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1. Introduction
In RAN4 #109 meeting, the performace part of multi-Rx was initially discussed and the WF[1] was agreed. In this contribution, we would like to give some views on the multi-Rx performance TC design.
2 Discussion 
2.1 Background on test methods
Let’s recall some agreements achieved in the Testability/Perf. WI of the previous releases: 
· Two Rx beam types: 
Fine Rx beam and Rough Rx beam. The fine Rx beam is the beam used by the UE to perform PDSCH reception and used to define UE RF requirements. While for RRM measurement requirements, rough beam is assumed to define the minimum requirements at most situations. As a matter of fact, using fine or rough beams in different RRM functions are totally UE implementation issues. In the Testability discussion, 4 AoA setups are agreed to be feasible 
· 4 AoA setups 
· Setup #1: single AoA in Rx beam peak direction.
· The test signal are aligned to the UE Rx beam peak direction
· Setup #2: single AoA in non Rx beam peak direction.
· The test signal are from any single direction that is covered by N% percentile EIS spherical coverage of the UE 
· Setup#3: 2 AoAs, 
· Each test signal is from any single direction that is covered by N% percentile EIS spherical coverage of the UE
· Setup#4: 2 AoAs, 1 AoA in Rx beam peak direction, 1 in non Rx beam peak
· The purpose of Setup 4 is to allow test coverage of scenarios with large SS-RSRP difference or large Io difference
Thereinto, according to the baseline setup captured in TR 38.810, there are two cases for Setup3:
· Case 1: TDM transmissions from 2 probes 
· Case 2: Simultaneous transmissions from 2 probes. In such case, the maximum gain difference between the 2 directions when signals and artificial noise are received on the same UE Rx beam is used to determine SINR.
Observation 1: For 2AoA setup 3 case 2,  the maximum gain difference between the 2 directions when signals and artificial noise are received on the same UE Rx beam is used to determine SINR
· Modes of Side condition emulation (please find the initial agreement in [2])
· Mode 1: TE emulates target SNR conditions
· Mode 2: TE emulates desired signal only without artificial noise
· Scenarios 1&2 and Mode 1  [3]
· For Mode #1 and Scenario #1/2 Noc level is selected such that SNRRP - SNRBB ≤ 1 dB
· The artificial noise power level is 6 dB higher than the UE RF noise floor
· Scenarios 3 and Mode 1 [The derivation can be found in TR 38.810]
· Noc level: Fix the identical noise level for two active probes, then control the desired signal level to reach target SNR or SINR at reference point
· SINR control for case 2
· The lower bound of maximum feasible SINR: Use maximum gain difference between the 2 directions when signals and artificial noise are received on the same UE Rx beam to determine SINR (antenna difference for dual direction D=G2/G1 is introduced)
· The upper bound of maximum feasible SINR: Ideal rejection from the direction of interfering probe, is the SNR
· Scenarios 3 and Mode 2
· SINR control for case 2
· The lower bound of maximum feasible SINR: Use maximum gain difference between the 2 directions when signals are received on the same UE Rx beam to determine SINR (D is introduced)
· The upper bound of maximum feasible SINR: Ideal rejection, SNR
2.2 AoA selection
First, the RF spherical coverage requirement for simultaneous reception from multiple directions including 2AoA spherical coverage of power class 3 is already specified in the current Spec. TS 38.101-2 Section 7.3K.3. 
However, from our understanding, the AoAs for RRM test cases do not need to be selected from the set that meet corresponding RF requirements.
Proposal 1: The AoAs for RRM test cases do not need to be selected from the set that meet corresponding RF requirements, and are not subject to the RF requirement
The reason as follows, in order to verify the UE can perform the RRM tests reliably, the directions should be chosen such that the UE meets the spatial side condition (spherical coverage EIS), and the RRM requirements apply over all directions that fall within the specified [N]%-ile of EIS spherical instead of top [N]% -ile, such logic follows the RRM AoA selection process discussed in Rel-15 defined in TR 38.810. That means the AoA(s) offset selection has higher degrees of freedom than RF in RRM, and is not subject to the RF requirement. An example is that, for PC1, the  specified in 38.133 is not valid in RF actually.
