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Introduction
This contribution is addressing multi-RX UE testing, specifically the minimum isolation simulations. 
Multi-RX Demod Isolation Simulations
[bookmark: OLE_LINK45]For multi-RX demod testing, the virtual-cable approach was adopted [1], i.e., a test equivalent to a conducted test is performed in an OTA environment by routing each stream/beam directly to each receiver with high isolation in between. This approach was adopted for legacy FR2 demod testing in Rel-15 for which Keysight has led most of the legacy minimum isolation and MU discussions [2][3]. Previous contributions were using Keysight SystemVue, an electronic design automation environment for electronic system-level design as well as NR end-to-end system simulations which can be used for standard-compliant 5G NR signal generation and advanced receiver modelling for EVM and throughput simulations. It supports 3D MIMO channel emulation using either 3GPP 38.901 channel models for FR1 and FR2 or user-defined channel models. 
For legacy FR2 demod testing, a minimum isolation of 12 dB was agreed [4], e.g.,  
	H.0 Normative criteria for determining UE direction for Demod and CSI 
Following 3 criteria shall be satisfied for a given UE direction. Procedure for finding the UE direction is captured in Annex H.1 
1. UE shall pass the REFSENS test as per TC 7.3.2 of TS 38.521-2 [8]. 
2. Minimum isolation requirement of 12 dB between the 2 TE polarization branches shall be met. 
3. UE reported rank shall be higher or same as intended rank for a given test.


[bookmark: _Ref149816704]Observation 1: For legacy FR2 demod testing, a minimum isolation of 12 dB was agreed.
Given the additional complexity of 4x4, the lack of empirical results of the wireless cable mode for FR2 4x4 operation, and the need to achieve the minimum isolation between all streams, a minimum isolation of 12 dB is proposed for multi-RX demod testing.
[bookmark: _Ref149816709]Proposal 1: Limit the minimum isolation of 12 dB for FR2 4x4 multi-RX demod testing. 
For legacy FR2 demod testing, the determined MUs were considered a systematic uncertainty due to the asymmetric nature of the impact of the isolation on the SNR, i.e., the impact of non-ideal isolation was added to the expanded uncertainty instead of root-sum-squaring (RSS’ing) the MU with other MU elements, e.g.,  
	[bookmark: _Toc44067873][bookmark: _Toc52716800][bookmark: _Toc58239452][bookmark: _Toc68247043][bookmark: _Toc75790360]F.2.1.2	Measurement of Demod Performance requirements
This clause defines the maximum test system uncertainty for Demod Performance requirements. The maximum test system uncertainty allowed for the measurement uncertainty contributors are defined in Table F.2.1.2-1.
Table F.2.1.2-1: Maximum measurement uncertainty values for the test system for FR2 (up to 40 GHz) and Channel BW ≤ 400 MHz
	MU contributor
	Unit
	Value
	Comment

	AWGN flatness and signal flatness, max deviation for any Resource Block, relative to average over BWconfig
	dB
	±3.6
	

	gNB emulator Signal to noise ratio uncertainty
	dB
	±0.3
	

	Impact on non-ideal isolation between branches for the wireless cable mode
	dB
	0.60 for Rank1
0.45 for Rank2
	Systematic uncertainty

	Fading profile power uncertainty 
	dB
	±0.5 for 1Tx
±0.7 for 2Tx
	

	SNR uncertainty due to finite test time
	dB
	±0.3 for PDSCH and doppler < 100Hz
0.0 for PDSCH and doppler ≥
±0.4 for PDCCH
	


The maximum test system uncertainty for test cases defined in section 7 is defined in Table F.2.1.2-2.
Table F.2.1.2-2: Maximum test system uncertainty for FR2 demodulation performance test cases
	Subclause
	Maximum Test System Uncertainty
	Derivation of Test System Uncertainty

	7.2.2.2.1_1	2Rx TDD FR2 PDSCH mapping Type A performance - 2x2 MIMO with baseline receiver for SA and NSA
	2Tx, Rank 1:
± 1.82 dB for Doppler < 100 Hz
± 1.78 dB for Doppler ≥100 Hz


2Tx, Rank 2:
± 1.67 dB for Doppler < 100Hz
± 1.63 dB for Doppler ≥100 Hz
	Overall system uncertainty for fading conditions comprises four quantities:
1. gNB emulator Signal-to-noise ratio uncertainty
2. Fading profile power uncertainty
3. Effect of AWGN flatness and signal flatness
4. SNR uncertainty due to finite test time
5. Impact on non-ideal isolation between branches for the wireless cable mode
gNB emulator SNR

Items 1, 2, 3 and 4 are assumed to be uncorrelated so can be root sum squared:
AWGN flatness and signal flatness has x 0.25 effect on the required SNR, so use sensitivity factor of x 0.25 for the uncertainty contribution.
Test System uncertainty = SQRT (gNB emulator Signal-to-noise ratio uncertainty 2 + Fading profile power uncertainty 2 + (0.25 x AWGN flatness and signal flatness) 2 + SNR uncertainty due to finite test time2
) + Impact on non-ideal isolation between branches for the wireless cable mode

gNB emulator Signal-to-noise ratio uncertainty ±0.3 dB
Fading profile power uncertainty ±0.7 dB
AWGN flatness and signal flatness ±3.6 dB
SNR uncertainty due to finite test time ±0.3 dB for doppler < 100Hz, otherwise 0 dB
Impact on non-ideal isolation between branches for the wireless cable mode 0.60 dB for Rank1, 0.45 dB for Rank2





