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1. Introduction
In RAN1 #105-e meeting [1], the main issues on MBS transmission for RRC_IDLE/RRC_INACTIVE UEs were discussed and the following agreements were reached:
	Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, both searchSpace#0 and common search space other than searchSpace#0 can be configured for GC-PDCCH scheduling MCCH.
	
Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, DCI format 1_0 is used as baseline for GC-PDCCH of MCCH and MTCH.
· FFS details of FDRA.

Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, RAN1 confirms the following assumptions made by RAN2
· RAN2 assumes, in case searchSpace#0 is configured for MCCH (if allowed, pending RAN1 decision), the mapping between PDCCH occasions and SSBs is the same as for SIB1. 
· RAN2 assumes that if common search space other than searchSpace#0 is configured for MCCH (if allowed, pending RAN1 decision), the PDCCH monitoring occasions for MCCH message which are not overlapping with UL symbols are sequentially numbered from one in the MCCH transmission window and mapped to SSBs using the similar rule as defined for OSI in TS 38.331.

Agreement:
For broadcast reception, RRC_IDLE/RRC_INACTIVE UEs support the same CSS type for MCCH and MTCH.
· FFS support of different CSS types for MCCH and MTCH channels for broadcast reception.

Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, study the following alternatives for MCCH change notification indication due to session start:
· Alt 1: Define a dedicated RNTI to scramble the CRC of a DCI indicating a MCCH change notification;
· Alt 2: Use of a field in a DCI format scheduling a MCCH without a dedicated RNTI for MCCH change notification;
Other solutions are not precluded and it is also not precluded whether to support both Alt1 and Alt2.

Conclusion:
It is up to RAN2 to decide the specific contents of the MCCH change notification, e.g, whether notification only informs about session start, whether or not notification also informs about session modification/stop or whether or not the notification informs about any other information.

Agreement:
For broadcast reception, RRC_IDLE/RRC_INACTIVE UEs can use a configured/defined CFR with the same size as the initial BWP, where the initial BWP has the same frequency resources as CORESET0 (i.e., Case A), to receive GC-PDCCH/PDSCH carrying MCCH.
· Note: GC-PDCCH/PDSCH transmission within a narrower portion of the Initial BWP (where the initial BWP has the same frequency resources as CORESET0) is possible by implementation via appropriate scheduling.

Agreement:
For broadcast reception, RRC_IDLE/RRC_INACTIVE UEs can use a configured/defined CFR with the same size as the initial BWP, where the initial BWP has the same frequency resources as CORESET0 (i.e., Case A), to receive GC-PDCCH/PDSCH carrying MTCH.
· Note: GC-PDCCH/PDSCH transmission within a narrower portion of the Initial BWP (where the initial BWP has the same frequency resources as CORESET0) is possible by implementation via appropriate scheduling.

Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, the CORESET index can be the same for GC-PDCCH of MCCH and MTCH.

Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, the same beam can be used for group-common PDCCH and the corresponding scheduled group-common PDSCH for carrying MCCH or MTCH.
· UE may assume that DMRS ports of the group-common PDCCH/PDSCH for MCCH is QCL’d with SSB.
· UE may assume that DMRS ports of the group-common PDCCH/PDSCH for MTCH is QCL’d with SSB.
· FFS: group-common PDCCH/PDSCH for MTCH is QCL’d with periodic TRS if configured

Agreement:
For Rel-17, for broadcast reception, RRC_IDLE/RRC_INACTIVE UEs do not exceed the maximum number of CORESETs mandatorily (in the minimum capability) supported for Rel-15/Rel-16 UEs, i.e., 2 CORESETs. 
· If the CFR has the same frequency range as the initial BWP, where the initial BWP has the same frequency resources as CORESET0 or where the initial BWP has the frequency resources configured by SIB1, RRC_IDLE/RRC_INACTIVE UEs can be configured with the following options:
· CORESET#0 (default option if CFR is the initial BWP and CORESET is not configured); or
· CORESET configured by commonControlResourceSet; or
· CORESET#0 and CORESET configured by commonControlResourceSet.


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 RAN1#105-e meeting, Case A i.e. RRC_IDLE/RRC_INACTIVE UE use a configured/defined CFR with the same size as the initial BWP, where the initial BWP has the same frequency resources as CORESET0, to receive GC-PDCCH/PDSCH carrying MCCH or MTCH is supported. Moreover, GC-PDCCH/PDSCH transmission within a narrower portion of the Initial BWP (where the initial BWP has the same frequency resources as CORESET0) which corresponds Case B is possible by implementation via appropriate scheduling. 
Since the initial BWP can also be configured by SIB1, so Case C i.e. UE use a configured/defined CFR with the same size as the initial BWP, where the initial BWP is configured by SIB1, to receive GC-PDCCH/PDSCH carrying MCCH/MTCH should also be supported. Further, Case D i.e. UEs using a configured CFR with smaller size than the initial BWP (where the initial BWP is configured by SIB1) can also be possible by implementation via appropriate scheduling. When the CFR is defined based on the initial BWP, UEs can receive the MBS in CFR without any BWP switching. 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. 
Proposal 1: Case C i.e. UE use a configured/defined CFR with the same size as the initial BWP, where the initial BWP configured by SIB1, to receive GC-PDCCH/PDSCH carrying MCCH or MTCH is supported. 
For 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 to receive MBS and SIB-x information, 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 2‑1. Moreover, the RRC based BWP switch process delay is approximately 10~25ms, which is unacceptable for some MBS services e.g. public safety. 
[bookmark: _Ref78975548]Table 2‑1: 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 2: The case where a CFR is defined based on a configured BWP (Case E) is not supported due to the BWP switching.  
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 Point A.
· 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 CFR.


