
What is likely is that in order to suppress a 900 MHz signal by 20 dB. (that is,

12.5 kHz from the carrier) would require at least a fourth oraer filter with loaded

Q's at 37.2K. In simple numbers, the roll-ott of a single-tuned circuit IS 6

dS/octave: theretore. it would take at least a fourth order Butterworth cIrcuit to

acquire 24.3 = 21 dB isolation. This would set the undamped resonate trequency

at 12.5 kHz or a band pass value of 25 kHz. At 930 MHz. this would rerlect a

loaded Q at greater than 37.200 or a very large pnyslcal filter at 930 MHz.

MPR states the PIMS subscriber transceiver module must be
powered up for long periods 01 time.

"The requirement on the subscriber deVIce to measure the signal
strength at the palling channel for the base sites reQUlreS that the
suOscnber device be powerea on for long penoas at time. This wiil
drastically reduce the oattery life. •

PIMS subscriber transceiver module is as power efficient as a pager in the

receiver mode. The simpie answer (see page A8.9, PageMart Petiticn for

RulemakingJ is that PageMarrs novel "best serving transmitter identification'

~TX10) acproach means that the subscriber Unit does not have to be on all tMe

time to measure signal strength (as in conventIonal cellular telepnony). The

subscnber transceiver module (STM) can receive a broadcast in its designated

frame. power cown ttlereaTter and store the TXIO for later oroaacast back to rhe

Sy,;)Lem centrolier (standara POCSAG paging receiver cpera~: ~n is that after the

;'?ceiver acqUIres sync it cmy powers up one out of eign! frafi'es to decode

aadressl. Therefore. the STM does not neea to have a scanning receIver nor

does It need to measure signal strsngtM but. due to freouent, periodic base

station transmItter oroadcast. it can move between serving celts ana always De In

a position to mOnlIOr Its oest servIng transmitter ana relay tnlS Information tTXIO)

:0 the system cor.rrO/ler (VIa :he return linK receIver networK) wnen a message

notice or poil is recelvea.
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As a result. no such "drastic" reduction In battery life as antlcloateO by MPR is

relevant.

MPR concludes that NWN's TIme Division Duplex (TDD) is less
susceptible to adjacent channe' Interference than PIMS.

'Since the PageMart system is not Time Division Duplex, they are
suscectrble to adjacent cnannel interference trom other Units operating
within the system on the polling, return linK and data channels. it has
been snown that destructive aOJacent channel Interference extenaea
up to 0.5 miles from each base station site. ~

PIMS has less adjacent channel interference than NWN's TOO solution.

P1MS. with its cellular approach. ',vii/ manage its maximum forwara linK

tranSmISSIOn power in oreer to optimIze the oalance between mlnil"""!lng the

numOer ot base stations and maximizing aeslred cell coverage with the acjectlve

of maximizing the number of cells for high data throughput. Therefore base

statIon ERP WIll likelY t:e limitea to less than 500 warts In dense urban areas

'..vhereas the Simulcast solution of NWN Will be motivatea to ~ave as few

transmitter base stations as possible {as Sky Tel dces now for ItS natlonWlae

paging servIce) with each operating at or c:ose to maximum power (3.500 warts

ERP in the NWN petition). Therefore the Q1tl!ll NWN carriers will potentially

create a far more significant adjacent channel interterence uSIng TOO (simUlcast)

~han PIMS' operators managing E~P 'Nltn resoect to freauency reuse.

The maIn objective IS sIte engIneering the forward link transmitter channelS ana

~he rerum link receiver C:1annelS as dlscussea in PageMarrs ReolY C.:;mments.

June , 6. i ";;;2. ;:. i 9·21). MTel's NWN being a TOO. :10r1-HUnKea-slngle

enanne! aoproacn cannot exercIse any cerotrOI over aajacent c:-:annel forNara linK

'/ersus return linK c'./cles at other carners (i.e. NWN is in a receive CyCle ana orner



adjacent carners are in a transmit cycle). However, the more relevant issue IS

me out-of-bane RF problems from the PCP and RCe paging bane WhiCh, MTel

has apparently not yet addressed but PageMart has. Theretore. the claim made

ey MPR that "MTel aVOIds this problem by uSing TOO transmiSSion scheme' is

incorrect.

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

"...to achieve higher data rates in their system, PageMan will not be
able to use low cost subscrrber devices. ComplexIty compansons WIth
similar speed devices has snown that they Will reqUire nigher cost
DSP, aiscrete analOgieigital or custom VLSI implementatIons."

PIMS will not be forced to deViate from a conventional receiver design or

use a DSP chip at 4800 or 6250 bps. The assertion by MPR that the PIMS

transceIver reauires high-power components :..; operate at 4.800 to 6.250 bps is

wrong. ProcessIng of digital signals doesn·t necessarrly imply the use at a Digital

Signal Processing (DSP) Ci:lp. esp's are used prImarily for a sueser of d:gltai

signal processing, such as Tl's cmp to emulate a classical filter cesign, aIgltally.

In fact. it finds many aepHcauons in many AF receiver aesigns. such as satellite

receivers that PageMart uses to control each individual base station and thereey

eliminate the neea for control channel spectrum.

E'/en very hign speea receivers c:rea by PageMart in irs ReolY Ccmr:1ems J.... r.e

i 6. 1992. to :\iTel inaicates that a simple p:;:;se lOCK leoe (PLL) desIgn can

suepon a "high-seeea" data rate of 16K bps in 3 25 kHz banawidth. ~ 1 However,

wnat seems more aeparent IS that MPR, With its multi-level SIgnaling scheme.

