What is likely is that in order 10 suppress a 900 MHz signai by 20 d8. (that is,
12.5 kHz from the carrier) would require at least a fourth oraer filter with loaded
Q's of 37.2K. In simple numters, the rcll-crt of a single-tuned circuit is 6
dB/octave: thereiare, 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 930 MHz, this would retlect a

loaded Q of greater than 37,200 cr a very large pnysical filter at 9330 MHz.

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

"The requirement on the subscriber device to measure the signal
strength of the poiling channei for the base sites requires that the
subscnber device be powerea on for long perioas of time. This wiil

drastically reduce the pattery iife.”

PIMS subscriber transceiver moduie is as power efficient as a pager in the
receiver mode. The simpie answer (see page A8,9, PageMart Petiticn for
Rulemakingj is that PageMarts novel "best serving transmitter identification”
(TXID) approacn means that the subscriber unit does not have to be on all the
time to measure signal strength (as in ccnventional ceillular telepnony). The
subscriber transceiver module (STM) can receive a broadcast in its designated
frame. power cown thereafter and store the TXID for later broaacast back to the
sys«&m centrolier (stangara POCSAG paging receiver cperattn is that after the
receiver acguires Sync it cnty powers up one out cf eignt frarmes to deccde
 aadress). Thereiore. the STM does not neea to have a scanning receiver nor
does it need 0 measure signal strength but, due to frequent, periodic tase
station transmitter oroadcast, it can move tetween serving celis ana aiways oe 1n
a posiion 10 meniter its best serving transmitter ana reiay s informaton (TX1D)

0 the system centrotier (via the return link recelver network) wnen a message

notice ar poil is receveq.

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

relevant.
MPR conciudes that NWN's Time Division Oupfex (TDD) is iess
susceptible to aajacent channei interference than PIMS.

‘Since the PageMart system is not Time Division Duplex, they are
susceptible to adjacent cnannel interference from other units operatng
within the system cn the potling, retum link and data channels. it has
been snown that destructive agjacent channel interference extenaed
up to 0.5 miles from each tase station site.”

PIMS has less adjacent channei interference than NWN's TDD soiution.
PIMS, with its csilular approach. will manage its maximum ferwara link
iransmission power in orasr to cplimize the balance between minir'zing the
number of base stations and maximizing desired cell ccverage with the ccjective
of maximizing the number cf cetis for high data throughput. Therefore base
station ERP wiil likely te limiteq to less than SC0O warts in dense urban areas
wnereas the simulcast solution of NWN will te motivatea 1c rhave as few
transmitter base stations as pcssible (as Sky Tel dces now for its nationwiae
paging service) with each operating at or close (0 maximum cower (3.£00 wans
ERP in the NWN pettion). Therefcre the gther NWN carriers wiil potentially
create a far more significant adjacent channs! interterence using TOD (simulcast)

than PIMS' operators managing EXP witn respect 1o frequency reuse.

The main cbjective is site engineering the forward link transmitter channeis ana
‘he return link receiver cnannets as aiscusseda in PageMart's Reoty Comments.
June 16, 1222, £. 19-21). MTel's NWN bteing a TDD. ncn-trunkea-single
cnannet approach cannot exercise anv control over agiacent cnannel forwara link

versus retumn link cycies of cther carners (i.e. NWN is in a recetve cycie ana otner



adjacent carners are in a transmit cycle). Hewever, the more reievant issue Is
the out-of-bana RF problems frcm the PCP and RCC paging tana which, MTel
has apparently not yet addressed but PageMart has. Theretore, the claim made

py MPR that “MTel avoids this problem bty using TOD transmission scheme' is

incorrect.

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

“...to achieve higher data rates in their system, PageMar wiil not te
able to use low cost subscriber cevices. Complexity comparisons with
similar speed devices has shown that they wiil require nigher ccst
DSP, aiscrete anaiog/aigital or custom VLS| 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 MPH that the PIMS
transceiver requires high-power ccmpenents (2 operate at 4.800 t0 6.250 bps is
wreng. Processing of digital signals dcesn't necessarily imply the use of a Dignal
Signal Processing (CSF) cnip. °SP's are used primarily fer a subset cof digital
signhal processing, such as TI's cnip to emulate a classical filter cesign, aigitally.
In fact, it finas many applicaticns in many RF receiver aesigns. such as sateilite
receivers that FageMart uses to ccntrol each individual base staticn anc thereoy

eliminate the need for control channel spectrum.

