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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#106-e-bis meeting we had further discussions and agreements related to simultaneous DL reception in a multi-Rx UE and power save. In continuation, we address open issues from those discussions. We derive observations and proposals concerning beam management for simultaneous reception, group-based beam reporting for multi-TRP, multi-Rx mode conditions, and applicability and conditions to support RRM enhancements in a multi-Rx UE.  

[bookmark: _Toc116995842]Discussion
In RAN4#106-e-bis meeting, the following Agreements were made regarding RRM General Aspects [1].  
	<Agreements >:
1. Sub-topic 1-1: Scope and scenarios
Issue 1-1-2: Single (component) carrier for defining RRM requirements
<Agreement >:
· Deprioritize discussions on RRM requirements for CA/DC scenarios till single carrier requirements are completed.
 
Issue 1-1-5: Spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel
<Agreement >:
· Spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel to receive two independent signals from the same or nearly the same direction is not further discussed in RRM session.
· Note: It can be revisited in case any RRM impact is identified.
 
Issue 1-1-9: Scenarios/assumption for “simultaneous reception”
<Agreement >:
· Scenarios for mTRP simultaneous reception is to be covered as part of scheduling restrictions/measurement restrictions, L1 measurement, and TCI state switching agenda items

1. Sub-topic 1-2: RRM requirements impact
Issue 1-2-5a: Whether to define power saving related requirements
<Agreement >:
· No power saving specific requirements, e.g., L1 measurements relaxation for multi-Rx operation, are considered in the WI.
Issue 1-2-2: UE architectures
<Agreement >:
· Multi-Rx architecture impact to RRM requirements can be considered on a case-by-case basis, if needed

1. Sub-topic 1-4: UE capability
Issue 1-4-1: Clarification/understanding on R16 UE capabilitiy simultaneousReceptionDiffTypeD
<Agreement >:
· It is RAN4 understanding that the R16 UE capability simultaneousReceptionDiffTypeD is only applicable for simultaneous PDSCH reception.
 
Issue 1-4-2: UE capability for simultaneous reception in Rel-18
<Agreement >:
· The issue is postponed until there is sufficient progress on requirements.
 
Issue 1-4-3a: UE capability of simultaneousRxDataSSB-DiffNumerology-Inter-r16
<Agreement >:
· No need to discuss simultaneousRxDataSSB-DiffNumerology-Inter-r16 in R18 multi-Rx chains WI





Problem Scenarios in Simultaneous Reception 
RAN4 agreed to use Rel-17 group-based beam reporting as a prerequisite for multi-Rx reception in Rel-18. In group-based beam reporting the UE reports N groups/pairs (i.e. beams that can be simultaneously received) of M beams (i.e. at least 2 beams in one group). The pairing is done by the UE according to its capabilities as exemplified in Figure 2 with a 3-panel UE and 2 Rx chains.

 [image: ]
Figure 2: Group Based Beam Reporting
The number of groups N is reported to TRP and max(N) per CSI report is a UE capability where the UE chooses among {1,2,3,4}. Therefore, in Figure 2, although the UE can receive five beam pairs simultaneously, the UE will only report up to four groups.
In the previous RAN4 meetings companies have brought up the issue about UE and network behavior in the scenario, where a UE that is indicated or already receiving a beam pair based on an earlier group-based beam report can no longer receive the beams in that beam pair simultaneously. The issue has been brought up e.g. under the TCI state switching agenda item, but we think the issue is more related to the principle of simultaneous reception, which is why we prefer to discuss it here under the agenda item about general aspects.
	Issue 2-1-4: UE behaviour when TCI states are not supported 

· Proposal 1: RAN4 to investigate the UE behaviour when it is not able to receive simultaneously on the dual TCI states. 
· Proposal 2: It is proposed to discuss and decide UE behaviour in case the UE does not support the two configured target TCI states simultaneously. 