:: \fa\" 08() :;:::::.; (): ": \~.or""f'la· .'"'r Cn ... <:t::n: :::""'eJonp 'fn-:.,lJ.."~'" •.~~ ;1:ry;~..,1... _ 1 _' ,. • >_:.J * H_ 'it ~·t._:2:_:: ••"_c_"> ~.t_b 0 'd. ••

:- # f):~!e ~ :laic --Trl~' c;:;c;;., i\.ou:C:l: Honma. Eiich.:ron ~turJ:a. Y.1SUnlrO
?-:kou .\latsusu:L:i Commu:::ca~:ons Industrial Co .. LT:J. : 6.000 b~s m a 25 !<.Hz
..::-.::nnel t:1at me~ts fCC xasKmg requlrements usmg PSK modulawr :ina PLL
_~:-_:":'lt.

,
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feels that it must resort to a DSP Chip desIgn tor signal ennancement of its

comclicatea multi-tone signaling scheme.

It is NWN that has the feasIbility and cost issue with its yet-to-be-proven-and-

tested modulation design, not PageMart. FageMart's design is well along In the

PCMCIA card configuration with a first generation 2400 baud FOCSAG receiver

(see Exhibit 8). Adalng a conventional transmitter cirCUIt is also underway for the

transceiver card.

MPR concludes that PIMS Is limited to 3.000 bps.

"There is conslderaele doubt that PageMart can acnleve 4,800 bos
rates on its DOlling channel. ana they would be limltea to rates no
higher than about 3,000 bes.'

PIMS is not limited to data rates less than ERMES. First of all, we dO nat

believe MPR means 3.000 bps but 3.000 baua. Secona, PageMart has not

restricted its maculation aiternatives (see page A26 in PageMart's PetItion for

Rulemaking), but to the c::::ntrary, :akes the posltion that its tremencous

imcrcvement in throughput comes Trcm its novel cellular arcnrtecrure ana nct :3.

very ,"igh speeo mOQuiation scheme. Theretore. it can be fleXIble In aooer:ng

various manufactured proaucts inccrcorating the ERMES receiver chic set wnen

:t becomes avaiiable.

.7he ract IS that malor manufacturing suopliers to the paging mcustry are cClsea

to provide high-seeeo cooing cacacllity to maKe anomer major stee forNard .

. '/herner this IS 4 FSK (as EP\1ES) or c!l1er modt.;larlcn tecnnraues. PageMarrs

system coesnt r'1eea'tlinolng soeea" as MTel~ have to :-eallze a significant

ncrease ,., cara rate oecause. at ;est, NWN recresems a sImulcast paging

system trom a netwon< cacaclty stanacolnt.



Also. It is difficult to understand wny MPR does not beheve that the European

modulation standard (ERMES) is feasible or cannot practically be Implemented to

acnreve 6250 bps. It is particularly difficult to understana their position on

ERMES when they support as feasIble. t.he 24,000 bps data rate of NWN:

Finally, the 3,000 baud limIt is more a self imposed limIt Justifying the complex

modulation approacn used in NWN, since there is no hard evidence to support

their 3000 baud limit claim and even one of the AMS petitioners. PacTel. states

that it has "discernea that the simulcast boundary tor near term develocment is

between 3200 and 6400 baud based on its experiments" that appear to be more

aavanceo than MTel's paper studies (see June 1. 1992. PacTel's Supplement to

Request for Pioneers Preference, p. 3).

MPR states:

"The spreaa in time celays between these received signals at the
ponable is the 'simulcast time delay spread." Simulcast transmitters
Uc to a distance of 3.6 tImes this aistance from the case statron. or
15.4 mries. resuit in the maximum deiav. The minimum delav occurs
Tor a portable termmal near the C811 site transmItter. Thus SImUlCaSt
delav spreaa wiil be the oraer of 83 mrcrosecones."

To demonstrate the error in MPR's ccnc:usion. suppose the issue of finding the

eqUi-signal strength "points" between two adjacent transmItters 'wanders' around

approximately 7.5 miles or 15 r.1lies in total deviatIon wnich is MPR's 80+

mlcrosecona delay spread. Now. if the two transminers in PageMan's PIMS

system were locatee 15 mffes apart or less (center-to-center aistance. wnreM is

typical in 900 MHz pagIng), then this would suggest that the tctal eQui-slgr.al

suenam pc:m cevlation would wanaer from one base starien SHe to the orner cr

15 mJies. SimclY p~t. ~his cees net happen. it is even less likelY given Ir.e

:i1otrvatlon to create an even grea;ar n~moer cf base station sites or cells In tr.e

PIMS system relatlve to a ccnventlonai paging system. Thus. the total deViation
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of ~~e equal signal strengtn "paints" is crUCial to the bold ana unfounaea

statement by MPR that the 3000 baua rate IS the uoper limit and totally

unrealizable in actual practIce.

Finally, there is every reason to believe that ~;ie European paging standara,

ERMES, will aiso be implemented in the U.S. simIlar to POCSAG. ana that ASIC

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

cost receivers as has been characteristic of the paging industry, Thus. the

comments stated below by MPR (page 26) are totally false ana mlsleaaing:

PageMart is aimost two-thires greater than this rate. ',vmch WOUld

inaicate that the 4,800 bps polling channel rate wlil provlae a marginal
degree of oceration even if it COUld operate at all. Lowerrng the aata
rate to sometnlng the oraer of 3000 baue WOUld acpear to oe reoUirea.
Attemots to increase the polling cnannel data to 9600 baua or hlgner
coes not acpear to feaSible In the type of system proposea by
PageMart.

Once again MPR contlnuallv mixes bas ana baua SInce PageMart stlOulates 005

not :aua because PIMS can accommoaate any type of r.1odulatlon acprcacr.

'Nnlcn wiil have aeslred data rate, power and cost ,.::ertormance. -:-;lere is no

cuestlon that P!MS can tecnnlcally acnieve a prooortionate aata rate In a 25 kHz

channel tnat MTel can acnleve in a 50 kHz channel. given Shannon's law in

information theory.

