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	Introduction
[bookmark: _Ref178064866]In this contribution, we address the support for NR multicast and broadcast reception in RRC Inactive/Idle, following up on previous meeting outstanding issues. and considering the additional issue of reception of the same multicast transmission by UEs in all RRC states.
Discussion
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Reception of the same multicast transmission by UEs in all RRC states
The question whether multicast should be supported by UEs in RRC Inactive/Idle will be decided by RAN2 and is discussed in our RAN2 contribution R2-2009953 [1], “MBS reception in Idle and Inactive mode”. The discussed use case is a congested situation where the network can no longer support all UEs in RRC Connected without degraded QoS and the only alternative would otherwise be to blocking admission for some UEs. With the proposed solution, some UEs may be offloaded from RRC Connected to Inactive/Idle and would continue receiving the same multicast transmission using the same RRC Configuration.
At RAN1#103-e we also introduced RAN1-related aspects to this use case in our contribution R1- 2009307, “Support for NR multicast reception in RRC Inactive/Idle”.
In this contribution we discuss further aspects of multicast reception in RRC Inactive/Idle, assuming UEs have first been RRC Configured. 
Independently of this, we also discuss some aspects related to broadcast. 
We think RAN1 needs to be prepared for a positive decision in RAN2 to support multicast reception in RRC Inactive/Idle, especially for the mentioned use case. We therefore think RAN1 needs to study reception of the same multicast transmission by UEs in all RRC states for the case when UEs have first been configured in RRC Connected.
[bookmark: _Toc61913036]RAN1 to study reception of the same multicast transmission by UEs in all RRC states for the case when UEs have first been configured in RRC Connected
Group common PDCCH and PDSCH in RRC Inactive/Idle
The following agreement was made during RAN1#103[4]:
	Agreements: For RRC_IDLE/RRC_INACTIVE UEs, support group-common PDCCH with CRC scrambled by a common RNTI to schedule a group-common PDSCH, where the scrambling of the group-common PDSCH is based on the same common RNTI.
· FFS details



We do not foresee an independent use case for multicast to only RRC Inactive/Idle UEs. Instead the use case would be to receive, in Inactive/Idle, the same multicast transmissions that can be received by RRC Connected UEs. With multicast, the same PDCCH/PDSCH solution should therefore be used for both RRC Connected and RRC Inactive/Idle UEs.  
[bookmark: _Toc61913037]Proposal 2: For multicast in RRC Inactive/Idle, we propose to reuse the same solution as for RRC Connected with respect to group-common (G-RNTI) PDCCH and PDSCH.
Support of Beam sweeping in RRC Inactive/Idle
The following agreement was made during RAN1#103[4]:
	Agreements:
· For RRC_IDLE/RRC_INACTIVE Ues, beam sweeping is supported for group-common PDCCH/PDSCH.
· FFS: Details for support of beam sweeping for group-common PDCCH/PDSCH.



The concept and benefit of beam sweeping for MBS in RRC inactive has not yet been broadly discussed. Assuming there are N narrow beams, then sweeping the beams over N slots, i.e. each the beam is active only in one slot out of N, would provide the same received energy to each UE as if a broad beam would be used covering all the N narrow beams, and the broad beam would be active for all N slots. PDSCH-repetition may therefore be an alternative to beam sweeping. A benefit of beam sweeping is that it can be coordinated between cells such that the interference is reduced.
Beam sweeping for multicast in RRC Inactive could benefit from the knowledge of which beams can be received by a UE. Beam sweeping may then be performed only over the beams that are actually beneficial for the present group of UEs. An RRC Inactive group UE could transit to RRC Connected when the UE detects the active beams in the sweep degrade in reception quality below some configurable threshold. Beam management in RRC Connected can be used to activate additional beams and deactivate beams that have become inferior. If the UE has reception quality above a configurable threshold on the added beams, the UE could be moved to RRC Inactive again.
UEs in RRC inactive and in RRC connected should both be able to receive the same group-common PDCCH/PDSCH as RRC Connected UEs, so that the support of UEs in RRC inactive should not occupy additional resources in beams that are already active for UEs in RRC Connected.
[bookmark: _Toc61903233][bookmark: _Toc61903884][bookmark: _Toc61905339][bookmark: _Toc61905360][bookmark: _Toc61905382][bookmark: _Toc61905395][bookmark: _Toc61905422][bookmark: _Toc61905443][bookmark: _Toc61905484][bookmark: _Toc61905751][bookmark: _Toc61913038]Proposal 3: When beam sweeping is used for unicast and/or multicast to RRC Connected UEs, the same beams may also carry multicast and/or broadcast, addressing Inactive/Idle UEs. 
Further details on the common frequency resource configured for RRC Inactive/Idle
The following agreement was made during RAN1#103[4]:
	Agreements: For RRC_IDLE/RRC_INACTIVE UEs, define/configure common frequency resource(s) for group-common PDCCH/PDSCH.
· the UE may assume the initial BWP as the default common frequency resource for group-common PDCCH/PDSCH, if a specific common frequency resource is not configured.
· FFS: the relation of the common frequency resource(s) (if configured) and initial BWP.
· FFS: whether to configure one/more common frequency resources
· FFS: configuration and definition details of the common frequency resource