Even very high speea receivers cited by PageMart in its Repty Ccmments Jure
18, 1992, to MTel inaicates that a simpte pnsse lock lcop (PLL) design can
support a "high-speeqg" <ata rate of 16K bps in 3 25 kHz banawidth.:! However,

wnat seems more apparent is that MPR, with its muiti-level signaiing scheme.

-+ May 1980 [EZE, Qn g Mer=nd or Comerant Savelope Modulgooan cae Nigees)
Linbile 2adic S mmmuoecooo- Nouica: Honma, zilchiron Murazd. Tisuniro
Rikou Matsusaita Communications {ndustrial Co.. LTD. 16,000 brsina 25 kHz
Jmznnei that meets FCC masking requirements using PSK moaulater anad PLL

SSRGS o8
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feels that it must resont to a DSF chip cesign for signal ennancement of its

cmpiicated muiti-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. PageMan's design is weill along in the
PCMCIA card configuration with a first generation 2400 baud POCSAG receiver

(see Exhibit 8). Adaing a ccnventicnai transmitter circuit is also underway for the

transceiver card.

MPR conciudes that PIMS is limited to 3.000 bps.

"There is consideraple doubt that PageMan can achieve 4.800 tos
rates on its poiling channet. ana they would te limiteg 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 tut 2,000 baua. Secona, FageMart has not
restricted its moaulation aiternatives (see page A26 in PageMan's Petiticn for
Hulemaking), tut to the ccntrary. takes the position that its tremengous
imorcvement in throughput comes rem its novei celiular arcniteciure and nct 3

very righ speea moauiation scheme. Thereiore, it can te flexible in agoptng

various manufactured progucts inccrporating the ERBMES receiver chip set wnen

't becomes avaiiable.

The ract is that major manuracturing sucgiiers to the paging iNcust’y are pcised
tc provide high-speea ccaing capapility to maxe anotner maior step fcrward.
“/hetner this is 4 FSK (as ERMES, or cther modulatior techniques. FageMart's
system coesn't neea "tlinaing sceea’ as MTel mugst have 1o reanze a signiticant

‘ncrease '~ cata rate cecause. gl zest;, NWN represents a gimuicast paging

system frcm a network capacity stanapoint.
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Also, It is difficuit to understand wny MPR does not believe that the Eurcpean
modulation standard (ERMES) is feasibie or cannct practically be impiemented (o
acnieve 6250 bps. It is panicularty difficult tc unaerstana thew 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 seif imposed limit justitying the compiex
modulation approacn used in NWN, since there is no hard evidernce to suppon
their 3000 baud limit claim and even one of the AMS patitioners, PacTel. states
that it has "discernea that the simuicast toundary for near term develooment is
cetween 3200 and 6400 baud based on its experiments” that appear 10 be more
aavanceza than MTel's paper studies (see June 1, 1992, PacTel's Supptement to
Reguest for Pioneers Preferencs, p. 3).

MPR states:

"The spreacd in time celays between these received signals at the
conable is the 'simuicast time deiay spread.” Simulcast transmitters
up to a distance of 3.6 times this distance from the base station, or
1£.4 miies, resuit in the maximum deiay. The minimum delay occurs
for a ponable terminai near the ceil site transmitter. Thus simuicast
delay spreaa wiil be the oraer ot 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 miies or 15 mues in total deviaticn wnicn is MPR's 80+
microsecona celay spread. Now. if the two transminters in PageMan's PIMS
system were locatea 1S mies apan or less (center-to-center gistance, whicn is
typical in €00 MMz paging), then this would suggest that the tctal equi-sigral
strengin pcint ceviation would wander from one base staticn site to the ctner cr
15 mijes. Simgily put, this cces nct nappen. it is even less iikely given (re

motvauon tc create an even greaier numbper cf base station sues or cells in the

PIMS system reiative ¢ a ccnventicnai paging system. Thus, the total deviation

4
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cf the equal signal strengtn "points” is crucial to the pold ana unfounaea
statement by MPR that the 30C0 baug rate is the upper limit and totally

unreatizable in actuai practice.