MPA claims that PIMS Is a Mobitex l~ok·ajjke.

'The PIMS svstem procosea by PageMart :s very simliar to the
Ericsson Mobitex system c:.Jrrently operatea in Sweaen. Norway.
Finlana ana Canaaa. This system eaUloment IS alSO usea by RAM
\10ol:e Data Ltc. in their natlOnWlae moolle aata networK In the Unltea
States. Thus It is nar'1!y aavancea In na~·~re. nor IS It the first system or
ts ty:e.'
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PIMS is a novel ceiJuJar paging type architecture. MPR does not understana

PageMart's PIMS prooosai. It is common knowleage tr"]1 the Mobitex pacKet

radio netwOrK IS a rNo-way, real time, interactive. data netwon< system reQUIring

cnannel paIrs tMPR, page 23). PIMS is a : 'la-way. noo-real time, non-interactive

data networK. Therefore. the Similarity enas at the two-way portion ct the

comcanson. The tremendous advantage of PIMS lies In the comoination at the

novel use of SImulcast paging technology for radio focationrng, the use at cellular

frequency reuse principles for massive improvements in throughput and the

;nnovatlve nctlcn of utlliz;ng very low-power/low-ccst office cells and hign rise

cffice building cds to signrficantly enhance reuse (similar to f:.;ture pes vcice

proposals). Thererore, the SImilarity is that both Mobltex ana PageMart :aKe

aavantage of freauency reuse. out the ccmoarlson enas there (not ir'1 -"'e long list

of features).

ine tact lhat Ccth Mobitex ana PIMS both utilize mUltiPle freauencles for trunKing

etticiencles r.as to do WIth the recognition that any nigh thrc~gnput system ::1at

',\/Isnes tc acnleve full economies of scale wiil deSign a wireless system to take

:1aXlmum aavantage of the Investment at eacn cell site. This 'soreaaing" at tixea

site cost canoot be aone with a Single cnanne! system, sucn as MTel's NWN.

Moreover, NWN reauires a two-way network of receivers but cannot taKe

practical aavantage of cellular reuse within contIguous u~can areas aue to

destructive c::nannel interference i 2 because it operates en one channel.

Unfortunately, It is ~he rr.alor C:~les where the~ majority ot sucscnbers WIt! be

fer AMS servIces.

>lTel:::-ocoses a dVnaIT.1C :omr:~ ml::thod to incrl::as~ C:lpaCl:Y but I:l::vt:r
<::..,<piains what lx.provemer.t :: WOUld make. .-\lso.;~ r:evt:f t'..llly explams
dit::enn~ ;:;,::c ~-:~W It can accompiish dy:-:amlc zomng With a rr.oblle customer
base.

-:: 1



a. Comments on the Data Link Layer Aspects of the PageMart Petition for
RulemaKlng.

MPR asserts that PIMS' polling channel limits capacity to an oraer ot
magnitude less than proposed.

'The simulcast polling channel. used for radiation and data c,"':annei
assIgnments. IS a constraInIng tactor In overall system capacIty. USing
PageMart's message mocel. the best case scenarro could support no
more than 3000 messages per hour, the equivalent 01 , 2.000
suoscnbers per MSA. This IS an orcer at magmtude less than the
100.000 to 200,000 suoscnbers cJaimea for a 4800 bps system.·

?IMS' polling channel doesn·t limIt proposed capacity. ,\1PR reaeslgns

PIMS' Acl<nowleagment process so that the entire poiling channel is ccnsumea

with the tasK of colling following aCKnowledgment ~o . a-estaolish the cacKet

circuit It has alreaay estaClished. ramer man ,:le DOlling c~annel being usea~

was irtendec, namelY for location of the SUDSCr/oer transceIver module (5TM) as

to its best serving transmitter (TXIOl. ,'APR centuses the error protectIon ana

acknowleagmem process Wltn the pL;rpose of t:-:e DOlling Crlannel to locate the

STM.

MPA: "For error pretectlon reasomng, PageMan has declcea to
segment messages Into pacKets of "2 to 5 POCSAG batches.' The
imclIcatlon is that eacn data cacKet must oe asslgnea a data Crlannel
'/ia the 00/1 cnannel protocol. because eacn pacKet is inaivrQually
aCKnowieagea and retransmitted if reCUIrea, whicn WOUld reaUire 30-75
rransactlons on the coli channel. Best case, the. the cOli cnannel coula
nanate the eaulvalent ot 3000 average sIze aata rr.essages cer nour,
assuming a 5 oaten pacKet lengtn. At a 2 batcn paCKet lengm. !hIS

decreases to '200 data messages per nour.·'

ence the pOlling c:-:annel has lecatea !re subscriber transceIver mocule 5 ::::esr

servlf'1g :ransmltter Ident'ficatlon :iX1Ci. r:S /00 ,S cene. ~~e r9t~ -:1 /ir.K ana

servlns;ransmltter 'orm a caCl<et ~etworK that IS i'":ialntalnea un::1 :ie

aCl<nOWleag~ent :rocess ceases :0 f~nctlcn (i.e. r:le cattery faileal. ~:~CIV

genrng an ACt< or NAK cees nor reac:;'w'ate the pOlling link.



"Moreover. in reviewing the three versions of ARQ in popular use. ~ 3 "rione of the

tecnniques listed below would reauire a reactIvation at the polling channel:

1, Stop and Wait ARC uses the sImple stop-and-walt acknowledgment
scneme. The senaing station transmits a single frame ana ~hen must
await an acknowledgment. No other aata frames can De sent until the
receiving station's reply arrives at the transmitting station. The receIVer
sends a positive acknowledgment (ACK) if the frame IS correct and a
negative acknowledgment (NAK) otherwIse."

