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2. Abbreviations

AGC

BB

BER

BW

C/

CS

DUT

FDD

NF

P1dB

P2P

PC

PSAT

PSK

QAM

QPSK

RF

RX

X

WG

WP

Automatic Gain Control
Baseband

Bit Error Rate

Bandwidth

Carrier to Interference Power Ratio
Channel Separation

Device Under Test

Frequency Division Duplex
Intermediate Frequency

Noise Figure

1dB compression Point

Point to Point

Personal Computer

Saturation Power

Phase Shift Keying

Quadrature Amplitude Modulation
Quadrature Phase Shift Keying
Radio Frequency

Receivelr]

Transmit[ter]

Wave Guide

Work Package
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3. Executive summary

The system specification ([1]) defined in WP2 defines the requirements from a carrier class point-to-
point (P2P) wireless link operating at the terahertz band around 300 GHz. One of the implementations
for this P2P wireless link is based on operating in Frequency Division Duplex (FDD) mode using an IF
frequency around 70/80 GHz ([2], [3])-

This document contains the testing results for the 70/80 GHz transceiver that is tuned to serve as the
IF section for the 300 GHz link. The measurements are done on the individual transceiver level but
focus on performance attributes that are essential for transceiver parallelization and for the frequency
band up/down conversion process. Such parameters include transmitter spectral mask performance,
receiver adjacent channel rejection, phase noise characteristics and overall link sensitivity and bit error
rate thresholds. The measurements include a range of modem modulations from high to low, as the
effect of the up/down conversion process and potential signal degradations by the 300 GHz RF front
end are yet unknown. The individual transceiver performance in terms of throughput is measured in
the various modulations at the digital network interface, providing net usable throughput figures per
each modulation.
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4. Introduction

This deliverable reports the testing and performance of the intermediate frequency (IF) and base-
band (BB) section of the ThoR Terahertz ultra-high data rate point-to-point (P2P) wireless link.
This deliverable focuses on the modems with the IF frequency in the E-band (70/80 GHz).

The testing reported refers to the 70/80 GHz module specification ([2]) and design ([3])
documents. The related technical specifications document for the overall system ([1]) was defined
in WP2 and defines a system that could be easy for commercialized and deliver multi Gigabit per
second transmission throughput for applications such as cellular fronthaul and backhaul for
carrier-class customers.

The tests reported in this document are split in two main sections, one testing performance
aspects of the 70/80 GHz radio alone, and the other testing the combined performance of the
radio frequency (RF) and modem.

The overall system operating conditions assume,

e 2 x 2 GHz of operation bandwidth (BW) per modem in FDD mode (overall 2 x 8 GHz with
4 modems working in parallel)

e Operation up to 128 QAM modulation (but possibly only a lower modulation can be used
with operation at the 290 — 310 GHz band

e Targeted for operation throughput close to 40 Gbps per direction with using 4 modems in
parallel

© Allrights reserved. Page 6 of 19 ThoR_SIKLU_ 201122 B_WP3
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5. Radio testing

5.1. TX test setup

The TX test setup is targeted at allowing the measurement of the link TX output power and output
power control. The test setup is depicted in Figure 1 below.

DUT

THOR

70/80 GHz or 80/70 GHz Waveguide WR-12

Power meter

Radio

Ethernet

Control PC

Figure 1: Radio TX testing setup

5.2. TX output power
The TX output power test is done with the operating frequency as parameter. Both the saturation
power (PSAT) and the P1dB power are measured. The excitation signal is generated inside the device
under test (DUT) by the modem block and is a single tone at nominal BB level. Figure 2 shows the
measurement result for the 70 GHz band and Figure 3 shows the measurement result for the 80 GHz

band.
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Figure 2: PSAT and P1dB for the 70 GHz TX radio
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Output power 80 GHz band
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Figure 3: PSAT and P1dB for the 80 GHz TX radio

5.3. Output power control

The output power control enables placing the radio at the desired operation point in terms of backoff
from saturation, as required for a specific modulation level. The excitation signal is generated inside
the DUT by the modem block and is a single tone at nominal BB level. Figure 2 shows the
measurement result for the 70 GHz band and Figure 3 shows the measurement result for the 80 GHz
band. As can be observed by the garphs, the power is not linear in proportion to the control value, so
the control value will be used gain control functions must be adequately calibrated.

