Wireless Loop
Telephone Termination

The last few hundred feet of telephone system wiring may be the most expensive. The
authors describe the design and first field trials of a TDMA wireless system which links
telephone subscribers to a radio port terminus of the telephone system.
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and the experimental findings of the NYNEX

Fixed Wireless Loop trial in Brooklyn, New York.
Ten telephone subscriber volunteers for the trial were
taken from a representative group of potential custom-
ers from the general public who are presently customers
of regular telephone service in order that we might gange
customer satisfaction of this telephone subsystem. They
were given equipment permitting telephone calls and data
transfer using TDMA radio links between Subscriber
Units (SUs) located in the home and a Radio Port (RP)
centrally located in the block.

l n this paper we summarize the architecture

We will show values of radio link parameters such as
Word Error Rate, Received Signal Strength Intensity
(RSSI), and a technology dependent metric for quality
measurements, for fixed links to both customer and other
locations in the area. These parameters, gathered through
a remote monitoring and control system permit correla-
tion to perception of scrvice as measured in the labora-
tory and will be used in conjunction with customer feed-
back to better gauge the applicability of this particular
wircless technology for wireless loop access. Finally,
we will describe the efficacy of data transfer over these
links.

The use of radio links to rcplace the last few hundred



feet of the telephone loop, in particular the “drop por-
tion” which is the last connection between the telephone
system and the subscriber has been proposed to sim-
plify the distribution of the infrastructure and the activa-
tion or changes of customers’ services, and to alleviate
the costs and disruptions associated with installing and
maintaining those portions of the outside plant situated
on private property or in other relatively inaccessible
areas. We are conducting such a “Fixed Wireless Loop
Access” trial in Brooklyn, under the auspices of an FCC
Experimental Licensce (Call Sign KF2XEG), in the
Emerging Technologics Band (1850-1990 MHz). Ten
trial customers have been given cquipment permitting
telephone calls using radio links between Subscriber
Units (SUs) located in the home and a Radio Port (RP)
centrally located in the block. These links, which when
deployed will be transparent to the customer, have been
shown to support standard voice and data services.

The radio links are based on the Bell Communications
Research Time Division Multiple Access (TDMA) tech-
nology. Radio link and performance metrics, such as
Word Error Rate (WER), Reccived Signal Strength In-
tensity (RSSI), quality metric, on/off hook indicator and
other call statistics and error diagnostic messages, are
gathered through a remote monitoring and control sys-
tem, the Wireless Loop Monitoring And Control Sys-
tem (WILMACS). This system also can adjust operat-
ing conditions, such as changing the carrier frequency
or shifting the SUs between totally wired and wireless
loops, facilitating more effective examination of the feed-
back forms that the trial customers fill out for every call.

This paper summarizes the results of the trial to date.
Radio link parameters arc cxamined for the fixed links
to the customer locations and to other locations on the
block for both fixed and mobile links. These measure-
ments are corrclated to perception of service as deter-
mined in the laboratory. Other laboratory measurements,
including interference rejection capabilitics which de-
termine system paramecters such as frequency reuse and
the cfficacy of data links are also described.

Setup

During this evaluation portion of the trial, the RP is
mounted on a telephone pole in the center, and along the
spine, of a block with dimensions 650 feet by 234 feet
[Figure []. The RP antenna height is 15 feet at the base
of the two diversity antennas. Fach antenna is a linearly
polarized omnidirectional antenna with 9 dBi gain, ori-
ented vertically upward and scparated from each other
by 1.2 m in a planc perpendicular to the long axis of the

block. The enclosed RP and its antennac at its trial loca-
tion is shown in Figure 2. For this phase of the trial, the
RP transmits continuously with a carrier frequency
1940.5 MHz, and its peak transmit power of +24 dBm is
equivalent to, after adjustment for the antenna gain and
1 dB cable loss, a nominal peak +32 dBm Effective Iso-
tropic Radiated Power (ETRP). The RP contains two
separate receivers for each antenna, with diversity se-
lection based on the highest signal quality measurement
of the two antennas. The transmit section shares onc of
the antennas through a diplexer.
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Figure 1. Map of Brooklyn trial block with RP location and cus-
tomer locations,