Under multi-Rx chain DL reception, at T2, for AoA offset selection for RRM test cases, if EIS requirement need to be considered, both EIS1 and EIS 2, below, should satisfy the spatial side condition; or for 2AoA, 95% throughput should be satisfied.
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Proposal 2: For 2 AoAs selection for RRM test cases, if EIS requirement need to be considered, both EIS1 and EIS 2 should satisfy the spatial side condition; Or 95% throughput should be satisfied
2.3 New 2AoA setup for multi-Rx chain DL reception
Based on the background presented, in setup 3 case2, the UE is expected to tune the RX beam to one of the directions in one time instance, and based on the agreements achieved in RAN4 #89, the maximum gain difference between the 2 directions when signals and artificial noise are received on the same UE Rx beam is used to determine SINR. Obviously, the existing 2AoA setup is not suitable for multi-Rx chain DL reception.
Observation 2: The existing 2AoA setup 3 case 2 is not suitable for multi-Rx chain DL reception
Considering peak and non-beam peak direction and due to the limitation specified on TS 38.871: due to the fixed offset between AoAs, the AoA2 probe cannot track/follow a DUT’s reference direction, e.g., beam peak, during testing as illustrated in Table 5.2.2-1 for two different DUT orientations/test points. From our understanding, there are 3 cases for the new 2AoA setup under multi-Rx chain DL reception. 
Setup X: 2 AoAs for multi-Rx chain DL reception
· Setup Xa: 2 AoAs, both AoAs are in Rx beam peak directions.
we acknowledge such Setup Xa is almost impossible in multi-Rx supported PC3, however, it is possible for HST multi-Rx supported PC6.
· Setup Xb: 2 AoAs, both AoAs are in non Rx beam peak directions. 
· Setup Xc: 2 AoAs, 
· Setup Xc-1: 1 AoA in Rx beam peak direction, 1 in non Rx beam peak without change in direction 
· Setup Xc-2: 1 AoA in Rx beam peak direction, 1 in non Rx beam peak with change in direction 
Proposal 3: RAN4 to discuss the necessity of defining a new 2AoA setup for multi-Rx chain DL reception.
· Setup X: 2 AoAs for multi-Rx chain DL reception
· Setup Xa: 2 AoAs, both AoAs are in Rx beam peak directions.
It is may possible for HST multi-Rx supported PC6.
· Setup Xb: 2 AoAs, both AoAs are in non Rx beam peak directions. 
· Setup Xc: 2 AoAs, 
· Setup Xc-1: 1 AoA in Rx beam peak direction, 1 in non Rx beam peak without change in direction 
· Setup Xc-2: 1 AoA in Rx beam peak direction, 1 in non Rx beam peak with change in direction 
2.4 TCs design
2.4.1 Test case(s) for L1 measurement—fast beam sweeping and beam reporting
First, the UE RRM testing methodology for multi-Rx chain DL reception is specified in TS 38.871, captured as below
	Measurement setup 
[bookmark: _Toc151623934][bookmark: _Toc154585351][bookmark: _Toc155642308]6.2.1	Baseline measurement setup
[bookmark: _Toc151623935][bookmark: _Toc154585352][bookmark: _Toc155642309]6.2.1.1	Test scenarios
The test scenarios of UE RRM testing for multi-Rx chain DL reception can be divided into two categories depending on whether dual DCI simultaneously switching needs to be supported by measurement setup or not:
	- 	Category 1: All the RRM test cases expect Dual TCI switching
	-	Category 2: Dual TCI switching test case


Go back to our L1 measurement, For SSB-based L1 measurement (L1-RSRP/BFD/RLM), the enhanced RRM core requirement in terms of number of Rx beams were defined with new UE capability supporting beam sweeping factor reduction for SSB-based layer 1 measurement. No matter which N1 (the values for beam sweeping factor reduction) is determined, RAN4 should define new test case(s) to verify the enhanced requirements for FR2 multi-Rx UE supported [faster beam switching capability] in Rel-18.