Finally, there 1s every reason to believe that :ie European paging standara,
ERMES, will aiso be implemented in the U.S. similar tc POCSAG, and that ASIC
tecnnology wiil quickly agvance to encompass 4 FSK modulation into very low-
cost receivers as has been characteristic of the paging industry. Thus, the

ccmments stated beiow by MPR (page 28} are totally false anc misieaaing:

PageMar is aimost two-thiras greater than this rate. wnich wouid
inaicate that the 4.800 bps potling channei rate wiil provide a marginal
degree of overation even if it could operate at ail. Lowering the aata
rate tc sometning the coraer of 2000 taua wouid appear (0 de requireq.
Attempis to increase the poiiing channel data to $600 baua or higner
ceces not appear to feasible in the type cf system groposed by

PageMar.

Cnce again MPR ccntinually mixes bps ana baua since PageMan stiopuiates oos
not zaua because PIMS can acccmmodaate any type of modulaticn approacn
wnicn wiil have cesired cata rate, power and ccst zerfermance. aere is no
quesicn that PIMS can tecnnically acnieve a prooorticnate qata rate in a 25 kHz

channel that MTel can acnieve in @ £0 kHz channel, given Shanncn's law n

information theory.
MPR ctaims that PIMS is a Mobitex :-ok-alike.

‘The PIMS svstem proposea by PageMan is very simiar to the
Ericsson Mobitex system currently coperated in Sweaen. Norway,
Finlang anc Canaga. This system equipment is also used by RAM
‘Aopiie Cata Lic. in their nauonwide mopile gata netwark in the Unitea
States. Thusitis naraly advancea in narre. Nor is it the nrst system cr

s tyce.”



PIMS is a novel ceilular paging type architecture. MPR doas not understana
PageMart's PIMS prcposal. it is coammon knowleage th=1 the Mobitex packet
radio networx i1s a two-way, real time, interagtive, data network system requiring

¢hannel pairs (MPR, page 23). PIMS is a : vo-way, non-reai time, non-interactive

Therefore, the simiiarity ends at the two-wayv portion cf the

data network.
companson. The tremendous advantage of PIMS lies in the combination of the

novel use of simulcast paging technology for raaio locationing, the use of celular
frequency reuse principles for massive improvements in throughput and the
nnovative ncticn of utiliz.ing very low-power/lcw-ccst office cells ana hign rise

cffice building czils to significantly enhance reuse (similar to future PCS vcice

proposais). Tnerefore, the similarity is that both Mobitex ana PageMan ‘ake

aavaniage of frequency reuse. but the ccmpariscn enas there (not in *7e icng list

of features).

The fact that ccth Motitex ana PIMS tceth utilize murtiple frequencies for trunking
efficiencies nas to do win the recognition that any nigh thrcugnput system hat
wisnes tc acnieve full economies of scale wiil design a wireless system to take
naximum agvantage of the investment at eacn cell site. This 'spreaaqing” of fixea
site ccst ¢annot be aone with a single channel system, sucn as MTel's NWN.
Mcreover. NWN reguires a two-wav network of receivers tut cannot take
practical agvantage of cellular reuse within contiguous urcan areas cue to
destruclive cccnannel interference:< Cecause it cperates cn one chanrel,

Unfortunateiv, it is the maijor c:lles wnere the vast majonty ¢t sucscricers wil te

fcr AMS services.

-~ MTel zrovoses a dvnam:ic zoning methiod 10 increase CAipacily but never
2xoiains wnat imgrovement (T woutd make. Aiso. it never rully expiains
Zdithering ang ~ow il can accempiish dyamic zoning with a mooile customer

base.



Ccmments on the Data Link Laver Aspects ¢f the FageMart Petition for
Rulemaking.

o)

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

'The simuicast poiling channei, usea for radiation and data channel
assignments. (s a constraining factor in overail system capacity. Using
PageMart's message mocel, the best case scenario could support no
more than 3000 messages per hour, the equivalent of 12,000
supscnibers per MSA. This is an orger of magnitude iess than the
100.000 tec 200,000 supscribers claimea for a 4800 bps system.”

