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1. Introduction
In this paper, support of NR multicast and broadcast services (MBS) for RRC_IDLE/INACTIVE UEs are discussed. The new work item on NR Support of Multicast and Broadcast Services [1] has the following objectives for normative work on NR MBS for RRC_IDLE/INACTIVE UEs
	· 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 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. [RAN2, RAN1].
Note: the possibility of receiving Point to Multipoint 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. 


Additionally, the following restrictions are also provided in  [1] with respect to the scope of work expected in Release 17 NR:
	· Physical layer: limit the scope of this WI to current Rel-15 numerologies, physical channels (PDCCH/PDSCH) and signals.
· FR2: we assume that there are no issues to provide Multicast / Broadcast transmissions in FR2. If any enhancements are needed it should be treated with lower priority compared to the minimum set of objectives above.
· In order to facilitate implementation and deployment of the feature, the overall implementation impact should be limited, and the UE complexity should be minimized (e.g. device hardware impact should be avoided). 
· SFN provides synchronized delivery of user plane packets over the air from different cells. No standardized support specifically for SFN, is provided in this WI. Any SFN operation is transparent to the UE, and any related synchronization is left to network implementation. The existing QCL framework (based on SSB and CSI-RS) is reused.
· Flexible resource allocation between Unicast and Broadcast/Multicast services should be possible in this WI, but resource allocation up to 100% to Broadcast/Multicast is not guaranteed requirement in this WI.


Based on the WID objectives while accounting for the restrictions above, in this paper, we provide discussion and proposals on mechanisms for supporting multicast for RRC_IDLE/INACTIVE UEs.
2. Discussion 
In this section we provide initial details on design considerations for NR MBS for RRC_IDLE or RRC_INACTIVE mode UEs. RAN2 has already agreed that low QoS Delivery mode 2 (broadcast) is supported for RRC_IDLE/INACTIVE UEs and multicast is currently deprioritized. Furthermore, RAN2 has also agreed to support MCCH and MTCH based configuration and broadcast and data delivery similar to LTE SC-PTM for NR MBS broadcast or delivery mode 2 [3] and has sent an LS to take such design into account for RAN1 discussions. Based on the details in the LS and the previous agreement we provide some inputs on system design for group scheduling and reliability for IDLE/INACTIVE UEs. 
[bookmark: _Hlk79172105]2.1. Group Scheduling
The following agreements were reached in RAN1#104-e meeting for group scheduling of RRC_IDLE/INACTIVE UEs:
	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 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



UEs in RRC IDLE/INACTIVE mode can be configured to monitor for DCI format 1_0 which can be used to schedule MBS PDSCH. Based on the subsequent agreement that the CFR is assumed to have the same size of the CORESET#0 or initial BWP, the FDRA field in the for the DCI 1_0 will be dimensioned with respect to the CORESET#0 or initial BWP.

[bookmark: _Hlk79173285]Proposal 1: The FDRA field of DCI 1_0 is based on the starting PRB index and size of the CORESET#0 or the initial BWP.

The use case for configuring multiple MBS frequency resources for RRC_IDLE UEs which can only receive broadcast type transmissions in low QoS mode is not clear and hence should be not supported.

Proposal 2: Only one common frequency resource may be configured for MBS reception for RRC_IDLE/INACTIVE mode UEs

2.2. PDCCH Related Details
	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 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

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

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 PDCCH which schedules the MCCH carrying the MBS configuration can be monitored in a Type0-PDCCH CSS set configured by searchSpaceZero in PDCCH-CommonConfig and associated with a CORESET#0 for both RRC_CONNECTED and IDLE mode UEs. Alternately it can be monitored in a new PDCCH CSS set e.g., mcch-searchSpace which is configured by the MBS specific PDCCH-ConfigCommon. The CSS set can be a Type-x CSS set similar to the case for RRC_CONNECTED UEs

Proposal 3: The PDCCH scheduling the MCCH can also be monitored in a Type-x CSS set configured by the MBS specific PDCCH-ConfigCommon
For MTCH and MCCH reception, there is no need to support different CSS types since it is not clear why and if different priorities may be necessary for the DCI scheduling the MCCH vs MTCH.

Proposal 4: The DCI scheduling the MTCH and MCCH can both be monitored on the same CSS type. 

For MCCH change notification, a new RNTI may be introduced based i.e., Alt 1 is supported.

Proposal 5: For MCCH change notification, a dedicated RNTI is used to scramble the CRC of the scheduling DCI

For the broadcast reception of delivery mode 2, it was agreed that the same group common PDCCH and corresponding PDSCH may be received by both connected and idle/inactive mode UEs. While this configuration is one possible mode of operation, always sharing control signaling may be restrictive and it may be allowed that connected UEs may be scheduled the same group common PDSCH using a different group common PDCCH.

