c. With the amplifier switched off, connect it in place of the attenuation
measuring equipment. Make sure that the amplifier's “high” output is
connected to the splitter. The connection to the splitter will change
depending upon whether a forward link band or a reverse link band is being

evaluated.

d. Turn on the amplifier. With the oscilloscope’s storage mode and trigger both
turned off, set oscilloscope gain to give approximately 2 cm deflection due to
residual noise. Set the sweep speed of the oscilloscope to approximately
100 milliseconds/centimeter. Next, set the oscilloscope trigger to be as

sensitive as possible without being triggered by the amplifier's residual

noise.

e. Reduce the attenuation in. steps of 1 dB or less until the there is no
attenuation. This may require using different valued fixed attenuators, and
finally, the fixed attenuator must be removed altogether. At the same time,
carefully monitor the oscilloscope for any signs of oscillation which would be

evident by changes in vertical deflection.

f. If oscillation is noted, it shall be further evaluated by determining if it is a
sustained oscillation, or a momentary (transient) oscillation. If it is a
momentary oscillation, then the length of time that the oscillation exists shall

be measured with the oscilloscope using storage maode as necessary.
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g. Repeat "a” through “f" for each of the amplifier's intended frequency

ranges.

h. Repeat “g" five times.

5. Pass/Fail Criteria

5.1 Any sustained oscillations are a failure.

5.2 Momentary oscillations are permitted provided that the amplifier includes
hardware and/or software for reducing gain (or shutting off) so that any such
momentary oscillations are acceptable to the operators of the cellular

system(s) in which the amplifier operates.

Oscillation Protection.doc.doc 7



Appendix A — Equipment List

The specific test equipment used in the tests is the prerogative of the test
laboratory performing the tests provided that the equipment meets the
requirements of this section. The test report shall list the manufacturers and model

numbers of the equipment that was used.

1. Oscilloscope, detector and splitter. Must be capable of detecting a 0 dBm
signal into the splitter (see fig. 2). This shall be from frequencies that are 100
MHz below the amplifier's lowest intended frequency to frequencies that are 100
MHz above the amplifier's highest intended frequency. The oscilloscope shall be
capable of storing an image in order to facilitate the evaluation of transient
events. The splitter's insertion loss shall not exceed 5 dB in the feedback path

(i.e. between the splitter and the fixed attenuator in fig. 2).

2. Power Supply. Suitable for the amplifier being tested.

3. Variable Attenuator. Precision attenuator with at least 1 dB resolution and +1
dB accuracy from frequencies that are 100 MHz below the amplifier's lowest

intended frequency to frequencies that are 100 MHz above the amplifier's highest

intended frequency.
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4. Attenuation measuring equipment. Capable of measurement within 3 dB
accuracy. This could be a network analyzer, or alternatively a signal generator

and power meter, etc.

5. Fixed Attenuator. Attenuation, as needed, to protect the variable attenuator
and to enable adjusting the overall attenuation as required (by the Oscillation
Protection Test, 4.2-b & 4.2-e). The accuracy of the precision attenuator shall be

1 dB.

6. Bandpass filter. Stopband attenuation (relative to passband attenuation) at

frequencies NOT being evaluated shall be given by "A" in dB, where:
Az 20+ AG

When the maximum amplifier gain in the frequency band being evaluatgd is
greater than the gain at any other frequency, AG equals zero. When the
maximum amplifier gain outside of the band being evaluated is greater than the
maximum gain in the band being evaluated, AG equals the difference between
these gains (always being a positive number). Insertion loss shall not exceed 5

dB.

See Appendix B for details of a practical bandpass filter.

7. Shielded Enclosure. Tests shall be performed inside a shielded enclosure to

ensure that no interference is caused to cellular (or other) services.
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Appendix B — Bandpass Filter

Figure 3 illustrates a practical bandpass filter for separating the four frequency

bands commonly used in booster amplifiers. It is easily fabricated with standard

strip-line techniques by using commonly available diplexers and duplexers.

Output

800 MHz 800 MHz 1900 MHz 1900 MHz
Forward Reverse Forward Reverse
Link Link Link Link
Input Input Input Input

Fig. 3 - Example of Practical Bandpass Filter
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1. Purpose

This report examines the subject of gain balance in Cell Phone Booster Amplifiers
and makes recommendations for required performance that should be met by

these amplifiers.

