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of the equal signal strength "poInts" is cruCial to the bold ana unfounaea

statement by MPR that the 3000 baUd rate is the upper limit and totally

unrealizable in actual practice.

Finally, chere is every reason to believe that i:ie European paging standard,

ERMES. will aiso be implemented in the U.S. similar to POCSAG. and that ASIC

tecnnology will quickly aavance to encompass 4 FSK modulation into very low

cost receivers as has been characteristic ot the paging industry. Thus. the

comments stated belOW by MPR (page 26) are totaily false ana mlsleaaing:

PageMart is aimost two-thiras greater than this rate. vvnich would
inaicate that the 4.800 bps polling channel rate wlil provlae a margInal
degree of operation even if it could operate at all. Lowering the oata
rate to something the oraer of 3000 bauc WOUld appear to ee reoUJrec.
Attempts to increase the poiling channel data to 9600 bauo or higher
does not aepear to feaSible In the type of system proposea by
PageMart.

Once again MPR continually r'1ixes bes and baua since PageMart stloulates DOS

not ::aua because PIMS can accommodate any type of modulation approacr.

'Nntcn will have desIred data rate, power and cost performance. ~;lere is no

cuestlon that P!MS can tecnnically acnieve a proDortionate data rate In a 25 kHz

channel that MTel can acnieve in a 50 kHz channel, given Shannon's law in

information theory.

MPR claims that PlMS Is a Mobitex 1<: ok-alike.

'The PIMS svstem procosea by PageMart :s very Similar to the
Ericsson Mobltex system currently operated in Sweeen. Norway.
Finlane ana Canaaa. This system eeUlcment IS alSO usee by RAM
\'1oci:e Data Ltd. in their natlonWlae mODIle data networK In the Unltea
Slates. Thus It is nar'J!y aavancea In na~·Jre. nor IS It the Tlrst system or
,t5 tv:e."

:0
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PIMS is a novel ceBular paging type architecture. MPR does not understand

PageMart's PIMS proposal. It is common knowleage tl"'.,t the Mobitex pacKet

radio netwon< is a two·way, real time, interactive. data network system reqUlrinQ

channel pairs \MPR, page 23). PIMS is a : '/o-way, non-real time. non-interactive

data network. Theretore. the similarity enos at the two-way portion at the

comparison. The tremendOus advantage of PIMS lies in the comoination at the

novel use of Simulcast paging technology for raaio locationing, the use of cellular

frequency reuse principles for massive improvements in throughput and the

;nnovative ncrron of utiliz:og very low-power/low-ccst office cells and hign rise

affice building c;;;ds to significantly enhance reuse (similar to future pes voice

proposals). Therefore. the simIlarity is that both Mobltex ana PageMart :ake

aavantage of freauency reuse. Dut the comparison enos there (not jf1 -"e long list

of features).

The tact that ceth Mobitex and PIMS both utilize mUltiple freauencles for trunKing

efficienCIes nas to do With the recognition that any nigh thrcugnput system that

'Nlsoes to acnleve full economIes of scale will deSign a wireless system to take

71aXlmum aavantage of the Investment at each cell site. This'soreaaing" of fixeo

site cost caOr1ot be cone with a single cnannel system, sucn as MTel's NWN.

Moreover. NWN requires a two·way networK of receivers but cannot taKe

practical aavantage af cellular reuse within contiguous urean areas due to

destructive c::cnannel interference i 2 because it cperates en one channeL

Unfortunately, it is the malar c:ries where the~ maJortty of sUDscnbers WIll be

fer AMS servIces.

:'lTel ;::ocoses a dvnaffi~C ::omr:.1; m~thod to incr~as~ capacl:y b'..lt r.~v~r

o:.,,<plains what l:7:prOVemem :: wouid make..-\1so. lC r:ever fully explams
dithering :iI:C :-."Jw 1t car. accomplish dv:":amlC zomng with a rr.oblle customer
base. . .
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B. Comments on the Data Link Layer Aspects of the PageMart Petition for
Rulemaklng.

MfR asserts that P'MS' polling channel limits capacity to an order of
magnitude less than proposed.

'The simulcast polling channel. used tor radiation and data c.1annel
assIgnments. IS a constralnrng factor In overall system capacity. Using
PageMarrs message mooel, the best case scenario could support no
more than 3000 messages per hour, the equivalent ot , 2.000
sUbscrrbers per MSA. This IS an oraer of magnitude less than the
100.000 to 200,000 subscribers ciaimeo for a 4800 bps system.'

?IMS' polling channel doesn't limit proposed capacity. ,\r1PR reaeslgns

PIMS' Acknawleogment process so that the entire poiling channel is ccnsumea

with the tasK of polling following aCknowledgment to .a-establish the cacKet

cirCUIt It has alreaay established, rather tnan .~e colling cnannel being usea~

was intendec. namelY for location of the suoscrloer transceIver module (STM) as

t:J its best serving transmItter (TXIDL ~I1PR ccntuses the error protection ana

acknowlecgment process with the p~rpose of t:le poi ling channei to locate the

STM.

MPR: "For error protection reasonIng, PageMar1 has declcea to
segment messages into pacKets of "2 to 5 poeSAG batches.' The
imOllcatlon is that eacn data cacKet must be asslgnea a data cr-annel
via the poll cnannel protocol. because each pacKet is inaividually
aCKnowieogea and retransmItted if reauired, whicn WOUld reoUire 30-75
transactIons on the pail channel. Best case. the. the call cnannel coula
hanale the eaulvalent of 3000 average size aata messages per nour.
assuming a 5 batch pacKet length. At a 2 batcn pacKet lengm. lhlS
decreases to 1200 data messages per nour."

