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1. The Wireless Consumer Communications Section ("the Section") of the

Telecommunications Industry Association ("TIA") User Premises Equipment Division

hereby offers its Reply Comments on the above-captioned matter. While most'

commenting parties are generally supportive of the Commission's proposals as put forth

in the Notice ofProposed Rule Making, ("NP~"), several parties suggested

modifications which are based on erroneous or incomplete reasoning. The Section

addresses those suggested modifications herein.

I. TELETRAC

2. Teletrac License, Inc. ("Teletrac") proposes that frequency hopping ("FH") devices

with less than 50 hopping frequencies be allowed "to operate with no more than 50% of

their total utilized bandwidth" within the location and monitoring services ("LMS")

multilateration bands, and that the non-interference presumption ("safe harbor")

established in the Report and Order in PR Docket 93-61 ("the LMS Order") not apply to

reduced-hop devices that use any part of the LMS multilateration bands.! This proposal

is based on Teletrac's concern that reduced-hop FH devices will be able to concentrate

their transmissions in the LMS bands, thereby causing more interference to LMS

operations than they would, were they operating under the current rules.2

1 Teletrac at p. 7.
2 Teletrac at p. 4.



-2-

3. The Commission has already anticipated this concern, noting that "We recognize that

the chance ofcollisions with other transmissions, and resulting interference, will be

increased since there are a fewer number of hopping channels,"] and proposed a remedy

which is more straightforward than that suggested by Teletrac. The NPRM proposes that

FH systems in the 902-928 MHz band using less than 50 hopping frequencies be limited

to a maximum output power of 500 mW "to reduce the potential for interference due to

the smaller number of hopping channels.',4 However, the NPRM also requests comments

"as to whether or not a greater reduction in output power should be applied.,,5 In its

Comments in this proceeding, the Section responded to that request, and demonstrated

that if the power output limit is proportional to the square of the number ofhopping

frequencies, then the probability of interference (i.e., the probability ofa collision) from a

reduced-hop system is at worst no greater than the probability of interference from a

comparable system operating under the existing rules in §15.247. This power reduction

therefore would address Teletrac's concerns that allowing reduced-hop FH devices could

increase the risk of interference to multilateration LMS systems.

4. Teletrac also states that the "risk" of interference "would exist even at power levels

that were far below both the current and proposed maximums for frequency hopping

systems.,,6 Although there is undeniably an "interference risk" associated with operation

in the 902-928 MHz band, the fact is irrelevant. The power limit reduction for reduced

hop FH devices is intended not to eliminate the interference risk, but rather to maintain it

at the same level as under the existing rules, and interference probability would seem to

be the most reasonable measure of "risk". Since the probability of interference from

reduced-hop devices would be no greater than from FH devices operating under the

existing rules, there is no need to impose additional restrictions on operating frequencies

or to make any exceptions to the safe harbor provisions.7 Therefore, Teletrac's proposals

are unnecessary and should not be adopted.

3 NPRM at ~33.
4 Id.
SId.
6 Teletrac at p. 5.
7 In any event, the safe harbor provisions appear in Part 90, and are beyond the scope of this proceeding.
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II. GEC PLESSEY SEMICONDUCTORS

5. GEC Plessey Semiconductors (HGPS"), alone among the commenting parties,

requests that the Commission "reconsider" its decision to deny the Petition for Rule

Making of Symbol Technologies, Inc. ("Symbol"),8 which requested that the minimum

number of hopping frequencies be reduced for frequency hoppers operating in the 2400

2483.5 MHz band, so hoppers could use emission bandwidths larger than the current

maximum (1 MHz). GPS maintains that a wideband frequency hopper will pose no more

of an interference threat than a hopper with a 1 MHz emission bandwidth. As support for

this contention, GPS gives an example of a direct sequence ("DS") receiver with a 20

MHz bandwidth sustaining interference from the frequency hopper, asserting that the

probability of interference depends on the bandwidth of the DS receiver, regardless of

whether the hopper has a bandwidth of 1 MHz, 2 MHz, or 4 MHz.9 The power output of

the hopper is assumed to be independent of its bandwidth.