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 Point A.
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. It was proposed by some companies that more than one MBS CFRs can be configured per dedicated unicast BWP to obtain more flexibility. However, the benefit is not clear with multiple MBS CFR configurations. When more than one CFR are configured, how many CFRs can be active at a certain time is a potential issue. And more effort and specification works are need to handle the issue. Thus, a wider CFR with a number of contiguous PRBs, rather than multiple CFRs, is more feasible and beneficial in initial BWP when wide band is required. 
Proposal 5: For RRC_IDLE/RRC_INACTIVE UEs, multiple CFRs for group-common PDCCH/PDSCH are not supported. 
2.2. 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 CFR of RRC_IDLE/INACTIVE UEs and the SCS and CP are the same.
For the case that BWP does not contain the CFR of RRC_IDLE/INACTIVE, the UE shall switch the active BWP to a certain BWP which contains CFR of RRC_IDLE/INACTIVE. The existing BWP switching framework of Rel-15/16 can be applied.  
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 6: 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
2.3. Association between PDCCH MOs and SSBs
In R15, when receiving PDSCH which is scheduled with SI-RNTI or P-RNTI, the UE may assume that the DM-RS port of PDSCH is QCL’d with the associated SS/PBCH block. The SS/PBCH block is the best signaling among several SS/PBCH blocks that UE can be received. When UE receives the group-common PDCCH/PDSCH of MTCH or MCCH, the UE can use the same SS/PBCH block as the time/frequency synchronize signal. Considering the group-common PDCCH/PDSCH is for a group of UEs, the transmission mode is broadcast and the MCS (i.e. QPSK) of PDSCH is not high, so additional periodic TRS for broadcast is not necessary.
Proposal 7: The additional periodic TRS for broadcast is not necessary.
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 8: 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
2.4. 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 9: The DRX/WUS operation should be supported by the IDLE/INACTIVE UE for MBS. 
2.5. MCCH change notification
The purpose of MCCH change notification indication is to let UE know that new MCCH information is updated and UE needs to acquire it. In LTE MBMS transmission operation, the bits size of MCCH change notification indication can be up to 8, and Alt 1 and Alt 2 are supported. For NR MBS transmission, these two alternatives are discussed during RAN1#105-e meeting. 
In Alt 1, a dedicated RNTI e.g SC-N-RNTI will be defined in a DCI which indicate a MCCH change notification. Meanwhile, a special common search space that has long monitoring periodic can also be configured, this will bring the benefit of power saving. In Alt 2, a new bits field is defined in a DCI format scheduling a MCCH. Since the bit size of the change notification and that of DCI format which scheduling the MCCH is not discussed and determined, the effect of these two alternatives are not clear during DCI size alignment. For example, for Alt 1, if the size of DCI indicating a MCCH change notification  is 1 or 2 bits, it will pad large number of zeros bits to align to size of DCI 1_0 on CSS. For Alt 2, the DCI scheduling a MCCH shall align to the size of DCI 1_0 on CSS. If the size of MCCH notification indication is too larger, the procedure of DCI size alignment will be complexity. 
Proposal 10:  Alternatives for MCCH change notification indication can be postponed to discuss until the bits fields of broadcast DCI format and MCCH change notification are determined. 
2.6. CSS/DCI
For RRC_IDLE/RRC_INACTIVE UEs, all the search space sets are CSS. As the introducing of MBS, the overbooking issue among CSS may happen. We support to define a new type CSS (i.e. Type-MBS CSS), and the monitoring priority of Type-MBS CSS is determined based on the search space set indexes of the Type-x CSS set. 
It has been agreed in RAN1#105-e meeting that the DCI format 1_0 is used as baseline for GC-PDCCH of MCCH and MTCH for RRC_IDLE/RRC_INACTIVE UEs. Regarding FDRA field, we prefer to reuse the current mechanism which is similar with RRC_CONNECTED UE, in where the bitlength is determined based on CORESET0/initial bandwidth part. 
Proposal 11：For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, supports define Type-MBS CSS sets for GC-PDCCH scheduling. 
· The monitoring priority of Type-MBS CSS is determined based on the search space set indexes of the Type-x CSS set.
3. Conclusion
In this contribution, we provide some proposals on the NR MBS services as follow:
[bookmark: OLE_LINK37][bookmark: OLE_LINK36]Proposal 1: Case C i.e. UE use a configured/defined CFR with the same size as the initial BWP, where the initial BWP configured by SIB1, to receive GC-PDCCH/PDSCH carrying MCCH or MTCH is supported. 
Proposal 2: The case where a CFR is defined based on a configured BWP (Case E) is not supported due to the BWP switching.  
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 Point A.
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 CFRs for group-common PDCCH/PDSCH are not supported. 
Proposal 6: 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 7: The additional periodic TRS for broadcast is not necessary.
Proposal 8: 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.
Proposal 9: The DRX/WUS operation should be supported by the IDLE/INACTIVE UE for MBS. 
Proposal 10:   Alternatives for MCCH change notification indication can be postponed to discuss until the bits fields of broadcast DCI format and MCCH change notification are determined. 
Proposal 11：For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, supports define Type-MBS CSS sets for GC-PDCCH scheduling. 
· The monitoring priority of Type-MBS CSS is determined based on the search space set indexes of the Type-x CSS set.
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