Qutput power control 70 GHz band
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Figure 4: Power control performance for the 70 GHz radio
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Figure 5: Power control performance for the 80GHz band

5.4. RX test setup

The RX test setup is targeted at allowing the measurement of the link RX gain, RX noise figure, RX
filter performance and phase noise. The test setup is depicted in Figure 6 below.

70/80 GHz signal source

Spectrum
Analyzer

YA
DUT
70/80 GHz or 80/70 GHz | WG WR-12 | ATTN | WG WR-12
Radio
~ /
Ethernet Baseband | or Q signal
from radio
Control PC
Figure 6: Radio RX testing setup
5.5. RX gain

The RX gain test is done with the operating frequency as parameter. During normal operation there is
an automatic gain control (AGC) loop operating to keep the output signal level constant, this control
loop is disabled for this test and the gain setting is not changed between frequencies. The excitation

© All rights reserved.
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signal, which is a single tone, is generated by the 70/80 GHz signal source and the BB signal is
measured inside the DUT at the modem block input. Figure 7 shows the measurement result for the
70 GHz band and Figure 8 shows the measurement result for the 80 GHz band.

RX gain 70 GHz band

51

————

ol

//

49 W

Gain (dB)

47

46
71375 71875 72375 72875 73375 73875 74375 74875 75375
Frequency (MHz)
Figure 7: RX gain for the 70 GHz RX radio
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Figure 8: RX gain for the 80 GHz RX radio

5.6. RX Noise Figure

The RX noise figure (NF) test is done with the operating frequency as parameter. The test procedure
is based on measuring the noise power within the operating BW while compensating for the radio
chain gain. A single tone excitation signal generated by the 70/80 GHz signal source is used to
calibrate the gain and the BB signal is measured inside the DUT at the modem block input. Figure 9

shows the measurement result for the 70 GHz band and Figure 10 shows the measurement result for
the 80 GHz band.
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Noise Figure 70 GHz band
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Figure 9: RX NF for the 70 GHz RX radio
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Figure 10: RX NF for the 80 GHz RX radio
5.7. RXfilters

The RX filter test is done with injecting a test tone within the filter BW and measuring the relative
signal power after transition through the filter. The single tone excitation signal is generated by the
70/80 GHz signal source and the BB signal is measured inside the DUT at the modem block input. For
input signals wider than the signal BW, it is possible to bypass this filter. Since both the 70 GHz and
the 80 GHz radio use the same filter, it may be measured only once and the result is shown in Figure
11.
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Attenuation {dB)

RX filter performance

Frequency (MHz)

Figure 11: RX filter performance — Various bandwidth settings

5.8. Phase noise

The phase noise test attempts to tune the radio to the best phase noise with a control parameter

controlling

internal bias. The test is done at frequencies at the extremes of the operation band. The

test is done with a single tone excitation signal generated by the 70/80 GHz transmitter and is
measured by the receiver at the modem block input, therefore it tests combined TX+RX phase noise.

Figure 12 shows the measurement result for the 70 GHz band and Figure 13 shows the measurement
result for the 80 GHz band.

94

92

90

86

Phase noise (dBc/Hz@1MHz)

82

80

Phase noise tunning

MRS
—
= L
v sl LT o \ \‘\\
rs T
r’r»-—o/'\/ Ne

\

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

Control index

—p==71375 ==75375

Figure 12: Phase noise for the 70 GHz TX+RX radio
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Phase noise tunning
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Figure 13: Phase noise for the 80 GHz TX+RX radio

It is worth to note the phase noise performance of the radio does determine the overall phase noise
performance of the system, as the modem has some capability to handle phase noise. For a single
carrier modem, this capability is achieved by use of pilot symbols that serve as a phase reference. A
typical pilot symbol overhead will typically not exceed 10% of the modem symbol rate, which implies
that the modem has phase noise cancelation which is equal to the same proportion of its bandwidth,
divided by the desired processing gain. A typical value in case of 10% pilot overhead would be 2% of
the bandwidth, so for the modem used in this TRX module, phase noise improvement ability would
extend to about 40MHz, and would roughly behave as a 1%t order filter.
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6. Combined radio/modem testing

6.1. Radio/modem testing setup

The radio/modem test setup is targeted at allowing the measurement of the modem related
performance attributes. The test setup is depicted in Figure 14 below.