2. Go-back-N ARC is one variant ~f Continuous ARC. In this tscnnlque.
a station may sena a senes at fra:,les determlnea by Window sIze. If the
receiving statIon aatects an error on a trame. It senas a NAK for that
frar"1e. The receiving station will discard aU future Inccmlng frames until
~h6 :rame in error is Jw~~tly received. Thus the transmitting station.
when It receives a r..AK..nust retransmIt the frame In error plus all
succeeaing frames.

With go-oack-N ARQ, it is not required that eacn inolvidual ~rame be
acknowledgea. For examcle. station A senos frames O. i, 2. ana 3.
Station B resconds WIth ACK1 after trame O. but then ooes not rescona to
frames j and 2. Atter frame 3 is received, 8 issues ACK4, inOlcatlng that
frame 3 ana all prevIous frames are accepted.

3. Selective repeat continuous ARC provides a more retinee aporoacn
:han go-oack-N. The only frames retransmlttea are those that receive a
NAK. "As an example. :f in a long message transmIssIon" OnlY trame 2
neea be retransmlttee. This would appear to be more efficient ~r.an the
go-bacK-N approacn. On the otner hand, the receiver must contain
storage to save post-NAK frames until the error frame is retransmlttea.
ana the Icglc for relnsertlng the trame In the procer seauence.

?!MS intencs to use a continuous ARQ apprcacn. Althcugn as crevlou~v

rr.entlonec. none ot the Ana accroacnes mentioned above must re-estaolish tne

onglnal'hanesnake' in the event of any ACKJNAK acknowleagment wnJch MPR

has assumea in their analySIS of F1MS to arastlcally reo:.Jce colling c~annel

cacac:~y (page 3), The ImClicatlon of MPR's Imctieo reaeslgn cf PIMS is mat

eacn cata oacKet mus, oe assignee a cata Cilannel via t~e ccliing cnannel

:3 I-:JrdboQk ct rcx;,urer CjJm~t:c;c;;;;Q~S~-:;oC;lrds - \/ntL;-;; T. ~rVillia:n

Stallings. ~tailin~SIMac:'-1Ulan. 1987,



protocol. because each packet IS IndIVidually aCknowleaged ana retransmitted if

reaulred. whiCh would require 30-75 transactions on the poll channel). Thererore.

the MPR, inaccropnately coupled with a cr.annel utilizatIon factor:o reflect ac:_al

operation. reduces PIMS' poliing channel cacaclty by a factor of 37.5 :S entlrelv

wrong. Acknowledgments are made In the reserve syncnronous time Slots of the

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

COntinuous packer cirCUit is established that does not reqUIre any aaditional

hanashake via the polling channel irresoectlve if ACKs or NAKs are received.

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

aocroXlmatelY correct (assuming the need fer preamOle) by arriving at 112.700

pall I and Go To channell transact:on per nour at 4800 CPS or 225.400

transact:cns per hour at 9,600 bcs. Using the aoove MPR assumctlons and a

comlnuous ARQ acproach prevlouslv discussed. the following IS a table of

jesuIts:

Theoretical Control C~Jnnej Cacaoility

-;-ransactlons
Jata F,;te ::lgr Hour

:;eouclIcn o:.Je to
:; Polling Cr.annel
"";nClSOalSetfacKet

v'WizaTlon
Assumc'IQo

Net Total
-;-:ansac:Jcr:s SubscrIber

P,?r '-'QL:( Capacity

\·1P;:;
?~geMan

,=ageMan

~800

.l800
9600

" 2.700
., 2.700
225,400

":;0
-One( Continuous,
-OnelConllnuOUSJ

80% (Incorrect)
.'JA (TMeoretlcal J

'JA (Theoretical)

2.S00
·~2.7CO

225AGO

12.000
450.000
901.600

"Therefore. ~he actL:"?! Call ~~ansac:lons are 37.5 t:mes (greater ~!1anl mat

calcUiatea by MPR '1mlch !:l turn has a cr:tical imcact en P'MS subscnber

:acaclty. :1'1e actual theoretical cacac:::; of the pOlling cnannel IS C'ler 450.000

3ucscnoers cer ;'.1SA at 4800 COS tc cver 900,COO sUDscnbers :er MSA. "

snC~la se r;ctea that ;n i'JWN's sc~eme, :;cth ACK/NAK ana "eglstratlon

(automatic ana manual) ana retransmiSSion (partiCUlarlY I~ :::ynamlc ':::Jnlng IS

~ .-



L;seal significantly reduces throughput of ~helr system and that elaborate

scnemes of auto identIfication to avoid this problem have been cevlsed. but not

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

JLlne 1, 1992), could be extremely costly.

MPR asserts that if Inbuilding calls are deleted and 9 cell reuse is
reauired. data channej capacjty is reduced.

"Eacn data channel can sucport no more than 600 subscrrbers. Total
system cacaclty IS deoenaent on implementIng a large number or non
interfering cells. SUbject to the limits of the Dati Crlannel.·

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 maae with MPR's analySIS. .=irst. ~he estimates do not Incluce any bUilding

cell or ottice cell reuse. :.--.;re10re, MPR has agam reaes/gnea PIMS to reauce It

~o raying the same major r::eticjency as NWN, namely no prOVISion for slgnlficar.!

messaging service In tJ~.Jllcings, yet that :s where AMS is Intenaed to reacn

ousmess peocle most ct ~he tIme. "WN would acpear to oe cctlmlzed around

the conventional paging paraajgm of meeting ~he neeas of service people ana

tracesmen that do not have offices but -requently worK on maintenance or

construction orojects in ana outside oHice buildings, homes. etc.. PageMart

:::elleves that AMS reoUires highly efficient use of soectrum g:ven that bUSiness

peocle Will be In offices as well as mobile. ana not te taKe aavantage at low cost

messaging services. L.smg PC-basea office cells. ~:ven the cresent eXOlOSlve

grcwtn In hignlv portaele. personal computers IS to Ignore c~rrent trencs ana

future forecasts (Exillc:t 9\. Secona..~IITel contlnualiv rerers La ::s nationwide

system cacacity or 800.000 sucscrlcers (WITn an earlv estimate ct 34 zones now

:ncreasea to 5:"' mcn Imo/lc:tly assumes maxlmurr: :neoretlcaJ data rare cacaclty

n r"iost all troe malar :::Ies. net actual or ~stlmated caoacilitles oasec on oractlcal



data througnput. Third. a 9 ceil reuse pattern IS assumed for PIMS that IS

irrelevant gIven cur earlier comments or 'he onyslcal layer cr.tlaLie oy MPR.