Once the pOlling cnannel has locatea tre subscriber transceiver moaule s :lest

servlr"1g :ransmltter Identification :7X1C). i:s lob ,3 acne. 7~e ret .....':1 linK ana

serving .~ansmltter ·orm a pacKet ::etworK that is ,ialntalned un::! :~ e

aCKnowleagment ::rocess ceases :0 f~~ctlon (i.e. tna cattery failea). ~:rr.::IV

getting an ACt< or NAK does not reac:jvate the palling link.



"Moreover. in reviewing the three versions of ARQ in popular use. l3 <'none ot the

tecnniques listed below would reoUire a reactivation of the polling channel:

1. Stop and Wait ARQ uses the simple stop-and-walt acknowledgment
scneme. The sending station transmits a single frame and then must
await an acknowledgment. No other aata frames can be sent until the
receiving station's reply arrives at the transmitting statIon. The receIver
sends a positive acknowledgment tACK) if the frame IS correct and a
negative acknowledgment (NAK) otherwise."

2. Go-back-N ARQ is one variant t;1 Continuous ARQ. In this tecnnrQue.
a station may send a series of fra:.les determined by window size. If the
receiving station detects an error on a frame, It senas a NAK for that
frar1e. The receiving station will discard all future incoming frames until
the :rame in error is :lrrc-:tly received. Thus the transmitting station.
when It receives a hAK. ,nust retransmIt the frame in error plus all
succeeding frames.

With go-oack-N AAQ, it is not required that eacn inalvidual frame be
acknowledgeo. For examcle, station A senes frames O. 1, 2, and 3.
Station B resconds wIth ACK1 after frame O. but then aoes not rescona to
frames 1 and 2. After frame 3 is received, a issues ACK4, inClcatrng that
frame 3 ana all prevIous frames are accepted.

3. Selective repeat continuous ARQ provides a more refined acproacn
than go-pack-No The onlY frames retransmlttea are those that receive a
i\lAK.'As an example, if in a long message transmission" onlY frame 2
need be retransmitted. ihis would appear to be more efficient tl'1an the
go-bacK-N approacn. On the otner hand, the receiver must contain
storage to save post-NAK frames untIl the error frame is retransmitted.
ana the lOgiC for reinserting the frame In the proper se~uence.

P!MS intencs to use a continuous ARQ acproacn. Althcugn as prevlous:v

mentiOned. none of the ARQ approacnes mentioned above must re-establish tne

original "hanashake' in the event of any ACKJNAK acknowleagment wnich MPR

has assumea in their analYSiS of PiMS to arastlcally reawce colling c~annel

cacaclty (page 31. 7he Imolicatlon ot MPR's ImOliea reaeslgn ot PIMS is that

sacn data paCKet must oe asslgnea a cala C:1annel via the DOlling cnannel

:3 r.3.r.dboo!<. Of ("c;npurer Cqmnl"j,Dlqnoos :;i::mdards - Vn!l.:,,;,;e r. William
:-italliogs, Stallings/ Mac:-1illan. 1987.



protocol. because each packet is Individually aCknowleaged ana retransmitted if

reQuired. which would require 30-75 transactIons on the poll channel l. Thererore,

the MPR, inaporopnately coupled with a channel utilization factor (0 retlect ac:_al

operation. reduces PIMS' poliing channel capacity by a ractor of 37.5 is entirely

wrong. AcknowleClgments are made In the reserve syncnronous time slots of the

return link (see A15, Exhibit XV, PageMart Petition for Rulemaking). Therefore a

continuous packet cirCUit is established that does not reqUIre any aaditionai

hancshake via the polling channel irresoective if ACKs or NAKs are received.

PIMS' control channel can sue :Jort 450,000 sUbscribers at 4800 bps. MPR is

aoproXlmatelY correct (assuming the need for preamOle) by arriving at 112.700

pall land Go To channel) transactIon per nour at 4800 bos or 225.400

transactIons per hour at 9.600 bos. Using the acove MPR assumctlons and a

continUOUS ARQ approach prevlouslv discussed. the following IS a table of

iesults:

Theoretical Control C~1nnel Capapility

ransactlons
:aja f',ate :l~r Hour

~eauctlon aue to
:: POlling Channel Jtilizatlon
-anashaketfacKet Assumption

Net Total
-;-;ansac:lcns Subscriber

P'1r >-1QL;[ CapacitY

\1P;;
P3.geMart
PageMart

':'800
..:.800
9600

, 12.700
• 12.700
225,400

"30
r-one(ContlnuOUS)
- one, ContinUOUS)

80% (Incorrect)
:.JA (Theoretical I
"lA (Theoretical)

3.':00
·~2.7CO

2.25..+00

12.000
450.000
901,600

'Therefore. the acw,,! pOll t~ansac~lOns are 37.5 t:mes (greater trlan} tnat

calculatea by MPR ""nich !:l turn has a cr:tical imoact en P rMS subSCriber

::acaclty. 7he actual theoretical cacac:ty cf the polling cnannel IS C'ler 450,000

3UCSCrlOers per MSA at 4800 cps tc over 900.COO suoscrlbers cer MSA.

snoL;IO t:e nctec that ;n NWN's SCrieme. 8cth AC((JNAK ana registration

iautomatlc ana manuail ana retransmISSIon (parllcUlany· :::vnamlc .:onrng IS

~ .-



L,;sea) significantly reduces throughput of their system and that elaborate

scnemes of auto identification to avoid this problem have been devised, but not

confirmed, (page 10, EXhibIt E. Technical Feasibility Demonstration by MTel.

June 1, 1992), could be extremely costly.