	R4-2310047
Issue 1-2-3: Candidate values for beam sweeping factor reduction:
Agreements:
The candidate number can be {2, 4, 6} for FR2-1.


However, if we deep dig into the agreed WF and the endorsed big CR, we can find that for RLM/BFD, the GBBR is not configured (that is, only [faster beam switching capability]). While, for L1-RSRP, the GBBR is configured (that is [faster beam switching capability] + [groupBasedBeamReporting-r17 is configured]). Actually, such different considerations bring some difference points:
1) The testing purpose is different: Reporting mode GBBR is to verify if UE can correctly determine the Tx beams it can receive simultaneously, but for non-GBBR is to verify UE can measure L1-RSRP accurately
Observation 3: The testing purpose of reporting mode GBBR and non-GBBR is different.
2) L1-RSRP reporting requirement is different: For GBBR, differential reporting, 2dB, while for non-GBBR, absolute reporting, 1 dB according to the requirements in 38.214. 
	38.214 Section 5.2.1.4.3 L1-RSRP Reporting
For L1-RSRP reporting, if the higher layer parameter nrofReportedRS in CSI-ReportConfig is configured to be one, the reported L1-RSRP value is defined by a 7-bit value in the range [-140, -44] dBm with 1dB step size, if the higher layer parameter nrofReportedRS is configured to be larger than one, or if the higher layer parameter groupBasedBeamReporting is configured as 'enabled', the UE shall use differential L1-RSRP based reporting, where the largest measured value of L1-RSRP is quantized to a 7-bit value in the range [-140, -44] dBm with 1dB step size, and the differential L1-RSRP is quantized to a 4-bit value. The differential L1-RSRP value is computed with 2 dB step size with a reference to the largest measured L1-RSRP value which is part of the same L1-RSRP reporting instance. The mapping between the reported L1-RSRP value and the measured quantity is described in [11, TS 38.133].


Observation 4: There are two requirements for the L1-RSRP measurement reporting specified in Section 5.2.1.4.3 TS 38.214, one for GBBR, the other one is for non-GBBR.
3) The number of probes is different: Under multi-Rx simultaneous reception scenario, if we only need to verify measurement accuracy, two probes are enough. The Measurement setup for Category 1 scenario specified in 38.871 is feasible. While, if we need to verify simultaneously received Tx beams (beam pairs) correctness, we wonder whether 2 probes is acceptable since at least different directions (2 beam pair with different directions) should be taken as the comparison, that means maybe we should consider 4 probes. 
Observation 5: For the measurement setup for Category 1 scenario specified in 38.871, two probes are considered. While, under multi-Rx simultaneous reception scenario, to verify simultaneously received Tx beams (beam pairs) correctness, that is GBBR is configured, 4 probes may be considered.
Proposal 4: RAN4 to discuss whether the measurement setup for Category 1 scenario is feasible for L1 measurement reporting with groupBasedBeamReporting-r17 configured.
2.4.1.1 TCs for RLM and BFD 
Based on the above analysis, from our understanding, new TCs are needed for RLM/BFD and L1-RSRP, separately to verify the enhanced requirements for FR2 PC3 UE in Rel-18.
For RLM and BFD, the TC is for testing the beam sweeping, the functionality difference to original UE shall be verified, so there is a need to define additional RLM/BFD one. 
Proposal 5: RAN4 to introduce one test case to verify the enhancement of faster beam sweeping for RLM and BFD.