PIMS' poiling channei doesn't limit proposed capacity. MPR reagesigns
PIMS' Acknowleagment crocess so that the entire poiling channel is ccnsumea
with the task of colling following acknowledgment 10 . 2-estaplish the cacxet
circuit it has aireaay established, ratner than .ne oclling cnannel being usea as it

was irtendeg, namely for location cf the subscricer transceiver module (STM) as

12 its baest serving transmnter (TXID). MPR ccntuses the error protecticn ana

acknowieagment precess with the purccose of the pclling channer to locate the

STM.

MPR: "For error pretecuion reasoning, PageMart has deciced to
segment messages Into cacxets of ‘2 to § POCSAG batches.” The
imoncaton is that each data packet must te assigneqg a data crannel
via the ooll channel porotocol. because each packet is inagiviaually
acknowieagea and retransmitted if reaquireq, whicn wouid require 30-75
trransactons on the poil channel. Best case, the, the poll channe: couid
ranale the equivalent cf 3C00 average size aata messages per nour.
assuming a S datch packet [engin. At a 2 batcn packet lengin. this
gecreases 10 1200 data messages per hour.”

Cnce the petling cnannel has lccatea the subscriber transcever moaule s cest

serving ransmitter 1dentficaticn :TXIC), 1S joD s gcne. The retun link ana

servingc .ransmitter ‘orm a racket ~etwork that s maintained unll he

acxnowiedgment 2rocess ceases 10 functicn (i.e. ine cattery faliead). Zimoiv

geting an ACK cr NAK cces rnot reacuvate the poiling tink.

-~



"Moreover. in reviewing the three versions of ARQ in popular use.:3 'none of the

techniques listed below would require a reactivation of the polling channel;

1. Stop and Wait ARQ usas the simple stop-and-wait acknowieagment
schneme. The senaing station transmits a singie frame ana then must
await an acknowiedgment. No other cata frames can be sent until the
receiving station's reply arrives at the transmitting station. The receiver
sends a positive acknowieagment (ACK) if the frame s correct anag a
negative acknowledgment (NAK) otherwise.”

Go-back-N ARQ is one variant ~f Continuous ARQ. In this tecnnique.
a station may sena a series of fra-1es cetermined by winaow size. If the
receiving station detects an error on a frame, it senas a NAK for that
frame. The receiving station will discard ail future inccming frames unti
‘he ‘rame in error is 2rreztly received. Thus the transmitting station.
when it receives a vAK. nust retransmit the frame in errcr plus ail

succeeaing frames.

n

With go-pack-N ARQ, it is not required that each inaividuai ‘rame te
acknowiedgea. For example, station A senas frames 0, 1. Z, ana C.
Station 8 responds with ACK1 after frame 0, but then aces not respond to
frames 1 and 2. After frame 3 is received, B issues ACK4, inaicating that
frame 3 ana all previous frames are accepted.

Selective repeat continuous ARQ crovides a more refined approacn
than ¢e-pack-N. The only frames retransmitted are those that receive a
NAK. "As an example, it in a iong message transmission” cnly frame 2
need be retransmitted. This would appear to be more efficient inan the
go-back-N approacn. Cn the other hand, the receiver must contain
storage to save post-NAK frames untl the error frame is retransmittea.
and the icgic for reinserting the frame in the preper sequence.

(@)

PIMS intencas 10 use a continuous ARQ apprecach. Althcugn as creviousv
mentoneqa. ncne of the ARQ aprroacnes mentioned above must re-establish tne
original ‘hanashake' in the event of any ACK/NAK acknowleagment wnich MPR

nas assumeaq in their analysis ¢f FIMS to arastically requce colling cnannel

capacity (page ). The imolicaton ¢f MPR's imptiec regesign ¢t PIMS is that

each cata packet must ©e assigned a cala cnannel via ihe coliing cnanne

23 Eardbogk ¢ Computer Communicanens Sandards - Volume 1§ William

stallings, stailings/MacMillan, [987.
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preiceel, because each packet is individually acknowieaged ana retransmitted if
required. whnich would reguire 30-75 transactions on the poll channet). Thererore,
the MPR, inapprognately ccupled with a crnanne! utilization factor to retiect ac:.al
operation, reauces PIMS' poliing channei capacity by a factor ¢f 37.2 is entirely
wrong. Acknowleagments are made in the reserve syncnronous time siots cf the
return link (see A15, Exhibit XV, PageMart Petiticn for Rulemaking). Therefore a
conunuous packet circuit is established that doces not require any aaditional

hanashake via the polling channel irrespective if ACKs or NAKSs are received.