[bookmark: _Ref149816705][bookmark: _Ref149847576]Observation 2: For legacy FR2 demod testing, the determined MUs were considered a systematic uncertainty due to the asymmetric nature of the impact of the isolation on the SNR, i.e., the impact on MU is more significant since the MU is not RSS’ed. 
If the ‘Impact on non-ideal isolation for the wireless cable mode’ MU element can be shown to be device/chipset independent, this impact on SNR be “corrected” and thus not be considered a measurement uncertainty. This is also the process suggested by the GUM [7] for systematic errors
	B.2.22
systematic error
mean that would result from an infinite number of measurements of the same measurand carried out under
repeatability conditions minus a true value of the measurand
NOTE 1 Systematic error is equal to error minus random error.
NOTE 2 Like true value, systematic error and its causes cannot be completely known.
NOTE 3 For a measuring instrument, see “bias” (VIM:1993, definition 5.25).
[VIM:1993, definition 3.14]
Guide Comment: The error of the result of a measurement (see B.2.19) may often be considered as arising
from a number of random and systematic effects that contribute individual components of error to the error of
the result. Also see the Guide Comment to B.2.19 and to B.2.3.
B.2.23
correction
value added algebraically to the uncorrected result of a measurement to compensate for systematic error
NOTE 1 The correction is equal to the negative of the estimated systematic error.
NOTE 2 Since the systematic error cannot be known perfectly. the compensation cannot be complete.


[bookmark: _Ref149847577]Observation 3: If the ‘Impact on non-ideal isolation for the wireless cable mode’ MU element can be shown to be device/chipset independent, this impact on SNR be “corrected” and thus not be considered a measurement uncertainty. 
However, it is highly unlikely that this effect is independent of devices/chipsets.
For 4x4 multi-Rx demod, the goal is to leverage SystemVue again to study the effect of isolation on the throughput vs SNR results. Assumptions for these simulation efforts were agreed in RAN4#108bis [5].
	Issue 3-2-1: Assumptions for minimum isolation simulation
· Agreement:
· The following assumptions are adopted for simulation of minimum isolation requirements.
· For the reference required SNR, the following assumptions could be considered:
· Assume α = 0, β = 0, and =γ = [-100, -15, -12]dB emulating by channel emulator
· Channel model parameters
· TDLA30-75 is assumed for 100 MHz/120 kHz
· Time offset values: 0; Frequency offset: 0
· MCS: MCS17 with 1+1
· Receiver assumptions: Separate processing per Rx chain.
· For comparison, required SNR from the testing is obtained by the simulations with considering the additional crosstalk from both two TRPs/AoAs and two polarizations introduced by TE. The candidate isolations from TE is within the range of [-8dB, 20dB]
· Compare the offset between reference required SNR and required SNR from testing.



Based on offline discussions, it was clarified that a fixed γ = -12 dB should be considered instead of assuming r = γ = [-100, -15, -12]dB. 
The end-to-end simulations were based on the high-level setup in below Figure 1 
Rx1
Rx2
TRP1
TRP2
H11 from TRP1 to Rx1 
H21 from TRP1 to Rx2 
H12 from TRP2 to Rx1 
H22 from TRP2 to Rx2 




Channel Isolation
Rx1 demode
Rx2 demode

[bookmark: _Ref149214629]Figure 1: Model Setup in MultiRx Demod for Isolation Level Simulation for separate processing 
Some additional clarifications on simulation parameters/matrices are provided below:
· γ: The H-matrices H11, H21, H12, H22 in Figure 1 are 2x2 fading channels and they are independent from each other, but for each of them, the channel correlation matrix is , where γ =  0.0625 (around -12 dB)is simulated as cross-polarization ratio.
· : H11 and H22 are wanted 2x2 fading channels, while H21 and H12 are unwanted interference fading channel. The power between unwanted interference channel (black line in Figure 1) and wanted channel (red line in Figure 1) is = [-100, -15, -12] dB 
· : The channel isolation matrix is a 4x4 coupling matrix expressed as  to emulate the cross talk between each RF chain caused by non-ideal wireless cable, where  is selected to be -8, -12, -15, -20, -100 dB where -100dB represents the ideal isolation without any crosstalk. 
The PDSCH demodulation requirements for FR2 multi-Rx chain in [6] were followed and the simulation results were classified into three groups and the TP vs SNR curves are shown in the respective figures in the Annex.
· Group 1 (Figures 2-1, 2-2, 2-3, 2-4): MCS17 with L1+L1, separate processing for  = [-100, -18, -15, -12] dB 
· Group 2 (Figures 3-1, 3-2, 3-3): MCS17 with L1+L1, joint processing for  = [-100, -15, -12] dB
· Group 3 (Figures 4-1, 4-2): MCS13 with L2+L2, separate processing for  = [-18, -15] dB
The performance degradation delta introduced by non-ideal channel isolation due to the wireless cable mode is calculated as the required SNR difference in dB to achieve 70% of max TP compared with the ideal isolation case ( = -100dB) for the same  level. The SNR delta is summarized in below Tables 1 through 3 for groups 1-3 separately. Several observations can be made based on these results. 