2.4.1.2 TCs for L1-RSRP
L1-RSRP measurement reporting is complicated due to GBBR consideration. From this, the testing purpose of L1-RSRP measurement reporting would contain two aspects: 1. To verify if UE can measure L1-RSRP accurately; 2. To verify if UE can correctly determine the Tx beams (beam pairs) receive simultaneously. Besides, the TC is for measurement procedure instead of measurement performance (SS-RSRP, SS-RSRQ, etc.), it is reasonable to define new test case for A.7.6 Measurement procedure.
Proposal 6: RAN4 to introduce a new test case for SSB based L1 measurement requirements for FR2 multi-Rx UE supported [faster beam switching capability] with groupBasedBeamReporting-r17 configured in Rel-18.
· Need new test case for A.7.6 Measurement procedure
However, we may notice an issue, the existing AoA setup parameters in Table A.7.6.3.1.2-2 can not be inherited since the existing Setup 1 is for fine beam peak, while the new 2AoA setup, the Setup Xa: 2 AoAs, both AoAs are in Rx beam peak directions expected to consider is barely happen. From this, the rationale of the 2AoA setup (must with non-beam peak) may have a conflict with the existing setup 1. Besides, from our understanding, if we consider non-beam peak, some uncertainty accuracy margin (e.g., RF margin, implementation margin, gain difference between different Rx beams/panels) should be considered. RAN4 would better to discuss the issue. 
Proposal 7: RAN4 to discuss how to define the 2AoA setup for the test case for SSB based L1 measurement requirements for FR2 multi-Rx UE supported [faster beam switching capability] with groupBasedBeamReporting-r17 configured in Rel-18
2.4.2 Test case(s) for scheduling restriction
[bookmark: _GoBack]In the current spec. only SSB-based scheduling restriction is considered, the purpose is to verify UE does not cause additional restriction than allowed when performing RLM or BFR. Since we defined new scheduling restriction for CSI-RS + PDSCH transmisson, new scheduling restriction related TCs are needed. 
Proposal 8: RAN4 to introduce test cases to verify the enhancement of scheduling restriction relaxation on CSI-RS based L1 measurements
However, we think the scheduling restriction should contain mDCI and sDCI, and the conditions may be different from RLM and L1-RSRP in terms of resource overlapping. From this, we think the TC can contain:
Proposal 9: 
· Scheduling restriction for CSI-RS based RLM
· Scheduling restriction for CSI-RS based L1-RSRP
· Scheduling restriction for TRP specific beam failure detection on FR2
2.5 Accuracy 
From our understanding, the legacy accuracy requirements in section 10.1.20 of TS 38.133 (SSB based L1-RSRP accuracy requirements) can be applied for L1-RSRP measurements with multi-rx operation but need some clarifications.
Since here multi-Rx chain is considered, no matter a BB module/separate BB module is considered,  some extra factors would be considered, for example, gain difference (e.g., antenna gain and/or beamforming gain uncertainty) between different Rx beams/panels, implementation margin (e.g., RF implementation loss) for different Rx chain. If we consider different BB module, different baseband inaccuracy should be taken into account as well. Based on the L1 measurement absolute accuracy for both SSB-based and CSI-RS-based defined as follows
Delta L1-RSRP = Measured L1-RSRP – Ideal L1-RSRP			[dB]
The definition or the values of Measured L1-RSRP and/or Ideal L1-RSRP with multi-Rx reception would be different from that used in legacy measurement, which lead to a different Delta L1-RSRP explanation, so actually we cannot say the Delta RSRP (absolute accuracy) under multi-Rx would satisfy the accuracy requirements directly. 
Observation 6: The absolute accuracy can be derived by the measured RSRP and ideal RSRP,  the influence factors contain RF implementation loss, beamforming gain, BB inaccuracy, such values would be different for different Rx chains.
A straightforward solution to make the legacy accuracy measurement apply for multi-Rx L1-RSRP measurement (i.e., no new accuracy requirements section is created for L1-RSRP measurements under multi-rx operation) is that, we can give a limitation: Under multi-Rx chain DL reception scenario, for both Rx chains, the legacy accuracy requirements for L1-RSRP measurement should be satisfied.
