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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#105 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 UE architecture assumptions to support Independent Beam Management, simultaneous measurement modes, group-based beam reporting for multi-TRP, and UE capabilities to support RRM enhancements in a multi-Rx UE.

[bookmark: _Toc116995842]Discussion
Based on the outcome of the last RAN4 meeting, the following agreements were made with respect to simultaneous DL reception in a multi-TRP scenario [1]. 
<Agreement >: 
Issue 1-1-7: Assumption on supporting 4-layer MIMO with simultaneous DL reception with two different QCL TypeD RSs 
· group based reporting is one of the means to enable simultaneous reception 
· companies proposing to enable simultaneous reception should bring more analysis on how this can be done 
 
<Agreement >: 
Issue 1-1-4: Support of single-DCI and/or multi-DCI multi-TRP operation 
· Consider both sDCI and mDCI 











Scope and Scenarios
Architecture
The scope of this work depends on the assumptions related to the UE measurement capability with multiple RX chains. This will impact the requirements for RRM measurements, TCI switching, etc. The WID [3] has defined the terms ‘multiple RX chains’, that does not simply mean multiple antenna panels. It is possible that multi-RX chains assumes multiple UE implementations options including simultaneous operation on multiple antenna panels, front-end, demodulation and RRM. There can be various UE implementation options, and the WI scope includes them for requirement study.
Independent timing and frequency tracking assumption impacts the possible deployment, i.e., if UE does not support independent tracking, the inter-TRP distance, deployment scenarios and WI scope will be limited. 
Supporting separate baseband processing per Rx chain, enables simultaneous measurements and data path processing while receiving from distributed TRPs.



[image: ]
Figure 1: Architectural overview of BB/RF blocks involved in multiple RX chain capabilities
In the above figure both RF chains will need independent timing control due to distributed TRPs. 
[bookmark: _Toc118729458][bookmark: _Toc126533080][bookmark: _Toc127525197]Multi Rx architecture to assume that each Rx chain can process at an independent FFT window, and independent time tracking per Rx chain.  
[bookmark: _Toc118729460][bookmark: _Toc126533082][bookmark: _Toc127525198]Multi Rx architecture to assume that each Rx chain can perform independent demodulation and independent RRM measurements.
IBM (Independent Beam Management) framework in Rel-17 is defined for the support of intra/inter-cell mobility on 2 Rx chains and different frequency bands. RAN4 has defined IBM and CBM (Common Beam Management) operation for CA cases where the IBM and CBM definitions are illustrated in Figure 2. The use cases for IBM and for CBM are shown in Figure 3, where CBM is only defined for intra-band CA operation and IBM is addressing inter-band CA operation.
[image: ]
[bookmark: _Ref126697162]Figure 2 Illustrations of IBM and CBM definitions.
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[bookmark: _Ref126697197]Figure 3 Illustration of intra-band CA versus inter-band CA configuration with IBM and CBM operation, including timing alignment error (TAE) requirements.
Although IBM and CBM were discussed under the context of carrier aggregation, similar discussion can also be done in the case of MIMO with multiple TRPs. When using the IBM operation, it is considered that the UE is tracking reference signals from two component carriers. That enables the UE to adapt its spatial settings and adapt to the DL frame boundary of the two component carriers independently. Therefore, that allows for flexible deployment of cells with different CCs, which can be deployed with non-collocated TRPs. The same doesn’t hold true for the CBM framework. In that case the UE is only required to monitor RS from one of the CCs for beam alignment and time tracking. For this reason, CBM is much more restrictive on the deployment, that forces tight synchronization and co-location among the CCs. 
For the case of multi-Rx, a similar scenario as the one supported by IBM is introduced since TRPs with difference QCL-D are assumed. For that reason, it is assumed that the UE is adjusting its spatial settings independently for both TRPs to which it is receiving in DL. Likewise, time tracking must follow RSs from both TRPs, for the UE to be able to determine the optimum FFT window timing for DL reception. 
During RAN4#104 meeting, it was agreed to have two cell searchers for RRM measurements [15]: 
RAN4#104 Agreement 
Issue 1-1-1-2: Number of searchers for cell detection and measurements 
· 2 searchers are assumed. 


