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FOREWORD

This amendment has been prepared by CISPR subcommittee A: Radio interference measure-
ments and statistical methods.

The text of this amendment is based on the following documents:

DTR I?nr\nrf an \/nfing

CISPR/A/572/DTR CISPR/A/586/RVC

Full information on the voting for the approval of this amendment can be
on voting indicated in the above table.

Rd in thevreport

publication will be

* reconfirmed,
* withdrawn,

» replaced by a revised edition, or
+ amended.
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4 Technical reg

(MWO), such.as thestfansformer and the inverter types, and a noise simulator, were used as a
noise source in the following experiment. Bit Error Rate without error correction was basically
used .as) a parameter of communication system performance (e.g., W-CDMA and PHS).
Threughput is used if error correction could not be removed (e.g., W-LAN, Bluetooth and
RPHS).

Quantitative correlation between noise parameters and system performance is shown in 4.7.6
and 4.7.7 by using measured and simulated results.

These results show that APD measurement of disturbance is suitable for evaluating its
interference potential on digital communication systems. Therefore APD measurement may be
applicable to the compliance test of some products or product families, such as microwave
ovens.
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4.7.2 Influence on a wireless LAN system

The set-up for measuring communication quality degradation is shown in Figure 4.7.1, and
measurement conditions are shown in Table 4.7.1. Throughput was chosen as a measure for
communication quality evaluation. It was calculated from the time taken to transmit and time
to receive data of a fixed size.

Access point

'r)t'\
(FTP server) Carrier power

APD measuring point
Ethernet cable
HUB Co-axial cable
Signal
Wireless Wireless f
AP LAN LAN Termg @
card cal &
ISO: lIsolator

ATT: Attenuator
AP: Access Point
WNG: White-Noise Generator

Noise
simulator

IEC 1008/05

N\ hFrequency (ghdne)\ 2 462 MHz (11ch)

Wireles T\"&QS%QS“)\TN@‘{ 20 Mbyte

LA atocal” N/ FTP (GET command from terminal PC)

(\ ran mis%n mode Packet transmission
*Noise ;Mar density N,
</\Q§\ersk (dél'Bx/Hz) 0 —154 dBm/Hz (set by ATT4)

The APBs-of disturbance are shown in Figure 4.7.2. The horizontal axis shows the level of
radiatéd)noise normalized by N,, which has been approximated as the noise level from the
whité noise generator. The main frequency for measuring APD was 2462 MHz. The average
and-root-mean-square (RMS) values of the noise level normalized by N, derived from APD of
the MWO noise and noise simulator noise are shown in Table 4.7.2.

APD of the noise simulator at ATT2 = 0 dB was in good agreement with APD of the inverter
type MWO at ATT2 =10 dB.
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igure 4.7.2 — APD characteristics of disturbance
Table 4.7.2 — Average and RMS values of noise level normalized by N,
ATT2 White noise
Transformer | Average (dB) 111,2 101,0 92,6 77,6
type MWO
RMS (dB) 117,1 107,0 98,8 78,7
Inverter type | Average (dB) 100,6 91,4 83,4 77,6
MWO
RMS (dB) 104,4 94,8 86,2 78,7
Noise Average (dB) 100,6 91,9 83,8 77,5
simulator
RMS (dB) 105,1 96,2 87,6 78,6
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The measured communication quality degradation for various amounts of attenuation of
injected noise is shown in Figure 4.7.3.

The horizontal axis shows C/N,, where C is the sub-carrier power and N, is the noise power
density.
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Figure 4.7.3 — Wireless LAN throughput influenced by noise

The-throughput influenced by a transformer type MWO is 400 kbytes/s or more when C/Ng is
90”dB or more, and decreases rapidly when C/N, is below 90 dB. This tendency is almost the

same irrespective of the noise level. On the other hand, the throughput influenced by an
inverter type MWO decreases almost in proportion to the noise level. The throughput
influenced by a noise simulator has almost the same degradation characteristics as that for an
inverter type MWO.

4.7.3 Influence on a Bluetooth system

The setup for measuring communication quality degradation is shown in Figure 4.7.4, and
measurement conditions are shown in Table 4.7.3.

