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1. Introduction
In RAN1 #106-e meeting [1], the main issues on MBS transmission for RRC_IDLE/RRC_INACTIVE UEs were discussed and the following agreements were reached:
	Agreement:
From RAN1 perspective, the CFR for broadcast reception of RRC_IDLE/INACTIVE UEs, includes at least the following configurations:
· One set of parameters configured for PDSCH for broadcast reception with GC-PDSCH
· One set of parameters configured for PDCCH for broadcast reception with GC-PDCCH
· FFS: whether some parameters configured for PDSCH/PDCCH are optional/needed for the supported cases of CFR.
· FFS: If necessary, depending on the cases supported, starting PRB and the number of PRBs 
· The reference for starting PRB is Point A. (Following the same approach to determine reference for starting PRB as that defined in AI8.12.1.)

[bookmark: _Hlk80473180]Conclusion:
There is no specification support in Rel-17 for broadcast reception with RRC_IDLE/RRC_INACTIVE UEs with configured/defined CFRs for group-common PDCCH/PDSCH with smaller size than the initial BWP, where the initial BWP has the same frequency resources as CORESET0 (i.e., Case B).

Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, if searchSpace#0 is configured for MTCH, the mapping between PDCCH occasions and SSBs is the same as for SIB1.

Agreement:
Study and reach an agreement by RAN1#106b-e on whether Alt1 and Alt2 for MCCH change notification indication can accommodate at least 2 bits for the notification of MCCH configuration changes due to a session start and the notification of MCCH configuration changes of an ongoing session (including session stop).

Agreement:
The DCI format for GC-PDCCH scheduling a GC-PDSCH carrying MCCH/MTCH at least includes the following fields for broadcast reception with UEs in RRC_IDLE/INACTIVE state: 
· FDRA field
· TDRA field
· Modulation and coding scheme 
· Redundancy version
· FFS: 
· MCCH change notification (if supported and only for MCCH), 
· RB numbering starts from the lowest RB of the CFR and support of resource allocation with granularity of single or multiple RBs.
· HARQ process number and New data indicator
· VRB-to-PRB mapping
· other fields if needed.

Agreement
Only one CFR can be configured for group-common PDCCH/PDSCH carrying MCCH for broadcast reception with UEs in RRC_IDLE/INACTIVE state.

Agreement
For broadcast reception with UEs in RRC_IDLE/INACTIVE state, the DCI size of GC-PDCCH scheduling a GC-PDSCH carrying MCCH/MTCH is aligned with DCI format 1_0 with CRC scrambled by C-RNTI in the CSS.

Proposal:
For a configured/defined CFR for GC-PDCCH/PDSCH carrying MCCH and MTCH for broadcast reception with UEs in RRC IDLE/INACTIVE state.
· Support Case-C
· Working assumption: Support at least one of Case D and Case E. 
· Down-selection to be made at RAN1#106b-e
· Note: Case C, D and E are defined in previous agreements
Objected by Lenovo

Agreement:
For broadcast reception, RRC_IDLE/RRC_INACTIVE UEs can use the same bandwidth configurations for the CFR of GC-PDCCH/PDSCH carrying MCCH and the CFR of GC-PDCCH/PDSCH carrying MTCH.
· FFS: use of different bandwidth configurations for the CFR of GC-PDCCH/PDSCH carrying MCCH and the CFR of GC-PDCCH/PDSCH carrying MTCH

Conclusion:
For broadcast reception with RRC_IDLE/RRC_INACTIVE UEs, there is no specification support in Rel-17 of different CSS types for GC-PDCCH scheduling MCCH and MTCH.

Agreement:
Study whether the Type-x CSS supported for multicast in RRC_CONNECTED can be reused as baseline for broadcast in RRC_IDLE/RRC_INACTIVE for GC-PDCCH scheduling MCCH and MTCH.

Agreement:
For RRC_IDLE/RRC_INACTIVE UEs with broadcast reception, if common search space other than searchSpace#0 is configured for MTCH, the mapping of PDCCH monitoring occasions to SSBs can be configured with a rule.
· The existing rule defined for OSI in TS 38.331 is used as starting point to define the above rule.