A UE that is moved from RRC Connected to RRC Inactive/Idle, to continue receiving the same multicast transmission, will need to continue receiving the same unicast BWP as in RRC Connected. This should be straight-forward and does not need to include configuration of another BWP or any BWP switching.
When a common frequency resource for multicast has been configured in RRC Connected, this common frequency resource may constitute only a subset of the unicast BWP, so the UE would in principle only need to receive data in this subset to continue the multicast reception. There are then two options: either the UE simply continues using the unicast BWP from Connected mode, as mentioned, or the UE would change its frequency window to just include the common frequency resource. The latter case may require a de facto BWP switching with associated switching delays, so should be avoided to allow seamless continuation of the multicast reception, when moving from RRC Connected to RRC Inactive/Idle. That leaves us with the first option, i.e. the unicast BWP from RRC Connected should be kept also in RRC Inactive/Idle for seamless continuation of the multicast reception.
When the UE is in RRC Inactive/Idle it needs to regularly monitor the Initial BWP e.g. for paging messages. In order to avoid complicated BWP switching between the unicast BWP and the Initial BWP in RRC Inactive/Idle, the Initial BWP should be contained within the unicast BWP, and also within the Common Frequency Resource, see Fig.1.
In this way, a UE that has originally been configured with a unicast BWP in RRC Connected, and with an initial BWP that is contained within this unicast BWP and the Common Frequency Resource, could just continue receiving the unicast BWP after having been moved to RRC Inactive/Idle. The UE could thereby have a seamless transition from RRC Connected to RRC Inactive/Idle and could also seamlessly monitor the Initial BWP while in RRC Inactive/Idle. When the session is over, and the UE does not need to receive any multicast data, it can switch to the initial BWP for power saving, e.g., by means of inactivity timer.
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Figure 1 Relation of BWPs, Common Frequency Resource and Initial BWP for RRC Connected and RRC Inactive/Idle reception

[bookmark: _Toc61913034]If the Initial BWP is contained within the unicast BWP and the Common Frequency Resource, then a UE that is moved from RRC Connected to RRC Inactive/Idle may continue to use the same BWP to receive the multicast in RRC Inactive/Idle and to monitor the Initial BWP in a seamless way, without involving any BWP switching.
[bookmark: _Toc61913039]The initial BWP should be contained within the Common Frequency Resource, for the use case when UEs continue to receive a multicast after having been moved from RRC Connected to RRC Inactive/Idle.
Regarding the need to support multiple common frequency resources, we do not see any such need.
[bookmark: _Toc61913040]If the configuration of a common frequency resource is supported, limit the solution to one common frequency resource per UE.

Further details on group common PDCCH for RRC Inactive/Idle
The following agreements was made during RAN1#103[4]:
	Agreements: From physical layer perspective, 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.
· FFS details.

Agreements: For RRC_IDLE/RRC_INACTIVE UEs, CSS is supported for group-common PDCCH.
· FFS: reuse current CSS type, define a new CSS type, etc.
· FFS other details.

Agreements: For RRC_IDLE/RRC_INACTIVE UEs, a CORESET can be configured within the common frequency resource for group-common PDCCH/PDSCH. CORESET0 is used by default if the common frequency resource for group-common PDCCH/PDSCH is the initial BWP and the CORESET is not configured.
· FFS: configuration details of the CORESET for group-common PDCCH/PDSCH




PDCCH and PDSCH for broadcast
For group-common PDCCH and PDSCH we assume the solution from multicast in RRC Connected can be directly reused for broadcast.
Since broadcast needs to be supported by UEs in RRC Inactive/Idle, without prior RRC Configuration, we assume all required configuration for UEs in RRC Inactive/Idle is done via a MCCH-like signalling channel carried on PDSCH. UEs in RRC Connected may also use such configuration for the broadcast transmissions but may alternatively get the same configuration as part of an overall RRC configuration, also covering broadcast.
Search space for group common PDCCH in RRC inactive/Idle
If multicast to UEs in RRC Inactive/Idle is supported, we propose to reuse the same CSS type as for multicast in RRC Connected.

[bookmark: _Toc61913041] If multicast to UEs in RRC Inactive/Idle is supported, we propose to reuse the same search space type as for multicast in RRC Connected.
Coresets configuration for group common PDCCH in RRC inactive/Idle
If multicast to UEs in RRC Inactive/Idle is supported, we propose to reuse the same CORESET solution as for multicast in RRC Connected. 
[bookmark: _Toc61913042]If multicast to UEs in RRC Inactive/Idle is supported, we propose to reuse the same CORESET solution as for multicast in RRC Connected. 
a. [bookmark: _Toc61913043]Note: CORESET0 is normally not used for multicast (only as fallback).
Conclusion
In the previous sections we made the following observations: 
Observation 1	If the Initial BWP is contained within the unicast BWP and the Common Frequency Resource, then a UE that is moved from RRC Connected to RRC Inactive/Idle may continue to use the same BWP to receive the multicast in RRC Inactive/Idle and to monitor the Initial BWP in a seamless way, without involving any BWP switching.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 to study reception of the same multicast transmission by UEs in all RRC states for the case when UEs have first been configured in RRC Connected
Proposal 2	Proposal 2: For multicast in RRC Inactive/Idle, we propose to reuse the same solution as for RRC Connected with respect to group-common (G-RNTI) PDCCH and PDSCH.
Proposal 3	Proposal 3: When beam sweeping is used for unicast and/or multicast to RRC Connected UEs, the same beams may also carry multicast and/or broadcast, addressing Inactive/Idle UEs.
Proposal 4	The initial BWP should be contained within the Common Frequency Resource, for the use case when UEs continue to receive a multicast after having been moved from RRC Connected to RRC Inactive/Idle.
Proposal 5	If the configuration of a common frequency resource is supported, limit the solution to one common frequency resource per UE.
Proposal 6	If multicast to UEs in RRC Inactive/Idle is supported, we propose to reuse the same search space type as for multicast in RRC Connected.
Proposal 7	If multicast to UEs in RRC Inactive/Idle is supported, we propose to reuse the same CORESET solution as for multicast in RRC Connected.
a.	Note: CORESET0 is normally not used for multicast (only as fallback).
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