PCMCIA "Pager Card" Prototype

(Forerunner of PCMCIA Transceiver Card)
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Physical Char ri
Card Type: PCMCIA Type I
Interface: PCMCIA Memory Card or I/O
Antenna: » Fiush mount (battery could be incorporated into external
handle; AAA preferred, AA probably too large)

» Some manufacturers may require custom design and
location.

+ Contact platform manufacturers on EMI and RFE
compatability. This is consistent with other PCMCIA card
product manufacturers.

Switch: Power On-Off
Indicator: Blinking LED
» Message waiting indicator
« Low battery indicator when voltage drops to design unit
Display: None

Lable: PCMCIA STU release/paragraph 3.1.7 lable



PCMCIA "Pager Card" Prototype

Pow r

Battery:

Pr r

Data Rate:

Format:

Address:

Memory:

Internai Clock:

Electrical Requirements/
RF Requirements

Portable Unit
(PDMCIA Card Driver Software)

Display Fsatures:

(Continued)

+ 700 hours out of portable (350 hours lower limit)

* Internal see PCMCIA STD release 1.0 paragraph
3.1.6 battery location

« Consider re-chargeable options when card is
inserted in platform

+ Use portabie power source when card is insened

in PCMCIA slot
" Insert and remove with portable power active

2,400 BPS; product evolution should anticipate
upgrade to 4,800 or 9,600 BPS as 2nd generation
product '

POCSAG (2400 BPS)

Minimum of 4 POCSAG addresses. Minimum of 16
addresses including the 2 POCSAG function bits.

32K bytes minimum

Time and date stamp of all received messages or
last packet received.

Commensurate with Motorola Bravo pager
Commensurate with Motoroia Bravo pager

PCMIA pager card should rely on software in the
portable unit to manage the information in RAM

« Message waiting indicator

« Number of messages, type of message, time and
date stamp of message arrival

+ Low battery indicator for PCMCIA card when
voitage not within operational limit

+ Battery charging indicator (min./max.)

» PCMCIA card in-range indicator



PCMCIA Transceiver Card

Receiver: See PCMCIA receiver card

Transmitter:

Power Out: 100 mw to 500 mw
Frequency: 930 MHz

Moduiation: Constant Amplitude
Bandwidth: FCC masking specification

for 25 kHz bandwidth
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The MTel formal opposition paper to PageMan's request for Pioneers Preference
has enclosed technical review material by MPR Teltech, Ltd. that attempt to
critique PageMarnt's PIMS proposal. Each ccmment by two MPR reviewers »;m
be addressed and will be shown to be without any technicai foundation. MPR
personnei have either misunderstood, misinterpreted or re-engineerea the PIMS

system tc arrive at their conclusions.

A. Comments on the physical layer aspects of the (PageMart) Petition in

Rulemaking.

Accorgingly, we shall deal with each point and demonstrate that gil ¢f MPR's

£oints are without merit.

MPR conciudes 12 cell reuse pattern required

"It is quite uniikely that a 4-ceil reuse pattern couid be used in the
cellular system design. Calculations indicate that a 12-cell reuse

pattern is required."

Both 3 and 4 cell reuse plans contirmed for use in ceilular systems. First,
MPR concludes, aifter using Dr. Lee's textbook on celiular system design, that a
12-cell reuse piani is needed. This is in cirect cenflict with the exis: -3 celiular
teleprone ingustry wnich has teen able tc (1) operate unaer the 7 czil reuse
scneme commoniy used tczay, and (2) install as smail as a 3 cell reuse "micre-

ceil" zlan with eauai to, or tetter performance than ccnventional 7 cetl pians.

Trom this anaivsis. toe < ceil reuse strategy proposed by PageMart coes not
iDpear 1o achieve the spectrum erfficiencies claimed. A 12 cell reuse strategy
=sinz 12 data channeis, one polling channei, and one return link channel
appear [0 fe the mimmum reqguirement.’



Or. L2e's book, and many others, represent a starting point in cellular system
design that doesn't represent (1) current state of the arn. or (2) actual
experimental data from the massive amount cf experimental work done to fine
tune theoretical analysis. Specifically, MPR primarily cites the references to Or.
Lee's books and articles that, =n the surface, supports their argument and omits
the articles that clearly support the four ceil reuse plan incorporated in
PageMart's design, such as Dr. Lee's article in “Smaller Cslis for Greater
Pertormance.2 " DOr. Lee's paper clearly states that even a 3 cell reuse plan can

be acesigned tc te 2 dB superior to a 7 ceil reuse gesign (i.e., 2 dB greater than

the standard 18 dB C/| ratio):

IThree Ceil Reuse
c = BB =105(=) 20dB
i K|

T DkB

k=i

The above equation that cefines the carrier-to-interference ratio (C/l) is usea 10
gstimate cocnannel interference from all neighboring cells broaacasting on the
same channel at the same time. Normali analog cetlular practice is to specify C/l

to e 18 aB or nigher.

