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1. Introduction
In RAN1 #104-e meeting [1], the following agreements were reached:
	Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, one common frequency resource for group-common PDCCH/PDSCH can be defined/configured.
· FFS: whether to define/configure more than one common frequency resources
Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, the UE may assume that group-common PDCCH/PDSCH is QCL’d with SSB.
· It is up to UE implementation whether UE monitors monitoring occasions corresponding to all SSB indexes or monitoring occasions corresponding to a subset of all SSB indexes. 
· FFS: association rules between SSB indexes and UE monitoring occasions.
· FFS: group-common PDCCH/PDSCH is QCl’d with TRS if configured

Agreement:
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 when UE-specific active BWP of RRC_CONNECTED UE contains the common frequency resource of RRC_IDLE/INACTIVE UEs and the SCS and CP are the same.
· FFS: the case when UE-specific active BWP of RRC_CONNECTED UE does not contain the common frequency resource of RRC_IDLE/INACTIVE UEs.


Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, further study the following cases of a configured/defined specific common frequency resource (CFR) for group-common PDCCH/PDSCH, and identify which case(s) will be supported:
· [Case E] the case where a CFR is defined based on a configured BWP. 
· In particular, study the following:
· whether a configured BWP for MBS is needed or not.
· whether BWP switching is needed or not.
· In this study, the configured BWP has the following properties:
· The configured BWP is different than the initial BWP where the frequency resources of this initial BWP are configured smaller than the full carrier bandwidth. 
· The CFR has the frequency resources identical to the configured BWP.
· The configured BWP needs to fully contain the initial BWP in frequency domain and has the same SCS and CP as the initial BWP. 
· Note: The configured BWP is not larger than the carrier bandwidth
· the case where the initial BWP fully contains the CFR in the frequency domain.
· In this study the following sub-cases are considered:
· [Case B] A CFR with smaller size than the initial BWP, where the initial BWP has the same frequency resources as CORESET0. In this case the CFR has the frequency resources confined within the initial BWP and have the same SCS and CP as the initial BWP.
· [Case D] A CFR with smaller size than the initial BWP, where the initial BWP has the frequency resources configured by SIB1. In this case the CFR has the frequency resources confined within the initial BWP and have the same SCS and CP as the initial BWP.
· In particular, study the following:
· Whether the considered two options with a CFR with smaller size than the initial BWP are needed or not for MBS.
· the case where the initial BWP has same size as the CFR in the frequency domain. 
· In this study the following two sub-cases are considered:
· [Case A] A CFR with the same size as the initial BWP, where the initial BWP has the same frequency resources as CORESET0. In this case the CFR has the same frequency resources and same SCS and CP as the initial BWP.
· [Case C] A CFR with same size as the initial BWP, where the initial BWP has the frequency resources configured by SIB1. In this case the CFR has the same frequency resources and same SCS and CP as the initial BWP.
· In particular, study the following:
· Whether the considered two options with a CFR with the same size as the initial BWP are needed or not for MBS.



The discussions in this contribution are mainly focused on the following topics for broadcast for UEs in RRC_IDLE/ RRC_INACTIVE states:
· MBS Common frequency resource (CFR)
· CORESET configuration
· Broadcast services supported  for both RRC_CONNECTED and RRC_IDLE/INACTIVE UEs
· Association between PDCCH Monitoring Occasions (MOs) and SSBs
· DRX/WUS for NR MBS
2. Discussion
2.1. MBS CFR
During #104 meeting, the cases of a configured/defined specific CFR for group-common PDCCH/PDSCH were identified for further study.
In Case E, an extra BWP (i.e. Configured BWP) is configured, and it fully contains the initial BWP. In this case, UEs will maintain two BWPs, which will bring the BWP switching delay.  Different BWP switching strategies bring various BWP switching delay. The DCI based BWP switch delay is shown in Table 1. Moreover, the RRC based BWP switch process delay is approximately 10~25ms, which is unacceptable for some MBS services e.g. public safety. 
Table 1 DCI based BWP switch delay (Copy from 38.133)
	[image: ]
	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the smaller SCS between the SCS before BWP switch and the SCS after BWP switch.