6. GPS has ignored the case in which the bandwidth of the victim receiver is less than

the bandwidth of the hopper, which becomes increasingly likely as the bandwidth of the

hopper increases. While DS high-speed data systems, such as wireless local area

networks, may have bandwidths on the order of 10 or 20 MHz, many other devices, such

as cordless telephones, do not. When the bandwidth of the frequency hopper exceeds that

of the victim device, the interference probability increases as the bandwidth of the hopper

increases, assuming the total bandwidth from which the hopper selects its frequencies is

fixed. lo This is true for both DS and frequency hopping victim devices, as well as non

spread spectrum devices. GPS therefore has neglected an important case in its

assessment of the interference impact of wideband frequency hoppers.

7. Even with a reduction in the maximum power output, the Section believes that

allowing wideband frequency hopping systems would contribute to increased

interference, because it would encourage the use of frequency hopping by applications

8 GPS atp. 1.
9 GPS atp. 3.
10 This can be see from eqs. (3) and (4a) of the Attachment to the Section's Comments in this proceeding.



-4-

requiring a high data rate. Currently, high-rate applications use DS modulation. A

stationary wideband DS signal can easily be avoided by adaptive narrowband DS or

frequency hopping devices, such as cordless telephones. In contrast, it would be virtually

impossible to avoid interference from a nearby wideband frequency hopping transmitter

(as envisioned by GPS) hopping over the entire band. The Section therefore opposes

GPS' proposal, and supports the Commission's decision to deny Symbol's petition.

III. ERICSSON

8. The Ericsson Corporation ("Ericsson") expresses concerns about the impact of

reduced-hop FH systems on low-power unlicensed devices operating under the general

limits §15.249. Ericsson proposes that reduced-hop FH systems be limited to a power

output of 100 mW and be required to operate in non-LMS spectrum. As discussed supra,

these measures are unnecessary if the quadratic power output reduction proposed by the

Section in its comments is adopted. Ericsson also proposes a modification to §15.249,

which would allow a power output that varies linearly with the number ofcarriers used

by a system. Such a change in the Commission's Rules is beyond the scope of this

proceeding. For these reasons, Ericsson's proposals should not be considered.

IV. WESTERN MULTIPLEX

9. Western Multiplex Corporation ("Western Multiplex") supports the use of high-gain

antennas in the 2400-2483.5 MHz band, and claims that "when there may be potential

interference from long distance systems with directional antennas into non-directional

systems, the long distance system will not operate due to much more severe interference

from the non-directional system."l1 Western Multiplex supports this claim with an

example calculation of the mutual interference between a point-to-point ("PTP") system

using high-gain (27 dBi) antennas, and an indoor wireless local area network ("LAN")

which is 1000 feet away from one of the high-gain antennas and aligned with its direction

of maximum radiation. In that example, the interference from the wireless LAN to the

II Western Multiplex at p. 3.
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PTP system causes the carrier-to-interference ratio of the PTP system to drop below its

critical value, whereas the LAN can continue to operate in the presence of the

interference from the PTP system. Western Multiplex concludes from this example that

systems using high-gain antennas are more vulnerable to interference from other devices

in the band, than those devices are to interference from the high-gain systems.

10. Western Multiplex seems to have incorrectly drawn a general conclusion from a

single specific example. 12 In fact, as demonstrated in the Attachment to these Comments,

no general statement can be made regarding the ability of a system with a high-gain

antenna to degrade the performance ofanother system, compared to the degradation in

the performance of the high-gain system due to interference from the other system. The

system that will suffer the most from the mutual interference will be the one with the

least interference margin. That margin depends on the carrier-to-interference ratio

required for acceptable performance, as well as the desired signal power received by each

of the receivers from its companion transmitter, which in turn depends on transmitter

receiver separation and other factors affecting propagation. In short, whether a high-gain

PTP system or another system in its path will suffer the greatest performance degradation

will depend on the specific situation.