PIMS' controt channei can suc sort 450,000 subscribers at 4800 bps. MPR is

abcroximaiely ccrrect (assuming the need fcr preample) by arnving at 112,700

poit tand Go To channel) ‘ransaction per nour at 4800 tps or 225,400

transacticns per hour at 3,600 tps. Using the apove MPR assumectlons and a

conunuous ARQ approach creviously discussed, the following 1s a table of

resuits:
Theoreticai Control Cnnej Capanility
=eguction due o iNet Totai

Transacuons 2 Poihing Channet  Jtilizaton Transacucns Subscriber

Zalafate SerHour -angshake/Packet Assumpuon  Per-our Capacity
MP= =800 112.7C0 "30 20% (Incorrect) 3.200 12,000
FageMan <800 *12.7G0 ~ane(Continucus)  NA (Theoreticaty  *12.7C0  450.000
PageMan S80C0 225,400 ~one(Continuous)  NA (Theorencai) Z2S.4G0 301,600

Therefore. the actuz! poil transacions are 37.5 times (greater than) inat

calculatea by MPR wnich 1n turn has a critical impact cn PIME subscnber
capacity. Tne actual theoreucal capac:ty cf the paoliing cnannei s cver 450,8C0
sucscrioers cer MSA at 4800 tps t¢c cver 900.C00 supscnicers cer MSA. %
snculd e ncteg that .0 NWN's scneme. z2cth ACK/NAK zng rz2gistraton

[autcmatic ana manuai) ang retransmission (partculany ./ Synamic Ioning Is

e
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usea) significantly reduces throughput cf 'heir system and that elaborate
scrhemes cf auto identification to avoid this protlem nhave been cevised, but not

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

June 1, 1982}, could be extremeiy costly.

MPR asserts that if Inbuilding cells are deieted and 9 cell reuse is
reauired, data channeil capacity is reduced.

"Eacn data channel can suppert no more than 600 subscribers. Total
system capacity Is gepenaent cn implementng a large number or non-
interfering cells, supject to the limits of the potl channel.”

Inbuilding cells are in commercial operation today and 4 cell reuse has
Deen validated by MP= s own authoritative source. Three major 1ssues are to
ce made with MPR's analysis. First. the estumates ¢o nct incluce any builcing
cell or office ceil reuse, .~aretore. MPR has again reaesignea PIMS to reauce it
0 having the same majer deticiency gs NWN, namely no provisien for significant
messaging service in builcings, yet that s where AMS is intenaed to rsacn
cusiness peocie most ¢f the tme. “"WN would appear t¢ ce ccltmized around
the conventional paging paraaigm cf meeting ‘he needs of service peopie ana
tracesmen that 22 not have offices but requently work on maintenance or
censtruction orojects in ana cutside office buildings, homes, etc.. PageMart
Seiieves that AMS requires highly efficient use of spectrum given that business
ceccle wiil be in offices as weill as mobile. ana not t¢c take aavantace of low cest

messaging services. using FC-basea office cells. jiven the cresent expiosive

grewtn in hignly gortaple. gersonal computers i1s to ignore current trends and

future ferecasis (Exnibit @), Seccna. MTel continualiy reters (0 1S naticnwide

svstem cagacity o1 £80C.C00 supscricers (with an eariv estimate cf 24 zcnes now

‘nereaseq tc ST nicn implicitly assumes maximurr (neoretical catg rate capacity

'n most all the major ciles, nct actual or estimated capabilities basea on gractcal



data througnput. Third. a & ceil reuse gattern is assumed for PIMS that is

irrelevant given cur earlier comments or *he physical laver cntiaue oy MPR.

The following table provides the ccmparison of PIMS "capacity” as determined ty

MPR and PageMarn.

0 o : ity v Maior MSA)
Geographical Geographical
e a3lilsQnly _2ulidinQttice Calis
Ccncurrent Cancurrent
PIMS Cata Zata Theoretical AcCtLa! Zata  Theoretical Actual
MPR grewin 4,800 30 34.000
MPR srowtn 3800 3%5 15,000 .ighoreaq)
19 ceus reusa)

PageMarn jrowin  4.80C 30 £8,000 35.000 248 202.0C0 -Q9.cCC
FageMant growtn 3,800 30 -30.00Cc 70,000 246 <40Q4.CCO z18,CC0O

<57.CC0 243.CCC

PageMan maturs 4800 120 38.000 22.C00
314,0C0 +86.CC0

FPageMan mature 3600 123 *97.CCO 04,000

(n o
[$1N¢]]
[O1 %))

Therefore, simply because NWN's architecture cannot acccmmodate cifice anc
culiding cetis. MPR elected to ignore FIMS' capabiiity tc ¢c sc. This is entirely

inappreeriais :na self serving for ccmparison of PIMS with NWN.