2. Background

Signal-boosting cellular amplifiers are in common use by both network operators
and their customers for boosting signals wherever their level is unsatisfactory. In
order to function properly, a booster amplifier must have approximately the same
gain in the reverse link {(cell phone to base station direction) and in the forward
link (base station to cell phone direction). Reasonably balanced bi-directional
amplification is essential for preserving the correct relative power balance
between the reverse link and forward link in the network. This balance is
essential for proper operation of Open Loop Power Control, which in turn is a

critical element in all CDMA systems as well as most non-CDMA systems.
Reasons for excessively unbalanced amplification include:

a. Showing “more bars” which deceives the end-user into believing that the
amplifier is improving communications. If the imbalance is great enough,
this will actually worsen comrnhunications when signal conditions are

marginal.

b. The desire of some manufacturers to save costs by completely eliminating
amplification in one direction, i.e., instead of a bi-directional amplifier,
amplifiers are sold that purposely amplify in only one direction thus
saving many expensive RF components. An amplifier that only amplifies
in the forward link direction is being sold under FCC ID: U408811960A.

c. Poor engineering that doesn’t sufficiently consider the importance of gain
balance.

d. Insufficiently controlled manufacturing variability.

An amplifier with excessive gain imbalance disturbs the balance of the network
and prevents a phone’s Open Loop Power Control from functioning correctly.
This could prevent the phone from establishing a call. If a call is established, the
correct operation of the Closed — Loop Power Control is disturbed and may result

in dropped calls. The fact that amplification is much greater in one direction
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makes it unlikely that a booster amplifier can fulfill its intended function of

enabling communications in areas of poor base station coverage.

This report explores in some detail how gain imbalance affects the operation of
cell phones. A technical discussion is presented that shows the problems
introduced by a forward link-only amplifier.

Bi-Directional Cellular Amplifier

Cellular telephone and data communications systems are inherently two-way, that is, there is
a forward link (also called downlink) sending signals from the base station to the mobile, and
a reverse link (also called uplink) sending signals from the mobile to the base station. This
allows a conversation or interactive data session to take place.

When a booster is used to increase signal strength, both signals must be amplified — that is,
the booster must have a forward and a reverse amplifier, usually connected to the same
antenna at either end. This concept is illustrated in figure 1.

. Forward Filter S ~ Forward

Diplexer § ' .

" | piplexer }

Weak
signal

Base Station

oS

‘Reverse Filter

) ‘4 Reverse,
i ~ Amplifier

Figure 1: Simplified Block Diagram of a Bidirectional Amplifier

The task of amplifying signals that flow in both directions is facilitated by the fact that
cellphones communicate on two widely separated frequencies, one for forward signals and
one for reverse signals. Thus the forward filter passes only signals at forward frequencies,
and the reverse filter passes only signals at reverse frequencies. The diplexer also aids in
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separating the forward and reverse signals, and some types of diplexer actually incorporate
the filters,

Fixed amplifiers may use a directional antenna directed toward the nearest base station, since
neither the amplifier nor base station move. Pointing a directional antenna at the nearest base
station improves signal strength and reduces interference from other base stations.

For mobile stations, the antenna is always Omni-Directional.

Additional electronics may be incorporated to provide for the two frequency bands used by
cellphones (commonly 800MHz and 1900MHz)', to control the transmitted power
(Automatic Gain Control), and io detect and prevent oscillation (feedback from the outside
antenna (favoring the base station) and the inside antenna (for the cell phone).

Wilson Electronics (among several others) manufactures a variety of amplifiers, for fixed in-
building and mobile in-vehicle use. All of Wilson’s products are bi-directional.

!'The FCC designates the 800MHz band as “Cellular” and the 1900MHz band as “PCS”, for Personal
Communication Systems. However, both are served by the same cellphone and network infrastructure in

almost all cases.
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2.1 Forward-Link-Only Cellphone Amplifier

It’s instructive to examine the case of a unidirectional cellphone amplifier that only amplifies
forward link signals.

