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[bookmark: _Toc116995841]Introduction
In this paper we discuss RRM aspects related to the multi-Rx chain reception in FR2 for Rel-18. In RAN4#107 meeting we had further discussions and agreements related to simultaneous DL reception in a multi-Rx UE. In continuation, we address open issues from those discussions. We derive observations and proposals concerning multi-Rx mode conditions, and applicability and conditions to support RRM enhancements in a multi-Rx UE.  
[bookmark: _Toc116995842]Discussion
In RAN4#107 meeting, the following Agreements were made regarding RRM General Aspects [3][4].  
Multi-Rx Mode of Operation
	Issue 1-2-5: Indication of multi-Rx operation
<Way forward >:
· Proposals
· Option 1: Do not introduce new dynamic or semi-static signaling for indication of applicability of multi-Rx operation
· Option 2: RAN4 to ask RAN2 to extend OverheatingAssistance mechanism to also cover multi-RX chain operation. The details are up to RAN2.




Considering that RAN4 needed to descope some of the topics that were considered for multi Rx, some of the reasons for the indication of multi Rx operation are not existing anymore. As an example, by the time these dynamic indications were considered, multiple enhancements regarding simultaneous L1 and L3 measurements, L3 enhanced measurement delay, L3 scheduling restrictions relaxations, were considered. As commented by some companies by that time, those enhancements would require increase in battery consumption, and some way of mitigating that problem would be needed. Considering that the basic features are to be specified in Multi Rx Rel 18, the enhancements that would be increasing power consumption are now very limited. 
As for the reception with 4 layers, it is already possible to use OverheatingAssistance to indicate the UE preference to indicate reduction on maximum number of MIMO layers, which is a good indicator that simultaneous transmissions should not be used. Additionally, it is quite clear from the UE perspective when multiple panels are to be activated for simultaneous receptions, since the network will configure the UE to report GBBR-r17 and will indicate 2 TCIs for PDSCH reception. 
[bookmark: _Toc142660540]For RRM enhancements we only cover simple extensions of legacy for scheduling restrictions where the RS is QCL-D with PDSCH/PDCCH.

[bookmark: _Toc142660541]RAN4 has already agreed to descope most of the RRM enhancements that would be possible with multi-Rx, therefore there is no need for additional signaling indicating multi-Rx operation.
[bookmark: _Toc142660542]OverheatingAssistance includes support to indicate reducedMaxMIMO-LayersFR2. 
[bookmark: _Toc142660543] Do not introduce new dynamic or semi-static signaling for indication of applicability of multi-Rx operation.
However, for a Rel-18 multi-Rx UE, an important set of simultaneous reception modes for RRM enhancements are those involving simultaneous data reception and RS measurements. 

[bookmark: _Toc142660544]simultaneousReceptionDiffTypeD-r16 is a UE capability intended to indicate simultaneous data reception from different QCL-D sources. To support other simultaneous reception modes a new UE capability is required. 
Additionally, if UE can support multi-Rx mode of operation, more relaxed RRM scheduling requirements shall apply during simultaneous L1 measurements. 
[bookmark: _Toc142660545]RAN4 to define new additional UE capability to indicate support of Rel-18 multi-Rx DL simultaneous reception. 
Applicability and Conditions
The following issues are open related to applicability and conditions of multi-Rx requirements [1][2]:
	Issue 1-3-1: Applicability of new requirements to different QCL types
<Agreement >:
· Scenarios where QCL type D is configured in combination with QCL type A/C are not precluded in the requirements for multi-rx operation.

Issue 1-3-3: Detectable condition of RS signals
<Way forward >:
· Proposals
· Option 1: (Nokia)
· RAN4 RRM should discuss detectability conditions for mTRP TCI state management as part of requirements of TCI state switching delay.
· Option 2: (MediaTek)
· For detectable condition, all RSs in the same TCI chain for the target TCI state should remain detectable during the entire measurement/evaluation/TCI state switch period.
· Option 3: (Ericsson)
· Both RSs and their associated signals in the QCL type D infos are detectable during the entire measurement period.




In R-17, according to 38.133, section 8.10.2, known conditions for TCI state are:
	8.10.2	Known conditions for TCI state
The TCI state is known if the following conditions are met:
-	During the period from the last transmission of the RS resource used for the L1-RSRP measurement reporting for the target TCI state to the completion of active TCI state switch, where the RS resource for L1-RSRP measurement is the RS in target TCI state or QCLed to the target TCI state
-	TCI state switch command is received within 1280 ms upon the last transmission of the RS resource for beam reporting or measurement 
-	The UE has sent at least 1 L1-RSRP report for the target TCI state before the TCI state switch command
-	The TCI state remains detectable during the TCI state switching period
[bookmark: _Hlk18067072]-	The SSB associated with the TCI state remain detectable during the TCI switching period
-	SNR of the TCI state ≥ -3dB
Otherwise, the TCI state is unknown.