MPR asserts that if Inbuildlng cells are deJeted and 9 cell reuse is
reauired, data channe' capacjty is reduced.

"Eaen data channel can sucport no more than 600 subSCribers. Total
system capacIty IS deoencent on implementIng a large number or non
interfering cells. sublect to the limits of the Doll channel.·

Inbuilding cells are in commercial operation today and 4 cell reuse has

been validated by Mpc s own authoritative source. Three major Issues are to

be made With MPR's analySIS. :=irst. the estimates dO not incluae any bUilding

cell or office cell reuse, ::',aretore, MPR has again reaesigneo PIMS to reauce It

~o haYing the same major defjciency as NWN, namely no prOVISion for slgmficar.t

messaging servIce In b~.Jllaings, yet That ;5 where AMS is intended to reacn

bUSiness peoele most cf the time. . 'WN would acpear to be cctlmlzed around

the conventIonal paging paradigm of meeting the needs of service peoOle ana

traaesmen that do not have offices but 'requently WOrK on maIntenance or

ccnstruction orojects in and outSide office bUildings, homes. etc.. PageMart

believes that AMS reaUires highly efficient use of soectrum gIven that bUSiness

peoDle Will be In offices as well as mobile. and not to taKe aovantage of low cost

messaging services. uSing FC-basea office cells. :;;:ven the cresent eXCIOSlve

growm In highly portaele. personal computers is to ignore c~rrent trenas ana

future forecasts (Exnlbit 9L Secona. ,~IITel continuallY reTers to i:S nationwide

system cacaclty aT 800.000 SUDSCriOers ('.'11th an eany estimate CT 34 zones now

ncreasea to 5-:-'nJcn Imcllcnlv assumes maxlmurr: :neoretlcal data rate caDaelty

:n 1"'[ost all the malar clties. not actual or ,?stlmatea cacaollities oasea on cractlcal



jata througnput. Third. a 9 cell reuse pattern IS assumed tor PIMS that is

irrelevant given cur earlier comments or 'he physical layer cntique by MPR.

The follOWing table provides the comparison of PIMS "capacity" as deterrnJned by

MPR and PageMart.

Data Channel Capacjty Comparisons (Malor MSAl

AnalySIS
MPR
MPR

PIMS

~
growtn
;rowtn

aeoqraphlc.l
,;alll Onlv

Concurrent
:)a18 Jata iheoretlcal
~ Cnannels CeUiaclly
~.800 ao
~.800 35.6

(9 cells reuss)

Act!.::!!

Cae",; -,
34.000
: 5.000

aeographlc.1
9ylldlnQ£0tflc, C,II1

Concurrent
Data 7heoretICat Actual

Channels CapaCItY CaQaciIY

,'ignored)

PageMar1 ;rowtn ~.800 ::30 55.000 35.000 246 202.000 • 09.CeO
PageMar1 ;;rowtn 9,600 ao '30.000 70.000 246 404.000 219.000

PageMan mature ~,800 120 98.000 52.000 556 ':'57.000 243.000
PageMar1 mature 5.600 j2~ • 97,000 : 04,000 555 ~14,OOO ~6,OCO

"7"herefore. Simply because NWN's arcnltecture cannot accommodate office ana

:JUllding cells. MPR electea to ignore PIMS' capability to de so. This is entirelY

inapprocna,s ina self serving for ccmcarlson of PlMS with NWN.

MPA claims the return link channel cannot work as described.

"7he return link meaia access protocol cannot won< as aeSCrIcea. "7"he
:nformatlon centent of the reaulred messages cannot fit within their
allocateo tIme slots. ana no allowance has oeen made for real-world
:evlce cnaracter':'::ICS in terms of timing, syncnronlzatron ana :urn-on
tImes. A realistic return link protocol would restrict the poll cnannel
transactlen rate even further. reauclng system capaCity aceoralngIY.'

PIMS' control link channel functions as proposed with one code worQ.

'JIPR first reaeslgns PIMS wttn an arcltrary assumtJ!lcn that leacs to an

mmeaiate reauctlon In return link cacaclty by a factor ::::r 3i.5. \-1PR.,1 '!S

reaeslgn ef P!MS. reaUlres the SL,;cscnber transceIver unit te aCKnowieage Wltn Its

':6



":;ao code" address as well as (1) the best serving transmitter identification, and

(2) message alsoosltion. so that the return iink Information w,;1 exceea the 20

data oits per frame available in poeSAG fermat, when MPR knows the polling

channel and return link channel is synchronizea and doesn't require SUbscriber

identification to complete a pOll.

MPA states on page 4 and 5 that they are aware that the returr. link channel is

time-synchronized to the poWng channel:

"The return link channel is tlme-syncnronlzed to the poll channel ana
uses POCSAG batch formatting."

MPR then goes on to state on page 5 that PIMS doesn't need to transmit cap

coae address In a synchronlzec system but never reflects tl-:'5 result in Its poiiing

channel cacacity calculations:

"Alternatively, the aevlce's POCSAG aadress may not neea to be
transmltteo, since the system knows wnich device's resconse is
exoecteo. albeit at a cost ct increased complexity in the networK
process:ng."

in fact. the entire review of (1) Pall Channel Cacaclty, (2) Data Channel Cacaclty,

ana (3) Return Link Media Access Pretoeol is a totally unnecessary. The fact is

that the Return Link channel has 20 bits of data avallacle ana :h,s IS more than

enougn for :he oest serving transmitter identification (TXID) in eacr. ~arKet

(excluaing office cells) and snort message aisposltion coce. Since 10 Clts are

stili avaiiable. we orooosed also transmtt1ing cae cooe address, in an aobrevlatea

":;rm, as a reliaoilitv:- "'CK tt.;t it is r"ot r~guire~ at all, -'je follOWing table

:escrloes the Oit ~eculrements c:.ment!v enVISlonea ror eacn ~ype 0; transmISSion:

PIMS Return Link Message Format
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-;- ransmltter Subscnber Messaqe ~CKiNAK

~ 1;;;TXIDl Cap Cgge ~ Message"

M....g. 7 ~ O·
R••pons.