MPR ciaims the return link channei cannot work as described.

"The return link media access protocc! cannot work as gescribed. T ne
infcrmation ccntent ¢f the required messages cannot fit within their
ailccated tme siots, and nc allowance has ceen maae for reat-worid
cevice cnaractercics in terms of tming, syncnronization ang urn-on
times. A realstic return link grotocc! woulg restrict the poll channel
transaclicn rate even funther, regucing system capac:ty accoraingty.”

PIMS' controt link channel functions as proposed with one code wora.
MPR first rzgesigns FIMS witn an arcitrary assumelcn that eads 2 an

'mmegiale requcticn in rewrn link capacity oy a factor ¢f 37.2. MPR. n s

regesign ¢t FIMS. requires the sucscricer transceiver unit 1 acknowlieage with 11s



‘zap ccde” aadress as well as (1) the cest serving transmitter identification, ana
2) message aisposition, so that the return iink informaticn wiil exceea the 20
cata bits per frame available in POCSAG fcrmat, when MPR knows the poiling

channel and return link channel is syncnronizec and doesn't require subscriber

idenufication to ccmplete a poll.

MPR states on page 4 ana S that they are aware that the returr. link channei is

time-synchronized to the polling channel:

“The return link channel is time-syncnronized to the pail channel and
uses POCSAG batch formarting.*

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

cCde adadress in a syncnronizea svstem Ryt never reflects th's resuit in its £oliing

channel capacity calcuiations:

"Alternatively, the device's FOCSAG aadress may rot neea (C D€
iransmitted, since the systam knows wnich cevice's response Is
expected. aibeit at a ccst ct increased ccmpiexity in the retwork

process:ng.”

in fact, the entire review of (1) Pell Channei Capacity, (2) Data Channel Capacity,
ana (3) Return Link Media Access Prctocol is a tetaily unnecessary. The fact is
that the Return Link channel has 20 bits of data avallaple ana this is mcre than

snougn for the oest serving transmitter identification (7T XID) in eacrn —arket

fexctuding office ceils) and snort message aisposition coge. Since 10 tits are

still available. we proposea also transmutting cap cocde address, in an apbreviated

‘orm. as a reiiapility T-=cKk Eut it s mat requires 3t a2, T e following table

Zescripbes the pit requirements currently envisionea for eacn tvpe of transmission:

PIMS Re i Forma



ldggn

Message
Resoonse

ACK/NAK

Access

Transmitter Subscriber Message | ACK/NAK Message Totals Bits
107X cipgege ! 2ngin ‘dessage # Cispositica cade warzss

7 ‘0" 3 <0 Bits

1 coae wora

. 10" - 10 - 20 Bits

1 code word

7 ‘8 5 40 Bits

2 code words

(for data channei)

* Optional

MPR's analysis is flawed tecause they erroneously come to the ccnctusion that

PIMS must transmit the ccmplete FOSCAG aaaress when thev nave ccnciudea it

iS unnecessary (see page £).

MPR states:

"There are several proplems with the retumn link crotccol as :escribea.
~irst, the raaro location poll-response is specifiea to centair :ne 'base
station 1D cr call sign. ana its POCSAG address pius the aisposition of
this message.” This wiil require a response of at least two ccaeworas
minimum, possibly three or four, depenaing cn length of the base
station 1D (Page AS implies the basse station |1D is one frame (2
zczeworas) in length). Thus. e ccll response cannct be transmittea
WItNIN its reservea time siot ana the maximum pall rate of the svstem
must be reducea {and thus maximum system capacity) to reserve

agequate retum tink time fcr poll responses.”

Since it is clear from the previous table that only 10 tits are neeaea ftransmitter

D pius message agispostitior:) and not 2C bits fcr 1 coaeword. MPR criticism of the

poll response is ccmpletely incorrect.