Throughput was chosen as the measure for communication quality evaluation.
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Figure 4.7.4 — Set-up for measuring the communication qu
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guide horn antenna
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Table 4.7.3 — Conditions for measuring communicyt',on\ li n of Bluetooth
Frequency 2400-2 683,WHZ \/
Transmission data 2,5M@yt¥\\// /\ \
Bluetooth N
Protocol Q F{Q(GE(com ané‘ﬁ/on’\réminal PC)
Transmission mode > P l«}(\exc}egge\data/r(ansmission mode
Others Noise power density

The APDs at a frequepicy ok 2 441

(dBm/Hz)

i

w@@ by ATT4)
N

shown in Fig. 4.7.5, and the average and RMS

values of noise level nor by own in Table 4.7.4.
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Figure 4.7.5 — APD of disturbance of actual MWO (2 441MHz)
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Table 4.7.4 — Average and RMS values of noise level normalized by N,

ATT2 White noise
0dB 10 dB 20 dB 30 dB

Transformer type Average (dB) 89,8 80,8 73,7 67,1

Mwo RMS (dB) 99,2 90,2 82,5 68,3

Inverter type Average (dB) 70,7 65,4 63,5 67,1

MWO RMS (dB) 80,6 73,3 66,0 68,3
The APDs measured at 2 460 MHz, where the noise level of an MWO js—at maximum, are
shown in Figure 4.7.6, and the average and RMS values of noise normali o.are shown

in Table 4.7.5. The noise level is about 10 dB larger than that at the f 441 MHz.
The APD of the noise simulator at ATT2 = 0 dB is in good agreem , e inverter
type MWO at ATT2 =10 dB.
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Figure 4.7.6 — APD characteristics of disturbance (2 460 MHz)
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Table 4.7.5 — Average and RMS values of noise level normalized by N,

ATT2 White noise
0dB 10 dB 20 dB 30 dB

Transformer | Average (dB) 87,8 78,4 71,4 67,1
type MWO

RMS (dB) 94,9 85,4 78,0 68,3

Inverter type | Average (dB) 70,7 65,4 63,5 67,1

MWO

RMS (dB) 80,6 73,3 66,0 68,3

Noise Average (dB) 77,6 69,8 67,1
simulator

RMS (dB) 84,1 75,5 /) 68,3

The measured communication quality degradation for various am

injected noise is shown in Figure 4.7.7.
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Figure 4.7.7 — Throughput of Bluetooth influenced by noise
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According to the specifications, Bluetooth controls the transmission power automatically
depending on the communication situation. The sub-carrier power at the reception point
cannot be obtained uniquely since transmission power may change when ATT1 is changed.
The horizontal axis in this figure shows the attenuation of signal power.

4.7.4 Influence on a W-CDMA system

The set-up for measuring communication quality degradation is shown in Figure 4.7.8, and
measurement conditions are shown in Table 4.7.6

Bit error rate (BER) was chosen as the measure for communication quality evaluation.

Base station simulator

Data BER
measufing
gl

——

Reverse Path
diffusion search

APD measuring point

Bully anechoic chamber

<4——P MWO

Double ridged
ide Worn antenna IEC 1015/05

7.8 — Setup for measuring the BER of W-CDMA

Table 4.7.6 £ €onditions for measuring communication quality degradation of W-CDMA
Frequency 2 137,6 MHz (downlink)
Chip rate 3,84 Mcps
Spread rate Uplink: DPDCH 64 / downlink: DPCH 128
B?Se .b?nd Data rate 12.2 kbps (acoustic)
S1MTutTailvul
Transmission data 6 Mbit
RMC communication test (UE turn)
Transmission mode
3GPP TS34.121

The measured APDs of the noise are shown in Figure 4.7.9, and the average and RMS values
of the noise level normalized by Ny are shown in Table 4.7.7. The APD of the noise simulator
at ATT2 = 0 dB is in good agreement with the APD of the inverter type MWO at ATT2 = 10 dB.
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e 4.7.9 — APD characteristics of disturbance

— Average and RMS values of noise level normalized by N,

ATT2 Receiver noise
0 dB 10 dB 20 dB 30 dB

Transformer Average (dR) 71 1 67 7 87 2
type MWO

RMS (dB) 75,1 69,4 68,6

Inverter type Average (dB) 71,6 68,0 67,2

MWO

RMS (dB) 74,7 69,4 68,6

Noise Average (dB) 77,1 70,4 67,7 67,2
simulator

RMS (dB) 83,3 74,7 69,3 68,6

The measured communication quality degradation for various amounts of attenuation of
injected noise is shown in Figure 4.7.10.
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For both types of MWO, the BER was degraded by several dB after a 10 dB change in noise
level. Moreover, BER characteristics influenced by the noise simulator are in good agreement
in these measurement results.
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ER of W-CDMA caused by radiation noise
475 In rsgnal Handy Phone System (PHS)
The set-ups for™ ring communication quality degradation are shown in Figures 4.7.11

and 4.7.125-and conditions for measuring throughput and BER are shown in Tables 4.7.8 and
4.7.9.