ACK/NAK ~O· 10

Ace••• 7 18 5
(for data channen

• Optional

.\J1essage '7"otals 8its
QjSPOSI!IOD C;-ae Wares

3 20 Bits
1 cod. word

20 Blta
1 cod. word

40 Bit.
2 cod. word.

MPA's analySIS is flawed because they erroneously come to the conclusion that

PIMS must transmit the comolete POSCAG aodress when they have concludeo it

is unnecessary (see page 5). MPR states:

'There are several proe/ems With the retum /ink protoool as :escribed.
First. the racio location pall-response IS speclfiea to contall :ne'base
station 10 or call sign. ana its POCSAG address pius the aiscosltlon of
this message." This Will reqUire a response of at least two coaeworas
minrmum, possIbly three or four, depending on length of the base
station ID (Page A9 implies the base station 10 is one frame (2
::~~eworcs} in length). Thus. ~,le Call response cannot be transmlttea
Nltnin ItS reservea time slot and the maximum poil rate at the svstem
must be reducea (and thus maximum system capacity) to reserve
adeauate return link tIme for poll resconses."

Since it is clear from the previous table that onlY 10 bits are neeaed (transmitter

10 plus message aiscosltion) and not 20 bits tor 1 coaeword. MPR criticism of the

poll resconse is comcletely Incorrect.

SimilarlY. MPR's Cl"lticlsm celow or PIMS ARQ resoonse IS eaually unfounaea.

:;lIven the neea to likewise transmit onlY 10 bits Including ACKINAK :Jjus the

aemlty af the oacKet c=malnlng the error:

'Secone. a Similar prcolem ccc:.;;-s tor the ARQ response and for me
-ancom access SlotS. The ARC resoonse messace IS also likely to
;saulre two coaeworas to anocae the deVice's P-OCSAG aadress.
.';CKJNAK status ana message numcer (reaUi rea tor cuclicate



detection/elimlnatlonl. The aata channel reservation request "inoicates
the message length to be transmltteo, the serving tran~ -nltter site
identification ana the suesc~~ber unit identification", wnich 'h ~:d reaUlre
anywnere from 2·4 ceaeworos. depending en length of base station Id.

Thus, none of the return link channei messages will fit wIthin the time
slot allocated tor their transmission."

Theretore, once again. only 10 bits or one code word is needed to orovide the

necessary reseonse in a synchronous system In an ACKINAK mode. In addition,

the STM's ACK/NAK is synchronized in one traliing frame following eacn packet

wnich is intentionally left blank in the data channel.

It is further interesting to note, that MPR attempts to find some eroelem With the

error correction with PIMS wnen MTel speclficaily requestea of MPR that NWN

not be analyzed and recognizeo t~e non critical nature of this exercIse that they

unsuccessfully attempt to highlight with regard to PIMS (page 17, F:nal Report on

NWN Protocol):

"Any error protection scheme is a traoeoff of effbency,ccmolexlty ana
proeaOJlity of error. MTel's proposea protocoi also utilizes ARQ. 'tmere
messages with errors that are uncorrectaole 2 - -: retransmitted. Ihese
retransmiSSions obViously decrease the ert.=- .~Ive througnput of the
cnannel and aad to the ovemead. The resulting "wasteo" capacity is a
function of the expected message success rate and the maximum
number of retransmissions that will be attempted before discarding the
message as undeliveraole. At MTel's request. the effect of
retransmiSSions was not analyzea. A realistic trarfic mooel for
message success rate has net been ~eveloDed. Note, however. ~'at

many retransmission algorithms eXist that mlnrmlze retranSmISSion
overneao, sucn as polling the deVice on non-acKnowleagment ramer
Ulan retransmItting Immeolately. These and orner tecnnlques are
unoer revIs....... "

\1PP fLOf1her 5,...;"es that ~hey are not familiar with a transceIver deSign that -:an

:~rn cn anc crt even In a syncnror.ous s,/stem In the PIt IntervalS that Pagerv1art

reoUire (imclIed at 4800 bOSl 'APR states as Tallows:



"However, the more serious problem is that the return link media
access protocol as aescrrbed can 110t be Imelemented in real devices
!n a cost-effective manner. Sack-to-back single codewora
transmissions from different subscrrber devices are required. With
absolutely no time allocated for preamble. word synchronrzation or
guard time between transmiSSions. This would reQUire the simulcast
transmitter network, all dedicated and co-located base receiver sites
and all subscriber devices to be synchronized to each other within
fractions of a bit interval. It would mean, for example. a system
syncnronized clock would have to be distrrbutee to all receiver sites.
whether at co-located base stations. dedicated geographic receivers.
bUiiding or office cells.

Even assuming such ClOCK synchronization were economically feaSible.
allowance must stlil be maae tor the non-zero transmitter turn-on ana
decay times in the subscriber transceiver moaule. Fast attack ana
decay transceivers would Significantly add to the cost of the STM.
esoeclally since they must be frequency agile as well.