Interferer
70/80 GHz or 80/70

GHz Radio
s
[a)
]
»?
=
Control PC ~ Spectrum Analyzer /
Variable Power Meter
attenuator
= 2
Ethernet (1 Gbps) 9] &
B3 = = s
[ 3 o o 3 -1
] < < IN]
but Variable Diplexers [~ but
70/80 GHz or 80/70 | WG WR-12 WG WR-12 | Coupler | WGWR-12| Coupler | WG WR-12 P WG WR-12 | 70/80 GHz or 80/70
. attenuator (for debug) .
GHz Radio GHz Radio

Ethernet (10 Gbps) Traffic Generator Ethernet (10 Gbps)

Figure 14: Radio/modem testing setup block diagram
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Figure 15: Radio/modem testing setup picture

6.2. TX spectral masks

The TX spectral mask test observes the modulated signal BW to demonstrate that adjacent channels
can be grouped side by side with reasonable self-inflicted interference. The test is done at several
frequency channels. The signal is generated inside the DUT by the modem block with a specific over-
the-air modulation. Figure 16 through Figure 19 shows the measurement result for the 70 GHz band
and 80 GHz band channels. Note that TX masks at the carrier frequency is impacted by LO

© All rights reserved. Page 14 of 19 ThoR_SIKLU_201122_B_WP3



ThoR H2020 814523 TH O R

leakage/cancellation, and this is not used by the modem. The slight unflattens to the TX mask is due
to the large bandwidth and is handled by the modem on the receive side.
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Figure 18: Emission BW with 2GHz channel centered on 82.125 GHz, 128QAM modulation
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Figure 19: Emission BW with 2GHz channel centered on 84.625 GHz, 128QAM modulation

6.3. Receiver selectivity

The receiver selectivity test observes injects a broadband interfering signal from an independent
transmitter into the desired receive signal. The signal is injected either at the same channel (co-
channel interfere scenario) or at an adjacent channel (adjacent channel interfere scenario). The test
measures the level of attenuation required on the interfering signal such that a predefined level of
sensitivity degradation is caused to the receiver. The sensitivity degradation is defined by placing the
desired signal level a certain X dB (specifically, 1dB and 3dB in this measurement) above the
sensitivity threshold (as defined by the BER performance) and observing the interference level that will
degrade the receiver to the threshold. The results measured are shown in Table 1.

Data rate Channel C/I for BER threshold 10e-6 (dB)
(Mbps) Separatio Co-Channel Adjacent Channel
n (MHz) Interference Interference
1dB 3dB 1dB 3dB
8180 2000 32 28 -5 -8.5

Table 1: Receiver selectivity

6.4. Sensitivity performance and system gain

The sensitivity performance test verifies the system gain as calculated based on the transmit power
minus the receiver sensitivity at a threshold BER. The system gain is the most useful parameter when
determining the distance over which the radio/modem is useful. The test is conducted in several
modulations by setting the variable attenuator to a level that brings the BER performance to the
threshold and measuring the receiver power at that point. The data rate performance as well as the
BER are measured by the traffic generator using traffic injection via the DUT 10 Gbps optical Ethernet
interface (SFP+). The results measured are shown in Table 2.

Cs M . FEC Pout | Receiver Threshold | Data rate CINR at System
(MHz) odulation | Rate | (dBm) | (dBm @BER=107) | (Mbps) | P! | Gain (dB)
2000 1280AM | 087 | 14 50 9550 236 64
2000 64QAM | 087 | 14 53 8180 203 67
2000 320AM | 087 | 15 56 6820 17.3 71
2000 160AM | 087 | 16 59 5460 14.3 75
2000 8PSK | 087 | 17 62 4090 113 81
2000 QPSK | 087 | 18 66 2730 7.3 84

Table 2: Sensitivity performance and system gain
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7. Conclusion

The document reviews the measurement and testing of the 70/80 GHz radios and modems used as
the IF and BB stages of the 300 GHz P2P link. The testing relates to the 70/80 GHz TRX module
specifications ([2]) and design ([3]), which address an architecture including multiple IF module
parallelization and a radio/modem architecture to enable operation with high spectral efficiency.

The various measurements results described in this document are done for the radio and the
combined modem/radio as a stand-alone component. However, the measurement address specifically
performance attributes that will impact module role as an IF stage in the integrated system. The
measurement results demonstrate meeting and even exceeding the performance targeted in [2] in
terms of sensitivity, output power, throughput and other parameters. The most critical parameter to the
integration with the Thor RF stage is the up/down conversion phase noise, which should be kept within
the bounds specified in [2] to ensure the modem can reach its maximum performance
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