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Introduction
This contribution is presenting end-to-end system simulations to determine min. isolation requirements for NR FR2 2x2 Demodulation testing. The concept discussed in this contribution can later be applied to 4x4 as well. 
Discussion

For NR FR2 demodulation testing, the wireless cable mode needs to be established before the test case is performed as this mode will ensure that the radiated tests with DL MIMO rank 2 correspond to a virtual conducted test [1] at the antenna ports which is the reference point for demodulation requirements [2]. In the previous meeting, the procedure to verify the isolation was agreed [3] but the level of sufficient isolation was left open (TBD in yellow below). 
	1. Select any of the three Alignment Options (1, 2, or 3) to mount the DUT inside the QZ. 

2. If the re-positioning concept is applied to demodulation test cases, position the DUT in DUT Orientation 1 if the RX beam peak is within 0o≤≤90o. Otherwise, position the DUT in DUT Orientation 2 (Option 1 or 2). If the re-positioning concept is not applied to demodulation test cases, position the DUT in DUT Orientation 1

3. Connect the SS (System Simulator) using static propagation conditions with the DUT through the measurement antenna with PolLink= polarization to form the RX beam towards the RX beam peak direction. Allow at least BEAM_SELECT_WAIT_TIME for the UE RX beam selection to complete. 

4. Adjust the DL power of the SS to obtain PDL = TBD at the center of QZ

5. Perform the isolation of the branches to achieve the wireless cable mode. The inverse channel matrix approach in [4] is one suitable approach. Alternate approaches are not precluded. 

6. To verify the wireless cable mode and thus the min. isolation between branches

a. Query SS-RSRPB(PolMeas=PolLink=) from the DUT for the -polarization and convert the two measurements in dBm, i.e., SS-RSRPBB1 and SS-RSRPBB2
b. Calculate the isolation from -polarization into Branch 1, i.e., ISO,B1 = SS-RSRPBB1 - SS-RSRPBB2 and the isolation into Branch 2, i.e., ISO,B2 = SS-RSRPBB2 - SS-RSRPBB1
c. Connect the SS (System Simulator) using static propagation conditions with the DUT through the measurement antenna with PolLink= polarization to form the RX beam towards the RX beam peak direction. Allow at least BEAM_SELECT_WAIT_TIME for the UE RX beam selection to complete. 

d. Adjust the DL power of the SS to obtain PDL = TBD at the center of QZ

e. Query SS-RSRPB(PolMeas=PolLink=) from the DUT for -polarization and convert the two measurements in dBm, i.e., SS-RSRPBB1 and SS-RSRPBB2
f. Calculate the isolation from -polarization into Branch 2, i.e., ISO,B2 = SS-RSRPBB2 - SS-RSRPBB1 and the isolation into Branch 1, i.e., ISO,B1 = SS-RSRPBB1 - SS-RSRPBB2
7. If either of the isolations pairs, ISO,B1 and ISO,B2 or ISO,B2 and ISO,B1 exceed TBD, the wireless cable mode has been achieved. 


A discussion paper was presented in [4] suggesting a [15]dB isolation level based on LTE MIMO OTA investigations performed as part of the Radiated Two-Stage methodology that relies on isolation between LTE streams [5]. 
This contribution is 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 to 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. SystemVue was used to study the effect of isolation on the throughput vs SNR results for two distinct demod test cases with rank 2, specifically Test numbers 2-2 and 2-6 from Table 7.2.2.2.1-4 of [2] (highlighted in yellow below). All simulations were for a 100MHz CBW and a 28GHz test frequency. 
	Table 7.2.2.2.1-4: Minimum performance for Rank 2 (FRC) (from [2])
Test num.

Reference channel

Bandwidth (MHz) / Subcarrier spacing (kHz)
Modulation and code rate
TDD UL-DL pattern

Propagation condition

Correlation matrix and antenna configuration

Reference value

Fraction of maximum throughput (%)

SNRBB (dB)

2-1

R.PDSCH.5-4.1 TDD

100 / 120
QPSK, 0.30
FR2.120-2

TDLA30-75
2x2 ULA Low

70

4.1
2-2
R.PDSCH.5-2.2 TDD

100 / 120
16QAM, 0.48
FR2.120-1

TDLA30-300
2x2 ULA Low

70

14.4
2-3

R.PDSCH.5-5.2 TDD

50 / 120
16QAM,0.48
FR2.120-2

TDLA30-75
2x2 ULA Low

70

14.0
2-4

R.PDSCH.5-2.3 TDD

200 / 120
16QAM, 0.48

FR2.120-1

TDLA30-300

2x2 ULA Low

70

14.2
2-5

R.PDSCH.4-1.1 TDD

50 / 60
16QAM, 0.48

FR2.60-1

TDLA30-75

2x2 ULA Low

70

14.3
2-6
R.PDSCH.5-6.1 TDD

100 / 120
64QAM, 0.43
FR2.120-2
TDLA30-75
2x2 ULA Low

70

18.6



The simulations took the propagation conditions defined in Clause B.2 of [2], i.e., 
	Table B.2.2-2 Channel model parameters for FR2 (from [2])
Combination name
Model