Figure 2. RP (enclosed in box) and antennae at trial location.
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The SU transmits only during its time slot at a carrier
frequency fixed, for this phase of the trial, at 1870.5 MHz
with peak transmit power +21 dBm. Each SU is pow-
ered from a 14 VDC external power supply plugged into
the customer’s 110 VAC/60 Hz outlet. Power consump-
tion is approximately 21 W on-hook and 24 W off-hook.
Each SU connects to two lincarly polarized omnidirec-
tional diversity antennas with 2 dBi elevation gain over
6.5 m of low loss coax cable. As will be described later,
during this phase of the trial, SU antennac at two trial
customer locations were changed to Yagi-Uda to pro-
vide more gain. The SU transmitter always uses the same
antenna which it shares with the receive section through
a transmit/receive RF switch. The SU antennas range in
height from 3 to 6 m above the local ground clevation.
They are all externally mounted, mostly on the side or
rear of buildings. The RP-SU configurations are sum-
marized in Figure 3. The SU capabilities arc summa-
rized in Figure 5. Pictures of each site and the area may
be found in the references [1, 2].

Customer Su# time slot SU Antenna | SU Antenna | Distance to LOS to RP
Height (m) Type RP (m)
1 4 8 3.5 Yagi-Uda 105 no
2 10 4 3 Yagi-Uda 102 no
3 11 2 35 Omni (2dBi) [ yes
4 1 7 6 Omni (2dBi) 47 yes
5 7 3 3 QOmni (2dBi) 81 yes
6 £ ¢} Omni (2dBi) 58 no
7 9 1 35 Omni (2dBi) 31 no
8 6 s 6 Omni (2dBi) 79 no
9 4L 3 6 3.3 Omni (2dBi) 37 no
L 10 [ 5 [ 9 J_ﬁ 35 Ormni (2dB0) 31 o

Figure 3. Summary of Extant RP-SU Configuration for Fixed
Trial Customer Phase

Figure 4. SU connected to a customer phone. Box in middle per-
mits remote “double blind” switching between the standard wired
connection and one of two (only one currently in use) “wireless”
links to the RP
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Antenna height: 3 to 6 meters above local ground

Omidirectional (linear polarization) -2 dBi gain.
5 clement Yagi-Uda at two locations -11 dBi gain.
All externally mounted.

Antennae:

Trunsmit frequency: 1870.5 MHz

Peak transmit power: 21 dBm (32 dBm ERI")

Architecture: TX uses same antenna shared with RX by RF switch

Antenna selection: Based on highest signal qualily measurement

Sensitivity (WER = 0.01): ~-98 dBm (unit-dependent)

-12dB
22 dB ‘)

Figure 5. Summary of trial SU capabilities

Wideband co-channel rejection
capabilities (WER = (.01):

C/1 regquirement (WER = 0.01):

The radio links arc based on the Bellcore TDMA tech-
nology [3,4]. The RP communicates in full-duplex mode
with 10 SUs simultaneously over one | MHz RF chan-
nel (500 kHz cach direction). The RP capabilities and
radio link characteristics are summarized in Figure 6.
The 32 kbps Adaptive Diffcrential Pulse Code Modula-
tion (ADPCM) coding cnsures high voice quality, low
processing delay and support for fax and modem sig-
nals uscd on the wired PSTN. The 10 TDMA timeslots,
cach 200 microseconds long, are contained in a rela-
tively short, low-delay 2 millisecond frame structure,
obviating the need for echo cancelers. The error detec-
tion coding and small synchronization overhead and 9
bits used for out-of band signalling added to each time
slot yield a total bit rate of 500 kbps. Error correction is
not employed in order to minimize delay. Bad 2 ms
frames are blanked out. The modulator generates digi-
tal QAM modulation with a symbol ratc of 250 kbps
and uscs spectral shaping during transmitter turn-on and
turn-off to reduce spectral spreading.

Antenna height:

15 feet at base two diversity antennae

Aniennac:

Omidirectional (linear polarization) -9 dBi gain.
Separated by 1.2 m.

Transmit frequency:

1940.5 MHz (continuous)

Peak transmit power:

24 ¢Bm (32 dBm ERP)

Architecture:

Two separate receivers (for each antenna)

Antenna seleetion:

Based on highest signal quality mecasurement

Radio link:

Bellcore TDMA - 10 voice channels - full duplex

RF channel bandwith:

500 kHz (one way)

Modulatuion:

QAM (250 ksps)

Voice coding:

32 kbps ADPCM

Time slot: 200 ps
Frame structure: 2 ms
Echo cancellation: None

Error correction:

None (frame-by-frame error detection)

Figure 6. Summary of trial RP capabilities and radio link charac-
teristics.