Furthermore, MPR never provides the resuits of Dr. Lee's digital system design
anaiysis. namery a C/l ratio of 18 dB for an anaiog voice system wnich
corresponds tc a £ dB reauced requirement for a given aigital vcice system,

resulting in a C/i ratio reauirement cof 13 dB (in the 'Digitai Systems” chapter of

‘he same pook that MPR uses?) for a 4 cgll reuse system. Therefore. tecause
- ZEE Comrmunscarions Magazice November 1291 Smaijer Cells for Greater
Der:ormance Cr. w.C.Y. _ee.

o, wWilliam C.Y. Zee, McGraw Hiil.




MPR did not ccver digital cellular system design, they overiooked the fact that,

"The digital unit performance can be reduced by 5 dB to obtain the same

performance as an analog unit’ (page 4284 ):
Digital Cellular System

"Swerup and Uddenfeldt compared a narrowband coherent digital
modulation with gaussian MSK to an analog FM system. Two 16-kbps
voice coders were used. Residual excited linear predicted codes and
subband codes were tested. The digital unit performance can be
reduced by 5 dB to obtain the same performance as an analog unit.
This 5-dB reduction advantage means a large coverage area and a
closed frequency-reuse distance for each ceil can be serveag in a
ceilular system. This is, in turn, an example of high spectral efficiency
usage (described in Sec. 13.4). Consider the following calculations.

[n a omnidirectionai-ceil system, assume that C// = 13 dB, i.e.,

C=g¢>10"3=20
/6

Soiving for q and using Eaq. {2.4-5), we obtain
g=3.31=V3K
K =4 (frequency-reuse panern)
in this case the total numper of channeis is 333, then

m = 3233 = 83 channeis/ceil
4

which is higher than the 47 channeis per cell for C/7> 18 dB.

MPR appears tc ignore published literature that would provide tecnnical
arguments ana ccmmerciai equipment that implement microceli reuse all the way
1o 3 ceil reuse pians, such as (1) Dr. Lee's recent Micrcceil system vpatent
4,832,048 avaiiable for ccmmercial use through Cecibel Proaucts, its licensea

manutacturer (Exhibit 1), Micro Lite progqucts (Exnibit 2}, Sman System (Exhibit

= Ibid.
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3), ana (2) Dr. Lee's article ¢ "Efficiency of a New Microcell System.> " The
article in footnote 5 concludes that not oniy can a 3 cell reuse pattern ce
achieved threugh a very simple gesign, put that a 4 cell reuse pattem using this

technoiogy may be more suitable (DOr. Lee's articie on "Efficiency of a New

Microcell System*, page 3, Exhibit 4);
Eour Cell Heuse

"In edge-excited zone cells, the D1/R1 has to be 4.6 in order tc
maintain the voice quality. Where D1 is the cochannel zone separation
and R1 is the distance from the zone transmitter to the zone bounaary,
R4 is also equal to the cell ragius. Then new q (q = O/R1) becomes
3.6 as shown in Fig. S. Then the frequency reuse factor K becomes

K={q)? = (3,6)2 =4.32~4 (Frequent reuse factor)
3 3

whnich proves that the edge-excited approachn can increase "e ratio
capacity by 7/4 = 1.75 tir3s.”

There are situations wnen ali of the zones have tc turned cn. We call
this a non-selective eage-excitea zone configuration. in a non-
seiective edge-excited zone ccnfiguration, all of the cells are treatea as
cmni-cells because all zone's sites are transmitting concurrently. In an
analog system, the reguiar center-excited cmr-i-cells require tne co-
channel interference requction factcer which is squivaientio 1 = O/R =
4.6 as mentioned previousiy."

Since there is no restriction on celil size, the aforementiocned micrcce!l appreach

is equally suitable for macrccall design.

Another facter that is nct considerea in MPR's analysis. is antenna pattern cesign
which in many cases can effectively use 'cown tilt" {accompilisnea in anienna
cesign to significanily reduce the main -2 energy at the honizon in £otn omni
and secicrized antenna cesign (see Exnidit §). Furthermore. iclors sucn &s

18rain cannct oe agdressed in any real system design oy a terrain propagaton

PacTel Corporaticn’'s Fioneer s Request tor PCS Techinoloyy cated May =+
1992 (p.b2).



factor =5 used by MPR, but is a fact of life in many systems 0Oesigns that use
natural terrain features (e.g., mountains, canyons, etc.) to even further increase

frequency reuse in certain MSA's (e.g., major west coast cities).

