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Onboard Ka-band Feeder Link Communications Equipment (FLCE) is one of the mobile
satellite communications payloads carried by the Engineering Test Satellite VIII (ETS-VIII)
and communicates signals with a ground feeder link station. NASDA has developed and
installed the Ka-band feeder link communications equipments for inter-satellite communica-
tions on the ETS-VI, COMETS and DRTS, and developed the FLCE based on their technolo-
gies. This paper describes the function and performance of the FLCE and summarizes its

development.
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1 Introduction

The Engineering Test Satellite VIII (ETS-
VIII) performs various experiments in mobile
satellite communications using overall link it
establishes between ground mobile stations
and ground feeder-link stations via the ETS-
VIII. The service link is established between
the ground mobile station and the Mobile
Communications and Broadcasting experi-
mental equipment (MCB) on the satellite
using the S-band (2.6/2.5 GHz). The satellite
also establishes a feeder link between the
ground feeder-link station and the Feeder-Link
Communications Equipment (FLCE) on the
satellite, using the Ka-band (31/21 GHz band).
The FLCE receives the forward link signals
transmitted from the ground feeder-link sta-
tion in the 30 GHz band, converts them into |F
frequencies in the 140 MHz band, and inputs
these signals into the MCB. The satellite also
converts the return link signals output from
the MCB in the 140 MHz band into the 20
GHz band and transmits these to the ground
feeder-link station. The main functions of the

FLCE are asfollows:

(1) The FLCE receives the uplink signals of
the feeder link from the ground feeder-link
station and sends the signals to the S-band
converter (SCNE), the on-board processor
(OBP), and the packet switching (PKT) of
the MCB.

(2) The FLCE amplifies the signals from the
ground mobile station after relay and
switching is performed by the SCNE, the
OBP, and the PKT, and then transmits the
signals to the ground feeder-link station as
downlink signals of the feeder link.

(3) The FLCE continuougly transmits the Ka-
band beacon signals to the ground feeder-
link station for Automatic Frequency Con-
trol (AFC) at the ground feeder-link sta-
tion.

2 Configuration of the FLCE
Table 1 shows the system configuration of

the FLCE. Fig.1 shows a functional system
diagram and the interface point of the FLCE.
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I[os)[20 M8 FLCE system configuration

Power
Component Number Mass [kg] Consumption (W] Heritage
Name Acronym Measured Value Max. Value
Antenna Subsystem FL-ANT 1 9.560 - DRTS, COMETS
Repeater Subsystem FL-RPT
Input Sub-assembly FL-INS 1 0.298 0.5 DRTS, COMETS
LNA-A FL-LNA-A 1 0.548 2.1 DRTS, COMETS
LNA-B FL-LNA-B 1 0.545 0.2 DRTS, COMETS
30 GHz Hybrid FL-30GHYB 1 0.036 — DRTS
Down Converter-A FL-DNC-A 1 2.920 5.8 DRTS, COMETS
Down Converter-B FL-DNC-B 1 2.900 5.8 DRTS, COMETS
Local Oscillator-A FL-LO-A 1 1.420 9.5 DRTS, COMETS, ETS-VI
Local Oscillator-B FL-LO-B 1 1.447 0.2 DRTS, COMETS, ETS-VI
Local Hybrid FL-LOHYB 1 0.229 - DRTS, COMETS
Up Converter-A FL-UPC-A 1 2.708 4.9 DRTS, COMETS
Up Converter-B FL-UPC-B 1 2.732 4.9 DRTS, COMETS
20 GHz Hybrid FL-20GHYB 1 0.047 — DRTS
TWTA-A FL-TWTA-A 1 3.120 84.5 DRTS, COMETS
TWTA-B FL-TWTA-B 1 3.238 0.2 DRTS, COMETS
Output Sub-assembly FL-OUTS 1 0.813 0.9 DRTS, COMETS
Wave Guides FL-WG 1 set 0,694 —
Cables FL-CBL 1 set 1.127 -
Connector
FL-WG3 1 0.119 -
[ FL-WG16 1 0.093 —
At 34.594 119.5
Remarks: Power consumption shows maximum value in nominal operating configuration.
I BSS-L or THR-L[.: I/F point to PKT/OBP/SCNE]
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#: [/F point to ground station

FLCE system block diagram and interface point

The FLCE consists of a feeder-link anten-
na (FL-ANT), a feeder-link repeater (FL-
RPT), and a connector between the two. The
FL-RPT consists of an input sub-assembly
(FL-INS), low-noise amplifiers (FL-LNA), a
30 GHz hybrid (FL-30GHY B), down-convert-
ers (FL-DNC), local oscillators (FL-LO), a
local hybrid (FL-LOHY B), up-converters (FL-
UPC), a 20 GHz hybrid (FL-20GHY B), trav-
eling wave tube amplifiers (FL-TWTA), and

an output sub-assemblys (FL-OUTY).