Link and performance paramcters as well as calling
statistics and crror messages, are acquired at each of the
SUs and the RP, and transferred over a data link through
a standard RS-232C serial interface to WILMACS. per-
mitting real-time monitoring (and control) of the SUs
and RP from centralized terminals at remote sites. The
inside of the RP, including the local WILMACS data
controller, is shown in Figure 7. The ten linc intcrface
modules cach provide onc physical analog voice fre-
quency interface to the central office for each TDMA
slot.

BN EE N %y =N

Figure 7. Detail of Radio Port showing all 10 channel cards and
WILMACS monitoring equipment.

The link performance parameters, collected at both the
RP and SU, arc the

a) WER - sampled cvery 500 ms, representing the av-
crage over the previous 250 frames;

b) RSSI - 250 samples averaged over 500 ms;

¢) Quality metrics at both antennas (250 samples aver-
aged over 500 ms);

d) Instantancous (each 500 ms) transmit power and
RSSI and quality metrics (for cach antenna).

The link performance data collected by WILMACS is
summarized in Figure 8. At the RP, RF monitoring func-
tions are implemented in the control processor common
10 all 10 channels (11th processor) and the WER moni-

toring functions arc done on a per channcl basis in the
individual channcl cards. A typical real-time display of
the Brooklyn environment in the White Plains control
center is shown in Figure 9. The quality melric is an
indication of the eye opening of the signal as received
from cither diversity antenna and demodulated by the
patented Bellecore carrier recovery/demodulation ICs [3].
At the subscriber unit, the signal quality metric is used
to select the diversity antenna for cach received frame.
At the RP, the signal quality from cach diversity antenna
is compared to sclect the best signal at the outputs of the
two diversity reccivers/demodulators.

Fach parameter sampled every 500 ms }

Radio Port channel eards: WER - average ovor previous 250 frames

WER - average over previou:
AVCTAge OVer Prov

Radio Port 11th processor

vor previous 250
QEC OVET |
diversity antenng
1 vadue of metric in
alue of metrie in
{'lnst frame

ws Number selections ¢
ax i Quelity metrie - ants
1 frame Quality metric - antenn
inst frame Instantaneons transmit
s R3STof last frame received

T of

WER - average over previous 250 frames

RSN average over previous 2560 fraimes

Quality metric - antenna 1: average over previous 250
frames Quality metric - antenna 2 average over provious
250 fiames Nunmiber selections of each diversity antenna
1250 max) Quality metric - antenna 1z value of metricin
Tt frame Quality metrie - autering 2: vaiue of metrie in
last frame Instantaneous van=mit power of last frame
Instantancous RSR1 of Tast frame received

Subscriber Unit:

Figure 8. Link performance parameters collected by WILMACS.

Figure 9. Typical real-time display of the Brooklyn environment
wt WILMACS unit in White Plains. Bars show maximum value of
instantancous quality metric measured at that time for each SU
and lower graph shows RSSI versus time measured at SU with
quality metric lower than threshold.
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Parameters such as power consumption, on/oft hook
indication, number of times each diversity antenna is
used, and calling statistics are measured only at the in-
dividual SUs. Uploading of data and downloading of
control messages from the remote test site to cach of the
SUs is achieved through the RP, with messages to and
from the SUs transferred through a telemetry link. The
telemetry link permits more than 24 kbits of data to be
transferred per sccond however, because the link is in-
band, SUs arc not able to transfer data during a call.
Each SU is thercfore equipped with a disk drive, permit-
ting the storage of up to 46 hours of data for each cus-
tomer.

Laboratory Test Results

Laboratory tests were conducted to test aspects of trans-
parency of the radio link to network services and to ob-
tain results that will be necessary in planning the sys-
tem. Full details of the following and other tests may be
found in the fifth through ninth NYNEX Periodic FCC
Experimental License Reports.

The Word Error Rate (WER) was mcasured as a func-
tion of Received Signal Level (RSL) in the absence of
flat or frequency sclective fading and with antenna di-
versity disabled [5]. An informal subjective evaluation
of'audio quality at different Reccived Signal Levels was
also conducted. Good or excellent (wireline) subjective
voice quality was obtained between signal levels of -15
dBm to -101 dBm. At the lower RSL, the WER was
0.01. Signal quality dropped precipitously below the
RSL of -101 dBm.