It is interesting also that MPR compares C/l ratios specified to be 18 dB or higher
(for analog csellular systems) and not 13 ¢B for digital systems (see Mobile
Cellular Telecommunications System by Dr. Lee, page 428) and assert the
ynsypstantiated figure of 22 dB for binary digital FM systems (no indication by
MPR author as to the details of ~'s own work®). Moreaover, no considerauon is

given by MPH that address what is currently done in wireless digital data systems

to acnieve high performance, namely:

» Signal interieaving, for example at the application level versus at the link levei
* Forward-Error control (i.e., POCSAG cr other protocols).

L ]
L]

Signal giversity through muitiple antennas
Antenna pattern control througn cown tilt and using narrow beam antennas.

Either coliectively or separately, the abcve signai enhancement approaches are

usea in many wireiess applications.

MPR: "Normal analog ceilular design practice is to specify the C/l to
e 18 ¢B or higher, with this figure requiring the ciassic seven ceil
reuse pattem. To achieve a C/l protection ratio of 22 dB7 requires the
use of a 12-celi reuse pattern.”

Digital Cellular Systems out performs Analog Celluiar Systems on (C/l).
The commercial realitv is tha: 2ven tcaay's data moaems that ncw operate at
2,600 bps and =pove (IBM's CeliuFtan Il is contempiating 19.2K bos on

conventionai AMPs-type cellular systems with C/| = 18 dB) work weil in vehicles

© Page 8) Normal analog ceilular design practice :s to specity e G to be
! 8 db or higher. witn cais tigure requinng the classic seven cg.il reuse

pattern. “revious work by the autnor nas found that the 1074 5ER capture
ratio fcr binary digitai FM in a 23 xHz caannel spacing with a 4.0 kHz peak
deviauion and a data rate o1 4.300 bps was on the order cf 22 ¢b in the rading
chaannel environment.

{bid.
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with the only typical complaint teing droppea connections at hand-off points.
Furthermore, it is incorrect to refer to a section in Or. Lee's book on page 1908 for

anaiog cellular systems and ignore the relevant equivalent caiculations for C/I on

aigital cellular systems in the same book (page 428).

In summary,

* MPR's own referenced authority, Dr. Lae, has shown that a 3-csil reuse is not
cnly feasible. but it is a commercial realiity. Also, a unique 4-ceil reuse gesign
is shown tc 1ave more design flexibility in DOr. Lee's papers.

» Existing voice analog cellular systems (with C/l = 18) are using commerciaily
avaiiable modem equipment 0 run at rates at or well above 3,600 bps with

excellent results except for hand-offs (which PIMS does not require because

messages are typically between 10 ana 100 seconas).
+  MPR unnecessarily limits the scope of their investigation.

- Many technical papers and tooks have been publishea on C/l, signal
propagation’'s lossas (inciuding the significant non-linearity of path loses
even in the log-log plane of signai versus distance - Dr. Lee assumes a
linear iog-log extrapolation inadepenaent of distance for estimation
purposes). Other researcners have done considerable work cn

transmission gath icss? and the linear log - log approximation of MPR is
only a crude approximation that unauly penalizes snort tc medium range
path Icss (see Exhibit 5).

- Modulation, interleaving and signal diversity techniques for : :nal
enharcement for digital FM systems that support traditional 10-2 8ER (for
paging systems) have peen omitted in the MPR discussion.

MPR states that a massive number of receiver sites are needed.

3 MRP statement on page 9: "The use of 120 degree sectoring within each ceil
oI a 4-cell reuse cattern is saown by Dr. Lee (7, p. 190! to vield a co-channel
interrerence ratc o 1+ db. which again is unacceptable. This would also

require 12 data channeis instead or 8. If 60 degree sectoring within eacn cell

2I a +-cell reuse pattern 1s adopted. & 21 ab co-chiannel interterence ratio is
obratned. Tihis is a reasonabie value ror digital RF packet commun:cauons.

Y The PIMS' rewurn link acproach is stmpie: i1} :n ‘‘ree space iOr near iree
space conaitions . .ca as venicie) approximately 0.1 Wartt is surficient ana ! 2}
:n buiidings up o 10 Warrs using a 'power module’ 2juggec (nto ne ad
voltage, [0 augment the low power subscriber transceiver is appropriate.