Fig.2 shows the appearance of the FL-
ANT, and Fig.3 shows the appearance of the
FL-RPT.

3 Features of the FLCE
The FLCE succeeds to technologies of

feeder-link communications equipments for
inter-satellite communications continuously
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Feeder-link antenna (FL-ANT)

through application of the results of the DRTS
program. This eliminated the need to produce
the engineering model required under conven-
tiona EM-PFM system design, permitting to
progress directly to prototype flight-model
production in an engineering test phase.

However, although the ETS-VIII FLCE
has been developed based on the results of the
DRTS program, the ETS-VIII mission require-
ments demand modifications to the design of
some items of equipment, such as the 100 V
primary power supply bus interface. Specific
modifications include changes to the antenna,
the redundant configuration, the local oscilla-
tor, and the allocation of signal frequencies, as
described in detail below.

3.1 Antenna
Although conventional feeder-link anten-
nas are deployable antennas, the FL-ANT is a

YCP-92260

Feeder-link repeater (FL-RPT)

developed by the National Space Develop-
ment Agency of Japan (NASDA) for the Engi-
neering Test Satellite VI (ETS-VI), the Com-
munications and Broadcasting Engineering
Test Satellites (COMETS), and the Data Relay
Test Satellite (DRTS). In particular, develop-
ment costs have been significantly reduced

fixed offset parabolic antenna. As the mission
requirements do not demand high data rate
signal transmission, the link is ensured with an
antenna diameter of approximately 0.8 m.
The small aperture leads to wide beam width,
eliminating the need for antenna pointing con-
trol. Further, due to its small diameter, the
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fixed antenna can be installed on the satellite
without folding at launch. Eliminating the
need for a deployment mechanism simplifies
antenna hardware, enhances reliability, and
reduced overall mass. These are the main
advantages to the selection of afixed antenna.

The COMETS ground station at the Com-
munications Research Laboratory (CRL),
Kashima, is to be used in experimentation;
thus, antenna frequency and polarization are
determined in accordance with the specifica-
tions of this station: a 30.622 GHz right-hand
circular polarization for uplink and a 20.811
GHz left-hand circular polarization for down-
link. The design of the antenna feeder is
based on techniques developed for the
COMETS and DRTS programs.

3.2 Redundant configuration

The FLCE is redundantly equipped in all
elements of the repeater system, except for the
antenna. However, for some components,
redundancy is maintained using components
with dlightly different frequency bands. This
method differs from the traditional practice of
installing redundant components featuring the
same functions and performance as the pri-
mary components. The slight difference in
frequency bands among these components
alows for simultaneous operation of the two
frequency bands. The FL-DNC and FL-UPC
components feature this type of configuration.
Simultaneous operation doubles the frequency
bands that can be used simultaneously (useful
in verifying OBP capacity, for example) and
secures a path for reference signals in antenna-
pattern measurement.

3.3 Local oscillator

Conventional feeder-link communications
equipment uses a pilot synchronizing oscilla-
tor to generate reference frequencies. On the
other hand, the ETS-VIII uses an oven-con-
trolled crystal oscillator (OCXO) as a local
oscillator, providing highly stable reference
frequencies to the FL-DNC and to the FL-
UPC. This method was selected principally
for the following reasons:

* The pilot synchronizing oscillator requires
the pilot signals transmit from a ground
feeder-link station.

* Frequency correction is possible at the
ground feeder-link station.

The reference frequencies can be fine-
tuned via command to correct any variation of
frequency over time (AFC). As this type of
frequency correction requires monitoring of
the satellite oscillator frequency at the ground
feeder-link station, the FL CE transmits beacon
signals to the ground feeder-link station at a
frequency synchronized to the reference fre-
guency of the oscillator. For this reason, the
output frequency of the local oscillator is
selected in the 136 MHz band, close to the
140 MHz IF frequency used for the communi-
cations signals.

