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Standardization Activities for Radio on Fiber Transmitter within

IEC TC103/WGS

SUMMARY  This paper describes the outline of recent standardization
activities for Radio on Fiber (RoF) transmitter by IEC TC103/WGS5. RoF
transmitter consists of optical fibers, electrical to optical (E/O) converter,
and optical to electrical (O/E) converter. IEC TC103/WGS5 is working on
standardization on measurement method of E/O and O/E devices, and tech-
nical specification of RoF transmitter. This paper overviews those stan-
dardization activities which are being developed by TC103/WGS5 as well
as the National Committee of WGS5.

key words: Radio on Fiber transmitter, O/E converter, E/O converter, stan-
dardization, TC103, TC103/WG5

1. Introduction

Recent progresses in wireless communication technologies
are remarkable for broadband wireless internet and mo-
bile communication systems. RoF system is widely recog-
nized as broadband wireless signal infrastructure to shad-
owing areas such as the underground, the subway stations
and the inside building. Variety of RoF systems are uti-
lized in the area of transmitting broadband wireless sig-
nal such as TV broadcasting signals, mobile phone signals
and WiFi (Wireless Fidelity) signals. RoF system consists
of optical fibers and microwave-photonic E/O and O/E de-
vices. At E/O converter, optical carrier is modulated by
broadband wireless signals, and the modulated optical sig-
nal is transmitted through the optical fiber. Then, the broad-
band wireless signals are regenerated by O/E converter. Mi-
crowave photonic devices for the E/O converter could be a
LiNbO3; Mach-Zehnder optical intensity modulator (MZM),
an electro-absorption modulator (EAM) and a directly mod-
ulated Laser-Diode. In the case of the MZM and the EAM,
high-speed modulation up to 40 GHz can be achieved for
40 Gbps digital communication systems [1]. Various types
of photo diode have been used for the O/E converter. In the
case of a Uni-traveling carrier photodiode (UTC-PD), 1 THz
receiving bandwidth has been achieved [2], [3].
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Fig.1 Basic structure of RoF transmitter.

IEC TCI103/WGS5 (International Electro technical
Commission Technical Committee 103 Working Group 5)
has started standardization of RoF transmitter from 2005.
The National Committee of TC103/WG5 consists of three
sub working groups (SWGs) as follows (Fig. 1);

e SWGI1: Standardization for measurement method of
E/O conversion device

e SWG2: Standardization for measurement method of
O/E conversion device

o SWG3: Standardization of RoF transmission system

This paper presents recent standardization activities for
Radio on Fiber transmitters within IEC TC103/WGS5. First,
the structure of IEC standardization is explained. Next,
the standardization activities for RoF transmitter in IEC
TC103/WGS5 as well as National Committee of WG5S are
explained.

2. Structure of Standardization
2.1 Fundamental Structures of IEC Standardization

Standardizations of electronics devices and systems are
mainly performed in IEC. Standardization of RoF trans-
mitter is standardized in the IEC TC103. Table 1 shows
project stages and associated documents of IEC [4]. Fig-
ure 2 illustrates the standardization procedure of IEC [4],
[5]. Proposals to apply the fast-track procedure may be
made some process in Fig.2. One of the fast-track proce-
dures is using publicly available specification that procedure
needs only once voting for publication. First publication of
our standardization is IEC/PAS 62593/Ed.1 [6]. Currently,
we have four approved new work items that were developed
during the expert meetings with consideration of experts’
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Table1  Project stages and associated documents [4].