"The PageMart system will need far more than twice the number of
dedicated receivers as there are pase stations. Calculations indicate
that for a 0.1 watt subscriber gevice. between 25 and 169 dedicated
receivers per base station ceil site would be required.”

PIMS' low power return link in free space and high power "Power Module"
approach in buildings is superior to the NWN approach. First, MPR
misquotes the PIMS rulemaking document by asserting that (page 10):

"Our understanding of this is that the Effective RF Power (ERP) of the
portabie device is limited to less than 1.0 Watt, which is consistent with
the low powered (0.10 Watt) transceiver that is integrated into a hand-
held personal computer product. (p. 8). Yet on p. A13, PageMart
proposes To achieve two-way operation in a high insertion loss
building, the unit would be coupied with a separate power module, as
depictea in Exhibit XIl, which would be capable of generating up to 10
Watts as a transmitter. This is aisc mentionea on page 9. This is
inconsistent with their previous statement of limiting the maximum ERP
to 1 Watts, ana in fact proposes to use the 10 Watts of power in the
very area where they wish 1o use low power to ensure minimum
interference with other computer and communication equipment.”

PageMart's approach is very straightforward: if the subscriber is outside or riding
n a venicie 100 mw .(or up to 1 watt) is adequate return link power 1o
ccmmunicate with receiver sites. On the other hand, advanced messaging
services are expected to have its major impact on business or "wnite coilar’
appiications and. therefore, must work especiaily weil in buildings. For inbuilding
applications, a ‘power mcdaule® is providea for that moae of operation and couid
operate at up to 10 watts ERP when pluggea into AC line voitage. The “power
moauie’ could te cenfigured to ocerate as either a wirea cr wireless 'r=reater” {0

the suDscriber transceiver moaule.

Thus. wnen a FIN'S supseriber is in a building with even 20 d8 cr mere insestion
0SS, tne return link wiil functon reiiably (see table beicw). The entre theoretical

znalvsis ¢f MPR is aimeaq at discregiting PIMS free space. 720 mw return hnk.



g2 R DU YsT o 2uzy CAGEMAKL gy

~— .
——

However, if MPR would have only stoppea to consider, MTel's NWN has even a

greater dilemma than PageMart in their return link for acknowledgment.

Avail werfor T 1SS | n
Buiiding Availabie
Total Penetration Power
Syster Location Power Loss* indBm
PIMS Cutside 100 mw None 20dBm
building (20 dBm)
NWN Inside 2w 15 dBm 18 dBm
building {33 dBm)
Cellular inside 600 mw 15 ¢Bm 12.8 dBm
building (27.8 dBm)
PIMS Inside 10w 15 dBm 25dBm
buiiding (40 dBm)

" MPR's assumption

Therefore, if we compare a PIMS subscriber stanaing cutside a hign rise office
Building with a tuilding penetration loss of 15 dB to an NWN supscriber standing
inside the building, and a cellular telephone subscriber stanaing inside. NWN has
2 dBm [ower return link power than PIMS, and a cellular subscriper is over 7 dBm
iQwer. Fortunately, their analysis is absolutely disprovea by the “real word*
experience of ccnable, hand held cetlular phones that werk in many nigh rise

cffice bunaings (on the grouna floor wnere the puilding penetration icss is 21 least

15 dB).

MPR's analvsis is significantty flawea for a numper cr reascns that cculd increase

cower avatiable up to 40 dB.

* The return link must be increased 1o take iN10 acccunt actual recewver

sensiivity (10 dB).



» Return link antenna gain (10 dB).

* No shadowing (8 dB)

+ Diversity (+12 dB) - note more than one receiver or antenna.

However, a significant assumption used by MPR in performing their "ahsolyte
analysis" preaiction of signal power ievel requires ranging information that many
researchers have performed, some of which have measured resuits that preaict
distances that deviate by a factor of two or more with regard to short-to-meaium
distance (see references Bullington (6) and Hariey (21)). More impornantly,
because urban, suburban, with and without significant foliage, short range less
than 1Kw, medium range iess than 10 kilometers or greater than 10 kilometers.
ail have an influence cn transmission loss prediction because range Is highly
non-iinear (log-icg cocrainates), one linear log - log equation for Q to 30

kilometers is only a very crude predictoriO (see Exhibit 5).

Also, these preaictors were not useda to svaluate MTel's NWN system return link

performance in the NWN tecnnical feasibility report of June 16, 1892.