3.4 Signal frequency configuration
The FLCE relays one of the following four
types of signalsin operation:

(1) Voice communication signals (OBP)
(2) Packet data signals (PKT)

(3) Multicasting signals (BSS)

(4) Through repeater signals (THR)

In addition to these signals, the FL CE con-
tinuously generates and transmits beacon sig-
nals (BCN) in the 20 GHz band for AFC oper-
ation in the ground station.

Fig.4 shows the signal frequency alloca-
tion of these signals in the FLCE. The uplink
frequency is in the 30 GHz band, and the
downlink frequency is in the 20 GHz band.
These bands are selected for the following rea-
sons:

* Applying the DRTS technologies to the
hardware of the FLCE, frequencies can be
selected that are close to those of the DRTS.

* In terms of the interface with the ground
feeder-link station, selection of a frequency
close to that of the COMETS will allow use
of the COMETS ground station at the CRL's
Kashimafacility.
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FLCE signal frequency allocation

The IF frequency is in the 140/176 MHz
bands. The IF frequency in the 140 MHz
band is in principle used for the three subsys-
temsin the MCB (SCNE, OBP, and PKT) that
interface with the FLCE. However, for inter-
facing with the SCNE, the 176 MHz IF fre-
quency (for BSS signals) is used, in addition
to the 140 MHz band (for THR signals).

As shown in Fig.1, the FL-DNC and the
FL-UPC consist of two sets of components,
each with different operating frequency bands.
This is due to the requirement that simultane-
ous operations of the two frequency bands
must be available for OBP and THR signals.

PKT signals operate in two channels (PKT1
and PKT2) in the same frequency band and
are not subject to the requirement of simulta-
neous operations with two frequency bands.
The BSS signals aso use only one frequency
band and do not require simultaneous opera-
tions. The IF frequency is the same for the
two frequency bands in simultaneous opera-
tion; thus, the local oscillator frequencies of
the two frequency bands are varied dightly, to
distinguish the two frequency bands for both
the uplink and downlink frequencies. Table 2
illustrates the frequencies of each band in
detail.

I[o|o)[=3A8 Frequencies of the FLCE system in detail

Forward Link Ka-band total frequency: 30.622 GHz+60 MHz (nominal)
Signal MC-TDM signal PKT signal BSS signal ‘Through Repeater signal
Mode / Route OBP mode / F-a PKT mode / F-b BSS/THR mode / F-c BSS/THR mode / F-¢
Ka-band Uplink Band 1 |[30.5704 GHz+2.5 MHz (OBP-L)  [30.5689 GHz+0.5 MHz (PKT1-L) 30.60665 GHz+1.25 MHz (BSS-L) 30.56965 GHz+1.25 MHz (THR-L)
Point pl 30.5704 GHz+0.5 MHz (PKT2-L)
Band 2 |[30.6376 GHz+2.5 MHz (OBP-H) |[30.6361 GHz+0.5 MHz(PKT1-H) 30.67385 GHz+ 1.25 MHz (BSS-H) 30.63685 GHz + 1.25 MHz (THR-H)
30.6376 GHz +0.5 MHz(PKT2-H)
IF-band output Band 1 [140+2.5 MHz (OBP-L) 138.5+0.5 MHz (PKT1-L) 176.25+1.25 MHz (BSS-L) 189.25+1.25 MHz (THR-L)
140.0+0.5 MHz (PKT2-L)
Band 2 |140+2.5 MHz (OBP-H) 138.5+ 0.5 MHz (PKT1-H) 176.25+1.256 MHz (BSS-H) 189.25+1.25 MHz (THR-H)
140.0=£0.5 MHz (PKT2-H)
Return Link Ka-band total frequency: 20.811 GHz+30 MHz (nominal)
Signal IMC-TDM signal PKT signal Through Repeater signal Beacon signal
Mode / Route (OBP mode / R-a PKT mode / R-b [BSS/THR mode / R-¢
IF-band input Band 1 |140-+2.5 MHz (OBP-L) 138.5+0.5 MHz (PKT1-L) 139.25+1.25 MHz (THR-L) N/A
140.0-£0.5 MHz (PKT2-L)
Band 2 |140+2.5 MHz (OBP-H) 138.5+0.5 MHz (PKT1-H) 139.25+1.25 MHz (THR-H) (N/A
140.0£0.5 MHz (PKT2-H)
Ka-band downlink (Band 1 [20.7892 GHz+2.5 MHz (OBP-L) 20.7877 GHz+0.5 MHz (PKT1-L) 20.78845 GHz +1.25 MHz (THR-L) 20.78505 GHz (BCN-L)
Point pl 20.7892 GHz+0.5 MHz (PKT2-L)
Band 2 |20.8348 GHz+2.5 MHz (OBP-H)  [20.8333 GHz+0.5 MHz (PKT1-H) 20.83405 GHz+1.25 MHz (THR-H) 20.83095 GHz (BCN-H)
20.8348 GHz+0.5 MHz (PKT2-H)
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4 Main functions of the FLCE