Throughput and BER were chosen as measures for evaluating the communication quality of
RHS.

The measured APDs are shown in Figure 4.7.13, and the average and RMS values of noise
normalized by Ny are shown in Table 4.7.10.
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Carrier power
_ISDN APD measuring point
simulator

Transmitting
PC

PHS | Receiving
card PC

Serial cable
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ATT: Attenuator

VWNG: VVhite-noISe generator WNG Fully anechoic
TA: Terminal adapter AMP chamber
Noise ? <« 5| mwo
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generator PC
ode
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ATT: Attenuator
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Noi
simulFt%\/\

Fully anechoic
chamber

MWO

IEC 1019/05

— Conditions for measuring the PHS throughput

\\\Qansn#i%sion data About 376 kbytes data

S \T\{Msion system Non protocol
T/rénsmission mode 32 kbps real time data transmission
Noise power density Ny

Others (dBm/Hz) —160 dBm/Hz (set by ATT4)

Table 4.7.9 — Conditions for measuring the BER of PHS

Frequency (channel) 1 907,15 MHz (41ch)
PHS Transmission data 5 Mbit PN9
Data rate 32 kbps

Noise power density NO
Others (dBm/Hz) —160 dBm/Hz (set by ATT4)
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Table 4.7.10 — Average and RMS values of noise level normalized by N,

ATT2 White noise
0dB 10 dB 20 dB 30 dB

Transformer type | Average (dB) 60,6 58,1 61,2
Mwo RMS (dB) 64,9 59,4 62,4
Inverter type MWO | Average (dB) 72,6 64,9 59,9 58,0 61,2
RMS (dB) 76,7 68,9 62,5 59,3 62,4
Noise simulator Average (dB) 72,3 64,2 59,1 57,8 61,2
RMS (dB) 77,0 68,2 61,1 59,0 62,4

NOTE The values of ATT2 are 22, 32, 42 and 52 dB, respectively for the noise simulator.
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The measured throughput for various amounts of attenuation of injected noise is shown in
Figure 4.7.14.
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Similarly,/the measured BER is shown in Figure 4.7.15. The BER characteristics caused by
the noise simulator were in good agreement in the measurement results of the inverter type

MW-O.
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.7.14 — PHS Throughput caused by radiation
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4.7.6 Q elation between noise parameters and system performance
Correlations, ‘betw the noise parameter of the disturbance (levels of disturbance
correspond.*to certain probability that is derived from APD) and degradation of system
performmance (throughput and/or Bit Error Rate) are evaluated for the communication systems
described in 4.7.2 to 4.7.5.
4.7.6.1  Wireless LAN (throughput)

From Figures 4.7.2(a) and (b), the disturbance voltage for each probability, e.g., 107", 107,
107%, 107, was read. C/N, values that are necessary to assure the throughput of 500 kByte/s
under microwave oven disturbance were obtained from Figures 4.7.3(a) and (b). The
correlation between the disturbance voltages and the C/N, values is plotted in Figures
4.7.16(a) and (b) for a transformer type oven and inverter type oven, respectively.
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Figure 4.7.17 — Correlation of the disturbance voltages with the system performance
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In Figure 4.7.17, the linear regression line by using the values for 10~ probability is also
plotted with the equations and correlation coefficients. The same results were obtained as in
subclause 4.7.6.1.

4.7.6.3 W-CDMA (BER)

From Figures 4.7.9(a) and (b), disturbance voltages for each probability, e.g., 107, 107, 107,

- 0
disturbance were obtained from Figures 10(a) and (b). Because only two curves available~in
the APD and BER, regression analyses were not performed.
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Figure 4.7.18 — Correlati i tages with the system performance
4.7.6.4 PHS (BER and
Same analyses 3 data. C/N, values correspond to the signal input that
is necessary to ass 5 _Zunder microwave oven disturbance. The correlation
between the distyrbs and the C/Ny values is plotted in Figures 4.7.19(a) and (b) for a
transformer type ovenang pe oven, respectively
Because on as usable in the APD and BER for the transformer type oven
regressi was \not performed. On the other hand, excellent correlation was
confirmed i
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Figure 4.7.19 — Correlation of the disturbance voltages with the system
performance(C/N,)
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