[bookmark: _Ref149814033]Table 1: SNR delta for MCS17 with L1+L1, separate processing (Group 1)
	         (dB)

	= -100
	= -20
	= -15
	= -12
	= -8

	
	0
	0.5
	1.7
	4.1
	N/A

	
	0
	0.6
	2.1
	4.8
	N/A

	
	0
	0.6
	2.4
	6.1
	N/A

	
	0
	1
	3.7
	N/A
	N/A



[bookmark: _Ref149814040]Table 2: SNR delta for MCS17 with L1+L1, joint processing (Group 2)
	         (dB)

	= -100
	= -20
	= -15
	= -12
	= -8

	
	0
	0.3
	0.8
	1.5
	3.5

	
	0
	0.2
	0.8
	1.5
	3.8

	
	0
	0.4
	0.9
	3
	5.7



[bookmark: _Ref149814059]Table 3: SNR delta for MCS13 with L2+L2, separate processing (Group 3)
	         (dB)

	= -100
	= -20
	= -15
	= -12
	= -8

	
	0
	1.6
	N/A
	N/A
	N/A

	
	0
	3
	N/A
	N/A
	N/A



[bookmark: _Ref146698476][bookmark: _Ref149816706]Observation 4: Based on the results in Table 1 and Table 3, the impact of non-ideal isolation MUs are very large for the proposed minimum isolation level of 12 dB for separate processing.
[bookmark: _Ref149816707]Observation 5: Based on the results in Table 2, the impact of non-ideal isolation MUs are generally better for joint processing than for separate processing but still ~1.5 dB (r = -15)/~3 dB (r = -12) for the proposed minimum isolation level of 12 dB.
[bookmark: _Ref149816708]Observation 6: With separate processing, multi-RX demod testing seems untestable with r = -12 (current baseline in WI discussions) and the proposed isolation level of 12 dB. 
More discussions between the SI delegates (working on the testability) and WI delegates (working on the requirements) are necessary to determine the next steps unless this discussion is deferred to RAN5. 
[bookmark: _Ref146731089][bookmark: _Ref149816710][bookmark: _Ref149892627]Proposal 2: More discussions between the SI delegates (working on the testability) and WI delegates (working on the requirements) are necessary in RAN4 to determine the next steps unless this discussion is deferred to RAN5. 


Conclusion
The following observations and conclusions were made in this contribution.
Observation 1: For legacy FR2 demod testing, a minimum isolation of 12 dB was agreed.
Observation 2: For legacy FR2 demod testing, the determined MUs were considered a systematic uncertainty due to the asymmetric nature of the impact of the isolation on the SNR, i.e., the impact on MU is more significant since the MU is not RSS’ed.
Observation 3: If the ‘Impact on non-ideal isolation for the wireless cable mode’ MU element can be shown to be device/chipset independent, this impact on SNR be “corrected” and thus not be considered a measurement uncertainty.
Observation 4: Based on the results in Table 1 and Table 3, the impact of non-ideal isolation MUs are very large for the proposed minimum isolation level of 12 dB for separate processing.
Observation 5: Based on the results in Table 2, the impact of non-ideal isolation MUs are generally better for joint processing than for separate processing but still ~1.5 dB (r = -15)/~3 dB (r = -12) for the proposed minimum isolation level of 12 dB.
Observation 6: With separate processing, multi-RX demod testing seems untestable with r = -12 (current baseline in WI discussions) and the proposed isolation level of 12 dB.
Proposal 1: Limit the minimum isolation of 12 dB for FR2 4x4 multi-RX demod testing.
Proposal 2: More discussions between the SI delegates (working on the testability) and WI delegates (working on the requirements) are necessary in RAN4 to determine the next steps unless this discussion is deferred to RAN5.
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Annex: Simulation Results/Curves
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Figure 2-1: Simulation results for MCS17 with L1+L1, separate processing for  = -100dB
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Figure 2-2: Simulation results for MCS17 with L1+L1, separate processing for  = -18dB
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Figure 2-3: Simulation results for MCS17 with L1+L1, separate processing for  = -15dB
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Figure 2-4: Simulation results for MCS17 with L1+L1, separate processing for  = -12dB
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Figure 3-1: Simulation results for MCS17 with L1+L1, joint processing for  = -100dB
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Figure 3-2: Simulation results for MCS17 with L1+L1, joint processing for  = -15dB
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Figure 3-3: Simulation results for MCS17 with L1+L1, joint processing for  = -12dB
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Figure 4-1: Simulation results for MCS13 with L2+L2, separate processing for  = -18dB
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Figure 4-2: Simulation results for MCS13 with L2+L2, separate processing for  = -15dB
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