 

 
[bookmark: _Toc127525199]Since the searchers may need independent control of the spatial filters, it can be assumed that IBM must be extended to intra-band multi-TRP scenarios. 
[bookmark: _Toc127525200]Independent Beam Management on different Rx chains would improve RRM measurements.
[bookmark: _Toc127525201]RAN4 to define requirements assuming independent beam management across multiple Rx chains on the same carrier. 
Group-based beam reporting
As discussed in the previous meeting, to enable reception from multiple TRPs at the UE one method for combining TCI states from sources with different QCL type D is necessary. One possible procedure for enabling 4-layer reception with dual TCIs is described in [9] and we provide few other details that we believe are important for the present discussion. 

[image: ]
[bookmark: _Ref125805761]Figure 4: multi-TRP scenario for groupBasedBeamReporting
Figure 4 illustrates possible scenario and configuration setting for groupBasedBeamReporting. If groupBasedBeamReporting is configured for multi-TRP, the CSI Resource Set Configuration will comprise of resources that can be received simultaneously from two different spatial directions/different QCL-D sources. Furthermore, the network enables groupBasedBeamReporting to UEs capable of mTRP-GroupBasedL1-RSRP-r17, while configuring CSI-RS/SSB resource sets to be measured from both TRPs. 
In order to illustrate the behavior of group-based beam reporting, one example is shown in Figure 4, where the UE could be configured for groupBasedBeamReporting with two sets of reference signals related to TRP1 and TRP2, where TRP1 is transmitting CR#0 to CR#3, and TRP2 is sending CR#4 to CR#7.
The steps concerning group-based beam reporting are represented in Figure 5. 
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[bookmark: _Ref125796258]Figure 5: Steps for group-based beam reporting 
In Step 1 the UE shares the capabilities to the gNB. The group-based reporting is optional with capability signaling indicated by mTRP-GroupBasedL1-RSRP-r17 [11]. 
In Step 2 the gNB configures the CSI-ReportConfig, which indicates that group-based beam reporting by enabling groupBasedBeamReporting-r17 and configuring nrofReportedGroups-r17. In this example the number of reported groups is 3. 
In Step 3 the UE reports the L1-RSRP for the number of reported RS groups as configured in Step 3. This report includes first the list of CSI-RS or SSB resources in pairs which can be simultaneously received by the UE [11][12] . In the second part of the report, the UE includes the differential RSRP values in relation to the RSRP of the first reported RS. In this example, the UE reported that it is capable of simultaneous reception from TCI states corresponding to the pairs of reference signals (CRI#0, CRI#4), (CRI#1, CRI#5), and (CRI#2, CRI#6), and the RSRP values are reported for all those six reference signals. 
By using the procedure indicated in the steps above, the UE can indicate which are the DL beams that can be received simultaneously by the UE. With the information of the RS pairs in the group-based reporting, the gNB can activate and indicate the TCI states related to those groups for simultaneous reception by the UE. 
Group based beam reporting is one means for the UE to signal to the gNB which DL beams can be received simultaneously by the UE. 
Group based beam reporting is an optional feature with capability signalling.  
Even though group-based beam reporting is a good means for achieving 4-layer MIMO in FR2, it is not clear whether indication of a pair through GBBR necessarily would provide an increase in the number of transmission layers. As specified by RAN1, the 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. 
[bookmark: _Toc127525202]Group based beam reporting is not providing network with any indication regarding achievable rank of the reported pairs. 
[bookmark: _Toc127525203]Study how to provide network with UE indication of achievable rank of the beam pairs of the group-based beam reporting.
Additionally, considering the importance of GBBR as an enabler for multi-Rx reception, it is necessary to define corresponding RRM core requirements related to group-based reception. The existing Rel-17 RRM L1 RSRP requirements related to group-based beam reporting do not cover aspects related to the decision of the reporting pairs. Therefore, it is important for RAN4 to discuss the conditions for GBBR and define requirements related to those conditions. 
[bookmark: _Toc127525204]L1-RSRP requirements for groupbasedbeamreporting-r17 enabled do not include requirements on the conditions for reporting groups of reference signals. 
[bookmark: _Toc127525205]RAN4 to discuss the conditions under which a group should be reported using GBBR. 
[bookmark: _Toc127525206]RAN4 to define requirements related to the reporting of groups in group-based beam reporting. 
Applicability conditions
	Issue 2-3-1: Applicability of new requirements to different QCL types
· Proposals
· Option 1 (Ericsson): 
· Scenarios where QCL type D is configured in combination with QCL type A/C should be in the scope of the WI.
· RAN4 can further discuss whether the same requirements apply for QCL type D only case and QCL type D + QCL type A/C.
· Option 2 (vivo): 
· Requirements defined for QCL type-D only are also applicable when QCL type D is configured together with QCL type A/C.
· Option 3 (Huawei): 
· For UE capable of multi-Rx receptions from different directions, the applicability and conditions of FR2 multi-Rx DL receptions shall be focused on the TCI configuration of QCL type D
· Option 4 (Nokia): 
· QCL relationship between RSs is only considered for TCI state switching and L1 measurements. 
· TCI state configuration with QCL-A/C do not have impact on RRM requirements.
· UEs supporting multi-Rx chain in R-18 should be able to receive two RSs simultaneously from non-serving cells using different Rx chains.
· Recommended WF
· Needs further discussion.