Proposal 10: Under multi-Rx chain DL reception scenario, the legacy accuracy requirements for L1-RSRP measurement should be satisfied for both Rx chains.
· In this sense, no new accuracy requirements section is created for L1-RSRP measurements under multi-rx operation
3 Conclusions
In this contribution, we provided our initial viewpoints to performance requirement for multi-Rx. The following observations and proposals are obtained:
Observation 1: For 2AoA setup 3 case 2,  the maximum gain difference between the 2 directions when signals and artificial noise are received on the same UE Rx beam is used to determine SINR
Observation 2: The existing 2AoA setup 3 case 2 is not suitable for multi-Rx chain DL reception
Observation 3: The testing purpose of reporting mode GBBR and non-GBBR is different.
Observation 4: There are two requirements for the L1-RSRP measurement reporting specified in Section 5.2.1.4.3 TS 38.214, one for GBBR, the other one is for non-GBBR.
Observation 5: For the measurement setup for Category 1 scenario specified in 38.871, two probes are considered. While, under multi-Rx simultaneous reception scenario, to verify simultaneously received Tx beams (beam pairs) correctness, that is GBBR is configured, 4 probes may be considered.
Observation 6: The absolute accuracy can be derived by the measured RSRP and ideal RSRP,  the influence factors contain RF implementation loss, beamforming gain, BB inaccuracy, such values would be different for different Rx chains.
Proposal 1: The AoAs for RRM test cases do not need to be selected from the set that meet corresponding RF requirements, and are not subject to the RF requirement
Proposal 2: For 2 AoAs selection for RRM test cases, if EIS requirement need to be considered, both EIS1 and EIS 2 should satisfy the spatial side condition; Or 95% throughput should be satisfied
Proposal 3: RAN4 to discuss the necessity of defining a new 2AoA setup for multi-Rx chain DL reception.
· Setup X: 2 AoAs for multi-Rx chain DL reception
· Setup Xa: 2 AoAs, both AoAs are in Rx beam peak directions.
It is possible for HST multi-Rx supported PC6.
· Setup Xb: 2 AoAs, both AoAs are in non Rx beam peak directions. 
· Setup Xc: 2 AoAs, 
· Setup Xc-1: 1 AoA in Rx beam peak direction, 1 in non Rx beam peak without change in direction 
· Setup Xc-2: 1 AoA in Rx beam peak direction, 1 in non Rx beam peak with change in direction 
Proposal 4: RAN4 to discuss whether the measurement setup for Category 1 scenario is feasible for L1 measurement reporting with groupBasedBeamReporting-r17 configured.
Proposal 5: RAN4 to introduce one test case to verify the enhancement of faster beam sweeping for RLM and BFD.
Proposal 6: RAN4 to introduce a new test case for SSB based L1 measurement requirements for FR2 multi-Rx UE supported [faster beam switching capability] with groupBasedBeamReporting-r17 configured in Rel-18.
· Need new test case for A.7.6 Measurement procedure
Proposal 7: RAN4 to discuss how to define the 2AoA setup for the test case for SSB based L1 measurement requirements for FR2 multi-Rx UE supported [faster beam switching capability] with groupBasedBeamReporting-r17 configured in Rel-18
Proposal 8: RAN4 to introduce test cases to verify the enhancement of scheduling restriction relaxation on CSI-RS based L1 measurements
Proposal 9: 
· Scheduling restriction for CSI-RS based RLM
· Scheduling restriction for CSI-RS based L1-RSRP
· Scheduling restriction for TRP specific beam failure detection on FR2
Proposal 10: Under multi-Rx chain DL reception scenario, the legacy accuracy requirements for L1-RSRP measurement should be satisfied for both Rx chains.
· In this sense, no new accuracy requirements section is created for L1-RSRP measurements under multi-rx operation
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