The following table provIdes the companson of PIMS "caoaclty" as determIned by

MPR and PageMart.

Data Channel Capacity Comparisons (Major MSA)

AnalYSIS
MFR
MPR

PfMS

~
growtn
;rowtn

Geograohlcal
,;.111 Only

Concurrent
~ala ::;'ala iheoretiCal
~ Clancels Ca;acltj'
~.800 BO
~,8oo35.5

;.9 celiS reuse)

).cn':3 1

C~; -;I

34.000
15.000

Cieoq,...phical
9ulldlnglQftle, C,1I1

Concurrent
Oala 7heoretICai Actual

C~annels CaDaCilY Csl:lacltj'

PageMart ;rawtn ~.800 ~o 55.000 35.000 2.:.6 202.0CO ·09.CeO
FageMart ;;rowtn 9.600 30 ·30.000 70.000 246 404.000 :, 9,OGO

PaqeMart mature ~.800 120 98.000 52. COO :55 ~57.CCO 24.3.000
FageN1art mature 9,600

.~,.., ·97.0CO ~ 04,000 555 ~, 4,000 ..;.aS,CCOI,;..)

7heretore. simoly because NWN's arC!1ltecture cannot acc=mmodate cffice ana

:JUllding celis. MPR electea to ignore PIMS' caoaoiiity to co so. This is entirelY

inaoprocnars- ina self serving for comoanson of PIMS with NWN.

MFA claims the return link channe. cannot work as described.

"7he return link media access protocol cannot WOrK as oescnceo. The
infcrmatlon centent at the reoUireo messages cannot fit within their
allocatea tIme SlotS. ana no allowance has oeen maae tor real-WOrld
::evlce cnaracter':::ics in terms of t:mlng. syncnronlzatJon ana :urn-on
times. A realistiC return link protocol wOUia restnct The pOll channel
:ransactron rate even funner. reauclng system caoac:ty accorclngIY.'

PIMS' control link channe. functions as proposed with one code worc.

'./IPR firST reaeslgns PI\<18 wnn an cirCltrar! assumC~lon that :eaas ~iJ an

:mmeCiate recuctlcn In return link cacaclty cy a ractor ef 37.5. \~PR. ,:1 ~rs

'eaeslgn or P!MS. reoUlres the SLicscncer transceiver unit :: aCKnowleoge Wltn Its

.25



":ao code" aadress as well as (1) the best serving transmItter identIfication, ana

12) message aISOOSltlOn, so that the return iink informatIon wlil exceea the 20

data bits per frame available In POCSAG fermat. when MPR knows the polling

channel and return link channel is syncnronizea and doesn't reoUire sUbscriber

identificatIon to complete a pOll.

MPR states on page 4 ana 5 that tney are aware that the returr. link channel is

time-synchronrzed to the polling 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

ccoe address In a syncnronJzea system but never reflecis t~'s result in its poliing

channel caoaclty calculations:

"AlternativelY, the aevlce's POCSAG aadress may rot neea to oe
transmnteo. since me system knows wnrch cevlce's resoonse is
excected. albert at a cost cf increased ccmpiexlty in the networK
process:ng."

In fact. the entire revIew of (1) Poll Channel Cacaclty, (2) Data Channel Caoaclty,

ana (3) Return Link Meara Access Protocol is a torally unnecessary. Ihe fact IS

that the Return Link channel has 20 bits of data avaJiaole ana :his IS mcre than

snougn for :he oest serving transmitter identification (TXID) in eacn -arKet

(exc:uaing otTice cellS) ana snort message aisposltion coae. Since 10 CI!S are

stili available. we proposea also transmitting cap coae address. in an aobrevlatea

<::rm, as a reiiaoJiitv ':- "'CI< tt..:t :t is rot r~cuire-: at all. 7:"e following table

:escilPes the Oit ~eaUirements c~rrent!v envlsionea tor eacn ~ype o~ transmiSSion:

?IMS Return Link Message Format



'. \/ I

-:"ransm,ner Subscrroer "-1essaoe ;"Ci'VNAK

~ 1::"!"X1Pl Cap Cww8 ~ \1essage #

M....g. i ~ O'
R••oon••

ACK/NAK ~ O' 10

Acc••• 7 ~8 5
(for data chann.1)

• Optional

.\1essaqe Totals Bits
CiSPCSillCO C';>le Worcs

3 20 Bits
1 coo. wora

20 Blta
1 coa. wara

40 Bltl
2 COd. word.

;'''PR's analysIs is flawed because they erroneously come to the ccnCIUSlon that

PIMS must transmit the comclete FOSCAG aaaress when they nave concludea It

is unnecessary (see oage 5). MPR states:

'There are several proctems with the return linK protecol as :sscnbea.
First. :he racro location pOII·response IS speclfiea to conrail :~e'base

station ID or call slgn. ana its POCSAG address pius the aiscosltlon of
:hls message." This will reOUlre a response at at least two coaeworas
minrmum, possIbly three or four. depenaing on length at the base
statIon ID (Page A9 implies th~ base station ID is one frame (2
::::eworas) In lengtnl. Thus. ~,le pOll response cannot be transmlttea
;t\lltnln Its reservea time slot ana the maximum poil rate of ~he system
must be reducea land thus maxImum system capacity) to reserve
aaeauate return link time fer poll reseonses."