To eliminate thiS non-realizable requirement fer :Jerfect
syncnronization, the return linl< orotocol must be reaeslgnea to allow
for reasonaele attaok. synchronization and decay times. as weil as
excected message lengthS. A reasonable conjecture mignt be to allow
an aaditional coaeword interval oer return linK message to allow tor
oreamole. svnc ana auara intervalS."I ... __

The aforementlonea "non-realizable reauirement for perfect synchronization' is

comoletely Incorrect. To aadress this issue. we wiil conSider the stee resoonse

I")f a composite RF filtering circ~.m conSisting of nominal a values of 100.

-;:eretore, the eaUlvalent low pass LaPlace transfer function eaua:'on of mat

passive networK 15_ 14. 15
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where. Tn = 1/Wn ihe 3 dB response frequency at the eauivalent base

band CIrCUIt; and. Q:::: Wo,fINn = 100 (where W0 =carner frequency):

then, Wn = Wo/100: or fn = fo/100 = 930 MHZl100 =9.3 MHz.

Thus. Tn =17.11 nanoseconds/radian;

or, Tn = 107.53 nanoseconds/cycle

Now simple AC circuit analysis the rise time of an RC single root circuit is 2.2 RC

or it takes 2.3 time constants to arrive at the 90~~ final value pOint. Therefore. It

would take 2.3 x 17.11 =39.35 nanoseconds for a single tunea Circuit at 930

MHz (with a loaded Q of 100) to build up to the 90% finai value. Hence. 2 to 4

cascaded tuned circuits would yield an elapsed response or less than 0.1

microseconas. Consequently. the rise time (and decay time) is less than 0.05%

of a bit interval time. Thus, the "fest attack" clrcuit that MPR finas is a "non-

~ealizable" reeuirement is entirely achievable.

MPR states that channel access protocol severely limits capacity.

"The Inbouna data channel traffic capacity is severely hampered by the
design of the cnanne! access protocol. In the best case. Inbouna traffic
can net exceea one-sixteenth at the outbounc traffic. based on numcer
of messages."

PIMS random access protocol permits up to 100 times greater subscriber

access than NWN. First cf all. PIMS has 8 frames cer oatch cycle •• ilIch ccc~rs

on alternate catch CyCles to accommocate a nigner thrcuQnpUI ot subscnoers

'Nlsning access to a data cr-annel than if the PIMS simply allowea all subscrtoers

:0 svnC-UD to the ranaom :atch access Interval and broaccast the!r reeuest for

.:ata cnannel on a siottea At_CHA baSIS. ,~/lPR focuses on the procaOllity or

accessing a cnannel uncer concitions wnere a large base of sUDscncers ail w!sn

:0 maKe a reauest for a cate channel reservation rather than a PI~S' ability to
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accommodate a factor at 8 higner throughput than single time slot (on a single

channel).

MPR goes on to state:

'Random access is just that, random, and constraIning the choice at
slots to different segments ot the population does not affect the
probability of collision once the size of the population outweighs the
number of available slots.·

However, Its not the probaollity ot collision that we're interested in, cut the

sUbscriber access throughput to reserve a data channel for a retum aata channel

transmission. For example, a gas station with 8 pumps and 8 queues handles

more customer throughput than 1 pump and 1 queue even though all eIght lines

may be eaually long. However, the probability of obtaining pump service from a

"ranaom queue' in the aforementionea example is approximately the same (or

procabllity at collision). Therefore. PIMS' throughput IS the issue. not the

probaoility at cOllision. Note that PIMS offers sucscrioers access to the return

iink on altematlve batches. This works out to give PIMS between 50 to 100 times

the access NWN affords their CL:stomers because NWN offers a 7- millisecond

time siot after each message, and also must set aside time tor ACKINAK.. -:-hus.

long messages coula deny access to many subscrlDers wnlle building long

queues.

Furtnermore. P1MS does not slmelY perform as a sioned ALOHA manner as MPR

states:

"One-fourth of the total return linK is dealcatea to !his func~lon ana IS

accessea in a slottea-ALOHA manner:'

Ihe correct conceet IS multiPle siottea ALOHA with caQt~re. ~healfference is

t:etween maximum C:iannel thrcUC;;lput efficiency cf 37':>/:; :er Slot (frame) ana
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57% per slot with capture.; 6 Thus, with subscriber units at varying distancas

from each return link receiver site, some collision wlil not occur because certam

receiver sites will ca"tyre basea on the strength at one STM over another. Also.

because of the distributed nature of the STM's population throughout a City.

further reductions in collisions wiil result given the spatial dispersion at STMs to

receiver site groups.

MPR states their concern aeout PIMS' turn-on and turn-off time interval in a

cellular system that has mutually exclusive channel assignments of its aajacent

cell. The seoaration between non-overlacplng cells prOVides adeauate isolation

in the "key down" overlacplng with a "key uo" transmItter at least one cell

removed. MPR states the followmg:

"PageMan proooses two alternatives to transmitting the base station
cail sign. In the first alternatIve, "one geograpnic cell. in eacn four
geogracnic cell group, is to broadcast its station identification In eacn
frame for a deslgnatea batcn. DUring this batCh, the other tt1ree
geograonic cells simply broaacast the sync pUlse ana power down",
Presumaoly, these hign powerea transmitters will be able to power
down Instantaneously. and power up again instant2:1eOusiy, so as not
to interfere With the call sign transmission of the neighboring cell. it
aiso Imciles that the signal strength measurement is to be taken aUrlng
this interval. dUring the normal wakeup penod at the suoscrlber aevlce.
i.e. 2 ccdewords or 13.3 milliseconas."