The transparency of the radio link to nctwork services
was further tested by experiments testing voice band
modem communications over the wireless loop link at
the standard spceds of 300, 1200, 2400, 4800 and 9600
bps [1]. Several faxes were also sent over the loop. Both
tests were conducted in the indoor environment at a lo-
cation with a good voice quality link. Faxcs were sent
using the CCITT Group U1 protocol at 9600 and 4800
bps. Fax transmissions at both rates were successful
without falling back to lower bitrates because of the
protocol’s use of automatic retransmissions upon the
detections of errors, The modems at both ends of the
link continuously transmitted a standard message which
was compared with the received message.

The tests showed that modems are ablc to communi-
cate with satisfactory performance at speeds up to 2400
bps. The higher speed modems were able to conncect,
but the high error rates obtained at the higher rate pre-
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cluded uscful transmissions. This is consistent with pre-
vious findings that modem speeds ot 4800 bps and higher
are not expected to work over a 32 kbps ADPCM vo-
coder without error correction [6]. The nced for higher
link margins than are required for voice communications
cven for 2400 bps communications indicates the pos-
sible need for a separate modem/fax/data interfacc at
the SUs and RPs.

The co-channel rejection capabilities of a radio tech-
nology play a fundamental role in determining the fre-
quency reusc requirements of the system [7]. The
wideband co-channel rejection capabilities of this TDM A
technology were tested using an interferer resembling
an actual RP for use in determining the rcuse require-
ments in a single technology service cnvironment. The
interferer was an RF signal centered at the downlink fre-
quency and QAM modulated at 250 ksymbols/s. A
pseudo-random data stream was pre-shaped before the
modulator to create an interferer with RF spectral and
temporal characteristics similar to the RP signal. The
Word Error Rate was set at the lower level for excellent
voice communications.

The down-link power level was set to 6 dB above the
downlink RF level from the RP, resultingina 0.01 WER,
The RF level of the interferer into the SU was then ad-
Jjusted until the WER returned to 0.01, the level defined
as the co-channel rejection. The result was -12 dB, con-
sistent with other tests and simulations [8]. A factor,
dependent on the desired grade of availability, must be
added to this static carrier to interference ratio (C/1)
result to sct the C/I criterion nceessary for determining
system frequency reusc requirements. Previous results
in this environment and a suburban environment [35, 9],
indicate that this factor would typically be about 10 dB,
resulting in a C/I requirement of about 22 dB. The ad-
Justed C/1 value in conjunction with previous propaga-
tion results provide the local frequency reusc require-
ments [10]. The higher grade of availability required
for an application such as wircless loop access dictates a
higher C/1 requirement with concomitant effects on fre-
quency rcuse and overall system spectrum cfficiency.

Field Results
The field tests to date have becn divided into 2 phases:
1) those related to testing the technology over the en-

tire coverage area of previous propagation measurements
[5, 9] and



2) those related to testing the technology in trial cus-
tomer homes.

These trial customers have been provided with stan-
dard telephone sets and send back feed back forms after
each of their calls over the wireless loop. Figure [1]
shows the trial customer locations and Figure 3 summa-
rizes the RP-SU configuration. The parameters mea-
sured and the sampling rates, as described in the Setup
section, are the same for both phases of the field tests.

The wide area coverage measurements were taken with
the RP on the curb on 72 Street directly in line with its
volunteer-phase present backyard set-up location. Other
factors were the same, although an omnidirectional 2
dB1 antenna was used for the RP and the RP transmit
power for most locations was 16 dBm. SU antenna
heights were 6 and 15 feet. The SU was located at sites
at which it would most likely be deployed during a po-
tential customer service as well as at street side loca-
tions in order to obtain a more comprehensive descrip-
tion of the environment. Acceptable coverage was found
in the range of a few hundred feet, with the maximum
acceptable range being a little over 1000 feet. Full de-
tails are in [11].
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Figure 10. Averaged RSSI and WER versus time at a (non-trigl
customer) subscriber unit location (RP at curb; good voice quality,
LOS).