Associated document

Project stage

Name Abbreviation
Preliminary stage | Preliminary work item PWI
Proposal stage New work item proposal’) NP
Preparatory stage | Working draft(s) V) WD
Committee stage | Committee draft(s) ! CD
Enquiry stage Enquiry draft 2 ISO/DIS
IEC/CDV
Approval stage Final draft International Standard » | FDIS
Publication stage | International Standard ISO, IEC or
ISO/IEC

1) These stages may be omitted, as described in Annex F [4].
2) Draft International Standard in ISO, committee draft for vote in IEC.
3) May be omitted

Normal Draft submitted | ~ Fast track Technical Technical ~ [Publicly Available

Project stage : :
g 8 procedure | with proposal procedure specification Report Specification

Proposal
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fAcceptance of
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fAcceptance of
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Fig.2  Standardization procedures of IEC [4].

comments [7]-[10]. IEC TC103/WGS5 decided that the doc-
uments should be promoted from the Working Draft (WD)
stage to the Committee Draft (CD) stage. The documents
are currently approaching the final committee draft phase of
the IEC approval process.

After this section, an overview of these four documents
is described.

2.2 Reference Model and Related Technical Committees
of TC103

Related topics of optical devices for digital communication
systems are treated in TC86. The Hybrid Fiber-Coax (HFC)
transport network (HFC) is treated in TC100/TAS. Figure 3
shows the reference model of each TC. Electrical passive
devices for high frequency (RF and microwave) range are
treated in TC46. However, E/O and O/E devices are mainly
used RoF transmitters. For these reason, these devices and
ROF transmitter system is treated in TC103/WGS.
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related to TC103.

3. Standardization for Measurement Method of E/O
Conversion Device

SWGI of TC103/WGS is in charge of standardizing the
measurement method for E/O conversion devices. Our stan-
dardized methods are described in Table 2. Method A, us-
ing electrical oscilloscope, is used for the frequency range
less than 30 GHz. Method B, C and D, using optical spec-
trum analyzer, are used for the frequency range more than
10GHz. [Accuracy of half-wavelength voltage] and [Ac-
curacy of chirp parameter] in Table 1, ‘+++ indicates the
most accurate method in method A, B, C and D. [NA] in
its column indicates that the method cannot measure the
chirp parameter. [Requires No. of Spectra] indicates the
required number of optical frequencies for evaluating the
half-wavelength voltage and the chirp parameter. [NA] in-
dicates that the method doesn’t use optical a frequency for
need evaluating the half-wavelength voltage. Method A
has been already published as an IEC/Publicly Available
Specification (PAS) titled “Measurement Method of a Half-
Wavelength Voltage for Mach-Zehnder Optical Modulator
in Wireless Communication and Broadcasting Systems” [6]
Our new work item proposal (NWIP) of the International
Standard also has been accepted and the project was reg-
istered as IEC 62801 Ed. 1.0 [7]. Now the revised draft
is ready to be circulated as CDV. CDV is the last possi-
ble moment at which changes can still be made to the con-
tent of an International Standard. Method B, C and D are
the method for measuring the half-wavelength voltage and
chirp parameter of MZM more than 10 GHz [11]-[13] that
has been also approved as a NWIP [9],[12]. The project
was registered as IEC 62802 Ed. 1.0 “Measurement Method
of a Half-Wavelength Voltage and a Chirp Parameter for
Mach-Zehnder Optical Modulator in High-Frequency Ra-
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Table2  Comparison between method A, B, C and D.
Method Bias Accuracy of | Accuracy | Required | Required
condition | half- of chirp No. of RF
wavelength | parameter | Spectra power
voltage
Method A[6][7] | Fixed bias +++ NA NA Large
<30GHz point
Method B [9] Fixed bias ++ ++ 1 Middle
>10GHz point
Method C [9] Swept bias | +++ -+ 1 Middle
>10GHz
Method D [9] Minimum ++ + 2 Small
>10GHz /Maximum
transmission
bias

S.G. : Signal Generator
Amp.:RF Amplifer

Step ATT: Step Attenuater
P. M. :RF Power Meter
Trigger LD: Laser Diode

output) | pc: polarization Controller
PD: Photo Diode

0OSC: Oscilloscope

S2 (1kHz to 10MHz)

51 (800MHz)

Trigger input

Ch.1

Ch.2

Fig.4 Driving voltage measurement setup.

dio on Fiber (RoF) Systems” [9]. The revised draft will be
circulated shortly to National Committees as CD for com-
ment. This stage is the principal stage at which comments
from member countries are taken into consideration, with a
view to reaching consensus on the technical content.