Since It is clear from the previous table that onlY 10 bits are neeoed (transmItter

ID plus message aisposltion) and not 20 bits for 1 coaeword. \/1PR cntic:sm of the

pOll response IS ccmeletely Incorrect.

SimilarlY. ;~J1PR's CritiCiSm celow or PIMS ,.lRO response IS eaually unfounaea.

given the neea to likeWise transmIt onlY 10 bl~S Incluaing ACKINAK :JIUS the

::entlfy cf the oacKet containing the error:

'Secona. a SimIlar crcelem cCC:':~S tor the ARC reSDonse ana for me
"ancom access SlotS. 7he ARC reSDonse messace IS also likely to
"eaUlre two coaeworas to enceae the cevlce's P-OCSAG aadress.
,';CK/NAK status ana message numcer ! reaUlrea fer cucllcate



detectlonlelimlnatlon l. 'The aata channel reservation reauest "inoicates
the message length to be transmmea. the serving tran~ ...,rtter site
identificatIon ana the suosc'~ber unit identification", 'Nnlch 'Iv 4:d reaUire
anywnere from 2-4 ccceworcs. depenolng on length of base statIon rd.

Thus, none at the return link channei messages will tit Within the time
slot allocated tor their transmIssIon."

Therefore. once again, only 10 bits or one code word is neeoed to orovide the

necessary resoonse in a synChronous system In an ACK/NAK mode. In aadition,

the STM's ACKINAK is syncnronizeo in one trailing frame follOWing eacn packet

wniCh IS Intentionally lett blank in the data channel.

It is further interesting to note, that MPR attempts to find some oroelem wltn the

error correction With PIMS wnen MTel speCIfically requesteo of MPA that NWN

not De analyzea and recognlzeo the non cntical nature of thiS exerc:se that they

unsuccessfully attempt to hignlight with regara to P'MS (page' 7, F:nal Reeon en

NWN Protocol):

"Any error protectIon scneme IS a traoeotf of effi~iency, c:::molexlty ana
prooaollity of error. MTel's proposea protOCOl alSO utilizes ARQ, ,..mere
messaaes With errors that are uncorrectaole 2 - -: retransmitted. "These
retransmiSSions obViously decrease the ert.:: .:lve througnput of the
cnannel and aad to the ovemead. The resulting "wastea" caoaclty IS a
;unction of the exoected message success rate ana the maximum
number of retransmiSSions that will be attempted before discarclng the
message as unoellveracle. At MTel's request, ~he effect of
~etransmlSSlons was not analyzea. A realistiC trarfic mocel for
message success rate nas net been ""evelooeo. ,"Jote, rcwever. :ilat
:nany retransmission algorIthms eXist that minimize retransmrsslon
overneaa, sucn as pOlling tne aevlce on non-acKnowleagment ratner
than retransmrttmg ImmeOlately. These and ctrler tecnnrques are
uncer revIew."

\1PF fL;rther s._~es that ~rlev are ncr :amlliar With a transceIver ceslon thaT -:an. ~

::.;rr. en anc err even In a syncnrcr.ous svstem In the Olt IntervalS that PagelVlarr

reOUlre (imClIea at 4800 bos' ',1PR states as tollows:



'However. the more senous proc/em IS that the return link meaia
access orotocol as aescrrbed can not be ImOlementea In real devices
in a cost-effective manner. Sack-to-bacK single cOdeword
transmissions from different subscriber aevices are reOUired. wlm
acsojutely no time allocated for preamble. word syncnrenlzatJon or
guara tIme between transmiSSions. This would reOUire the simulcast
transmItter network. all dedicated and co-located base receIver sites
and all sUbscriber deVices to be synchronIzed to eacn other within
fractlons of a bit intervaL It would mean. for example. a system
syncnronized clock WOUld have to be distrlbutea to all receiver sites.
Whether at co-located base statlcns, dedicated geograpnlc receIvers,
bUilding or office cells.

Even assuming sucn ClOCK syncnronlzation were economIcally feasible.
allowance must stlll be maae tor the non-zere transmitter turn-on ana
decay times in the subscrrber transceiver moaule. Fast attack ana
decay transceIvers would sIgnIficantly add to the cost cf the STM.
esoeclally since tney must be fre~uency agile as welL

To elimInate thIS non-realizable reqUirement fer 'Jer'iee!
syncnronizatlon, the return linK orotOCOI must oe reaeslgnea to allow
for reasonaCle attack. synchronizatIon ana decay times. as well as
excecteo message lengths. A reasonaole conjecture mlgnt oe to allow
an acditional coceword interval oer return linK message to allow for
;Jreamole. sync ana guara intervalS."

-:-he aforementlonea 'non-realizacle reoUirement for perfect synchronization' is

comoletelY Incorrect. 70 aaaress this issue. we wlil consider the steD reSDonse

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

-::erefore, the eOUIvalent low pass LaPlace transfer f~nct:on eOL:a:'on of t~at

;Jasslve networK Is.1 4 . :5

,={S} == !:$.
(TnS~1)1'<

;: ~. " ....·66.
- ::tre;c. '.," ...'..,'Jproxm:ate C'etenr.lr:at:on or C8:ltrol C:araeter:sacs or" J.:l

..:..per:odic ::\esponse Precess. ,';utomansm..'1arcn 1960.



where. Tn = 1!Wn the 3 dB response frequency of the eauivalent base

band circuit: and. Q .::; W o,rwn =100 (wnere W 0 = carner frequency);

then. Wn = Wo/100: crtn = fo/;OO = 930 MHz1100:: 9.3 MHz.