Callular teiepncne systems such as in the case of the non-wireline operator in
San Ciego (which Communication industries ccnstructed and PacTel later
-oerated) Initia:sa service with 12 ceils (in a difficuit terrain environment) and
grovided reasonaple inbuilding performance. As the systermn. cell-subdivided. 1o
approximately z4 celis, a very ¢cod degree of inbuiding perfermance was
achieved. FageMart's San Oiego rpaging services today operate with 12
‘ransmitter tase stations and provides very gcod coverage. A simitariy
constructea PIMS system in the init.al stages wouid cropaply have a similar tase

station aeployment with approximately two times tnat numeer for receiver sites

20 Dr. Lee uses 38.4 logyg ¢; indepenaenty or distance (i.e. snort. meaium or

dd e bt

.ong distances as Bullington discusses.

O



(see p. A4, footnote 3 in FageMart's Petition for Rulemaking). Fortunately,
cellular teiephone users with the miilions of hand heid portable phones prove
every day (and have proven since the mid-80's when cell sites were not as dense

as they are today) a 0.6 watt return link can function effectively in the car and

even in many buildings.
Csnsequently, MPR resuits that indicate...

"Calculations indicate that for a 0.1 watt subscriber qevice, between
25 and 169 dedicated receivers per base station ceil site wouid be

required”

. is totally incorrect. Based on the aforementioned table of available power
leveis, PageMart's 10 watt inbuilding power module and 0.1 watt subscriber
transceiver moaule (STM) for free space woulid be preferred to a two-watt
transceiver used for botn inbuilding and free space (and ceilular's 0.6 watt
portable hana heid units are physical evidence of this). Furthermore. as
experimental evidence is evaluated, STM transmitter power ccuid be increased
(even up to 1 watt). Moreover, given the published literature in this field. a
literature searcn shows that the key facter in Dr. Lee's propagation mogel is the
gistance equation (38.4 logig D1). Depenaing upon the researcher anc the

opjective of the stuay, one can find the eguation to vary widely:

. 38.4 log10 a1 - MPR's equauon (ref. Okumura, 1968)
. 201logi0 a1 - Bullington, 1877 {medium range porucn)
. 20 log10 a1 - Hariey, 1989 (shon range)

The range difference between the log-icc slope cf 38.4 versus 20 can vary
substantiaily ana can easiy double the range avaiiable in caiculations under 10
miies. The plain fact 1s that F :geMan's PIMS low pcwer soiution is free space

‘ana 10 wans inouiiding) cut performs MTer s two-watt cnty soiution. The more

iopropriate issue, then, is the proplem with MTel's transceiver using cne power

L0



saurce for all applications, (MTel should then recensider their 7 watts “die hard"
battery solution to be only on a par with PageMart, because they wiil lose another

3 dB if one compares MTel's 9,600 bps return link to PageMart's 4,800 bps retum

link solution).

MPR states inbuilding transmission creates serious problems of
cochannel and adjacent channel interfaces.

"The use of 1 Watt and 10 Watt transmitters for in-building
transmission creates a serious problem of cochannel and adjacent
cnannel interterence for users outside the building and in aajacent
building towers. This is basea cn the false assumption by PageMarn
that building walls offer high levels of signai attenuation.”

PIMS' approach is to contain the inbuildina RF by transmitting only that
level of RF needed for reiiabie inbuilding data transmission. First, the PIMS
approacn creates the opponunity 1o reaiize massive amounts of frequency reuse
through low-cost, PC beara-type interface and transceiver modules that would te
readily interfaced to a standard DCS-type PC (including modem). MPR's own

recognition of this is cited in their paper were, if not for the maximum ERP pcwer

leveis, assumea by MPR (page 16):

‘Although the concept proposed by PageMart is attractive on the
surtace, there appear to be some i."damental probiems in the areas of
propagation ana building attenuction which have not been fully
adaressed. The concept propcsed wouid work weil if buildings could
Ce considereqa as perfect RF enclosures, but the vast majority cf
buildings cannot te treatea as such.”

PageMart crocoses a maximum ERP of 1 watt for inbuilding office ceils because
there 1s a great potential difference between cfficss, toth as to location, size ana
In some cases. an office ceil may be used more like a puiiding ceil in
Manutacturing and Lrocessing plant envircnments. it's surprising that MPR
'would miss the opvious point that each ctass of instaliations. sucn as nigh rise

cffice puildings (urban areas), versus stana-alone ouildings (supuroan areas) ang

i1



the square feet to be covered by the offica cell must all be considered so that the
lowest acceptable power levei is used in any given class of appiication, because
the objective is to contain the RF energy to the extent practical, within the
buiiding. Since the PIMS operator(s) would be the source of office ana buiiding

cell equipment and installation, tt2 inbuilding RF environment will be properiy

engineered and managed.