Simuarny,

MPR's cniticism celow ot FIMS ARQ response Is egually unfounaed.

given the neeag to iikewise transmit cniy 10 bits inciuging ACK/NAK 2lus the

.genuty ¢f the cacket ccntaining the errer:

'Secend. a simuar pcreplem cccurs for the ARQ respense ana for the
‘anccm accass siots. Tne ARC response message Is also likeiy (o
‘aquire two cogewords to enccae the cevice's POCSAG aadress.
ACK/NAK status anag message numper :required fcr cuplicate



detection/elimination). 7he gata channel reservaticn reguest "ingicates
the message length to be transmitted, the serving trans~utter site
identification ana the supsc-ber unit identification”, ‘wnich w . ..d require
anywnere from 2-4 ccaeworas, depencing on length of base station 1a.

Thus, none of the return link channei messages wiil fit within the time
slot allocatea for their transmission.” _

Therefore, once again, cnly 10 bits or one ccde word is neeaged to provide the
necessary response in a synchronous system in an ACK/NAK mode. |n additicn,

the STM's ACK/NAK is syncnronized in one traiing frame following eacn packet

wnich is intentionally left blank in the data channel.

It is further interesting ¢ ncte, that MPR attempts to find scme prociem with the
error correction with PIMS wnen MTel specificaily requestea of MPH that NWN
not be anaiyzed and reccgnizea the non critical nature of this exercise that they

unsuccessfully attempt to hignlicht with regara tc PIMS (page 17, Final Report ¢n

NWN Protocaot):

"Any errcr protection scheme Is a traceoft of effiziency, ccmolexity ana
prooapility of error. MTel's proposed protocoi aiso utilizes ARQ. wnere
messages with errors that are uncorrectaple 2~ retransmitted. ~hese
retransmissions obvicusly decrease the er- .uve througnput of the
cnannel and aad (o the ovemead. The resulting "wastea" capacity is a
function of the expected message success rate ana the maximum
Aumbper of retransmissions that will te attempted tefore discaraing the
message as unaeliverable. At MTel's request, ‘he =tfect of
ralransmisst W A reaustic trarfic mocet for
message success rate nas nct been “eveloped. Note, hcwever, nat
many retransmission aigorithms exist that minimize retransmissicn
cverneaa, sucnh as potling the gevice on nen-acknowleagment ratner
than retransmnting immeaiately. These and cther tecnnigues are

unger review,"

MPE funther s..ies that they are nct famitiar with & transceiver cesicn that =an
U cn anc crf even in a syncnrerous svstem in the oit intervals that Pageman

require (imptiea at 480C bos ‘APR states as iollows:



"However, the more serious preplem is that the return link meaia
access protoce! as gescribeda can not be iImolemented in real devices
‘n a cost-effective manner. Back-to-back singie cogeword
transmissions from different subscriber gevices are required. with
apsoiutely no time allocated for preamble. word syncnrcnization or
guard time between transmissions. This would require the simulcast
transmitter network, all dedicatea and co-iocated base recsiver sites
and all subscriber devices to be synchronized to eacn other within
fractions of a bit interval. [t would mean, for example, a system-
syncnronized clcck wouid have to be distributed to ail recsiver sites,
' whether at co-located base staticns, dedicated geograpnic receivers,

buiiding or office cells.

Even assuming sucn clccx syncnronization were economically feasible.
allowance must stil be mage for the non-zerc transmitter turn-on anc
decay times in the subscriber transcelver mogule. r~ast attack ana
decay transceivers wouid significantly aad to the ccst cf the STM.
asoscially since they must be frequency agile as well.

To sliminate this non-reglizable reguirement fcr oerfect
synenronization, the return link Drotocc! must te reaesigred to ailow
for reasonaple attack. svnchronization and decay times. as weil as
expected message lengths. A reasonable ccnjecture mignt be to allcw
an acditional cocewera interval cer return link message !¢ ailew for

creamole. Ssync and guara intervais.”