The discussions in this contribution are mainly focused on the following topics for broadcast for UEs in RRC_IDLE/ RRC_INACTIVE states: 
· MBS CFR 
· Broadcast services supported for both RRC_CONNECTED and RRC_IDLE/RRC_INACTIVE UEs 
· Association between PDCCH MOs and SSBs
· DRX/WUS for NR MBS
· MCCH change notification 
· CSS/DCI
2. Discussion
2.1. MBS CFR
· CFR configuration 
The proposal which related CFR configuration have reached consensus in RAN #93e meeting and is endorsed by the RAN Chair [2], as shown below:
Proposal:
For a configured/defined CFR for GC-PDCCH/PDSCH carrying MCCH and MTCH for broadcast reception with UEs in RRC IDLE/INACTIVE state.
· Support Case-C
· Support at least one of Case D and Case E. 
· Down-selection to be made at RAN1#106b-e
· Note: Case C, D and E are defined in previous agreements. 
During previous RAN1 meetings, the CFR configuration for RRC_IDLE/INACTIVE UEs has been extensively discussed. We believe that both Case D and Case E can also be supported different data rate requirements. When low data rate is required, Case D can be supported for power saving. When high data rate is required, both Case C and E can be generally supported. However, Case C will affect legacy UE due to initial BWP with increased bandwidth. Case E can solve the issue. For Case E, the first active BWP should contain the CFR, so that the MBS UEs can receive broadcast and SIB/paging/unicast without BWP switching. All in all, Case D and Case E can be supported for gNB scheduling flexibility. 
Proposal 1: Support Case D and E for gNB scheduling flexibility. 
· PDSCH/PDCCH configuration 
Regarding the parameters configured for PDSCH/PDCCH for IDEL/INACTIVE UEs, it can follow the same approach for PDSCH/PDCCH configuration for CFR as that defined in AI8.12.1. It was agreed that one set of parameters configured for PDSCH for broadcast reception with GC-PDSCH is supported. When some parameters in PDSCH for broadcast reception are not configured, the corresponding parameters in PDSCH configuration of the initial BWP can be used. Similarly, when some parameters configured for PDCCH for broadcast reception is not configured, the corresponding fields in PDCCH configuration of the initial BWP can be used. 
Proposal 2: Some parameters configured for PDSCH for broadcast reception can be optional. When some parameters in PDSCH for broadcast reception are not configured, the corresponding parameters in PDSCH configuration of the initial BWP can be the default configuration.
Proposal 3: Some parameters configured for PDCCH for broadcast reception can be optional. When some parameters in PDCCH for broadcast reception are not configured, the corresponding parameters in PDCCH configuration of the initial BWP can be the default configuration.
· The reference for starting PRB
Since CFR has the same size as the initial BWP (configured by SIB1) in Case C, so it is reasonable that the locationAndBandwidth of Case C is optional and can reuse the locationAndBandwidth of initial BWP. Regarding Case D and Case E, to configure the CFR, the indication of the MBS common frequency includes starting PRB and length of PRBs. Following the same approach to determine reference for starting PRB as that defined in AI8.12.1 for RRC-CONNECTED UEs, the Point A can be applied as the reference for starting PRB for RRC_IDLE/INACTIVE UEs. The indication method of starting point and length of PRBs can reuse the current RIV (resource indicator value) mechanism in Rel-15.
Proposal 4: The locationAndBandwidth parameter for PDSCH/PDCCH can be optional for Case C. 
Proposal 5: For Case D (if supported) and Case E (if supported), the starting PRB is referenced to Point A. The current RIV mechanism can be applied for indicating the starting PRB and the length of PRB of CFR. 
· The CFR for MCCH and MTCH
It has been agreed that only one CFR can be configured for group-common PDCCH/PDSCH carrying MCCH for broadcast reception with UEs in RRC_IDLE/RRC_INACTIVE UEs. During RAN1#106e meeting, it was also proposed by some companies that RRC_IDLE/RRC_INACTIVE UEs can use the different bandwidth configurations for the CFR of GC-PDCCH/PDSCH carrying MCCH and the CFR of GC-PDCCH/PDSCH carrying MTCH to obtain more flexibility. However, the benefit is not clear with multiple MBS CFR configurations and different bandwidth configuration for MCCH and MTCH. Using different bandwidth configurations for the CFR of GC-PDCCH/PDSCH carrying MCCH and the CFR of GC-PDCCH/PDSCH carrying MTCH implies that two CFR configurations are needed for carrying MCCH and MTCH. Per our understanding, these two CFRs may be active simultaneously and will bring more discussion and additional specification efforts. Instead, a wider CFR for MCCH and MTCH is more feasible and beneficial when wide band is required for MBS reception. 
Proposal 6: For RRC_IDLE/RRC_INACTIVE UEs, different bandwidth configurations for the CFR of GC-PDCCH/PDSCH carrying MCCH and the CFR of GC-PDCCH/PDSCH carrying MTCH 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. 1, 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 7: 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. 1: Broadcast services supported for both RRC_CONNECTED and RRC_IDLE/RRC_INACTIVE UEs
2.3. 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. 2, 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. 2 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 was already supported in RAN2 meeting. So the DRX and WUS operation should also be studied in RAN1. 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 this updated information. For NR MBS transmission, two alternatives are discussed during RAN1#105-e meeting. Based on RAN2’s LS, RAN1 should further confirm whether Alt1 and Alt2 for MCCH change notification indication can accommodate at least 2 bits for the notification of MCCH configuration changes due to a session start and the notification of MCCH configuration changes of an ongoing session (including session stop). 
In Alt 1, a DCI format scrambled by a dedicated RNTI (e.g. SC-N-RNTI) is used for notifying. All other bits in DCI format are reserved for DCI size alignment. However, large number of bits will be padded during DCI size alignment. In Alt 2, at least 2 bit can be accommodated for the MCCH change notification due to the HARQ-ACK feedback may be supported for IDEL/INACTIVE UEs. We believe that companies have a consensus that the HARQ-ACK feedback is not supported for RRC_IDLE/RRC_INACTIVE UEs,  so the HARQ-ACK related fields such as DAI (2 bits), TPC command for scheduled PUCCH (2 bits), PRI (3 bits) and K1 (3 bits) can be applied for notifying the start of the session and the notification of MCCH configuration changes of an ongoing session (including session stop). Thus, we prefer Alt2. 
Proposal 10: For MCCH change notification indication, Alt2 (a field in DCI scheduling MCCH) can be used to notify the session start and the modification of an ongoing session.
2.6. CSS/DCI
It has been agreed in RAN1#106-e meeting that the FDRA field, TDRA field (4 bit), Modulation and coding scheme (5 bits) and Redundancy version (2 bits) are included in DCI format for broadcast reception with UEs in RRC_IDLE/INACTIVE state. Other fields are further studied. 
Regarding the MCCH change notification, at least 2 bits should also be included based on above discussion. Regarding HARQ process number (HPN) and New data indicator (NDI), to improve the reliability of UE in the edge of cell, blind retransmission should be applied. So, HPN and NDI fields should be included for the soft-combination. Regarding VRB-to-PRB mapping, the resource block assignment information should indicate to a scheduled UE a set of contiguously allocated non-interleaved or interleaved virtual resource blocks within the active bandwidth part. Thus, the VRB-to-PRB mapping field (1 bit) should be included. 