Typical power levels from the significant experience of CT-2 installations around
th2 worid indicate that ERP leveis range from approximately 0.005 to 1.C1 watts

per channel in most "cffice environments” (Exhibit 6). PageMart would operate at

similar ieveis,

PIMS broadcasts only non interfering geographical cells during a
building/office ceil time segment. The same MPR transmission loss equations
indicate a caicuiated value of 0.25 miies distance or two city tlocks (ana not 0.85
miies) for 0.C1 watts ERF wnicn is further reducea by the inserion loss gue tc
other neighboring buiidings. ~he key issue is that a PIMS office cell or tuiiding
ceil gees not transmit (1) at maximum ERP uniess the nature cof the puiiding
requires the power, or (2) generate cochannel interference with an overlacping

geograpnical ceil. Cecause only non-interfering geographicai cells are

cr asteg durin iiding cr offi /| time segment (see PageMan
Rulemaking cocument p. A22 and Exhibit X). Consequently. geograpnical cells
are not broadcasting in areas wnere there are buiiding and office celfs in craer to
previae for the massive frequency reuse possible througn inpuiiding ceils. Thus.
there 1s never 'an on-street subscnber cevicg” 'that' coula stil recewve signais
iorm tnis office cell at a distance ct 0.85 miies” (page 12, MPR) tecause a

supscricer on the street does nct have the possitility ¢f & ceograpnical cail

crcagcasting in that area on tne same time segment.



MPR goes on to conjecture that ctfice ceils could interfere with another in an
adjacent building, even though "in this case, the RF radiation passes through two
building walls (at least)* (page 16, MPR). Using MPR’s own conclusion, this is
equivalent to 2 X 15 dB = 30 dBm, plus attenuation due to distancs. at grou~nd
levels (and less as building attenuation decreases with building height) ana wili
not pcse any problem with normal inouilding radiated power of § to 10 milliwatts

ERP any more than garage door openers and CT-1 cordless phones would

create a major problem in suburban areas.

From the standpoint of building csils, the same mistake is maae by MPR to use
the maximum rated ERP in all buiidinc appiications without engtneering the RF
envircnment in the building. Cnce again, for ~urposes of RF containment,
building cells will be maintained at as low a power level as practical (typicaily
under 0.1 watts ragiating in the mechanical building core) sc as not to create
unnecessary buiiding-to-building ccchannel interference. The output of an
inbuilding-distributed antenna system such as that depicted in the PIMS
Rulemaking document would require distributed amplifiers to ccmpensate for
losses encountered in using a siotted ccaxial cable that is hung in the mechanical
building core of high rise office buildings. Alternatively, the Decibel Products
(DP) soiution cf a cistribute< antenna network using 75 onm coaxial cabie with
amplifiers wouid not require high input powser at the base station (see Exhibit 7).
The CP approacn has the added advantage of managing eacn cistributea
antenna's output at (') very low leveis of ERP (0.C05 to 0.01 watt, and (2)

focuses the directional antenna gattern at the interior of the buiiding for even

greater RF containment,

(i



Therefcre, building cells can be enginegreg to etfectively contain the low ievels of
RF energy broadcasted. Moreover, there 1s no ccchannel interference when

PIMS controls the time of broadcast for buiiding and office ceils separate from

geographical ceils in that local area.

MPR states that PIMS transmitter will jam themseives.

"There is a great deal of concern about the high power base stations
presenting unaccsptable leveis of adjacent-channel interterence in the
system coverage area. It appears that they could jam themselves as
weil as subscriber gevices near the pase sites.”

PIMS base station sites will be engineered to avoid receiver
desensitization. First of ail, the adjacent channel proolem MPR refers to appiies
more to MTel's NWN system fcr in-oand (930-931 MHz) problem because they
will not be able to manage any of the adjacent £0 kHz channei(s} whereas. in
*IMS 10-25 kHz channei greups, PageMart and other PIMS system operators
can manage the adjacent, in-band. channeis (10 cnanneis) to a mucn higher
degree. The out-of-band 929-830 ana 831-932 MHz issue has aiready been
addressed by PageMan in the PageNet comments (see PageMarn Reply
Comments, June 16, 1992, page 19-21). Furthermmore, MTel's Reply Ccmments,
June 16, 1992, page 10. footncte 20 also addresses the same agjacent channei
interference preolem MPR now raises for PageMart. However, the specific
advantage MTel claims with NWN that...