To elaborate the issues of simultaneous beam reception further, at least the following scenarios may occur as well:
· Two beam pairs have a good link quality for individual reception, but due to UE movement the beams become correlated and are not suitable for simultaneous reception. 
· One or both beams from the pair could have been blocked by an obstacle and experience low link quality even when scheduled individually. 
RAN1 has not defined any failure mechanism for the described scenarios, so the UE and network behavior in these scenarios is unclear. Network does not have visibility of the UE ability to receive two beams simultaneously other than based on the beam pairs that are reported in the group-based report. If the reporting periodicity is long, the network may get the information with a fairly long delay. 
[bookmark: _Toc135068431]When, due to changed UE conditions, the UE can no longer receive a beam pair simultaneously, based on the existing mechanism the network gets this information only at the next group-based report.
Furthermore, the network does not have visibility to the exact UE condition e.g. whether the UE can still receive each beam individually or which of the links causes link degradation. Depending on the scenario in question, the network could decide to indicate a new beam pair, schedule the UE using only one of the beams in the beam pair, or schedule the beam pair in a TDM manner. 
[bookmark: _Toc135068432]The network does not have visibility to the cause of the problem in simultaneous reception, and without this information the network may not be able to take the best next action.
[bookmark: _Hlk134781586]To allow the network know about a problem in simultaneous reception, we propose to consider introducing a UE indication to inform the network that the current beam pair being received can no longer be received simultaneously. To add more information about the problem scenario, distinction of different cases can be made by the UE in order for the network to make the best decision on which beams to schedule, while it triggers new measurements in order to find another set of suitable beams for simultaneous reception. For this purpose, we propose to include the cause of the problem to help the network to make the best decision about the next beam indication. The information may be sent to the network in e.g. UE assistance information or the next group-based report.
[bookmark: _Toc135068433]Introduce UE indication to inform the network that the beam pair being currently received and reported can no longer be received simultaneously.
[bookmark: _Toc135068434]Introduce UE indication to inform the network about the cause of m-TRP link degradation, the causes including at least:
· [bookmark: _Toc135068435]Case 1: Both TCI states can be received separately, but not simultaneously
· [bookmark: _Toc135068436]Case 2: Single TCI state is experiencing link degradation (UE indicates the TCI state ID)
· [bookmark: _Toc135068437]Case 3: Both TCI states expedience link degradation
The details of the exact signaling is up to RAN2 to define. Therefore, based on RAN4 agreements, RAN2 should be informed about the need of such signaling through an LS.
[bookmark: _Toc135068438]Send LS to RAN2 requesting signaling support for mTRP link degradation indication. 

Group Based Beam Reporting
If groupBasedBeamReporting-r17 is enabled, the CSI Resource Set Configuration will comprise of resources that can be received simultaneously from different spatial directions/different QCL-D sources. Furthermore, the network enables groupBasedBeamReporting (GBBR) to UEs capable of mTRP-GroupBasedL1-RSRP-r17, while configuring CSI-RS/SSB resource sets to be measured from multiple TRPs.  

Even though group-based beam reporting in Rel-17 is a good means for achieving 4-layer MIMO in FR2, it is not clear whether indication of a pair through Rel-17 GBBR necessarily would provide an increase in the number of transmission layers. As specified by RAN1, the Rel-17 GBBR indication states that a UE can receive data with a pair TCI state corresponding with the reported pair reference signals. However, there is no guarantee from the requirements that the reported pair is not rank deficient. In one example the UE might report a pair that doesn’t provide increase in MIMO layers, but that could be suitable for a repetition scheme for increased link robustness.

The quality of beam selection can be influenced by several factors like AoA offset between TRP signals, RSRP difference caused by power imbalance between Rx chains in the UE, RTD between the strongest arrival paths from two TRPs and level of inter-TRP interference on the Rx chains. Therefore, considering the importance of GBBR as an enabler for multi-Rx reception, it is necessary to define corresponding RRM core requirements and conditions related to group-based reception.

[bookmark: _Toc135068439]Optimum Beam pair selection for GBBR could depend on AoA offsets, RSRP differences, RTD differences, maximum MIMO rank, inter-TRP interference.
[bookmark: _Toc135068440]RAN4 RRM requirements should define conditions for beam selection for R-17 Group-Based Beam Reporting.

Multi-Rx Mode of Operation
	Issue 1-2-5: Indication of multi-Rx operation
< Way forward >:
· Proposals
· Option 1: (Nokia, Huawei, LGE, Intel, ZTE, vivo, Samsung, Apple)
· Introduce mechanism/condition for indication of multi-Rx operation, including on/off indication of multi-Rx operation.
· FFS on mechanism/condition for indication of multi-Rx operation
· Option 2: (MTK, OPPO)
· No new mechanism is needed for UE to fallback from multi-Rx to single Rx.