Proposal 1: The case where a CFR is defined based on a configured BWP (Case E) is not supported due to the BWP switching.  
When the CFR is defined based on the initial BWP, UEs can receive the MBS services in CFR without any BWP switching.  Moreover, the bandwidth of the CFR can be same as or smaller than the initial BWP. In other words, there is no need to restrict the bandwidth of the configured CFR. Thus,  both the case where the initial BWP fully contains the CFR in the frequency domain (i.e. Case B and D) and the case where the initial BWP has same size as the CFR in the frequency domain  (i.e. Case A and C) can be supported. When a large bandwidth of CFR is required to transmit MBS service, e.g. HD video, the initial BWP can enlarge its bandwidth to contain the CFR.  Although the size of initial BWP increases, it will not affect the Non-MBS UEs which do not interest the MBS services. CORESET#0 can still be used by RRC_IDLE/INACTIEV Non-MBS UEs to receive common control OSI/paging etc.
Proposal 2 Both the case where the initial BWP fully contains the CFR in the frequency domain (i.e. Case B and D) and the case where the initial BWP has same size as the CFR in the frequency domain  (i.e. Case A and C) are supported. 
To configure the CFR, the indication of the MBS common frequency includes starting PRB and length of PRBs. The indication method of starting point and length of PRBs can reuse the SLIV mechanism in Rel-16 NR BWP indication, and it is supported by adding higher layer parameters for configuration. Generally, when the CFR is confined within the initial BWP, there are two options can be considered to indicate the starting PRB: 
· Option1: The indication of starting PRB is based on the starting point of current carrier.
· Option2: The indication of starting PRB is based on the starting point of the initial BWP.
As shown in Fig. 1, both options are workable. Thus, in our point of views, both Option1 and Option2 can be considered to indicate the starting point of the common frequency resource.


Fig. 1 MBS common frequency resource configuration for RRC_IDLE/RRC_INACTIVE UEs
Proposal 3: For the case where the initial BWP fully contains the CFR in the frequency domain, the indication of the starting PRB can be based on the starting point of the initial BWP or the starting point of the carrier.
Proposal 4: The current SLIV indication mechanism can be reused for common frequency resource of starting PRB and length of PRBs.
It has been agreed that one CFR can be defined /configured for RRC_IDLE/RRC_INACTIVE UEs. The motivation of configuring multiple CFRs is not clear to us. We believe that if needed, a larger CFR instead of multiple CFRs can be configured for UEs. Thus, we do not support to configure multiple CFRs. 
Proposal 5: For RRC_IDLE/RRC_INACTIVE UEs, multiple common frequency resources for group-common PDCCH/PDSCH are not supported. 

2.2. CORESET configuration
The CORESET configuration for group-common PDCCH can be clarified into various cases based on the configuration of CFR/CORESET.  It has been agreed in #103e-meeting that the CORESET0 can be used by default for group-common PDCCH if the CFR is the initial BWP and the CORESET is not configured. From our point of views, when CFR contains the CORESET0, once the CORESET for group-common PDCCH/PDSCH is not configured, we support the CORESET0 always can be used by default.
Proposal 6: When the CFR contains CORESET0, CORESET0 can be used by default if the CORESET for group-common PDCCH/PDSCH is not configured.
According to current specification, multiple common search space (CSS) can be associated with a same CORESET due to the various aggregation levels and the number of PDCCH candidates under different aggregation levels. We believe that one CORESET in addition to CORESET0 is enough for monitoring group-common PDCCH regardless of the configurations of CFR. This also corresponds to the agreement in #103e-meeting [2]. 
The configuration of the CORESET can be applied via legacy ControlResourceSet, where the configuration parameters such as controlResourceSetId, duration, cce-REG-MappingTye will be considered. And, the CORESET can be configured by SIB or MCCH. 
When a CORESET for group-common PDCCH is configured, whether the CORESET0 can be used by MBS should be clarifies. From our point of views, to configure the search space (SS), we think the CORESET0 and other CORESETs can be also used by UE when a CORESET for group-common PDCCH is configured. There is no need to limit the SS only associated with the configured CORESET. In other words, it is depends on gNB’s implement to determinate which CORESET (CORESET0 or configured CORESET) is associated with the SS. 
Proposal 7: When the CORESET is configured for group-common PDCCH, CORESET0 can be also used for configuring MBS search space.

2.3. Broadcast services supported for both RRC_CONNECTED and RRC_IDLE/RRC_INACTIVE UEs 
For broadcast receivers, some UEs are in RRC_CONNECTED state and others are in RRC_IDLE/RRC_INACTIVE state. For RRC_CONNECTED UEs, at most four BWPs are configured by RRC on per carrier, and one BWP is active.  gNB may configure some BWPs contain the common frequency resource, and others BWPs do not contain the common frequency resource, as shown in Fig. 2, where the BWP1 and BWP3 contain the common frequency resource and BWP2 and BWP4 do not contain the common frequency resource.
It has been agreed in RAN1#104-e meeting that 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 when UE-specific active BWP of RRC_CONNECTED UE contains the common frequency resource of RRC_IDLE/INACTIVE UEs and the SCS and CP are the same.
For the case that BWP does not contain the common frequency resource, the UE shall switch the active BWP to a certain BWP which contains the common frequency resource. The existing BWP switching framework of Rel-15/16 can be applied.  
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 8: When the configured UE-specific BWP does not contain the common frequency resource, the existing BWP switching mechanism can be used for MBS reception. 

