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	Introduction
[bookmark: _Ref178064866]In this contribution, we address the support for NR broadcast reception in RRC Inactive/Idle, following up on previous meeting outstanding issues.
Discussion
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Supported CFR cases for broadcast
At RAN1#104-e the following was agreed about Case E:
	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




At RAN#94-e the following was agreed about Case E (RP-213675)
	Support case E, under the assumption that configuration work is driven by RAN2 and
RAN2 impact is reasonable (i.e. RAN2 may decide to not support it if issues surface during WG discussions).
…
Assumption for RAN1: There shall be no L1 impact to access procedure.




According to the RAN1#104-e agreement, the Case E CFR is based on a configured BWP, but it is also stated that whether such a configured BWP for MBS is needed or not is to be studied. We note that RAN1 has not concluded on this point.

For the case where a CFR is defined based on a configured BWP, considering the already-agreed configuration of the CFR (CFR frequency resources, PDCCH-config, PDSCH-config), and that any Case E configured BWP would have the same frequency resources as the CFR and would carry the same PDCCH and PDSCH as the CFR, there seems to be no technical difference between the cases where a configured BWP is defined and when it is not defined. 
If it is agreed to define a configured BWP, it could simply be implicitly defined by letting it always be – by definition - identical to the CFR.

Alternatively, no configured BWP is defined, which means that the UE directly receives the broadcast CFR, based on its configuration. The definition of a configured BWP would thus only have formalistic implications, but no real technical implications.
It seems therefore appropriate not to further discuss this matter in RAN1, but to leave this question to the editor, where the only reason (if any) for defining a broadcast BWP would be specification consistency. If consistency requires a broadcast BWP to be defined, this should trivial. Whatever this decision is, it does not have any technical implications for system operation.

[bookmark: _Toc92818691]Whether a broadcast BWP is defined for Case E does not have any technical implications, which means that it does not need to be defined from a technical perspective. Whether it is anyway part of the technical specification can be left to the editor, considering specification consistency.
[bookmark: _Toc92818693]Whether a configured BWP should be defined to support a Case E CFR does not require further RAN1 agreements but can be left to the editor.

Following the RAN#94-e agreement for Case E CFR, we think this should also be reflected in the list of RAN1 agreements.

[bookmark: _Toc92818694]Include support for Case E in the RAN1 list of agreements for Rel-17 MBS
Although RAN2 is in practice aware of the agreement of Case E from RAN#94-e, and will work on the RAN2 aspects of this, we think RAN1 should also formally inform RAN2 about the agreement of Case E and include Case E CFR to be added to the list of required configurations.

[bookmark: _Toc92818695]RAN1 to inform RAN2 about the agreement of Case E and associated required configurations.
Reception of the same broadcast transmission by UEs in all RRC states  
Regarding parallel reception of unicast, multicast and broadcast in RRC CONNECTED, see our contribution [1].  
[bookmark: _Toc61903233][bookmark: _Toc61903884][bookmark: _Toc61905339][bookmark: _Toc61905360][bookmark: _Toc61905382][bookmark: _Toc61905395][bookmark: _Toc61905422][bookmark: _Toc61905443][bookmark: _Toc61905484][bookmark: _Toc61905751]
ZP CSI-RS
When broadcast is multiplexed with unicast and/or multicast in a slot, it can happen that CSI-RS of unicast and/or multicast overlaps with the time/frequency resource assignment for broadcast. If the broadcast UE is not aware of such overlaps it cannot rate match around such CSI-RS, which would harm reception.
[bookmark: _Toc92818692]If a broadcast UE is not aware of non-broadcast CSI-RSs overlapping with the broadcast resource assignment, broadcast reception will be negatively impacted.

The described use case can be supported if the broadcast UEs are configured also with one or more corresponding ZP-CSI-RSs that match the overlapping CSI-RS REs that are targeting other UEs. This type of configuration is the same as for legacy NR and any adaptation is expected to be minor and would also be up to RAN2. Since broadcast configuration only relies on SIBx/MCCH, also for UEs in RRC CONNECTED, such additional ZP-CSI-RS configuration would need to be provided via SIBx or MCCH for broadcast reception in all RRC states.

If no support is specified, this means that broadcast and unicast/multicast CSI signals would need to be multiplexed in different slots or that for intra-slot multiplexing the gNB would need to apply additional scheduling restrictions, with harmful effects on scheduling complexity and efficiency/performance, which is undesirable. Therefore, it is beneficial to allow the UE receiving broadcast to rate-match broadcast PDSCH around the CSI-RS from unicast or multicast UEs by configuring zero-power CSI RS (ZP CSI-RS) as part of the PDSCH-config in SIBx/MCCH. 

Additionally, in legacy, CSI-RS for connected UEs can be sent using aperiodic triggers. Rate-matching for these types of CSI signals is achieved with aperiodic ZP CSI-RS triggered in DCI. If these triggers are agreed to be signalled for multicast UEs, it should also be supported for broadcast.  

[bookmark: _Toc92818696]For UEs in all RRC states receiving broadcast, the UE may be configured with ZP-CSI-RS.
· [bookmark: _Toc92818697]Configuration is up to RAN2
· [bookmark: _Toc92818698]Update broadcast configuration parameters with ZP-CSI-RS and send LS to RAN2
· [bookmark: _Toc92818699]FFS: inclusion of ZP-CSI-RS triggers in broadcast DCI

Conclusion
 In the previous sections we made the following observations: 
Observation 1	Whether a broadcast BWP is defined for Case E does not have any technical implications, which means that it does not need to be defined from a technical perspective. Whether it is anyway part of the technical specification can be left to the editor, considering specification consistency.
Observation 2	If a broadcast UE is not aware of non-broadcast CSI-RSs overlapping with the broadcast resource assignment, broadcast reception will be negatively impacted.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Whether a configured BWP should be defined to support a Case E CFR does not require further RAN1 agreements but can be left to the editor.
Proposal 2	Include support for Case E in the RAN1 list of agreements for Rel-17 MBS
Proposal 3	RAN1 to inform RAN2 about the agreement of Case E and associated required configurations.
Proposal 4	For UEs in all RRC states receiving broadcast, the UE may be configured with ZP-CSI-RS.
-	Configuration is up to RAN2
-	Update broadcast configuration parameters with ZP-CSI-RS and send LS to RAN2
-	FFS: inclusion of ZP-CSI-RS triggers in broadcast DCI
[bookmark: _In-sequence_SDU_delivery]
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