Thus. Tn =17.11 nanoseconaslraaran;

or, Tn = 107.53 nanoseconds/cycle

Now simple RC circUIt analysis the rise time ot an RC single root CircUIt is 2.2 RC

or it takes 2.3 time constants to arrive at the 90% final value POint. ThereTore. It

'Nould 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

cascadea tuned Clrcults would yield an elaosed resoonse OT less than 0.1

microsecondS. ConseQuently. the rise time (and decay time, is less than Q.851;".

at a bIt interval time. Thus. the ·'f2.';;;( attacK" clrcuit that MPR findS IS a "non-

"ealizaole" reauirement is entireiy acnievable.

MPR states that channel access protocol severely limits caoacity.

'The Inbouna data channel traffic capacIty is severely hampered by the
deSIgn ot the cnannel access protocol. In the best case. Inoouna traffic
can not exceea one-slxteentt1 of the outbouna traffic. based on numoer
at messages."

?IMS ranaom access protocol permits UD to 100 times greater sUDscrlber

access than NWN. F!rSl cf aiL PIMS has 8 frames cer oatch cycle.,mcn ccc~rs

~Jn alternate oatcn CyCles to acccmmocate a nigner thrcu<;nput OT subscr:oers

wlsning access to a cata cr.annel than If the PIMS simolY ailowea all subscrmers

~o svnc-uc to the ranaom :atch access interval and broaccast tt;e!r reauest for

.:ata cnannel en a 510ttea ALCHA CaSlS. ~...1PR focuses on the procaollity er

accessing a Ci:annel t.<nder cona/tions wnere a large base of suoscnbers ail WI':,

to maKe a reauest fer a cate channel reservatlon rather rhan a PI~S' ability :e



accommodate a factor of 8 higher througnpu! man single rime slot (on a single

channel).

MPR goes on to state:

'Random access is Just that. random, and constraining the cnolce at
slots to different segments of the population does not affect the
probability at collision once the size ot the population outw8lgns the
number of avaJiable slots."

However, its not the probaollity at cOllision that we're interested In, cut the

SUbscriber access througnput to reserve a data cnannel for a return aata cnannel

transmISSion. For example, a gas station with 8 pumps and 8 queues nandles

more customer Throughput than 1 pumo and 1 queue even though all elgnt lines

may oe eaually long. However. the orobaollity of obtalnrng puma service from a

'ranaom cueue' in the aforementlonea example is approximately tne same lor

procacllity ot collision). Therefore. PIMS' througnput IS the issue. no! the

prccacility of COllisIon. ."Jote that PIMS offers suascricers access to the return

iink en alternative catches. This works out to give FIMS between 50 to 1CO times

the access NWN affords theIr c~stomers because NWN offers a 7- millisecond

time SlOt after eacn message, and also must set aSide time for ACKINAK.. -:-hus.

iong messages could deny access to rr.any subscrloers wnlie Dudding long

queues.

Funnermore. P!MS does not slmalY perfcrm as a Sioned ALCHA manner as MPR

states:

'8ne-rounh of the total return linK is aealcatea to !his func:lor. ana is
3ccessea in a slottea-ALOHA manner."

ihe correct conceD! IS multiDie siottea ALOHA with cact:.lre. -:-he clffererce IS

t:etween maximum cnannet thrcu~:lput eriic:enc~.' ct 37?1" :er Sict i framel ana
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5r~ per slot with capture.: 6 Thus. wIth suoscnber units at varying distancas

trom each return link receiver site. some collisIon wl;1 not cccur because certain

receiver sites w,iI caRturs based on trie strengtn of one STM over anotner. Also,

because of the distrrbuted nature at the STM's population throughout a City,

further reductions in collisions wlil result given the spatial dispersIon of STMs to

receiver site groups.

MPR states their concern aoout 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-overlappIng cells prOVides adecuate Isolation

in the "key cown" overlapping With a "key u::,,' transmitter at least one cell

removed. MPR states the followmg:

"PageMart proooses two alternatives to transmIttIng the base statIon
call sign. In the first alternative, "one geograpnic cell. in eacn tour
geograpnlc cell group, is to broadcast its station identification In eacn
frame tor a deslgnatea batch. DUring this batcn, the otner three
~eograpnic cells simPly broaacast the sync pUlse ana power down".
Presumaoly, these nign powereo transmitters wlil be able to power
down instantaneouslY. ana power Up again instantc.:1eousfy, so as not
to interfere With the call sign ~ransmlssion of the nelghborrng cell. It
also Implies that the SIgnal strengtn measurement is to be taken curing
this Interval. dunng the normal wakeup penod of the suoscnber cevlce.
i.e. 2 codeworas or 13.3 milliseconas."

One has to wonaer what the overlap problem mIght be. however. :n a TOO

system suen as NWN wnere slgnrficant ineHieiencles may be reauired to acnleve

~ 6 J:stnbutec Ielecommu;;';C:lhlOU ;:,:,:mmri<.", ;\oy Rasher Lteu::1e L~armr..g

?l~blica:~on (\VaGs\vort;;, i::c. J 1982. -:-::e 3.nalys1s Of t::e ALOi-L-\ ~acket c:-oaGC:l.Sh
-:::3.nr:el assumea t::at. ','men ar.\' par: or r,Vo or ::lore paCKetS ove:-iJD, ~.
:'Jckets ;;:'/olved ~:l :::e collision must :-e re:::lnsmmea. 1:: :-~Jmv, ~here lS at
:east some s:c:JJOllitv ~nat c;;,e or" :te !Jackets invoived i;;, a (Ollis:on wlll te
surr"ice::tl;.:shrcr:.1r; :a'cloture the recelver :lnd be recelved acct:f<lhelv. :f t1::5
'.vere me case. ::ot every packet lr:.VOlvea ~:: a collision would have to De
:-etranSffilttec. wh:cr:. \vould :-ec1uce the apparent :nrerrerence anc. i::crease t:Ie
.:hannel tt.rougnpur a.t :lay ievel or t:-arr'ic.



a 'cUleting'l penod between t.'e hign-powered fcrrvard linK ana ~he low cowerea

sucscnber return link.