Weak Signal

" 'Forward - Fam"-arcl .
.« ' Filter . - Amplifier

tTINna

Base Station

Figure 2: Unidirectional Cellular Amplifier

Figure 2 shows a simplified block diagram of a unidirectional, forward link amplifier. As
can be seen, the “signal boost™ benefit is present only in the forward direction, so such a
device will indeed provide “more bars” on the cellphone display, because the bars reflect
only the received, forward signal strength. In the reverse link, a weak signal will remain
weak; hence it is doubtful that any significant range extension can be realized. This is in
contrast to Figure 1, which shows signal boost in both directions and therefore does extend
range.

2.2 Cellular Standards

The current set of cellphone standards is legion. However, they break down into two
“tracks™: the GSM track and the CDMA track. The international bodies that regulate the
technical specifications are designated 3Gpp (Third Generation Partnership Project) for the
GSM trezlck and 3Gpp2 for the CDMA track. The evolution along each track is shown in
figure 3,

? Obsolete standards TDMA (US) and PDC {Japan) are omitted from this chart for clarity. Both are being
phased out worldwide as 3G is phased in. Several of the standards shown also come in different “flavors”, e.g.
HSPA (High Speed Packet Access) may be only in the forward or down link (HSDPA) or the reverse or up link
(HSUPA).
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Figure 3: Evolution of Cellular Standards

The blocks with solid outlines in Figure 3 are standards used in cellphones today, and they
will continue to be used for the foreseeable future.

The CDMA protocols shown in yellow all use a similar technique for initiating a call. The
technique includes a protocol called Open Loop Power Control, and it is this protocol that

can be disturbed by a unidirectional signal booster amplifier.

The evolution to 4G (dashed outlines) is not yet clear, but it is probable that it will also use
open loop power control.

2.3 Open vs. Closed Loop Power Control

In open loop power control, the cellphone alone makes all decisions relating to its
transmitted power. The cellphone adjusts its transmitted power by monitoring the received
power of a “pilot” channel transmitted by the base station. The cellphone then transmits a
power that is in inverse proportion to the received pilot power. For example, if the pilot
power received from the base station doubles then the transmitted power from the cellphone
is halved.

In closed loop power control the base station makes all the decisions related to cellphone
transmitted power. The base station transmits “feedback” control signals that tell the
cellphone to increase or decrease its forward link transmitted power by a preset increment in
response respectively to a decrease or increase of reverse link power and/or quality received
from the cellphone.

Most systems have two closed loops; the first or “outer” loop endeavors to maintain received
power at the correct level; the second or “inner” loop monitors the frame error rate and
corrects the outer-loop power control to achieve the target error rate.

After access has been successfully established and the system is exchanging information, all
standards use hybrid open/closed-loop power control in which both cellphone and base
station make joint decisions on the cellphone’s transmitted power. Open loop provides a
“coarse” adjustment while the closed loops provide “fine” adjustment. When all three loops
are engaged, the open loop setting will be continuously in error with the amplifier on. Only
the closed loops will be available to correct the error.
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2.4 Forward-Link-Only Amplifier Prevents CDMA Call Initiation

In CDMA systems large groups of cellphones use the same frequency at the same time in the
same cell as well as in adjacent cells. Thus, because the base station reverse link receiver can
hear all transmissions simultaneously, it is important not to initiate a call using excessive
transmission power. (It would be like shouting in a quiet room.)

When a cellphone needs to establish a link with a base station, it transmits a special signal
called an Access Probe (Access Preamble in WCDMA) which alerts the base station that it is
requesting a link. The initial transmitted power of this probe is determined by the power
received from the base station. If the mobile receives no acknowledgement of the probe from
the base station, it sends another probe at an incrementally higher power.

This process is continued a specified number of times until the cellphone receives an
acknowledgement; if no acknowledgement is received during the last specified time, the call
attempt is dropped.

The network presets the size of the increment (step) and the maximum number of steps
allowed. A typical probe sequence is illustrated in Figure 4.