In previous meetings we have discussed the multi-Rx modes as part of an issue with power saving title. Power saving aspect is something that was raised by some companies, since the UE operating with multiple receivers might be power hungry and optimizations would be needed in order to temporarily back up to a single receiver. We understand that some companies have related power saving with measurement relaxations that were discussed as part of work items such as NR_UE_pow_sav_enh, which is not the case of what is being discussed as part of the multiRx context. The agreement from last meeting is that no power saving specific requirements are to be defined [1]: 
	1. Sub-topic 1-2: RRM requirements impact
Issue 1-2-5a: Whether to define power saving related requirements
<Agreement >:
· No power saving specific requirements, e.g., L1 measurements relaxation for multi-Rx operation, are considered in the WI.




The UE might be using multi-Rx for receiving data with an increased number of layers, for performing faster measurements, or for reduction of scheduling restrictions. In some of those cases, those enhancements may be only needed when the UE has higher traffic demands. Therefore, some flexibility on enabling and/or disabling those is desirable. We understand that RRM enhancements may provide important benefits in the sense of optimizing UE and network performance. However, such improvements may not always justify UE being required to use multi-Rx reception. 
[bookmark: _Toc131693755][bookmark: _Toc135068441]Multi Rx operation is not necessary to be maintained constantly. 
[bookmark: _Toc131693756][bookmark: _Toc135068442]When a UE is capable of multi Rx reception, the network should be aware of when the UE is using 2 Rx chains for reducing measurement times or reducing scheduling restrictions or when it is using a single Rx chain.  
[bookmark: _Toc131693757][bookmark: _Toc135068443]RAN4 to discuss new signaling for UE indication of use of 2 Rx chains.  
Among the different multi-Rx operation modes we can define some of the following:
· Mode 1: single chain RRM
· This mode can be used for saving power on the UE. Use of Mode 1 doesn’t necessarily mean that the UE cannot perform GBBR, since GBBR measurement doesn’t need RS from the 2 TRPs to be transmitted simultaneously. 
· Mode 2: multi-Rx RRM enabled for reduction of scheduling restriction
· That mode implies that the UE is performing simultaneous measurements and data reception. 
· Mode 3: multi-Rx RRM enabled for simultaneous measurements on 2 Rx chains
· That mode is enabled by the reduction of N. 

We understand that those 3 modes can be negotiated between the UE and the network. On one hand the UE has the information of whether power must be saved, and therefore could have a preference to fallback to mode 1 in that case. On the other hand, the network is the one scheduling the UE, therefore, the network is aware of when the UE needs to increase the throughput by reduction of scheduling restrictions with mode 2, or when the network needs lower latency on measurements to make the multi TRP transmission more robust against UE rotation and movement. 
[bookmark: _Toc135068444]RAN4 to consider the following modes for multi-Rx indication:
a. [bookmark: _Toc135068445]Mode 1: single chain RRM
b. [bookmark: _Toc135068446]Mode 2: multi-Rx RRM enabled for reduction of scheduling restrictions
c. [bookmark: _Toc135068447]Mode 3: multi-Rx RRM enabled for reduction of L1 measurement time
[bookmark: _Toc135068448]Modes 1, 2 and 3 are configured by the network based on indicated UE capabilities and preferences. 
[bookmark: _Toc135068449]RAN4 to send LS to RAN2 requesting signaling support for the multi-Rx mode configuration. 
Applicability and Conditions
The following issues are open related to applicability and conditions of multi-Rx requirements [1]:
	Issue 1-3-1: Applicability of new requirements to different QCL types
<Way forward >:
· Proposals
· Option 1: 
· Requirements defined for QCL type-D only are also applicable when QCL type D is configured together with QCL type A/C.
· Option 2: 
· Scenarios where QCL type D is configured in combination with QCL type A/C should be also covered by the requirements for simultaneous RS reception.
· FFS: The same RRM requirements for simultaneous RS reception can apply for RS configured with:
· QCL type D,
· QCL type D + QCL type A, or
· QCL type D + QCL type C.

Issue 1-3-3: Detectable condition of RS signals
<Way forward >:
· Proposals
· Option 1: 
· For detectable condition, all RSs in the same TCI chain for the target TCI state should remain detectable during the entire measurement/switch period.
· Option 2: 
· Both RSs and their associated signals in the QCL type D infos are detectable during the entire measurement/evaluation/TCI state switching period.