A typical measurement of average RSSI (the average
of 250 frames of the 500 ms measurement period) ver-
sus WER (similarly averaged) versus time is shown in
Figure 10. Asnoted in [11], where several similar graphs
for different locations were examined, WER generally

approaches 1 for values of about -95 dBm and generally
tracks the RSSI, with increases in WER resulting from
dips in RSSI and decreases in WER occurring when RSSI
increases. This is consistent with the studies in [5], where
voice quality was poor below a value around -100 dBm
without multipath and about -95 dBm with simulated
multipath using actual previous Brooklyn measurements.
These results are more vividly illustrated in Figure 11,
which shows the WER as a function of RSSI for 45 mea-
surements. The WER breaks away from 1 at a value of
about -100 dBm, approaching a value of 0.01 at about -
90 dBm, a drop off not as steep as seen in the simula-
tions of [5] and probably attributable to the selected fad-
ing of the actual environment as opposed to the simula-
tions. The higher WER samples at -60 to -50 dBm are
due to overload of the SU receiver.
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Figure 1. WER versus average RSSI for 45 subscriber unit loca-
tions (on plot indicates ).

The instantaneous RSSI (the actual value at the end of
the sampled 500 ms period) versus the value of the two
quality metrics, similarly measured, is shown in Figure
12. It is this higher value of the quality metric which is
used to select the antennas used to receive the timeslot
from the RP. Several measurements showed [11] that
the selected quality metric is high for values of RSSI
above approximately -95 to -102 dBm, with neither an-
tenna showing a sufficient quality metric for values be-
low those values. The dependence of good voice qual-
ity and low WER on the measured RSSI alone - and not
on the location as would be expected if multipath fading
affected quality - indicate that diversity provides excel-
lent protection against fades. The quality metric is shown
in Figure 13 in another way by displaying the percent of
the 250 possible times with the 500 ms sample period a
particular antenna (#2) was chosen against the differ-
ence of the total quality of antenna #2 minus that of an-
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tenna #! for that period. Total quality refers to the mea-
surement of the average quality over the period before
division by the 250 samples, as opposcd to the instanta-
neous quality measurement. 1t ¢learly shows that the
antenna is choscen more often as its total quality metric
increascs over that of the total quality metric of the other
antenna. The low, but finite, chances of sclection of an-
tenna #2 when the abscissa is negative reflects the varia-
tion of the relative values of the quality metrics within
the 250 samples.
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Figure 12. Selected quality metric versus RSS!

Mecasurcments taken for the SU in motion are in [11].
Mecasurements taken over a half hour period - including
those taken during a call during the trial customer phasc
of the tests - are in [12].
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Figure 13. Percent antenna selection versus antenna signal qual-
ity difference.

The SUs were also initially connected to the two diver-
sity 2 dBi elevation gain antennas during the sccond fixed
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phase of the ficld tests. Measurements at customer 1
and customer 2 (timeslots 8 and 4, respectively), located
the furthest from the RP and obstructed by multi-story
brick buildings however, indicated RSSI mcasurcments
in the vicinity of -90 dBm during non-fading periods.
In order to rectity this inadequate RF link margin for
reliable operation and good voice quality, directional 5-
clement Yagi-Uda antennae were placed at those loca-
tions and aimed to maximize the down-link signal
strength measurement. The 11 dBi gain of the Yagi-Uda
antenna exceeds the gain of the original antenna by 9
dB. The result was as to be expected. The RSSI at cus-
tomer | improved by approximately 6 dB in the down-
link and 10. We attribute the deviation of these values
from the 9 dB increase in antenna gain to imperfect an-
tenna aiming as well as the cffects of the microcellular
propagation environment on the effectivencss of a di-
rectional antenna [9].
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Figure 14a. RSSI and WER for timesilot 8 (customer I).

A sample two minutes of WER and instantaneously
measured RSSI (every 500 ms) for trial customer 1,
timeslot 8 and customer 2, timeslot 4, taken during the
second phasc ol the field tests with t of Figure 14 from
the other fixed trial customer locations, and with the ini-
tial 2 dBi antennae. arc in [13] and reproduced in Figure
15. The low values of WER at that location are indica-
tive of the excellent service the trial customer has expe-
rienced, as indicated in feedback forms. Similar high
quality service, indicating service at least as good as
wireline, has been reported at the other nine locations.

A comparison of uplink RSSI for customer 9 obtained
during a stcady downpour and another during a dry day



three days later is shown in Figure 16. Though at 2 GHz
Boithias [14] predicts less than 0.02 dB/km attenuation
due to rain, the increased path loss of 5 dB during pre-
cipitation may be due to other effects such as decreased
antenna efficiency resulting from the film of water ac-
cumulating on its surface during rain.
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Figure 14b. RSSI and WER for timeslot 4 (customer 2).