4.1 Forward link receiving function

The forward link receiving function per-
mits reception of 30 GHz band communica-
tions signals from the ground feeder-link sta-
tion using the FL-ANT. After low-noise
amplification and conversion of the signals
into the 140 MHz band in the FLCE receiver,
this receiver outputs signals to the MCB as I F-
frequency signals. The details of this function
are asfollows:

(1) Outputs the two bands (OBP-L or OBP-H)
of voice communication signals (MC-
TDM signals) to the OBP. These bands
have no special band-limiting filter.

(2) Outputs the four channels for the two
bands (PKT1-L and PKT2-L or PKT1-H
and PKT2-H) of packet data signals to the
PKT. These bands have no specia band-
limiting filter.

(3) Outputs the two bands (BSS-L or BSS-H)
of multicasting signals (e.g., OFDM sig-
nals) to the SCNE through a band-limiting
filter.

(4) Outputs the two bands (THR-L or THR-H)
of applied communications signals to the
SCNE through a band-limiting filter.

(5) Features (1) to (4) above operate alternate-
ly and not simultaneously. There is no
on/off switching function for each band,
and all bands are subject to continuous
operation.

(6) The output signal levels of features (1) to
(4) above can be varied (all bands have the
same variable amplification gain). How-
ever, potential instantaneous signal inter-
ruption occurs when switching gain.

(7) The two down-converters (FL-DNC1 and
FL-DNC2) can be switched on or off inde-
pendently.

4.2 Return link function

The return link function performs frequen-
cy conversion and high-power amplification
of the 140 MHz IF frequency signals from the
MCB in the 20 GHz FLCE transmitter. This

transmitter also transmits the processed sig-
nals to the ground feeder-link station via the
FL-ANT. The details of this function are as
listed below. No specia band-limiting filter is
used in any of the following signals.

(2) Transmits the two bands (OBP-L and
OBP-H) of voice communication signals
from the OBP to the ground feeder-link
station.

(2) Transmits the four channels for the two
bands (PKT1-L and PKT2-L or PKT1-H
and PKT2-H) of packet data signals from
the PKT to the ground feeder-link station.

(3) Transmits the two bands of applied com-
munications signals (THR-L and THR-H)
from the SCNE to the ground feeder-link
station.

(4) Features (1) to (3) above operate alternate-
ly, not smultaneously. There is no on/off
switching function for each band. All sys-
tems are subject to continuous operation.

(5) The frequencies of the local oscillator in
the 30 GHz receiver and those in the 20
GHz transmitter should be synchronized.
The return link function transmits the two
bands (BCN-L and BCN-H) of beacon sig-
nals, synchronizing the local oscillator to
the ground feeder-link station.

(6) The local oscillator frequency can be fine-
tuned via command.

(7) Output signal levels can be varied for
functions (1) to (3) above (all systems
have the same variable amplification gain).
However, potential instantaneous signal
interruption occurs when switching gain.

(8) The aggregate Ka-band signals output
level of the transmitter can be monitored
astelemetry signals.

(9) The two up-converters (FL-UPC1 and FL-
UPC2) can be switched on or off inde-
pendently.