11. The Section continues to believe that if high-gain antennas are allowed in the 2400

2483.5 MHz band, without the dB-for-dB backoffof transmitter output power as required

under the existing rules, the result will be an increase in interference to other systems

operating in the band. This is not because a single isolated system is necessarily more of

an interference threat with a high-gain antenna,13 but rather because allowing high-gain

antennas without the power backoff would invite a new set of applications in the band,

12 Western Multiplex also seems to be operating under some misconceptions regarding in-building short
range systems. Its example assumes free-space propagation within the building (between the transmitter
and receiver of the omnidirectional system), and a power output of 1 watt for the omnidirectional system.
It is well known that path loss within a building usually increases at a rate much greater than the free-space
(i.e., distance-squared) model. Also, systems such as wireless LANs and cordless telephones typically use
a power output significantly less than 1 watt, placing them at an inherent disadvantage compared to PTP

~rsThtems. I . ~ fh'gh' . h . h d" 1 th de usua argum.ent m lavor 0 1 -gam antennas IS t at smce t ey are rrectlOna, ey ecrease
interference in sotne directions while increasing it in others, and statistically, pose no more of an
interference problem than do omnidirectional antennas.
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causing an increase in the general level of interference The Section therefore continues

to support the proposal in the NPRM to allow high-gain antennas without the dB-for-dB

power backoff only in the 5725-5850 MHz hand

Respectfully submitted,

TELECOMMUNICATIONS INDUSTRY ASS()(~IATION
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Vice President, Standards and Technology
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Dated: July 19, 1996



ATTACHMENT

A NOTE ON MUTUAL INTERFERENCE

Consider two systems performing duplex communication in the same spectrum, situated

as shown in Figure 1, such that interference can occur between them. Transceiver A of

system 1 interferes with, and sustains interference from, transceiver A of system 2.

System 1 has a transmitter output power of PI dBm and an antenna gain (in the direction

of transceiver A of system 2) of 01 dBi. Similarly, the transmitter output power and

antenna gain of system 2 are P2 and °2 , respectively.

System I
transceiver A

System I signal path

Figure 1: General mutual interference scenario

)'Stem I
ansceiver B

The path loss between transceiver A of system 1 and transceiver A of system 2 is L12 dB.
Assuming the bandwidths of the systems are the same, the interference from system 1 to
system 2 is:

and the interference from system 2 to system 1 is:

Clearly, if PI =P2 , then 112 =121 , and the two systems receive the same level of

interference from each other (i.e., reciprocity exists).
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Assume that the desired signal (dBm) received by transceiver A of system 1 from

transceiver B of system 1 is C1, and similarly, the desired signal received by transceiver

A of system 2 is C2 . Each system will have some minimum carrier-to-interference ratio

for acceptable performance (as measured by the bit error rate, packet loss rate, etc.). If

these minimum ratios (dB) are r 1and r 2 for systems 1 and 2, respectively, then system 1

suffers unacceptable interference from system 2 ifI 21 > C1 - r 1' and system 2 suffers

unacceptable interference from system 1 iflt2 > C2 - r2' The quantities C1 - r1and

C2 - r 2 can be thought of as "interference margins" for the two systems; Le., the amount

of interference, in dBm, that can be tolerated. If I 12 =I 21 ' then the system that suffers

the worst is the one with the lowest interference margin.

Even from this simple illustrative example it is clear that a general statement cannot be

made regarding the ability of a system with a high-gain antenna to degrade the

performance of cochannel systems, compared to its vulnerability to degradation of its

own performance due to interference from the cochannel systems. 1 With equal

transmitter output power levels and bandwidths, each system will receive the same level

of interference from the other. The effect of that interference on each system, however,

depends on the required carrier-to-interference ratio and the desired signal power received

by the "interfered" receiver from its companion transmitter, which in turn depends on the

distance between the receiver and the companion transmitter as well as other factors

affecting path loss (e.g., wall attenuation). The system with the least interference margin

will suffer the worst. In the example selected by Western Multiplex in Attachment 1 of

its Comments, the interference margin of the high-gain point-to-point system happens to

be less than that of the indoor wireless local area network ("LAN"), and so, in that

example, the point-to-point system suffers more from the interaction than the LAN.

Equally plausible examples could be given in which the LAN suffers more than the point

to-point system.

1 The example could be extended to account for other factors, such as non-equal bandwidths, but the
conclusion would remain the same
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