3.1 Measurement Principle of Half-Wavelength Voltage
for Low Frequency Range [6], [7]

The method for measuring the half-wavelength voltage of

LiNbO; Mach-Zehnder optical intensity modulator, using

standard electrical oscilloscope, is described here. Figure 4

shows the driving voltage, such as Vi, measurement setup.
The optical output power of MZM is given by:

I
I= 50 [1 + cos (@) + D,)] (1)
o, = % Go nfn) )

| = 2V, sin 2n f
®, = const. 3)

where @ and @, are the phase changes caused by the high-
frequency RF signal (SG1) and low frequency RF signal
(SG2) that due to the bias voltage, respectively. Vr is the
half-wavelength voltage at the RF signal frequency f, Vpp
is the peak-to-peak voltage amplitude of the high-frequency
wave, and I is the maximum optical output power. The time
average power of I, I’ is calculated by,

l/f I
I =ff(; E[1+cos(CD1+CI)2)]dt
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Fig.5  Zero-order Bessel function.

Ufr
= ff 30[1+cos(D1 cos @, —sin @ sin®,]dt  (4)
0
Then, we get Eq. (5)

Urr
I’:ff 2
o 2

ind 2% in (o f) b sin o, [ a
sin >V sin (2r ft) ¢ sin @,

1/f]0
ff >
0

> V) .
—Zzsm{(zm1)27rft}12,,+1 Sy (S di

n=0

1+ cosd % Gn b cos @
cos A sin (2 ft) p cos @,

> bia%
1 +Z ey, cos (2n - 2nft) Jo {2—‘/})‘)} cos O,
n=0 ﬂ

_ I() ﬂvpp
=3 [1 +JO( 2V, cos @, ®)

e = 1---n=0
"7 200
When the input RF signal is tuned so that the relation
- Vpp/(2Vm) = 2.405

can be satisfied, the zero-order Bessel term in Eq. (5) be-
comes zero and the time average of the optical output power
becomes constant. As shown in Fig. 5, there are many volt-
age amplitudes at which the AC component of I’ goes down
to zero; Vppmin denotes the lowest one.

Figure 6 shows the measurement process of using a
synchronizing oscilloscope. In order to easily find the state
where the optical output is constant, a low frequency signal
for monitoring (SG2) is superimposed on the RF signal. By
adjusting the RF voltage amplitude of the high-frequency
signal (SG1), the status can be observed where the moni-
tored signal (SG2) amplitude shows the minimum value. At
this status, the waveform of the monitor signal is observed
as a flat line (Fig. 6(b)) on the oscilloscope screen. Vr at
the frequency of SG1 can be calculated from the measured
result of Pg; dBm using the following relation:
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(a)The optical sugnals is modulated (b)The amplitude of optical signal
in opposite phase with S2 element.  is almost zero

(c)The optical sugnal is modulated
in phase with S2 element.

Fig.6  Vr voltage measurement procedure.
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7-20 (10(<PSI /10)_3))1/2
V. =
" 2% 2.405

In the case of the characteristic impedance of the electrode
of the LN modulator Zy = 50 Q, Vx can be estimate by:

(6)

7 Voo mi
Vn _ pp min 7
2 % 2.405 )

3.2 Round Robin Test Results

International round robin (RR) tests were performed from
2007 to 2008. Singapore, France, Portugal, China and Japan
joined this international RR test. Figure 7 shows the mea-
sured Vr voltage and standard deviations of a traveling wave
electrode type MZM. The standard deviation of this mea-
surement is less than 6.4%. Figure 8 shows the measured Vr
voltage and standard deviations of a resonant electrode type
MZM. The standard deviation of this measurement is less
than 5.0%. These measurement results show good agree-
ment using our standardization procedure.
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3.3 Measurement Principle of Half wave Voltage and
Chirp Parameter for High Frequency Range [9],[11]-
[13]

The method for measuring the half-wavelength voltage of
the MZM (Method B, C and D), using optical spectrum an-
alyzer (OSA), is described here.