Applicability conditions for TCI state switching in UEs capable of multi-Rx DL reception should cover the following scenarios 
· Simultaneously receive RS for L3 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 [13] 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 + + 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 + + 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: _Toc127436788][bookmark: _Toc127525207]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: _Toc127525208]RAN4 should discuss QCL relations as part of requirements of TCI state switching delay.
Modes for simultaneous reception and power saving
It has been discussed for the past RAN4 meetings about the need for certain RRM enhancements, and how those could impact the power consumption from UEs supporting multi-Rx. From our understanding multi-Rx enhancements can be useful for improving FR2 performance in a variety of ways, but it is also clear that those enhancements do not need to be activated permanently for a UE supporting multi-Rx. 
Simultaneous reception in R-18 multi-Rx UEs should cover the following scenarios. 
· [bookmark: _Toc118729464]Simultaneous L1 measurements:
· [bookmark: _Toc118729465]L1 SSB + L1 SSB
· [bookmark: _Toc118729466]L1 CSI-RS + L1 CSI-RS

[image: ]
Figure 6: multi-RX simultaneous L1 measurements (CSI-RS + CSI-RS)
· [bookmark: _Toc118729469]Simultaneous L3 and L1 measurements:
· [bookmark: _Toc118729470]L3 SSB + L1 SSB/CSI-RS


[image: ]
Figure 7: multi-RX simultaneous L1 measurements (L3 SSB + L1 CSI-RS)
· Simultaneous reception of 4-layer MIMO from separate QCL-D sources (multiple TRPs)

[image: ]
Figure 8: multi-RX simultaneous reception of data from separate QCL-D sources
· [bookmark: _Toc118729471]Simultaneous data and L3 /L1 measurements:
· [bookmark: _Toc118729472]L1 SSB + data
· [bookmark: _Toc118729473]L1 CSI-RS + data
· [bookmark: _Toc118729474]L3 SSB + data

         
[image: ]	
Figure 8 9: multi-RX simultaneous L1 measurements (L3 SSB + data)
Considering the scenarios above, 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, or they may be avoided when the UE needs to save power. It is clear that some of those enhancements can push higher power consumption demand form the UE, and 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 always being required to use multi-Rx reception. 
[bookmark: _Toc118729486][bookmark: _Toc127525209]Reduction of scheduling restrictions can enhance throughput and reduce of latency in data reception. 
[bookmark: _Toc127525210]In a multi-TCI, multi-TRP scenario, if the AoA separation between data reception and the measurement RS is sufficient, then multi-RX UE should be able to simultaneously receive data and perform L1/L3 measurements.
[bookmark: _Toc118729488][bookmark: _Toc127525211]RAN4 to study if use of single Rx chain or multiple Rx chain can be adapted over time. 
[bookmark: _Toc118393439][bookmark: _Toc127525212]A UE capable of multi-Rx reception and 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: _Toc127525213]RAN4 to discuss new signaling for UE indication of use of 2 Rx chains.
UE capability
In section 2.1, we proposed that R-18 multi-Rx UEs should be capable of supporting both single-DCI and multi-DCI modes of operation in a multi-TRP scenario. In section 2.2, we proposed that group-based Beam reporting should be mandatory for both single-DCI and multi-DCI modes of operation.
[bookmark: _Toc127525214]RAN4 to consider Rel-17 Group-based beam reporting as a pre-requisite for multi-Rx capability.
In section 2.4, we proposed modes of simultaneous reception that should be supported for R-18 multi-Rx UEs. An important set of simultaneous reception modes for RRM enhancements are those involving simultaneous data reception and RS measurements.
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.
[bookmark: _Toc127525215]To support R-18 multi-Rx DL simultaneous reception modes, an additional UE capability shall be defined.
As for the MRTD/MTTD capabilities, it has been already discussed as part of the MIMO_evolution_UL_DL that a new UE capability would be defined related to maximum supported RTD. RAN4 discussed this topic and in RAN4 #104bis, the following has been agreed in the WF[15]: 
	Issue 1-3: MRTD/MTTD requirement for multi-DCI multi-TRP operation in FR2
Agreements:
· For both intra-cell and inter-cell multi-TRP, the MRTD between multiple TRPs can be assumed within a CP length as baseline. MTTD can be CP + M2 µs for FR2. Where M2 is FFS.
· FFS whether transient period between 2 UL signals associated with 2 different TAs needs to be considered
· For a UE capable of supporting RTD>CP (as an optional UE capability), MRTD/MTTD value is 8/8.5 µs.