[bookmark: _Hlk61896710]Proposal 6: Different group-common PDCCH may be used to schedule the same group-common PDSCH for connected and idle/inactive mode UEs respectively

RAN1 should strive to design a common framework for broadcast reception for CONNECTED and IDLE/INACTIVE mode UEs. Therefore, it should be possible that the same group-common PDCCH and PDSCH are received by the RRC_IDLE/INACTIVE and CONNECTED mode UEs. For this purpose, the CFR for broadcast reception should be assumed to be also within an active BWP of the CONNECTED mode UEs. To this end, it can be up to the gNB to ensure CFR configuration for CONNECTED mode UEs is compatible with broadcast reception. Generally, it should be possible to switch the BWP or reconfigure the CFR for CONNECTED mode UEs to match the CFR of IDLE UEs for broadcast reception.

Proposal 7: If the CFR for IDLE/INACTIVE UEs is outside the active CFR or active BWP of CONNECTED mode UEs, it is up to the gNB to reconfigure the CFR or switch BWP of CONNECTED mode UEs to receive broadcast transmission. The IDLE UEs are not expected to switch BWP to align with CONNECTED mode UEs.

2.2. Reliability for IDLE/INACTIVE UEs
HARQ feedback may be supported for RRC_IDLE/INACTIVE UEs with a NACK only feedback mode similar to the case of RRC_CONNECTED UEs. The PUCCH resource for the NACK transmission can be a cell-specific PUCCH resource. In NR, a cell-specific PUCCH resource set (256 resources) is predefined, wherein 4-bit (pucch-ResourceCommon) in RMSI indicates 16 cell-specific PUCCH resources. PUCCH resource indicator (PRI) in DCI and starting CCE of corresponding PDCCH are used to determine a PUCCH resource from the 16 resources for carrying 1-bit HARQ-ACK feedback during initial access. This mechanism can be re-used where the UEs can transmit NACK only in the selected PUCCH resource. Since the PRI field will be indicated to all UEs in the group, the PUCCH resource will be a common PUCCH resource and the NACK only transmission will be made in an SFN manner wherein the gNB can perform energy detection to detect a NACK.
Proposal 8: RRC_INACTIVE/IDLE UEs can support HARQ feedback with NACK-only transmission on a common PUCCH resource configured by 4-bit RMSI indication and selected using the PRI in DCI and the starting CCE index of the PDCCH reception. 
In some cases, the UEs can alternately also retain HARQ configuration from previous connected mode provided they are still camped on the same cell. 
It is advantageous for the gNB to be able to configure HARQ feedback on and off especially if broadcast mode transmission is envisioned for certain MBS services. 
Proposal 9: For RRC_IDLE/INACTIVE UEs, HARQ can be configured on/off by RMSI
Additionally, slot-level repetition similar to the case for RRC_CONNECTED UEs can be supported. The repetition is configured as part of the TDRA table configured to idle/inactive mode UEs via SIB signaling. The repetition can then be dynamically indicated by the group common PDCCH.
Proposal 10: Slot level repetition can be supported for RRC_IDLE UEs with the repetition configured as part of the TDRA table via SIB and indicated dynamically through DCI
3. Conclusions
In this paper, design options and related evaluations were proposed for NR MBS for RRC_IDLE/INACTIVE UEs. To this end, the following proposals were made:
1. The FDRA field of DCI 1_0 is based on the starting PRB index and size of the CORESET#0 or the initial BWP.
2. Only one common frequency resource may be configured for MBS reception for RRC_IDLE/INACTIVE mode UEs
3. The PDCCH scheduling the MCCH can also be monitored in a Type-x CSS set configured by the MBS specific PDCCH-ConfigCommon
4. The DCI scheduling the MTCH and MCCH can both be monitored on the same CSS type
5. For MCCH change notification, a dedicated RNTI is used to scramble the CRC of the scheduling DCI
6. Different group-common PDCCH may be used to schedule the same group-common PDSCH for connected and idle/inactive mode UEs respectively
7. If the CFR for IDLE/INACTIVE UEs is outside the active CFR or active BWP of CONNECTED mode UEs, it is up to the gNB to reconfigure the CFR or switch BWP of CONNECTED mode UEs to receive broadcast transmission. The IDLE UEs are not expected to switch BWP to align with CONNECTED mode UEs.
8. RRC_INACTIVE/IDLE UEs can support HARQ feedback with NACK-only transmission on a common PUCCH resource configured by 4-bit RMSI indication and selected using the PRI in DCI and the starting CCE index of the PDCCH reception
9. For RRC_IDLE/INACTIVE UEs, HARQ can be configured on/off by RMSI
10. Slot level repetition can be supported for RRC_IDLE UEs with the repetition configured as part of the TDRA table via SIB and indicated dynamically through DCI
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The PDCCH which schedules the MCCH carrying the MBS configuration can be monitored in a Type0-PDCCH CSS set configured by searchSpaceZero in PDCCH-CommonConfig and associated with a CORESET#0 for both RRC_CONNECTED and IDLE mode UEs. Alternately it can be monitored in a new PDCCH CSS set e.g., mcch-searchSpace which is configured by the MBS specific PDCCH-ConfigCommon. 

Proposal 10: The PDCCH scheduling the MCCH is monitored in Type0 CSS set configure by searchSpaceZero or Type0A CSS set or alternately on new mcch-searchSpace which is a CSS configured by the MBS specific PDCCH-ConfigCommon.
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