  
Fig. 2 Broadcast services supported for both RRC_CONNECTED and RRC_IDLE/RRC_INACTIVE UEs
2.4. Association between PDCCH MOs and SSBs
As shown in TS 38.331, the PDCCH MOs are defined for a whole cell’s system information transmission. To support multiple SSBs in a cell for MBS services, an MBS-window mechanism can be introduced which is similar to the system information transmission. In an MBS window, UEs count the number of PDCCH MOs, and the associated between PDCCH MOs and SSBs should be studied. Two options of assignment PDCCH MOs are proposed as following:
· Option 1: PDCCH MOs in one MBS-window length are allocated to different SSBs successively, same as the PDCCH MOs for SIBx.
· Option 2: PDCCH MOs in one MBS-window length are allocated to one SSB with consecutive MOs.
As shown in Fig. 3, a SSB burst set consists of four SSBs (i.e. SSB0, SSB1, SSB2 and SSB3), 20 PDCCH MOs in an MBS-window. In Option1, the 20 MOs are allocated successively to different SSB, and the assignment granularity is one MO, which is same as the method of the PDCCH MOs assignment for SIB transmission. Specifically, the corresponding MOs for SSB0 is MO1, MO5, MO9, MO13, MO17, the corresponding MOs for SSB1 is MO2, MO6, MO10, MO14, MO18, and so on. UEs in each SSB will wake up periodically to monitor the PDCCH candidates on the corresponding MOs. 
In Option 2, each SSB is allocated more than one consecutive PDCCH MOs in a time. Specifically, the corresponding MOs for SSB0 is MO1, MO2, MO3, MO4, MO5, the corresponding MOs for SSB1 is MO6, MO7, MO8, MO9, MO10, and so on. In this way, UEs in each SSB can monitor the PDCCH candidates during a very short period. After monitoring, UEs can go to sleep mode with a long sleeping duration to save power consumption.
Proposal 9: In NR MBS system, both options of PDCCH MO configuration can be considered, and how to initiate these two options can be further studied. 
· Option 1: PDCCH MOs in one MBS-window length are allocated to different SSBs successively, same as the PDCCH MOs for SIBx.
· Option 2: PDCCH MOs in one MBS-window length are allocated to one SSB with consecutive MOs.


Fig. 3 MBS PDCCH monitoring occasions
2.5. DRX/WUS for NR MBS
In order to reduce power consumption, DRX (discontinues reception) /WUS (Wake-Up Signal) operations are supported in NR unicast. In DRX operation, UE periodically monitors the PDCCH. In a DRX cycle, the UE will monitor the PDCCH during the ‘on-Duration’ time period and stop monitoring the PDCCH during the sleep mode. 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 the WUS is arriving, the UE start to monitor the PDCCH. In other words, the UE does not need to monitor the PDCCH in every DRX cycle. 
The DRX and WUS operation should be supported for the same reason for NR MBS.  The UEs among a MBS group can monitor the G-RNTI scrambled PDCCH according to the DRX operation. Further, when the MBS services are not received frequently, the UE can apply the WUS operation for saving power. The detailed design can be further discussed and studied.
Proposal 10: The DRX/WUS operation should be supported by the IDLE/INACTIVE UE for MBS. 
3. Conclusion
In this contribution, we provide some proposals on the NR MBS services as follow:
Proposal 1: The case where a CFR is defined based on a configured BWP (Case E) is not supported due to the BWP switching.  
Proposal 2 Both the case where the initial BWP fully contains the CFR in the frequency domain (i.e. Case B and D) and the case where the initial BWP has same size as the CFR in the frequency domain  (i.e. Case A and C) are supported. 
Proposal 3: For the case where the initial BWP fully contains the CFR in the frequency domain, the indication of the starting PRB can be based on the starting point of the initial BWP or the starting point of the carrier.
Proposal 4: The current SLIV indication mechanism can be reused for common frequency resource of starting PRB and length of PRBs.
Proposal 5: For RRC_IDLE/RRC_INACTIVE UEs, multiple common frequency resources for group-common PDCCH/PDSCH are not supported. 
Proposal 6: When the CFR contains CORESET0, CORESET0 can be used by default if the CORESET for group-common PDCCH/PDSCH is not configured.
[bookmark: OLE_LINK37][bookmark: OLE_LINK36]Proposal 7: When the CORESET is configured for group-common PDCCH, CORESET0 can be also used for configuring MBS search space.
Proposal 8: When the configured UE-specific BWP does not contain the common frequency resource, the existing BWP switching mechanism can be used for MBS reception. 
Proposal 9: In NR MBS system, both options of PDCCH MO configuration can be considered, and how to initiate these two options can be further studied. 
· Option 1: PDCCH MOs in one MBS-window length are allocated to different SSBs successively, same as the PDCCH MOs for SIBx.
· Option 2: PDCCH MOs in one MBS-window length are allocated to one SSB with consecutive MOs.
[bookmark: _GoBack]Proposal 10: The DRX/WUS operation should be supported by the IDLE/INACTIVE UE for MBS. 
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