As part of the agreement above, a new UE capability related to supporting RTD>CP is to be defined. Even though the motivation for such a feature is for the UL transmission in MIMO_evo, the same reasoning regarding deployment impact for supporting RTD>CP applies for all the multi TRP scenarios. 
[bookmark: _Toc127525216]As part of MIMO_evo_UL_DL it was decided to define a new UE capability related to supporting RTD>CP. 
[bookmark: _Toc127525217]RAN4 to reuse UE capability to be defined as part of NR_MIMO_evo_DL_UL for UE capable of supporting RTD>CP as part of the multi-Rx work. 

[bookmark: _Toc116995848]Conclusion
In this paper, R-18 multi-Rx UE architectures supporting Independent Beam Management, Group Based Beam reporting, simultaneous data and measurement reception modes and UE capabilities to support them were analyzed and discussed. The following Observations and Proposals are made:
Proposal 1: Multi Rx architecture to assume that each Rx chain can process at an independent FFT window, and independent time tracking per Rx chain.
Proposal 2: Multi Rx architecture to assume that each Rx chain can perform independent demodulation and independent RRM measurements.
Observation 2: Since the searchers may need independent control of the spatial filters, it can be assumed that IBM must be extended to intra-band multi-TRP scenarios.
Observation 3: Independent Beam Management on different Rx chains would improve RRM measurements.
Proposal 3: RAN4 to define requirements assuming independent beam management across multiple Rx chains on the same carrier.
Observation 6: Group based beam reporting is not providing network with any indication regarding achievable rank of the reported pairs.
Proposal 4: Study how to provide network with UE indication of achievable rank of the beam pairs of the group-based beam reporting.
Observation 7: L1-RSRP requirements for groupbasedbeamreporting-r17 enabled do not include requirements on the conditions for reporting groups of reference signals.
Proposal 5: RAN4 to discuss the conditions under which a group should be reported using GBBR.
Proposal 6: RAN4 to define requirements related to the reporting of groups in group-based beam reporting.
Observation 8: 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 7: RAN4 should discuss QCL relations as part of requirements of TCI state switching delay.
Observation 9: Reduction of scheduling restrictions can enhance throughput and reduce of latency in data reception.
Observation 10: In a multi-TCI, multi-TRP scenario, if the AoA separation between data reception and the measurement RS is sufficient, then multi-RX UE should be able to simultaneously receive data and perform L1/L3 measurements.
Proposal 8: RAN4 to study if use of single Rx chain or multiple Rx chain can be adapted over time.
Proposal 9: A UE capable of multi-Rx reception and 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 10: RAN4 to discuss new signaling for UE indication of use of 2 Rx chains.
Proposal 11: RAN4 to consider Rel-17 Group-based beam reporting as a pre-requisite for multi-Rx capability.
Proposal 12: To support R-18 multi-Rx DL simultaneous reception modes, an additional UE capability shall be defined.
Observation 12: As part of MIMO_evo_UL_DL it was decided to define a new UE capability related to supporting RTD>CP.
Proposal 13: RAN4 to reuse UE capability to be defined as part of NR_MIMO_evo_DL_UL for UE capable of supporting RTD>CP as part of the multi-Rx work.
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