When a single-tone RF signal is applied to the mod-
ulator, the optical output would have sideband components
whose frequency separation is equal to the frequency of the
single-tone RF signal. The induced optical phases in a MZ
modulator can be calculated from the intensities of the opti-
cal sideband components measured by the OSA. When the
input RF power or voltage is also measured at this condition,
the half-wavelength voltage (Vr) can be determined. This
measurement can be achieved through a wide frequency
range more than 10 GHz, which depends on the minimum
resolution of OSA.

Optical output of an MZM is given by,

E=E"eTW {exp j[A1 sinwyt+¢p1 | + exp j[As sin wpt+dp ]}

=Egw {e”’m STa(ADeT ! i 3T, (Ayyeinent

=w {e‘f¢3/2§ Jo(Ap)enent + ej¢s/2§ J,,(Az)ef"“’m’}
n=—oo n=-—oo

®)

8 =—¢p1 + ¢m €))

_ P11+ dm

==
where ¢, and ¢p, are the optical phase delays at two arms
in the Mach-Zehnder interferometer in the modulator. The
phase difference ¢ can be controlled by dc bias voltage ap-
plied on the electrode of the modulator. E;e" is the electric
field of the input lightwave, where wy is the angular fre-
quency of the input lightwave and w,, is that of the RF sig-
nal. A; and A, are the optical phase retardation due to the
RF signal fed to the electrode in the modulator. J, is the first
kind Bessel’s function. Intensities of sideband components,
which correspond to the n-th order terms in Eq. (9), can be

5
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measured by using an OSA. Thus, we can get nonlinear si-
multaneous equations for A; and A,. The half-wavelength
voltage V, was derived from A; and A, by using

Vop

Vo= —
2(A; - Ar)

(10)

If we consider the case of a small amplitude modula-
tion where A| and A, < 1, the chirp parameter, the ratio of
the amplitude modulation and the phase modulation, can be
described by

_ Al +A2
A -AY

I (11)
where the dc bias is ¢ = m/2, which corresponds to an
optimal condition for small amplitude modulation. A; and
A, have opposite polarity in properly designed MZMs us-
ing push-pull configuration which provides effective inten-
sity modulation. If the modulator has a symmetric structure
with respect to the optical waveguide, A; equals —A;, so
that @y equals 0, which corresponds to a zero-chirp mod-
ulator. Assuming that nonlinear optical effects except the
Pockels effect are negligible, the ratio between A; and A,
does not depend on the intensity of the electric signal. Thus,
@ is also an intrinsic parameter of the modulator. There are
various options in selection of the simultaneous equations.

3.3.1 Measurement Principle of Half-Wavelength Voltage
and Chirp Parameter with Fixed Dc-Bias Condition
(Method B) [12]

The ratio between the n-th and (n+1)-th order sideband in-
tensities in the optical spectrum is expressed by

|2

R__'hm0+hMﬁMB
’ |Jn+1(Al) + Jn+1(A2)ej¢lx
_ UnADPH AP+ 2J,(AD 4 (As) cos dp

(Tt AP+ 1 (A2)V+ 20,011 (A1) 11 (A2) cOs ¢
(12)

|2

If the electrode is not dc-coupled, the phase difference ¢p
cannot be controlled by the bias voltage. Thus, we need to
solve simultaneous equations for ¢, A| and A,. For exam-
ple, by using three equations, Ry, R, and R,, we can obtain
¢p, A; and A,. When ¢p can be precisely controlled, A;
and A, can be determined from two of R,” s. The number
of equations is equal to that of unknown variables, but these
equations are transcendental. Thus, several solutions may be
derived, and some of them may have no physical meaning.
Actual solutions can be obtained by using more equations
than the number of unknown variables.