Proposal 11: At least MCCH change notification, HARQ process number, new data indicator and VRB-to-PRB mapping fields can be included in the DCI format. 
3. Conclusion
In this contribution, we provide some proposals on the NR MBS services as follow:
Proposal 1: Support Case D and E for gNB scheduling flexibility.
Proposal 2: Some parameters configured for PDSCH for broadcast reception can be optional. When some parameters in PDSCH for broadcast reception are not configured, the corresponding parameters in PDSCH configuration of the initial BWP can be the default configuration.
Proposal 3: Some parameters configured for PDCCH for broadcast reception can be optional. When some parameters in PDCCH for broadcast reception are not configured, the corresponding parameters in PDCCH configuration of the initial BWP can be the default configuration.
Proposal 4: The locationAndBandwidth parameter for PDSCH/PDCCH can be optional for Case C. 
Proposal 5: For Case D (if supported) and Case E (if supported), the starting PRB is referenced to Point A. The current RIV mechanism can be applied for indicating the starting PRB and the length of PRB of CFR.
Proposal 6: For RRC_IDLE/RRC_INACTIVE UEs, different bandwidth configurations for the CFR of GC-PDCCH/PDSCH carrying MCCH and the CFR of GC-PDCCH/PDSCH carrying MTCH are not supported. 
Proposal 7: 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 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: For MCCH change notification indication, Alt2 (a field in DCI scheduling MCCH) can be used to notify the session start and the modification of an ongoing session.
Proposal 11: At least MCCH change notification, HARQ process number, new data indicator and VRB-to-PRB mapping fields can be included in the DCI format. 
4. [bookmark: OLE_LINK37][bookmark: OLE_LINK36]References
[1] [bookmark: _Ref83544613]3GPP TSG RAN WG1 Meeting RAN1 #106-e chairman notes, Aug. 16th – 27th, 2021.
[2] [bookmark: _Ref83544593]RP-212559 Moderator's summary for email discussion [93e-19-MBS-WI], 3GPP RAN1 WG Vice-Chair, Sept. 13 - 17, 2021.
oleObject1.bin

image2.emf
0 1 2 3 8

MBS-window length

Option 1

20

…

9

…

MO1 MO2 MO3MO4 MO5 MO6 MO7 MO8 ... MO17 MO19 MO20 MO18

Option 2

SSB0 SSB1 SSB2 SSB3

……

MO1 MO2 MO3 MO4 MO5 MO6 ... MO10 ... MO17 MO19 MO20 MO18

SSB0 SSB1 SSB2 SSB3

……

SSB3

SSB burst set

SSB0

SSB1 SSB2

…

...

4

…


oleObject2.bin

image1.emf
BWP1

BWP3

BWP4

CFR of RRC_IDLE/INACTIVE UEs

RB_start=50

10 RBs

RB_mbs_start

=20

20 RBs

BWP2