One has to wonder what the overlao problem might be. however. in a TOO

system sucn as NWN wnere sigmficant inefficiencies may be reqUlrea to acnleve

~ 6 ;';:stnbuted Telecomrnu;;.rc;mou '.;ptwons,s, Roy Rasher L.tetl::1e L~arning

?ubiicarwn I \VaCS\VOfe: I::c.; 19t12. 7he :lnaiysls of t:::e ALOrL-\ 'Jacket l:'::-oaCC:lSC
:::l3.n::ei assumea t:::at, ','men ar.v part or ['so or more paCKets ove:laD. ..L.
;:-ackets ~::,;oived 1:1 :::e collision must t:'e re~ransmm:ea. In re:l!ltv. :here IS at
:east some s::-obao:litv that one of t!:e packets inVOlved in a (01l~SlOn Will te
3ur:kientl;.: stror:g :0 -caDture the receiver :lnd be received aCG..:ratelv. :f :tis
were u:e case. =:or every packet HWOivea ::: a collision wouLd have La oe
:-etranSmltted. "'or,:c:: would reduce the apparent mterrerence ana i=:crease the
channel througnpur a.( any :evei or trarfic.
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a "quieting" period between t.1e hign-powered forward link ana the low cowerea

subscriber return link.

MPR asserts that NWN :<\ 2.7 times more spectrally efficient than
PIMS

"The proposed MTel NWN system is 2.7 times more spectrally efficient
than the equivalent PageMart PfMS system. when considering the bits
delivered per frequency domain, time domain ana space domain."

PIMS' capacity correctly stated is as proposed to the Commission. Taking

into consideration the MPR redesign of the PIMS system, it is not surcrlsing that

MPA enas up with NWN being 2.7 times more spectrally efficient. However, lets

look at the facts causing sucn a dramatic change of estimate to that prOVided by

PageMart in theIr PfMS Rulemaking document

PIMS Capacity Factors Considered by MPR and PageMart

Factor
Poll Channel Caoaclty
(TransactlonSlHr)
~ cos

:JHice &. BUllOlng Calls

GeograpnlcaJ Cell Reuse

MPR
3.000

~4.800

9 cell
Reuse

PageMa"
112.700
~4,8CO

225.400
,~ 9.600

Reoresents
2/3 System

Caoaclty

4 Cell
Reuse

Comment
MPR incorrectlyassumeo
PiMS reaulres more than
one ccaewora to respona.

MPR arcitranlY Clsregaroea
?IMS throuqnput caoaollity
uSing offics/bullolng celis.

MPR electec to Ignore
current cellular reuse
tecnnology oy tnalr own
c:tec autnonry. Cr. Lee.

What IS difficult to understanc. is he','· :i simulcast system sucn as NWN in d

major MSA can excect to be as efficient as a cellUlar system mClueing office ana

::U1lding level re'Jse cacaollity, MPR's approach was to denv the cossloility at

::ttice and buiiaing cells. reauce me tnrougnput of the pOlling C:1annel by a fac:or

:i 37.5 (even wnen t~e MPR author recognlzea that It d:dn't ~ave to func:lon the

Nay MPR assumec) ana to reCl.lIre PIMS to use a 9 cell reuse plan that IS 3 times

less efficient than their own c:tea cellular authority aevocates.
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MPR then goes an to compare ?IMS to NWN using their assumption that

disacles the palling channel.

PIMS Capacity (4800bps ·10 hr bUSy period)
Difference

PageMart MfB Factor
Polling Channel 450.080 12.000 (37.5Xl

Data Channels 35.000
(Geograonlcal Calts Only)

Data Channels ~ 09.000
(Gao.. 8UlJOIng & Office CeliS)

N/A

N/A

Therefore, freauency reuse is not relevant, ana building ana office cells are also

not relevant to MPR's analysis. However, looking at their analysis (Which they

say is the same), one sees what system throughput enhancing assumctlons they

have used to ennance f .. "VN's net data rate:

5 Channel pata Rate (2;0 KHz)

~ 8.150 ~essagerJhr. X 6,QQQ Bytes X e.....e.il.s X bL. = i08.667~
\1essage 1 8yte 3600 Sec Sec

, C~al-=I Data Rate (50 b:Hz)

'08.667

5
= 21,733 bos ~et or (91 ~'o effiCient)

Therefore. system overneaa (location. ACK/NAK. cheCK sum r'nry) eouals

r: . JeD· 21,733)/24.000 =9.4%. ?IMS however aads 42% ~orwara correction

ana c:ner overneaa for POCSAG. it is therefore interesting to note tne MTel

::alms that NWN has poeSAG forwara error correction. but does not Include It In

their calcl,iiations (PIMS assumes a 42% reduction in througnpUI) that assumes

,'lWN total ov~rneaa IS a mere go
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C. COmmef1~3 to Comparison of Maximum CapacIty aT PageMart and MTel

MessagIng Services.

MPR claims NWN has 2.5 times the capacity ot prMS.

"This brief analysis shows that the MTel NWN system supports nearly
2.5 times as many subscribers as the PageMart PIMS systems. when
considering the bits delivered per frequency domain, time domain and
space domain."