3.3.2 Measurement Principle of Half-Wavelength Voltage
and Chirp Parameter Using Dc-Bias Sweep (Method
O [12]

Factor cos ¢ in Eq. (12) shows the connection between the
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optical spectrum and the dc-bias voltage. ¢p depends on
the environmental conditions, which is known as dc-drift.
Because the half-wavelength voltage V& does not change
much, the effect of dc-drift can be eliminated by sweeping
the dc-bias voltage across two times Vrr for de, which corre-
sponds to a period of cos ¢ 5 The ratio of the optical sideband
intensities is expressed by

R = a(ADF + {u(A)) (13)

LAY + (Ao

and does not depends on the dc-bias voltage, so A; and A,
can be precisely determined.

3.3.3 Measurement Principle of Half-Wavelength Voltage
and Chirp Parameter Using Minimum Transmission
Bias and Maximum Transmission Bias (Method D)
[12]

If the ¢p can be precisely controlled, A; and A, can be ob-
tained from the O-th and 1st order sideband components,
where two types of dc-bias conditions are used. The inten-
sity of the n-th order sideband can be expressed by,

L AD) + JuAzyeivs

i 4

{Tn(ADYP +{J1(A2) Y +20,(A1) T, (A2) cos ¢
4

When no RF signal is applied to the modulator, A; and A,
are equal to zero. The optical power is given by

B
|

:Ei2

(14)

5)

P, depends on the dc-bias and E? shows the peak power
of the optical output without RF signal input. We use two
dc-bias points, the maximum transmission bias ¢p =0 (P;) =
El.z), and the minimum transmission bias ¢ = 7 (P;) =0). At
the maximum transmission bias P has the maximum (Py,),
while P; has the minimum. At the minimum transmission
bias P; has the maximum (P;;), while Py has the minimum.
Thus, we can accurately measure Py at the maximum trans-
mission bias, and Py at the minimum transmission bias, be-
cause the other spectral components are much smaller than
the desired component. Py, and P;;, are normalized by El.z,
and expressed by

Poa _ {Jo(ADY +{Jo(A2)}* +2J0(A1)Jo(A2) cos ¢

B 1 (16)
Piy _{JiADP +1(A2)) =2J1(A1)J1(A2) cos ¢ an
E? 4 '

Po/E? and Py,/E? can be measured by an OSA or an optical
power meter. A; and A, are determined from Eqgs. (16) and
7.

4. Standardization for Measurement Method of O/E
Conversion Device [10], [14]-[16]

SWG2 of TC103/WGS is in charge of standardizing the
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Fig.10 A generated two-tone lightwave using nested MZM of Fig.9
with carrier suppression bias voltage condition.

measurement method for O/E conversion devices. The pro-
posed method is described here. Our NP of the measurement
method was accepted and registered as IEC 62803 Ed. 1.0
(NP) [10].

Our method is based on the heterodyne principle. The
method utilizes a MZM for generating two-tone lightwaves
as stimulus signals, to provide simpler and easier meth-
ods than the conventional method utilizing a complex two-
laser system phase-locked with each other. Figure 9 shows
the measurement setup of our method. Figure 10 shows a
generated two-tone lightwave using nested MZM of Fig. 9.
A two-tone lightwave illuminates the DUT (Device Under
Test) as a stimulus signal. The two-tone stimulus lightwave
is generated by using an MZM at null bias or at full bias with
an optical band rejection filter. The average powers of the in-
put two-tone lightwave and that of the output monotone RF
signal are measured, and the conversion efficiency at the fre-
quency is calculated from them. By changing the frequency
difference between the two tones, the frequency response of
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O/E conversion efficiency of the DUT is obtained.
An MZM optical output modulated by a monotone RF
signal can be expressed by

Eopt = Z En ei(wnt"'d)n)’

n=-—o00

Popr = Z Py, (18)

2
Pn = |En| 5
Wpyl — Wy = WRF

where P, is the total average power, and wgr is the angular
frequency of modulating RF signal that corresponds to the
angular frequency difference between adjacent optical tones.
As an example, two-tone signal generation by an MZM with
null-bias is described in this section. When

[E_1] = |Exi]| > |Ey[(n # =1, +1),

19
Popt = |E_1P +|Enf = 2|E_,] (19)

an ideal well-balanced optical two-tone consisting of P,
can be generated, where the following conditions should be
satisfied.

