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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
Number of CFRs for MTCH and number of CFR frequency ranges
At RAN1#107-e, the following was agreed:
	Agreement
For broadcast reception with RRC_IDLE/RRC_INACTIVE UEs:
· The CFR frequency resources used for MCCH and MTCH are configured by SIBx;
· PDCCH-config/PDSCH-config for broadcast reception with GC-PDCCH/PDSCH carrying MCCH is configured by SIBx
· PDCCH-config/PDSCH-config for broadcast reception with GC-PDCCH/PDSCH carrying MTCH is configured by MCCH. If the PDCCH-config/PDSCH-config for MTCH is not configured, the PDCCH-config/PDSCH-config for GC-PDCCH/PDSCH carrying MCCH configured by SIBx is reused for GC-PDCCH/PDSCH carrying MTCH.



At RAN1#107-bis, the following was proposed by the FL:
	Proposal 2.5-1v6
· For broadcast reception, only one CFR for MTCH can be configured via MCCH. 
· For the frequency resources of the CFR for MTCH, down select one of the following alternatives:
· Alt1: tThe frequency resources of the CFR for MTCH are same as that of the CFR for MCCH.
· Alt2: the frequency resources of the CFR for MTCH can be configured same or larger than that of the CFR for MCCH



We support the FL’s Proposal 2.5-1v6 in principle and wish to comment on the two bullet points:
Bullet point 1 – Only one CFR for MTCH can be configured by MCCH
When one CFR for MTCH is configured via MCCH, it is not clear from the proposal whether MTCH can also use the CFR configured by SIBx (i.e. in total MTCH may use two different CFRs), or whether MTCH can only use the CFR configured by MCCH (i.e. in total MTCH may use one single CFR). We think it is enough to support one CFR for MTCH. As we comment below, about the second bullet point, the frequency resources of the CFR, configured by MCCH, are the same as that of the CFR configured by SIBx, so the SIBx-configured frequency range of the CFR is inherited by the CFR configured by MCCH.

Bullet point 2 – The frequency resources of the CFR for MTCH are the same as those of the CFR for MCCH
We think the frequency resources aspect of Proposal 2.5-1v6 is the default situation in RAN1, since the above-mentioned agreement at RAN1#107-e only refers to configuration of the CFR via SIBx and additional configurations via MCCH only refers to PDCCH-config/PDSCH-config, with no mentioning of frequency resources. It has never been discussed or agreed in RAN1 to support the configuration of multiple CFRs via SIBx. The conclusion of this is therefore that without further agreement it the case that “the frequency resources of the CFR for MTCH are the same as that of the CFR for MCCH”, as stated in Proposal 2.5-1v6, based on the earlier agreement. This could however be clarified as a conclusion.
Using the same CFR frequency resources for MCCH and MTCH also has a very wide support, so reaching consensus on the alternative with multiple CFR frequency ranges seems anyway unlikely. Below we provide some additional argumentation as to why a single frequency range for MCCH and MTCH is enough.
We think there are two possible use cases where arguments to support multiple CFR frequency ranges could be made:
1. When MTCH and MCCH require different frequency ranges. When the required CFR frequency range for MTCH service is larger than the required CFR frequency range for MCCH, this could possibly allow some UE power saving when receiving MCCH. In our view, there is however no significant power saving advantage of using different frequency ranges for MCCH and MTCH, since when both are received the wider frequency range of MTCH would need to be used also to receive the smaller frequency range of MCCH. This is because dynamic switching of frequency range, to allow for power saving, would require dynamic change of sampling frequency, FFT etc, which would be like dynamic BWP switching and would lead to service interruptions. The proportion of time that only MCCH is received is likely to be small, which means that a dedicated CFR frequency range for MCCH is of very limited value.
2. When different MTCH services require different frequency ranges. When there are multiple MTCH services, and these require different frequency ranges, a UE that only needs to receive a service with lower CFR frequency range could then possibly consume less power than with a larger CFR frequency range. To support this, it would however not be sufficient to allow MTCH to have a different CFR frequency range from MCCH, but MTCH would – in addition - need to use multiple CFR frequency ranges “MTCH internally”, i.e. with one frequency range for MTCH service 1 and another frequency range for MTCH service 2. This goes further than the earlier “Alt2” of Proposal 2.5-1v6. With a single CFR frequency range for MTCH, the targeted power saving of (2) would not be possible. We also think that the claimed power saving gain of supporting multiple MTCH CFR frequency ranges is unclear since, for a given throughput, a reduction in frequency resources implies a corresponding increase in time resources, i.e. with a lower CFR bandwidth more symbols/slots need to be received per time unit, so the claimed power saving gain seems not so clear.
Considering (1) and (2) above, we therefore do not see enough evidence for increased UE power saving with support of MTCH CFR frequency range different from that of MCCH or of supporting multiple MTCH CFR frequency ranges.
[bookmark: _Toc95766508]There is no significant power saving by using different CFR frequency ranges for MCCH and MTCH.
[bookmark: _Toc95766509]There is no significant power saving by using different CFR frequency ranges for different MTCH services.
[bookmark: _Toc95766497](Based on the FL’s Proposal 2.5-1v6, but updated for clarity):
· [bookmark: _Toc95766498]For broadcast reception, only one CFR for MTCH can be configured via MCCH. 
· [bookmark: _Toc95766499]When MCCH configures a CFR for MTCH, MTCH does not use the CFR configured by SIBx.
· [bookmark: _Toc95766500]The frequency resources of the CFR for MTCH are the same as those of the CFR configured by SIBx.

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

[bookmark: _Toc95766501]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: _Toc95766502]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  
[bookmark: _Toc61903233][bookmark: _Toc61903884][bookmark: _Toc61905339][bookmark: _Toc61905360][bookmark: _Toc61905382][bookmark: _Toc61905395][bookmark: _Toc61905422][bookmark: _Toc61905443][bookmark: _Toc61905484][bookmark: _Toc61905751]Regarding parallel reception of unicast, multicast and broadcast in RRC CONNECTED, see our contribution [1].  
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: _Toc95766510]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. 
These triggers are now agreed to be signaled for multicast UEs, and should consequently also be supported for broadcast.  

[bookmark: _Toc95766503]For UEs in all RRC states receiving broadcast, the UE may be configured with ZP-CSI-RS.
· [bookmark: _Toc95766504]Configuration is up to RAN2
· [bookmark: _Toc95766505]Update broadcast configuration parameters with ZP-CSI-RS and send LS to RAN2
· [bookmark: _Toc95766506]Inclusion of ZP-CSI-RS triggers in broadcast DCI
i. [bookmark: _Toc95766507]FFS details

Conclusion
 In the previous sections we made the following observations: 
Observation 1	There is no significant power saving by using different CFR frequency ranges for MCCH and MTCH.
Observation 2	There is no significant power saving by using different CFR frequency ranges for different MTCH services.
Observation 3	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	(Based on the FL’s Proposal 2.5-1v6, but updated for clarity):
-	For broadcast reception, only one CFR for MTCH can be configured via MCCH.
-	When MCCH configures a CFR for MTCH, MTCH does not use the CFR configured by SIBx.
-	The frequency resources of the CFR for MTCH are the same as those of the CFR configured by SIBx.
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
-	Inclusion of ZP-CSI-RS triggers in broadcast DCI
i.	FFS details
[bookmark: _In-sequence_SDU_delivery]
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