-

Accigs Probe
- Sequence >
Access Probe
1+ NUM STEPs
{16 ma) ‘
- ACCess
f‘ | Probe 4
Pl '
+ Access
} Probe 3
P1
* Access
A Probe 2
P
2 Access
4 Probe 1
W
{Initial
Power)
i S e System:
Y J" L =% Time
‘ L'-EA—!--Q—RTO-I I-FTA+4——RT-| |+TA~:-}<-RT¢U L;—u-
Figure 4: Random Access Procedure for CDMA One & 2000

Source: Footnote 3, Figure 2-10. Access Attempt (Part 2)
See also: Footnote 4, Figure 8.3.5.3-2. Access Probe Sequences
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This sequence is used in the reverse link whether the call is incoming (cellphone terminated)
or outgoing (cellphone initiated.)

Table 1 and its footnotes provide references to the appropriate sections of the standard
documents (listed in the footnotes) for each of the CDMA protocols.

Power Control Mode

Protocol

During call setup After call setup
CDMA One
CDMA 2000 3 4

Open loop Open and Closed Loop

IxRTT
1XEV-DO
WCDMA Open Loop’ Open and Closed Loop®

Tahle 1: Power Control Modes for CDMA Protocols

2.5 Forward-Link-Only Amplifier Continues to Cause Power

Control Errors Once Call is Established

1f the cellphone succeeds in making its call regardless of the effects of the amplifier, its
problems are not over.

The closed loops are intended to provide ‘“‘fine” power correction of the open loop estimate.
Typically these loops increment power in 0.5dB steps. But with, say, 30dB of open loop
error, it would need 60 outer-loop power control cycles - lasting over a second — to bring the
cellphone reverse link power up to its correct level. While this is going on the reverse link
power is too low for the inner loop to perform any signal quality measurements.

Once the correct power is established the system may work, but in the (frequent) case of
handoff - hard handoff (change frequency), soft handoff (connect with another base station),
or softer handoff (connect with another sector in the same base station) the entire correction
sequence would have to begin again.

3 3GPP2 C.80003-A-1 clause 2.2.1.1.2.1.5, Access Channel Procedures
*3GPP2 C.S0002-A-1 clause 2.1.2.3.2, Closed Loop Output Power

3G TS 25.214 V3.1.1 (1999)- ETSI TS 125 214 V3.1.1 (2000-01) chapter 6, Random Access Procedure
3G TS 25.214 version 3.1.1 Release 1999 Clause 5.1.2.2 Ordinary transmit power control
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Figure 5 shows an example of how the closed loops will be performing outside their
designed parameters due to the presence of the forward link amplifier.

-30dBm (1uW)

*
Cellphone Transmitted Power 20dBm (100mw)
4 N
| I z SEEEE i | T TR 5 =T -
ke ﬁ ﬁ _/l J\: V
-20dBm (10pvY) +10dBm (10mwW)
transmitted power § transmitted power
with Amplifier off

with Amplifier on

While outer !oop is correcting for the
Oopen oop. eror, inner. IooD has no
signal quality on which to base its

MR commands

Figure 5: Unidirectional Forward link amplifier keeps the elosed loops busy during a call

GSM, GPRS, EDGE, and HSPA also use open and closed loop power control”. Open loop is
used alone at the beginning of a packet transmission. As a result there may be a noticeable
effect on calls with these protocols when a forward link amplifier is used.

7 cf. for GSM: 3GPP TS 45.008-7b0, Radio subsystem link control, Chapter 4, RF Power Control, and Annex
B: Power Control Procedures; and for GPRS: 3Gpp TS43064-6a0, Overali description of the GPRS radio

interface, clause 6.5.8, Power Control Procedure.
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3. Conclusions

Section 2 of this report demonstrates the technical basis for requiring reasonable
gain balance in cell phone booster amplifiers in order to insure reliable
communications, especially under marginal (weak signal) conditions.

Without mandatory gain balance requirements, the public’s interests are
compromised. Booster amplifiers with msufficient gain balance actually worsen
commumnications when needed most, i.e. when communications without a booster

- amplifier are unreliable if at all possible. This can be especially critical in
emergency situations.

4. Recommendations

Cell phone booster amplifiers should be required to have active gain in both the
forward link and the reverse link directions. Such gains should be nominally
equal. Any gain mmbalance should be required to be within the limits allowed by
relevant cellular standards.
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