1. Suppression of optical carrier and higher order sidebands
should be large enough.

2. Frequency difference between the two desired compo-
nents should be stable.

3. Polarizations of the two spectral components should be
well aligned.

4. Power difference of the two spectral components should
be small enough.

The instantaneous optical power P, illuminating the PD is
calculated as

Popf: E_lei(w—lt+¢—l) + E+]ei(w+1t+¢+1)

o0 ' 2
+ Y E et (n £ —1,+1)

n=—00

= Popr + Popr - COSQuprt + ¢) 20)

where ¢ = ¢_1 — ¢41, and |E,| (n # —1, +1) related terms
are neglected from the last equation. The PD under test out-
puts a DC and an RF photocurrent as a response. The RF
photocurrent igy is expressed as

IRF = W~P,,,,,-cos(2a)RFt+¢) =Igr cosCwgrt+¢) (21)

where « is the frequency response of the PD under test at
2wgr, and Igfp is the peak photocurrent. The average RF
power Pgp driving a load Z; of 50 Q) is expressed as

Ier 1
Prr= L. K7 — 2512, (22)

IR
From Egs. (21) and (22), the frequency response « of the PD
is calculated as

Ly Prr
K= —]—=
P2 25P?

opt opt

(23)

Note that « can be calculated only from the input optical and
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Table3  O/E devices for trial measurement.
PD1 PD2
Manufacturer NTT electronics u’t Photonics
Model No. KEPD2562KCG  XPDV2150R
DC responsively 0.53 A/'W 0.65 A/W typ.
3 dB bandwidth 20 GHz 50 GHz

0 I ! ! PD2 responsivity

o 5L

=,

Py

= -10L

c

o]

§ PD1(NEL)

ke -15 1

-20 i ' ' :

0 10 20 30 40 50
Frequency [GHz]

Fig.11  Measurement results of O/E devices.

the output RF average powers of the PD under test, which
are traceable to the national standards with relatively short
traceability chain. In this method, « does not depend on fre-
quency response of the MZM used for two-tone generation.

As for the PDs under trial measurement, we use two
PDs with different 3 dB bandwidths listed in Table 3. Fig-
ure 11 shows the results of the trial measurement from
1 GHz to 50 GHz frequency range. Their performance dif-
ference in 3 dB bandwidth is clearly demonstrated.

5. Technical Specification of RoF Transmitter to Con-
form Spectral Emission Standards [8]

SWG3 of TC103/WGS is in charge of standardizing RoF
systems. The first NP concerning the system is the technical
specification (TS) of RoF transmitter which was accepted
and registers as IEC 62800 Ed. 1.0 “Radio on Fiber Sys-
tem conforming to different Spectral Emission Standard”
[8]. Our proposed TS is described here.

This Technical Specification specifies the parameters
of the Radio on Fiber (RoF) system to conform to different
spectral emission standards of mobile communication sys-
tem and digital terrestrial television broadcasting (DTTB)
defined by ITU-R (International Telecommunication Union-
Radio communication Sector) Recommendations. Figure 12
shows a reference model of RoF transmitter. The reference
model consists of E/O and O/E modules that are connected
to a transceiver or antenna, optical networks, and E/O and
O/E modules that are connected to a transceiver or antenna
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Spectrum mask.

at another location. The configuration may also include a
receiving antenna in place of a transceiver, such as in the
case of a broadcast signal repeater. Considerations for the
target system are listed below.

e RoF systems including the sub carrier multiplexing
(SCM) systems that perform analog optical modulation
of single-channel or multiple-channel signals.

e “Digital RoF” transmission systems, in which a high-
frequency modulated signal is converted to a digital sig-
nal (analog to digital conversion) for transmission and the
digital output of the OE is then converted to analog (dig-
ital to analog conversion) are outside the application of
this specification.

e Link configuration: the optical networks part can have
any configuration.