PIMS has an order ot magnitude more capacity than NWN on a per hertz per

MSA basis. ihe reason the result was achtevea is that (1) MPR reduced PIMS

polling channel capacity by a factor of 37.5 times and (2) neutralizea the

caoaCility of PIMS. by assumotion (1), to employ freauency reuse either in

geographical cells or building ceits. In effect the 6001 messages/hour results

converts PIMS to a simple simulcast system operating at a gross data rate at

9.6K bps in a 25 kHz channel. However, PageMart has shown that~ at

MPR's key assumptions are correct. If the aforer:-;entioned c::rrections are usea.

the followIng IS a valid comparison between PIMS and NWN. uSing MPR's own

assumption ana analysis of relativelY short message size (3,000 cnarac:ers,:



Subscriber Capacity Comparison (Maior MSA)

System Phase
Rate
LQW

Geographical
Cells Only"

Geo., Building
and Office Cells

P8Q.M.rt aoalv".
PIMS grOwth
PIMS grOwttl
PIMS mature
PIMS mature

MPR aO"Yli.
PfMS
NWN

growttl
mature

4,800 46,161
24.000 ~ N/A

("4,500 CRC only)

4.800 , 90,000 590,000
9.600 380.000 , ,180.000
4.800 286,000 867,000"
9,600 572.000 , ,734.000'

• LimlteO by polling channel caoaclty
.. With Fcrwaro Error Correction

Assumptions:
1. Same as MPR exceot tor Polling Channel
2. PIMS has 58% POeSAG protocol efficiency (forward error correction

and sync bit)
3. NWN has 83% protocol efficiency (no forward error correction SimplY

CRe error detection)
4. Eacn system uses 250 KHz

Therefore. wnen the false MPR assumptions are removea. the real compansons

cramatically favor PIMS and its ability to SUbstantially grow the number ct ceils in

buildings and offices over tIme for further frequency reuse. NWN however is

"capped" on caoaclty as are all simulcast paging systems.

. -
:: I
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Increase
Service Area
Capacity
And Add
Cellular
Subscribers.

.\lost cellular telephone users,
especially those who use hand-held
P?ones. know the feeling of being
disconnected suddenly, without
warning. It may happen while you're
driving in congested rush-hour traffic,
or as you enter a canyon, tunnel,
parking garage or building. It may
even happen as you walk ~r drive'
through an airport or around a comer.

The problem is often traced back
to insufficient capacity in hi2h
demand areas, or to "dead 0;weak
spots" created by obstructions such as
high-ris\.' lildings, parking garages or
tunnels. The solution: MicroLite,TM
the patented fiber optic microcell
system developed by Decibel.

Provide Clean. Clear Signals
In Congested Or Blocked Areas.

MicroLite was desi!ffied to meet
the growing demands of system
operators for increased cellular
subscriber capacity and improved area
coverage. By locating the microcell
where the subscribers are concentrated
such as in dowmown areas. buildings,
airpons :. conveI}tion Centers, ~
:MicroLite provides improved coverage
and enhanced system capacity. ~

In highly congested areas: a series
of individual MicroLite units operating
as stand-alone microcells can be used 
to divide existing cells and increase
the cail handling capacity in crowded
cellular areas. Several MicroLite units
can be placed at one location to form
sectorized microcells.

The Power :\nd Flexibility
Of Fiher Optics. .

MicroLite microcell i~a compact.
fiber optic-based. low-power device
with the ability to enhance cell site
coverage and capacity with unmatched
flexibility. All signal processing takes
place at the cell site. Radio sig~als
travel to and from the cell site~over
~ptical fibers. This high-quality,
lJghtweight media allows
unprecedented t1exibility. The cellular
network designer is no longer
constrained by site selectio~ criteria
dictated by the need to have radios
and associated equipment at the
antenna site.

Acomplete fiber optic microcell
system includes acell site oorical
interface panel and a remot;
transceiver enclosed in a weather
resistant cabinet. The remote contains
a linear RF power amplifier. a low
noise receiver amplifier. transmit and
receive tilters. an optical transmitter
and optical receiver. Several power
output options are available to meet a
variety of coverage and capacity
reqUIrements. An optional alarm
system is available to monitor and
report on the status of the remote
transceiver.

For cellular systems. .\licroLite
offers more than just a ..till in"
system. It provides an exciting
link to the future of personal 
.:ommunications. The small size and
"go anywhere" design of the remote



Jnalog systems. This linear design
supports both today's analog systems
and tomorrow's digital modulation
techniques. System capacity can be
70 or more analog channels.
Distances between the cell site
interface and the remote transceiver
can be as long as 24 miles (40 kIn).
and can fill in RF dead spots several
miles across.

Place Cell Sites At Convenient.
Economical Locations.

In most urban areas. cost effective
cell sites are not always available.
With MicroLite's compact size and
flexibility, you can select the ideal
location for maximum ceil site
coverage at the lowest cost.
YlicroLite mounts easily on utility

transceiver allows new tlexibility to
locate cell sites where they are needed
most. ~licroLite elimimtes problems
associated with environmental and
aesthetic objections. exorbitant real
estate costs. zoning problems or
unavailability of site locations.

:'rlicroLite Handles TDY1.-\.. COMA
As Well As ~arrow Band And
Traditional Analog :\.\IPS.

The MicroLite system is designed
to be transparent to the cell site. This
ensures that the investment in
microcell equipment will continue to
perform even if you change MTSO or
base station suppliers. High linearity
throughout the system ensures
compatibility with TD~lA. CDMA
and N-AMPS as well as regular

poles. billboards. buildings and at a
vanety of unobtrusive locatIOns that
provide the optimum coverage for
high use cellular areas. There is no
need for building additional towers.
and expensive site preparation costs
are eliminated. Existing cell sites may
be used to house equipment serving
several microcells. further reducing
site costs while improving
maintenance speed and efficiency.

Within metropoiitan areas. the
microcells can be vertically Slacked in
office buildings to enhance portable
coverage or to form wireless
telephone systems. MicroLite units
can also operate within or along the
edge of an area served by an existing
cell site to provide coverage to weak
signal areas or dead spots. Aseries of
MicroLite remote transceivers can be
located along highways to provide
coverage through canyons, valleys or
tunnels.