Figure 15 (a-g): RSSI and WER (measured at same time as Figure
10) for remaining customers (except timeslot 3).
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Figure 15a

Further detailed studics of the radio links, correlated
with customer feedback forms arc planned for future
studies, These studies will also include “double blind”
tests in which the trial customers will be commenting
on links that will be switched between wircless and to-
tally wired connections without their knowledge.

WER & RSSI_NST (TS:1 @RP)

=50

-100
3

120

10°
1072k
§ 107
+ 1078
10“5L
10~ 10] .
0 20 40 60 8c 100
time (s)
o WER & RSSIINST (TS:1 @ SU)
10
1072 + . +
5 107t
= 6
+ 107 e T P
1078
107191
0 20 40 60 80 100
time (s)

i
Q
(&

RSSILINST (dBm)

RSSIINST (dBm)

Figure 15b

WER & RSSIINST (TS:2 @RP)

100 b —_
=27 c C,E3
10 — j g
4 -4
L 10 - [
+ 10 "r |
— 7
10780 i—mo ©
107 10L .
0 20 40 606 80 100 120
time (s)
0 WER & RSSIINST (TS:2 @ SU)
10 " .
1072 o £
z
g 107 =
B h i v e et e ae aeern ] =50 2
+ 10 e R PR, 5
-8 @
10 —100 &
10710
0 20 40 60 80 100 120
time (s)
Figure 15¢
o WER & RSSI_INST (1S:5 @RP)
10 i ] —~
| b E
1072k ;D g
<4 -4 -
g 10 of I-s0 g
+ o100 ] 2
-8 4]
W T -100&
10-101 )
0 20 40 80 80 100 120
time (s)
o WER & RSSI_INST (TS:5 @ SU)
10 -
102+ ¥+t 4t ° &
14 -4 ~
g 0 -s0 2
+ 1078 [ 3
g T e e T T T 2
107 F -100 &
107 10L
0 20 40 60 80 100 120
time (s)

Figure 15d

APPLIED MICROWAVE & WIRELESS 59




0 WER & RSSI_INST (1S:6 @RP)
10 ] =
] €
1072 1° g
4 —4 —
¥ 10—6 :_50 2\
+ 10 p 2
....... o w
1078 J-1008
10—10
o} 20 40 60 80 100 120
time (s}
o WER & RSSI_NST (75:6 ® SU)
10 ) —~
1072 - + T + + :0 é
5 107tk 1 =
= sf --50 2
+ 10" °F - K . 4 )
Aol o -4-100 &
10710 3
0 20 40 60 80 100 120
time (s)
Figure 15¢
0 WER & RSSI_INST (TS:7 @RP)
10 B —_
- E 3
10 2.' 1° g
o —4 L ] e
e J-50 £
+ 1078k x 5
1073k J-100 2
10-—10 r ]
0 20 40 60 80 100 120
time (s)
6 WER & RSSI_INST (7S:7 @ SU)
10 ] —
-2 + + 0 &
10 WMW#MW* # 3 g
o —~4 4
g 10—6 e S WA P P ] -50 §
+ 10 1 g
1w07® =100
10710 .
0 20 40 60 80 100 120
time (s)
Figure 15f
o WER & RSSI_INST (T5:9@ @RP)
10 N —
E
10_2t 0 @
[a=4 —4?’ :
¥ 10 5o B
-6 =z
+ 10 O
-8 @
10 100 &
10710 A -
o} 20 40 60 80 100 120
time (s)
0 WER & RSSI_INST (1S:9 @ SU)
10 T 3 —
10-2 L. . -0 é
o~ —af ] ~=
| 1 -
E Js0 B
+ 10 "k . 3
1078 a8
':-—100(1
10710L ]
o] 20 40 60 80 100 120
time (s)

Figure 15g

60 APPLIED MICROWAVE & WIRELESS

RSSI (TS:6 @RP)
' ‘ ~50
J— -B60
E E
g z
— -70 —
> + =
) et T n s
+ Fotg g T b+ T T =
— gt AT e T et £ o
z Wl S T —s0
o - e N 0
o &
+ .
—-80
. ) —100
20 40 60
time (s)

Figure 16: Comparison of uplink RSSI for customer 9 (timeslot 6)
between rain and dry conditions.

Generally, the volunteers have evaluated the service as
being at least as good as wireline, though more tests are
planned to calibrate customer perception through “double
blind” tests and to define better the radio link environ-
ment under various operating parameters.
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