Applicability conditions for TCI state switching in UEs capable of multi-Rx DL reception should cover the following scenarios  
· Simultaneously receive RS for L1 measurements and data from two different QCL-D sources. 
· Simultaneously receive data from two different QCL-D sources. 
· Simultaneously receive RS for L1 measurements from two different QCL-D sources. 
For MAC-CE based TCI switch delay, section 8.10.3 of 3GPP TS 38.133 states the following regarding QCL-Type-A or QCL-Type-C relations. 
	If the target TCI state is known, upon receiving PDSCH carrying MAC-CE activation command in slot n, UE shall be able to receive PDCCH with target TCI state of the serving cell on which TCI state switch occurs at the first slot that is after slot n+ THARQ + 3Nsubframe,µslot+ TOk*(Tfirst-SSB + TSSB-proc) / NR slot length. 
 
If the target TCI state is unknown, upon receiving PDSCH carrying MAC-CE activation command in slot n, UE shall be able to receive PDCCH with target TCI state of the serving cell on which TCI state switch occurs at the first slot that is after slot n+ THARQ +3Nsubframe,µslot+ TL1-RSRP +TOuk*(Tfirst-SSB+ TSSB-proc) / NR slot length 
 
· Tfirst-SSB is time to first SSB transmission after MAC CE command is decoded by the UE; The SSB shall be the QCL-TypeA or QCL-TypeC to target TCI state 




Considering the requirement above, it should be fine to discuss QCL-A and QCL-C as part of the TCI state switching delay. In the requirements, if the target TCI state is not in the active list, the UE needs to acquire timing from the first SSB transmission after the MAC CE command, where this SSB can be QCL-A or QCL-C with the target state. Therefore, the same reasoning can be used for multi Rx TCI switching, where reference signals with different types of QCL can be used during this procedure. However, it is not clear why to discuss QCL A/C for other requirements, that are not TCI state switching.  
[bookmark: _Toc135068450]QCL-A and QCL-C relation is used in existing RAN4 RRM requirements in TCI state switching delay, for the determination of the first SSB available for the UE to acquire timing. 
[bookmark: _Toc135068451]RAN4 should discuss QCL relations as part of requirements of TCI state switching delay. 
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: _Toc135068452]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: _Toc135068453]RAN4 RRM should discuss detectability conditions for mTRP TCI state management as part of requirements of TCI state switching delay. 
[bookmark: _Toc116995848]Conclusion
In the contribution, the following Observations and Proposals were made: 

Observation 1: When, due to changed UE conditions, the UE can no longer receive a beam pair simultaneously, based on the existing mechanism the network gets this information only at the next group-based report.
Observation 2: The network does not have visibility to the cause of the problem in simultaneous reception, and without this information the network may not be able to take the best next action.
Proposal 1: Introduce UE indication to inform the network that the beam pair being currently received and reported can no longer be received simultaneously.
Proposal 2: Introduce UE indication to inform the network about the cause of m-TRP link degradation, the causes including at least:
	Case 1: Both TCI states can be received separately, but not simultaneously
	Case 2: Single TCI state is experiencing link degradation (UE indicates the TCI state ID)
	Case 3: Both TCI states expedience link degradation
Proposal 3: Send LS to RAN2 requesting signaling support for mTRP link degradation indication.
Observation 3: Optimum Beam pair selection for GBBR could depend on AoA offsets, RSRP differences, RTD differences, maximum MIMO rank, inter-TRP interference.
Proposal 4: RAN4 RRM requirements should define conditions for beam selection for R-17 Group-Based Beam Reporting.
Observation 4: Multi Rx operation is not necessary to be maintained constantly.
Proposal 5: When a UE is capable of multi Rx reception, the network should be aware of when the UE is using 2 Rx chains for reducing measurement times or reducing scheduling restrictions or when it is using a single Rx chain.
Proposal 6: RAN4 to discuss new signaling for UE indication of use of 2 Rx chains.
Proposal 7: RAN4 to consider the following modes for multi-Rx indication:
a.	Mode 1: single chain RRM
b.	Mode 2: multi-Rx RRM enabled for reduction of scheduling restrictions
c.	Mode 3: multi-Rx RRM enabled for reduction of L1 measurement time
Proposal 8: Modes 1, 2 and 3 are configured by the network based on indicated UE capabilities and preferences.
Proposal 9: RAN4 to send LS to RAN2 requesting signaling support for the multi-Rx mode configuration.
Observation 5: QCL-A and QCL-C relation is used in existing RAN4 RRM requirements in TCI state switching delay, for the determination of the first SSB available for the UE to acquire timing.
Proposal 10: RAN4 should discuss QCL relations as part of requirements of TCI state switching delay.
Observation 6: 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 11: RAN4 RRM should discuss detectability conditions for mTRP TCI state management as part of requirements of TCI state switching delay.
[bookmark: _Toc116995849]
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