.\1icroLite is a member of Decibel
Products' Multi Media Microcell
Systems family. It is designed to work
with other products including
MicroFill.N Decibel's Structure
Specific 75 ohm communications
system. the 16-Channel DB4416
Power Combiner. PrismPlus. and a
selection of specialized low-protile
interior and exterior antennas.
Together. these produC!S Jrovide
cellular system engineers with the
tools to meet the challenges of today's
subscnbers while building the
foundation for future personal
communications networks.

To Power
Source

From
Combiner

To RX
Multicoupler

Cell Site
::terface Panel

To Antenna

O;Jtical FibersTo Power
Source

Weather
Resistant
Housing



Decibel Is
Committed
To Your
Future
Applications.

MicroLiten• Remote Transmit
and ReceIver Module System
WItt! Power SuppiYIMount.

Decibel products have more than
.+0 yeJrs of development. research and
manufacturing behind them. Our
technical leadership Jnd dedication
to excellence in design and system
integration is evident in every product
we produce. Service that begins with
the initial consultation. continues with
comprehensive customer suppon after
the c·~le. Our 24-hour telephone hotline
aSS\;:.l continuous. unintenupted
service. Decibel is committed to
providing the most advanced
communications technology to
accommodate tomorrow's applications.

Optional RF Alarm
System with LCD
Display and Open
Gollector Output.

Gel/Site
Interlace Panel.
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Where
Communication
Technologies
Meet

3184 auebec Street
P.O. Box 569610
Dallas. Texas 75356·9~10

214-631-0310
Fax 2140631-4706
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D8471 . -XV
Compact Broadband Directional Antenna

800- 960 MHz
IModel Number I DB471N-XY DB471E-XY

Termination Type N-Female 7-16 Female

~Frequency Range 800-960 MHz
\\

~";,,,\\\
Gain 5.5dBd (7.6dBi) I

I

VSWR 1.5 :1 or better

CJ'aErt:1
Beamwidth Horizontal: 110'
(3 dB from max) Vertical: 70' ,~
Front :~ 8!!ck Ratio >20 dB 0 1

PolarIzation Vertical

~~Max. Input Power 60 watts

Other Information Mounting bracket can be rotated 90', Connector
Connector weattler guard induded. Weather Guard

Weight I 2.3 oz. (1000 g)

Max. Wind Area 64 in" (406 mm2)

Windload 221bs.

Max. Wind Speed 100 mph. (160 kmJstd) Mounting to a Venlcal Member
Material

I
Aluminum base
PC Board
ABS Radome

Color I Off-white I

Mounting Large hose clamp 8'/
Ughtnlng Protection I Metal parts at ground

Packing Size 12"x12"x10"

Shipping Weight 4 Lbs. (18oog) , ~\\
_ \ \ 7'

)"1;"" I
:

Typical Pattern I

~""'i' r- V
~~o. ~~JO' ~~
~O

rNrf\\~o

~~JJ1
~. , i

\ I
-~y \--1--r
"0'"-

Horizontal Vertical Mounting to a Horizontal Member !

,
Gain (over iJ2-Dipole)I

VSWR Typical VSWR dBd dBi
• • •
11.6 I ; , : 17 : I ; I , !i I : I I 9I ; I ; I

1.4 I I ; i I ; 6
I : , J I I

8.......... ' ~,
, I ./ --- ~

!
I .", : .Yr i I • : ; I 1 I I1.2 5 7I

......... ' ".....-: I : , I I I

. 0 I I
..... : I; : 4

: , , I ; 6/.

sao 250 soo 950 f.1Hz 800 ESO ?OO 950 MHz
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PRELIMINARY SPECIFICATIONS

I. EXECUTIVE SUMMARY

1.1 General Information

DECIBEL PRODUCTS
Smar1:CELLw MICROCELL SYSTEMS

The SmartCELLN is a Microcell System designed to provide
improved Cellular Radio service to areas not covered adeauate
ly·by existing cellular technology. The SmartCELLN Microcell
System will also provide service to areas with dense user
population. The System is also designed to provide these
services with a much lower infrastructure cost than conven
tional Cellular Radio Systems. The SmartCELLN Microcell
System makes extensive use of components developed for small
cellular mobile equipment to provide a compact, cost effective
response to the recognized need for microcell based Personal
Communications Services (PCS).

1.2 General System Operational Description

The SmartCELLN Microcell System uses Cellular Compatible
Mobile Station Radio Transceiver Subsystems to communicate
with the radio equipment in the existing cell sites and
Cellular Compatible Base Station Transceiver Subsystems in the
microcell sites to communicate with portable units within the
Microcell coverage area. The transceiver subsystem is inter
connected over four wire voice grade facilities through Cell
Site Controller Subsystems at the existing Mobile Cell Site
and the microcell site respectively. (see Figure 1.1). The use
of frequency agile transceivers at each end of the system
allows the use of the same control or voice channels that are
used at the mobile cell site or of different channels if
required by interference or other considerations. It is
expected that the voice channels used for microcell service
will not be broadcast at the mobile cellular cell site and
that the control channel used at the microcell site will be
different (offset) than the one used at the cellular cell
site. Scanning receiver (s) at the microcell transceiver
locations will be used to detect potential interference
between the Mobile Cellular and Microcell Systems (foreign
carrier detect). Inter-Microcell handoff is being developed
for a future compatible add-on release.

The Mic=ocell Common Controller Subsystem can interconnect
with both t~e Mic=ocell Channel Equipment and the Cell Site
Channel Equipment by four wire voice grade circuits (me~allic

or non-me~allic). The Mobile Cell Site Transceiver Subsystems
can interrace with t~e radio equipment in the existing Cell
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