"...the return signal wiil use a reiatively narrcwoana {25 kHz; cnannet
operating at 9.6K bps that is empbeddea within the 50 kHz channet.
The puiit-in guarapana arforas at least 20 dB cf agditionai orotecton’

...is unnkety.
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What is likely is that in orger to suppress a 800 MHz signal by 20 dB, (that is,
12.5 kHz from the carrier) would require at least a fourth order filter with loaded
Q's of 37.2K. In simple numbers, the rcil-off of a single-tuned circuit is 6
dB/octave; therefore. it would take at least a fourth order Butterworth circuit to
acquire 24.3 = 21 dB isolation. This would set the undamped resonate frequency
at 12.5 kHz or a band pass value of 25 kHz. At 830 MHz, this would reflect a

loaded Q of greater than 37,200 or a very large physical filter at 930 MHz.

MPR states the PIMS subscriber transceiver module must be
powered up for long periods ot time.

‘The requirement on the subscriber device to measure the signai
strength of the polling channei for the base sites requires that the
subscriber dsvice be powerea on for long periods of time. This wiil
drastically reduce the battery iife."

PIMS subscriber transceiver modtle is as power efficient as a pager in the
receiver mode. The simpie answer (see page A8,9, PageMar Petition for
Aulemaking) is that PageMart's novel "best serving transmitter identification’
(TXID) approach means that the subscriber unit does not have to be on ail the
time 10 measure signai strength (as in cenventional ceilular telepnony). The
subscriber transceiver module (STM) can receive a broadcast in its designatea
frame. power down thereafter and store the TXID for later broadcast back to the
sys.8m ccntrolier (standara POCSAG paging receiver cperat:on is that after the
recgiver acquires sync it cniv powers up one out of eignt frames to deccde
aadress). Tnerefore, the STM does not neea to have a scanning receiver nor
does it need 10 measure signal strength but, due to frequent, periodic tase
station transmitter broadcast, it can move petween serving celis ana aiways oe in
a position to menitor its pest serving transmitter ana relay tms information (TXID)

10 the system ccntrotier (via the rewurn link receiver network) wnen a message

notice or poli is receivea.



As a result, no such "drastic" reducticn in battery life as anticipatea by MPR is

relevant.

MPR conciudes that NWN's Time Division Duplex (TDD) is iess
susceptible to adjacent channei interference than PiMS.

‘Since the PageMart system is not Time Division Duplex, they are
susceptible to adjacent channel interference from other units operating
within the system cn the polling, return link and data channels. It has
been shown that destructive agjacent channel interterence extenged
up to 0.5 miles from each tase station site."

PIMS has less adjacent channel interference than NWN's TDD solution.
PIMS, with its ceilular approach. wiil manage its maximum forwarg link
transmission power in oraer to optimize the baiance between minim'zing the
numper of base stations and maximizing desired cell coverage with the opjective
of maximizing the number cf cells for high data thrcughput. Therefore base
station ERP wiil likely be limitea to less than £C0 wars in dense urban areas
whereas the simulicast solution of NWN wiil be motivatec tc have as few
transmitter base stations as pcssible {(as Sky Tel dces now for its nationwide
paging service) with each operating at or ciose (o maximum gower (3,500 watts
ERP in the NWN petition). Therefore the cther NWN carriers wiil potentially
create a far more significant adjacent channsl interference using TOD (simulcast)

than PIMS' cperators managing ESP with respect t¢ frequency reuse.

The main objective is site engineering the forward link transmitter channels ana
‘he return link receiver channeis as discussea in PageMarn's Repty Comments.
June 16, 1522, 5. 19-21). MTel's NWN teing a TCD, non-trunkea-singte

cnannet appreacn cannot exercise any controt over agiacent cnannei forwara link

versus return link cycies of cther carriers (i.e. NWN is in a receive cycie ang otner



adjacent carrers are in a transmit cycle). Hcwever, the more reievant issue Is
the out-of-band RF problems from the PCP and RCC paging tand which, MTel
has apparently not yet addressed but PageMan has. Therefore, the claim made

oy MPR that “MTel avoids this problem by using TDD transmission scheme' is

incorrect.

MPR claims that PIMS must use a high cost DSP chip/receiver.

*...10 achieve higher data rates in their system, PageMart will not te
able to use low cost subscriber cevices. Complexity comparisons with
similar speed devices has snown that they will require higher ccst
DSP, aiscrete analog/gigital or custom VLS| implementations.”

PIMS will not be forced to deviate from a conventionai receiver design or
use a DSP chip at 4800 or 6250 bps. The assertion by MPR that the PIMS
transceiver requires high-power compenents (. operate at 4.800 0 6.250 bes is
wreng. Processing of digital signais dcesn’'t necessarily imply the use of a Digitai
Signal Processing (DSF) cnip. TSF's are used primarily for a supset of digitai
signal processing, such as TI's chip to emulate a classical filter cesign, gigitally.
In fact, it finds many applicatiens in manv RF receiver ¢gesigns. such as sateilite
receivers that PageMarn uses to ccntrol each individuai base station and therepy

eliminate the need for ccntrof channel spectrum.