Maximum Doppler frequency

TDLA30-35

TDLA30

35 Hz

TDLA30-75

TDLA30

75 Hz
TDLA30-300

TDLA30

300 Hz
TDLC60-300
TDLC60
300 Hz



and 

	Table B.2.1.2-2 TDLA30 (DS = 30 ns) (from [2])
Tap #
Delay [ns]
Power [dB]
Fading distribution
1
0
-15.5

Rayleigh
2
10
0

Rayleigh
3
15
-5.1

Rayleigh
4
20
-5.1

Rayleigh
5
25
-9.6

Rayleigh
6
50

-8.2

Rayleigh
7
65
-13.1

Rayleigh
 8
75
-11.5

Rayleigh
9
105
-11.0

Rayleigh
10
135
-16.2

Rayleigh
11
150

-16.6

Rayleigh
12
290

-26.2

Rayleigh



into account as well as the MIMO antenna correlation assumptions in Clause B.2.3.1 for the 2x2 case, i.e., 

	Table B.2.3.1.1-1 gNB correlation matrix (from [2])
One antenna

Two antennas

Four antennas

gNB Correlation
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Table B.2.3.1.1-2 UE correlation matrix (from [2])
One antenna

Two antennas

Four antennas

UE Correlation
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The requirements in Table 7.2.2.2.1-4 of [2] called out just the low correlation case, i.e.,  and  were set to 0 in the simulations. 
	Table B.2.3.1.2-1: The α and β parameters for ULA MIMO correlation matrices (from [2])

Correlation Model

(
(
Low correlation

0

0

Medium Correlation

0.3

0.9

Medium Correlation A

0.3

0.3874
High Correlation

0.9

0.9




The SystemVue simulation workspace is shown in Figure 1.
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Figure 1: SystemVue simulation workspace

The level of isolation, the key parameter of the simulations, is applied by multiplexing a coupling matrix. The input, [a1, a2], is the output from the channel model. This model’s output [b1, b2] will be fed into NR receiver for channel decoding. Additional details on this approach are shown in Figure 2.

[image: image8]
Figure 2: SystemVue Isolation Implementation

The simulation results for the 16QAM and code rate of 0.48, i.e., MCS = 13, assumptions are shown in Figure 3 while the simulation results for the 64QAM and code rate of 0.43, i.e., MCS = 17, assumptions are shown in Figure 4. 
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Figure 3: SystemVue 2x2 Simulations for 16QAM & Code Rate: 0.48
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Figure 4: SystemVue 2x2 Simulations for 64QAM &Code Rate: 0.43 

For each correlation model, isolations ranging from 5 to 20dB were simulated. The difference in SNR at 70% TP, chosen as reference value for the test cases in Table 7.2.2.2.1-4 of [2], is very small for isolations greater than 10dB. The results for 16QAM, Code Rate: 0.48, i.e., the case with the widest spread is shown in more detail in Figure 5. 
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Figure 5: SystemVue 2x2 Simulations for 16QAM & Code Rate: 0.48 (zoomed in at 70% TP). 

These results clearly demonstrate that the error in SNR at 70% TP is ~0.6dB for isolations better than 10dB or 0.25dB for isolations better than 12dB. 

Based on these results, the minimum isolation for 2x2 NR FR2 demodulation test cases is proposed to be 12dB with an MU element 'Impact on non-ideal isolation between branches for the wireless cable mode' of 0.25dB. 
Proposal 1: Define the minimum required isolation for 2x2 NR FR2 demodulation test cases to be 12dB with an MU element 'Impact on non-ideal isolation between branches for the wireless cable mode' of 0.25dB. 

Conclusion

The following observations and proposals were made in this contribution

Proposal 1: Define the minimum required isolation for 2x2 NR FR2 demodulation test cases to be 12dB with an MU element 'Impact on non-ideal isolation between branches for the wireless cable mode' of 0.25dB.
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Isolation

IsolationMagnitude = power(10, IsolationindB/20);

alpha =1;

beta = IsolationMagnitude;
coupleMatrix = [alpha,beta;beta,alpha];
%Normalize

scale = norm(coupleMatrix,'fro")/sqrt(2);
coupleMatrix = coupleMatrix / scale;

[b1, b2] = [a1, a2] * coupleMatrix;
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