5 FLCE performance and results of
development

Primary components of the FL-RPT and
the FL-ANT were developed for satellite sys-
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tem electrical test in the system development
phase. Thistest confirmed that the FLCE sys-
tem satisfies the required functions and per-
formances, and that it also satisfies system
requirements when combined with the MCB.
Next, the remaining redundant components
were developed and proto-flight test (PFT) in

I[s]s][=3sI8 FLCE Proto-flight test results

afull FLCE configuration was performed. All
requirements were satisfied for all test items.
Table 3 shows the results of PFT of the FLCE
with reference to the required performance
specifications. Fig.5 shows the measured
antenna gain contour. Table 8 shows the PFT
results of the FL-ANT.

(NPR>20 dB, C/3IM>25 dB)

Item Specification Test result
G/T +10 dB/K min. 11.5~15.6 dB/K
Details are shown in table 4.
EIRP +73 dBm min. 77.6~80.2 dBm (NPR>20 dB)

Details are shown in table 5.
79.8~81.8 dBm (C/3IM>25 dB)

Long term drift
Adjustable step

Local frequency stability
Temperature stability

+0.2 ppm / 20°C
+0.8 ppm (8 years after launch)
0.1 ppm / step (nominal)

+0.17/-0.13 ppm / 20°C
+0.16/-0.01 ppm / 3 years
0.08~0.10 ppm / step

Overall gain
Forward link
Gain
Variable range

Return link
Gain
Variable range

115 dB (nominal)
+10 dB~-10 dB min.

88 dB (nominal)
+10 dB~-10 dB min.

Details are shown in table 6.
+15.67/-16.00 dB (DNC1)
+15.34/-15.73 dB (DNC2)

Details are shown in table 7.
+15.77/-15.47 dB (UPC1)
+15.62/-15.68 dB (UPC2)

Amplitude-frequency
characteristics

Return link

N/A

Forward link 1.0 dBp-p max. (THR) 0.43 dBp-p max.

Return link 0.75 dBp-p max. (THR) 0.19 dBp-p max.
3 dB bandwidth

Forward link 4 MHz nom. (THR) 4.0 MHz

Group delay
Forward link
Return link

200 nsp-p max. (THR)
50 nsp-p max. (THR)

Same as in the left
Same as in the left

Spurious D/U
IF-band output
In-band
Out-band

20GHz-band output
In-band

Out-band

35 dB min.

30 dB min. (C/3IM)

50 dB min.

30 dB min. (Harmonics, C/3IM)

35 dB min.
25 dB min. (C/3IM)
50 dB min.
25 dB min. (C/3IM)

53 dB min.

52 dB min. (C/3IM)

33 dB min. (Harmonics)
52 dB min. (C/3IM)

43 dB min.
33 dB min. (C/3IM)
57 dB min.
33 dB min. (C/3IM)

Phase Noise

[-35-10logf] dBe/Hz max.

Same as in the left

Out-band spurious
Forward link

Return link

D/U 50 dB min.
D/U 30 dB min. (Harmonics)
D/U 50 dB min.

D/U 52dB min.
D/U 33dB min. (Harmonics)
D/U 57dB min.
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[o]o][-X: 00 FICE G/T

[e]o] =038 Total gain of FLCE forward link

G/T [dBK] Re k Total gain of FLCE forward link [dB]
MSS BSS marks LNA-A” [ LNA-B, | LNA-A/ | LNA-B,/ Remarks
DNC1 | DNC1 | DNC2 | DNC2
Max, Lo 156 | 155 | LNAA | 195 | 1206 | 1202 | 1210
15.5 15.7 LNA-B Mo, 120.3 121.2 121.0 1218 |
N 14.9 14.8 LNA-A . 120.6 1214 120.9 121.7
[ R 17 S IRy IR 118.7 120.0 122.0 1227
148 15.1 LNA-B 117.1 118.0 117.7 118.7 | THR
Min Les 124 ) LNAA | Nom 188 | iieq | 1193 | i20a
i 12.4 12.5 LNA-B 118.9 119.9 119.2 1201
Specification 10.0 10.0 T=290K E‘:; ﬁ;f’, Eg; i’fg; 1'}338%@“"3‘1
8 o 3 ! s1gnal
Remarks: Antenna gain is defined toward Kashima. Min 113.4 115.5 1154 1168 | OB
1138 1158 1153 1166
112.3 112.9 114.3 115.5
FL-DNC
Table 5 FLCE E IR’D Specification 115 115 115 115 nominal gain
(GAIN STS 16)
EIRP [dBm Remarks Remarks: Antenna gain is defined toward Kashima.
MSS BCN-L | BCN-H
Max  |---8%L | .0 62.2 | 622 | TWTAA |
=2 nit e i[<[]-WA8 Total gain of FLCE return link
Nom. e e T T Ry T Ry =T A E """ Total gain of FLCE return link
798 62.6 62.5 TWTA-B UPC1,” | UPC1/ | UPCZ/ | UPCZ/ Remarks
Min LT 59.7 | 3 59.7 | TWTA-A | TWTA-A | TWTA-B | TWTA-A | TWTA-B
) 78.2 60.3 60.3 TWTA-B 90.7 91.0
Specification 73.0 56.0 56.0 NPR=20dB Max; gg-g gi; _______
Remarks: Antenna gain is defined toward Kashima. 90.3 go;(_; _______
Nom. 90.4 90.7 1
90.3 90.6
88.0 88.1
Min 88.1 882 | - X -
88.0 88.2 88.3 88.0 PKT signal
FL-UPC
Specification 88 88 88 88 nominal gain
( GAIN STS 16)
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w
w
=