Even very high speed receivers cited by PageMart in its Repty Ccmments ure
16, 1992, to MTel inaicates that a simpte pnzse lock loop (PLL) design can
supporn a "high-speeq” 2ata rate of 16K bps in a 25 kHz banawidth.i! However,

wnat seems more apparent is that MPR, with its multi-levei signaiing scheme.

-+ May 1980 [EZE, Qn g MMarmod or Constanr Savelope Madylgria= cae Digrad
caQnile 2adic _ceeeuniConios. aouich: Honma, ziichiron Murarta. Tasuniro
Ukou Matsusaita Communicatons {ndustnial Co.. LTD. 16,000 brs ina 25 xHz
<hannei that meets +FCC masking requirements using PSK moaqulator and PLL
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feels that it must resort to a DSP chip design for signal ennancement of its

complicated muiti-tone signaling scheme.

It is NWN that has the feasibility and cost issue with its yet-to-De-proven-and-
tested modulation design, not PageMart. PageMart's design is well along in the
PCMCIA card configuration with a first generation 2400 baud POCSAG receiver

(see Exhibit 8). Adding a conventionai transmitter circuit is alsc underway for the

transceiver card.

MPR conciudes that PIMS is limited to 3,000 bps.

"There is considerable doubt that PageMart can achieve 4,800 tos

rates on its polling channel, and they would be {imitea to rates no

higher than about 3,000 tps."
PIMS is not limited to data rates less than ERMES. First of all, we do not
telieve MPR means 3,000 bps but 2,000 baud. Second, PageMart has not
restricted its moaulation alternatives (see page A26 in PageMart's Petiticn for
Rulemaking), but to the ccntrary, takes the position that its tremendous
imprevement in throughput comes trem its novei ceilular arcnitecture and nct a
very high speea moauiation scheme. Therefore, it can be flexible in agopting

various manufactured products incorporating the ERMES receiver chip set when

.t becomes avaiiable.

The fact is that major manufacturing supgtiers to the paqing incustry are ocised
tc provide high-speea coding capabpility to make another major step fcrward.

“Yhetner this is 4 FSK (as ERMES] or cther modulation techmaues. PageMart's
system doesn't neea "tlinaing sceea” as MTel must have 1o realize a significant

.n¢rease 'n cata rate cecause, gt test, NWN represents a gimulgast paaing

system frcm a network capacity stanapoint.
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Also, It is difficult to understand wny MPR does not believe that the European
modulation standard (ERMES) is feasible ar cannot practically be implemented to
achieve 6250 bps. It is particularly difficult to understand their position on
ERMES when they support as feasible, the 24,000 bps data rate of NWN-
Finally, the 3,000 baud limit is more a self imposed limit justitying the compiex
moduiation approach used in NWN, since there is no hard evidence to support
their 3000 baud fimit claim and even one of the AMS petitioners, PacTel, states
that it has "discernea that the simuicast toundary for near term develooment is
tetween 3200 and 6400 baud based cn its experiments” that appear to be more
advanceza than MTel's paper studies (see June 1, 1992, PacTel's Suppiement to
Hequest for Pioneers Preference, p. 3).

MPR states:

"The spread in time delays between these received signals at the
portable is the 'simulcast time deiay spread.” Simuicast transmitters
up to a distance of 3.6 times this distance from the pase station, or
15.4 miies, resuit in the maximum deiay. The minimum delay occurs
for a portable terminai near the cell site transmiter. Thus simuicast
delay spread wiil be the orger of 83 microseconas.”

To demonstrate the error in MPR's conciusion, suppose the issue of finding the
equi-signal strength "points” between two adjacent transmitters ‘wanders" arouna
approximately 7.5 miles or 15 miies in total deviaticn wnicn is MPR's 80+
microsecond delay spread. Now. if the two transmitters in FageMarts PIMS
system were located 1£ miies apart or iess (center-to-center gistance, wnich is
typical in 800 MHz paging), then this would suggest that the tctal equi-sigrai
strengtin point ceviation would wanaer from one base staticn site to the ctner cr
15 miies. Simpty put, this gces not nappen. [t is even less likely given tre
motivation to create an even greaier numper cf base staton sites or ceils in (e

PIMS system reiative tC a ccnventicnai paging system. Thus, the total deviauon