[bookmark: _Toc135057851][bookmark: _Toc142660546]If the RSs associated with a TCI state are not detectable during the period of measurement to TCI state switch, then the TCI state is considered unknown.
[bookmark: _Toc135057852][bookmark: _Toc142660547]RAN4 RRM should discuss detectability conditions for mTRP TCI state management as part of requirements of TCI state switching delay. 
Similarly, there are conditions for detectability of RSs for L1-RSRP measurement delay requirements. Other issues discussed during RAN4#107 include:
	Issue 1-3-4: Set of conditions to be considered in the L1 measurement requirements
<Way forward >:
· Proposals
· Option 1: (Ericsson)
· The following is a necessary condition in multi-rx requirements
· Condition #1: UE has the multi-rx operation capability (to be replaced with the exact capability name, with a relevant reference in the specification),
· Condition #2: UE is configured with dual TCI,
· Condition #3: UE is not configured with CA or DC,
· Condition #4: The simultaneously received RSs are in PCell only, 
· Condition #5: Both RSs and their associated signals in the QCL type D infos are detectable during the entire measurement period,
· Condition #6: The applicable side conditions are the conditions during the overlapping RS occasions (the conditions can be better in the non-overlapping occasions),
· Condition #7: The measured RS is being received simultaneously with another RS, where the two RSs have QCL-TypeD with different references, in at least one overlapping measurement occasion during the measurement period.
· Option 2: (Qualcomm)
· RAN4 to not assume UE receives signals/channels from mTRP using simultaneously formed multiple Rx beams when any of the following conditions are not met:
· UE is configured with active TCI states from two TRPs, and the association between the TCI states and the TRPs is explicitly known to the UE, i.e.
· (single DCI based mTRP) at least one of the codepoints in the active TCI list for PDSCH includes two reference resources for qcl-TypeD from respective TRPs
· (multi DCI based mTRP) two CORESETs QCL’ed with two reference resources for qcl-TypeD are configured
· SNR > XdB from each TRP, e.g. SNR regime where rank > 2 is expected
· Group-based L1-RSRP measurement is configured based on L3 measurements for the same measurement resources
· Note that the number of UE cell search engines should remain the same, irrespective of the number of active UE Rx beams.

Issue 1-3-5: UE behaviour when a condition (e.g., from the set of conditions in issue 1-3-4) becomes violated during a measurement
<Way forward >:
· Proposals
· Option 1: (Ericsson)
· When at least one of the conditions becomes violated, the UE may or may not be able to complete the multi-rx measurement, e.g.:
· may need to stop and restart (in new conditions) the RS measurements, at least for some of the conditions (e.g., when TCI configuration changes, PCell changes).
· continues the RS measurement using a single panel, but more relaxed requirements apply for such measurement, at least for some of the conditions,
· may need to complete the measurement before switching to the operation mode where the condition is violated, at least for some of the conditions (e.g., UE receives CA configuration).




[bookmark: _Toc142660548] In general, RAN4 to assume that intra-cell mTRP signals are simultaneously received when at least the following conditions are met: 
a. UE is capable of receiving simultaneously from two different QCL-D sources. 
b. UE is capable of Rel-17 Group Based Beam Reporting. 
c. Network has configured UE with R-17 Group Based Beam Reporting. 
e. Network has configured via higher layer signaling 2 CORESET pool indices associated with 2 different TRPs (in case of mDCI) 
                         OR  
      Network has configured 2 active TCI states per TCI code point in case of sDCI. 

[bookmark: _Toc142660549]Set of specific conditions to be considered for L1 measurements for simultaneous reception should be discussed as part of L1-RSRP measurement discussion.

[bookmark: _Toc116995848]Conclusion
In the contribution, the following Observations and Proposals were made: 
Observation 1: For RRM enhancements we only cover simple extensions of legacy for scheduling restrictions where the RS is QCL-D with PDSCH/PDCCH.
Observation 2: RAN4 has already agreed to descope most of the RRM enhancements that would be possible with multi-Rx, therefore there is no need for additional signaling indicating multi-Rx operation.
Observation 3: OverheatingAssistance includes support to indicate reducedMaxMIMO-LayersFR2.
Proposal 1: Do not introduce new dynamic or semi-static signaling for indication of applicability of multi-Rx operation.
Observation 4: simultaneousReceptionDiffTypeD-r16 is a UE capability intended to indicate simultaneous data reception from different QCL-D sources. To support other simultaneous reception modes a new UE capability is required.
Proposal 2: RAN4 to define new additional UE capability to indicate support of Rel-18 multi-Rx DL simultaneous reception.
Observation 5: If the RSs associated with a TCI state are not detectable during the period of measurement to TCI state switch, then the TCI state is considered unknown.
Proposal 3: RAN4 RRM should discuss detectability conditions for mTRP TCI state management as part of requirements of TCI state switching delay.
Observation 6: In general, RAN4 to assume that intra-cell mTRP signals are simultaneously received when at least the following conditions are met:
Proposal 4: Set of specific conditions to be considered for L1 measurements for simultaneous reception should be discussed as part of L1-RSRP measurement discussion.
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