4.555*.. o

Peak Gain: 44.2 dBi

Dashed circles show 0.2 degrees pointing

Min. Gain: 41.4 dBi*

error areas from four ground stations.

* 0.2 degrees pointing error and gain reduction
due to thermal strain are taken into acount

1

L " |

-2

-1 ]

Azimuth (deg.)

Receiving antenna gain contour (30.622 GHz)

Elevation (deg.)

Remarks: Antenna gain is defined toward Kashima.

Dashed circles show 0.2 degrees pointing
error areas from four ground stations.

-"
4.50 e =
Peak Gain: 41.6 dBi
| Min. Gain: 40.3 dBi *
* 0.2 degrees pointing error and gain reduction
due to thermal strain are taken into account.
1 1 1 1 1
3.503 =) S 0

Azimuth (deg.)

Transmitting antenna gain contour (20.811 GHz)

Measured antenna gain contour of FL-ANT (Orbital position : 146 E)

48 Journal of the National Institute of Information and Communications Technology Vol .50 Nos.3/4 2003



[[o/o)=N:I8 FL-ANT proto-flight test results

Test result

It Specificati Remarks
em pecification Nom Max. Min
Uplink L. *
(30.622 GHz) 40.4 dBi min. 1
Gain Yokosuka
...Kashima
Downlink Tsukuba - "
(20.811 GHz) 38.4 dBi min 1
Yokosuka
e Uplink RHCP
Folarization Downlink LHCP
. . Ubplink 3.0 dB max. *2
fixsiresn Downlink 3.0 dB max. 3

*1:  Nominal gain values exclude pointing error, however maximum and minimum gain values include 0.2 degrees pointing error. Moreover, gain
reduction due to thermal strain is taken into account in minimum gain value.

*2:  Pointing error is taken into account.

#3:  Location of Earth stations are 85.95N, 140.67E (Kashima), 35.72N, 139.48E (Koganei), 35.25N, 139.67E (Yokosuka) and 36.07N, 140.12E (Tsukuba).

6 Conclusions

The FLCE is one subsystem of an ETS-
VI1II mobile satellite communications experi-
mental equipment. This subsystem was devel-
oped based on past inter-satellite feeder-link
communications technologies, including those
applied in the DRTS program. FLCE subsys-
tem tests have been completed, confirming
superior functions and performance. The
FLCE is to be combined with the MCB in a
satellite system, and after functional and per-
formance testing of the mobile satellite com-
munications experimental equipment, the H-

[1A launch vehicle will launch the entire ETS-
VIl satellite system into orbit. Once there,
expectations are high that FLCE will perform
according to plan in the mobile satellite com-
munications experiments—key mission of the
ETSVIII.

Acknowledgements

The authors would like to express their
sincere gratitude to those at NASDA and NEC
TOSHIBA Space Systems, Ltd. who con-
tributed to the development of the FLCE sys-
tem.

KOHATA Hiroki
Japan Aerospace Exploration Agency
Satellite Devel opment

HAMA Shin’ichi

Leader, Quasi-Zenith Satellite System
Group, Applied Research and Stan-
dards Division

Satellite Communication, VLBI

L 4\ iad

KOHATA Hiroki and HAMA shin'ichi 49






