBS service ID. UE decides to receive the interested MBS services according to the MBS service ID.  
· MRB (MBS PTM Radio Bearer): to configure some MAC/RLC related parameters.
· Neighbor cell information for MBS services: to manage the mobility of UEs. When UE move to a new cell, the continuity of MBS services is guaranteed. 
The major parameters in MRB configuration for UTRA network and E-UTRA system are still needed in NR for the MBS services. Thus, it can be the baseline to configure the MRB for MBS in Rel-17. 
Proposal 5: The content of MRB in LTE can be used as a baseline for the design in Rel-17 MBS. 
1.1.2 MO configuration
In order to meet the requirements of the real-time scheduling and the power consumption, the gNB configures the different MO (monitor occasion) for UE according to the features of MBS services. The UE will monitor the control information only on the configured MO. Once monitor the control information, the UE will analysis the DCI and obtain the scheduling information. Then, UE demodulate/decode the PDSCH according to the scheduling information.  
In multi-beam operation, the gNB should configure the MO and send the PDCCH for each SSB. The MBS services can reuse the mechanism of the paging and the SIB MO configuration, which is detailed in [2].
Proposal 6:  MO configuration for MBS services can reuse the mechanism of the paging and the SIB.  
MBS common frequency resource allocation  
In RAN1#102, the following agreements are determined:
For RRC_CONNECTED UEs, define/configure common frequency resource for group-common PDSCH.
1) FFS: whether to reuse the BWP framework or not 
2) FFS: the relation between the common frequency resource and UE dedicated BWP, e.g., the common frequency resource is a MBS specific BWP, or the common frequency resource is confined within UE’s dedicated BWP, etc. 
3) FFS: whether more than one common frequency resource can be configured per UE
From our point of views, the related issues in FFS 2) and 3) should be further discussed. 
· The common frequency resource should be further defined for group-common PDSCH scheduling.
According to the FFS 2), there are two options for defining the common frequency resource of MBS. In Option1, the common frequency resource is a MBS specific BWP. For convenience, it is named as MBS-BWP in this report. In other words, apart from the unicast BWPs, the MBS-BWP is configured independently for a UE. Since a UE can have one active BWP in a cell, the BWP switching will happen frequently in this option. For example, when a unicast BWP is activated, the UE have to switch the reception to the MBS BWP for receiving the arriving MBS service, vice versa. The switch between unicast and MBS BWP brings the delay of reception.  In Option2, the common frequency is confined within the UE’s dedicated BWP. In this Option, a mixed BWP can be configured to confine the MBS common frequency resource within UE’s dedicated BWP. Once the mixed BWP is activated, the UE can receive both unicast and MBS services without BWP switching. 
In Option2, unlikely the frequency range is allocated in the unicast BWP when scheduling the unicast PDSCH, the MBS PDSCH will be scheduled in the frequency range which is allocated in the common frequency resource.  For RRC_CONNECTED UEs, a UE can be configured more than 4 BWPs. One or more BWPs can be configured into the mixed BWP depending on RRC configuration. We assume that the related parameters for unicast (RB_start=50, ) and MBS (RB_mbs_start=20, ) BWP are configured. As shown in Figure 2, the BWP1, BWP2, and BWP3 are configured into the mixed BWP.  As long as one of the mixed BWP is activated, the UE can receive the unicast or MBS services without switching. For RRC_IDLE/RRC_INACTIVE UEs, the CORESET#0 or the initial BWP can be configured into the mixed BWP.  As shown in Figure 3, the MBS common frequency is confined within the initial BWP.
· For the issue in FFS 3), we suggest that each UE should only support one common frequency resource to simply the operation.  
Proposal 7: A mixed BWP can be configured to support both unicast and MBS traffic without BWP switching. 


Figure 2: MBS common frequency resource for RRC_CONNECTED UEs.



Figure 3: MBS common frequency resource for RRC_IDLE/RRC_INACTIVE UEs.
2.5 DRX/WUS
To reduce the power consumption, the UE in IDLE/INACTIVE state should support discontinues reception (DRX) operation to monitor the PDCCH (e.g. scrambled by the G-RNTI) discontinuously in R15. 
In a DRX cycle, the UE monitor the PDCCH during the ‘on-Duration’ time period. After this period, the UE will enter the sleep mode and stop monitoring the PDCCH.  In this way, the UE saves the power consumption.  However, the UE monitors the PDCCH in each DRX cycle even there is no PDCCH transmission in the DRX cycle.  To further reduce the power consumption, the Wake Up Signal (WUS) can be supported by the IDLE/INACTIVE state UE. Once monitoring the WUS, the UE start to monitor the PDCCH. In other words, the UE do not need to monitor the PDCCH in every DRX cycle. More detail of DRX deign can be in FFS. 
Proposal 8: The DRX/WUS operation should be supported by the IDLE/INACTIVE UE for MBS. 
Conclusion
In this contribution, we provide some proposals on the NR MBS services as follow:
Proposal 1: It is necessary for RRC_IDLE/RRC_INACTIVE UEs to receive MBS services in NR at least for broadcast service.
Proposal 2: The solution of the PTM configuration acquiring for MBS services (at lease for broadcast service) can be discussed based on LTE SC-PTM mechanisms. 
Proposal 3: Multi-beam operation is supported for Rel-17 MBS transmission.
Proposal 4: For saving the frequency resource, the indications of PTP / PTM mode can be based on per-SSB.
Proposal 5: The content of MRB in LTE can be used as a baseline for the design in Rel-17 MBS. 
Proposal 6:  MO configuration for MBS services can reuse the mechanism of the paging and the SIB.  
Proposal 7: A mixed BWP can be configured to support both unicast and MBS traffic without BWP switching.  
Proposal 8: The DRX/WUS operation should be supported by the IDLE/INACTIVE UE for MBS. 
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