MPR asserts that NWN '<t 2.7 times more spectraUy efficient than
PIMS

"The proposed MTel NWN system IS 2.7 times more spectrally efficient
than the equivalent PageMart PIMS system. when considerIng the bits
delivered per frequency dOmain, time domain ana space comaln."

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

into consideration the MPR reaeslgn of the PIMS system, it is not surDnslng that

MPR enos up with NWN being 2.7 times more spectrally efficient, However, lets

look a! the facts causing sucn a dramatic change of estimate to tr1at provided by

PageMart in their PIMS Rulemaking document:

FIMS Capacity F~ctors Considered by MPR and P~geMart

Factor
Poll CMnnel Caoaclty
:iransactionSlHr)
~ :::;5

':JHice & BUlIOlng Calls

Geograpnlcal Call Reuse

MPR
3.000

~4,800

9 cell
Reuse

PaaeMart
112.700
';4,8CO

225,400
~ 9,600

Reoresents
2/3 System

Caoac/tv

<1 Call
Reuse

Comment
\/'PR incorrectlY assumeo
?IMS reaUires more than
one ccaewora to respona.

MPR arcitramy Clsregaraea
?fMS lhrouc;nput caoaolhty
uSing ctfics/oullolng cells.

MPR electeo to Ignore
::.;rrem cellUlar reuse
~ecnnology oy melr own
::teo autncmv, Cr. Lee.

What IS difficult to understana. is he','· 3. simulcast system sucn as NWN in ci

major MSA can exoect to be as efficient as a cSllUlar system Inclualng ottice ana

::ullding level re'Jse caoaDllity. MPR's aoproach was to denv the cOSSlbifity ot

'..:ffice and builaing cells. reauce me mrougnout cf the DOlling cnannel cy a fac:or

:t 37,S (even wnen t::e MPR aumor recognlzea that It d:dn't rave to runc:lon :he

Nay MPR assumea) ana to reaUlre PIMS ~o use a 9 cetl reuse o:an that IS 3 times

less efficient than their own c::ea cellular authOrity aavocates.



MPR then goes on to compare ~IMS to NWN uSing their assumption t.'1at

disacles the pOlling channel.

PIMS Capacity l4800bps -1Q hr bUSy period)
Difference

PageMart .Mf.B Factor
Polling C:-:anneJ 450.080 12.000 (37.5Xl

Data Channels 35.000
(Geograomcal Calls Only)

Data Channels ~ 09.000
(Geo.. BUlIQlng & Office Calls,

N/A

N/A

Therefore, freQuency reuse IS not relevant. and bUilding ana office ceils are also

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

say is the same), one sees wnat system throughput enhanCing assumctlons they

have used to ennance 1-" NN's net data rate:

5 Channel Cata Rate 12;Q kt-Jzl

~ 8.150 ~essager/tlr. X !;.CvO 8ytes X a& X n.r.:: i08.657 Sill.
\1essage 1 Byte 3600 Sec Sec

~ C~ai-if Data Rate 150 kHz!

'C8,e67 :: 21,733 bos ~et or (91 % etticlent)

Therefore. system overneaa (locatIon. ACi<lNAK. cheCK sum r;nlv) eauals

:: . JeO • 2~ ,733)/24.000 = 9.4%..oIMS however aads 42% 7crwara correction

ana c:r.er overneaa for POeSAG. It is theretore interesting :0 nate rne MTe!

:lafms that NWN has poeSAG torward error correction. but does not Include It In

theIr calc~Jations (FIMS assumes a 42% reduction In througnput) that assumes

,\JWN total ov~rneaa IS a mere 8<::
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C. Commer.~3 to Comparison at Maxim:.lm CapacIty aT PageMart and MTel

Messaging Services.

MPR claims NWN has 2.5 times the capacity ot prMS.

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

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

MSA basis. "The reason the result was achleveo IS that (1) MPR reduceq PIMS

polling channel capacity by a factor at 37.5 times and (2) neutralized the

cacacllity of PIMS, by assumctlon (1), to employ freouency reuse either In

geographical cells or building cells. In effect the 6001 messagesJhour results

converts PIMS to a simple simulcast system ooerating at a gross aata rate at

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

MPF's Key assumptrons are correct. If the atore"'~entlonedc:::rrections are usee.

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

assumption ana analysis of relativelY short message sIze (3.000 charactersl:



Subscriber Capacity Comparison (Major MSAl

System Phase
Rate
(WJ.

Geographica~

Cells Only"
Geo.• BUilding

and OHlce Cells

pag,M.rt anglnl'
PIMS grOwth
PIMS grOwtn
PIMS mature
PIMS mature

MPR gnaly.i.
PfMS
NWN

grOwth
mature

4.800 46.161
24.000 ~ N/A

(114,500 CRC only)

.1.800 190.000 590.COO
9.600 380.000 '.'80.000
.1.800 286.000 867,000·
9.600 572.000 1,734.000·

• L:mltea by pOlling cnannel cacaclty
•• With FCrHara Error CJrrecrton

Assumptions:
;. Same as MPR exceot tor POlling Channel
2. PIMS has 58% POCSAG protocol efficiency (forward error correction

and sync bit)
3. NWN has 83% protocel efficiency (no fOMaro error correctIon SIl'TlpIY

CRe error detection)
4. Eacn system uses 250 KHz

Theretore. wnen the talse MPR assumctions are removeo. the real comcansons

cramaIlcaJly favor PIMS and Its ability to SUbStantially grew the number of ceils in

bulldioQs and offices over time for further frequency reuse. NWN however IS

.. cappea" on cacaclty as are all simulcast paging systems.

..: i
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