The spectrum mask and the unwanted emission are spec-
ified as the signal quality factors to be satisfied as hard-
ware specifications. For the downlink transmission signal,
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Table 4  Transmission spectrum break points. Table 5 Unwanted emission specification for DTTB.
Coefficients of offset frequencies | Power spectral density Item Specification
from center frequency [aB Spurious emission in the out-of-band domain 100 pW or less
DTTB system A, 14 dBm< Unwanted emission in the spurious domain 25 uW or less
C, mobile DTTB system B| Pg44<14 dBm | P4,<20.4 NOTE
communication dBm Spurious emission is an emission at a frequency or frequencies which
+0.93 +0.952 0 are outside the necessary bandwidth and the level of which may be
40.953 40.975 20 reduced without affecting the corresponding transmission of]
T 1 7 information. Spurious emissions include harmonic emissions, parasitic
— = emissions, intermediation products, frequency conversion products, and
+1.453 +1.453 -30 | -16-Pyq single sideband phase noise, but exclude out-of-band emissions.

DTTB system A: ATSC [17] (U.S.A.)
DTTB system B: DVB-T [18] (E.U.)
DTTB system C: ISDB-T [19] (Japan)

the break point specifications are listed in Table 3 and the
spectrum mask is shown in Fig. 13. In the DTTB system
A [17], B [18], and C [19] are defined in ITU-R Recom-
mendation BT.1306-6 [20]. Pj;, indicate an average signal
power per channel. The equipment must satisfy the specifi-
cations at the terminal for connection to the antenna. For the
purpose of dealing with the DTTB systems and mobile com-
munication together, the offset frequencies from center fre-
quency are represented by coefficients. To convert from the
coefficients to frequencies, multiply by 3 MHz, 3.5 MHz, or
4 MHz for DTTB and multiply by 2.5 MHz for mobile com-
munication. The frequencies in parentheses in Table 4 are
frequencies applied to 6-MHz bandwidth DTTB systems A
and C as one example.

In the case of determining the spectral mask, for multi-
ple adjacent channel signals and the spectral mask is applied
at the break point on the low frequency side of the lowest
carrier wave and at the break point on the high frequency
side of the highest carrier wave.

To prevent interference with other radio services, filters
that suppress unwanted emission in the relevant frequency
bands are recommended.

Equipment that radiates DTTB signals satisfy the spec-
ifications listed in Table 5. Devices that radiate downlink
signals for mobile communication (base station to mobile
terminal, etc.) shall satisfy the standard, ARIB STD-T63-
25.A01 V8.0.0, Sect.9.2 [21].

6. Conclusion

This paper described the outline of standardization activities
for Radio on Fiber (RoF) transmitter of IEC TC103/WGS5.
The outline of the proposed standards such as measurement
method of E/O devices, O/E devices and acceptable techni-
cal specification of RoF transmitter are described. The Na-
tional Committee of TC103/WGS5 proposed four new work
items. One is a committee draft, the second a technical
specification, and two others are new work item propos-
als. These documents are now drafted by TC103/WGS. The
scope of RoF transmitter technology is expanding rapidly,
according to the increase of number of wireless devices and
systems. Furthermore, the standardization needs of RoF

Out-of-band emission is an emission in a frequency or frequencies
immediately outside the necessary bandwidth which results from the
modulation process, but excluding spurious emission. The boundary|
between the out-of-band and spurious domain occurs at a separation of]
+250 % of necessary bandwidth.

transmitter are more increasing. Therefore, the standard of
TC103/WGS is very important for future wireless commu-
nication devices, systems and infrastructures.
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