“he aforementonea ‘non-realizable requirement for perfect syncrronizatuon' is
comeletely incerrect. To aadress this issue. we wiil ccnsider the step response
~t a compesite AF filtering circuit consisting of nominal Q values cf 100,

a

‘nerefore, the eaquivalent low pass LaPlace transfer functicn equeaton cof that

cassive network i1s. 14 i3

. NOSITanc Remnnoic Co., 197 C.
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where. T, = 1/W, the 3 dB response frequency of the eguivalent base
bana circuit; and, C = WO/Wn = 100 (where Wo = carner frequency);

then, W, = W_/100; ar f,| = f/100 = 830 MHz/100 = 9.3 MHz.

Thus. Tn = 17.11 nanoseccnas/radian:

or, Tn=107.23 nanossconds/cycls

Now simple RC circuit analysis the rise time of an AC single roct circuit is 2.2 RC
or it takes 2.2 time ccnstants to arrive at the 90°% final value point. Theretore. it
would take 2.3 x 17.11 = 39.35 nanoseconds for a singte tunea circuit at 230
MHz (with a loaded Q of 100) to tuild up tc the 90% final value. Hence, 210 4
cascaded tuned circuits woulc vield an elapsed response or less than 0.1
ncor,

microseconds. n ntly, the rise tim n cay time} is less than

Qt 3 bit interval time. Thus. the “fast attack” circuit that MPR finds is a "‘non-
realizable” requirement is gntirsiy achievable.

MPR states that channel accass protocol severeiy limits capacity.

‘The inbouna data channel traffic capacity is severely hampered ty the
design of the cnannel access protocol. In the best case. inbcouna traffic
can not exceea one-sixteenth of the outbound trarfic. ased on numoer

of messages.”

PIMS rancom access protoccl permits up to 100 times greater subscriber
access than NWN. rirstcf all. FIMS has 8 frames cer patch cycie wilich cccurs
on aiternate patch cycles (¢ acccmmocate a nigher thrcugnpul of subscricers
WISning access to a cata crnannetf than it the PIMS simely ailowea all subscrioers

‘C svnec-uD tc the ranaem atch access interval and troaagcast their request for

cata cnannet cn a siottead ALCHA tasis. MPR fccuses cn the gropapility ct

a¢cessing a cnanne! unaer cenaitions wnere a large base of subscricers ail wiss

to make a request fcr a cate channei reservation rather than a F'MS' ability ic

Iyl
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acccmmogate a factor of 8 higher throughput than single time siot (on a single

channsi).

MPR goes on to state:

'‘Random access is just that, random, ana constraining the cnoice of
slots to different segments of the population does not arfect the
probability of collision once the size of the population outweigns the
numper of avaiiable siots.”

However, its not the probabllity of coilision that we're interested in, tut the

subscriber access throughput to reserve a data channel for a retum data cnannei
transmission. ~or example, a gas station with 8 pumps and 8 gueues hanales
more customer thrcughput than 1 pump and 1 queue even though all eignt lines
may ce equally lcng. However, the prepability of cbtaiming pumo service from a
‘rancom cueue’ in the aforementionea example is approximately the same (or
propabpility cf collision). Therefore. PIMS' throughput is the issue, nct the
grceapility of cetlision. Note that PIMS offers supscribers access tc the rewurn
iink cn altemative patches. 7his works cut to give FIMS between £0 to 100 times
the access NWN affords their customers because NWN cffers a 7- millisecona
iime siot after each message, and aiso must set aside time for ACK/NAK. Thus.

IONG messages coulad deny access to many subscripers wnile puilding long

queues.

Funnermcre. FIMS does not simpty pericrm as a siotted ALCHA manner as MPR

states:
“Cne-founth ¢f the total return linxk is geaicated !¢ this funcucn ana is
accessea in a siottea-ALCHA manner.”

The correct ccnecept is muitipte siottea ALCHA with cagture. “he aiffererce s

Cetween maximum cnannel thrcucnput ericiency ¢t 37°% cer sict iframe) ara



§7% per slot with gapture.:6 Thus. with subscriber units at varying distancas
trom each retumn link receiver site. some collision wiil not cccur cecause cenain
receiver sites wiil capiure basea on the strengih of 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 spatiai dispersion of STMs to

receiver site groups.

-~

MPR states their concern apout PIMS' turn-on and turn-off time intervai in a
cellular system that has mutually exciusive channei assignments of its agiacent
cell. The separaticn between non-cveriapping cells provides adeguate isolation

in the "Key cown" overiapping with a "key ud’ transmitter at least one ceil

removed. MPR states the following:

"PageMart proposes two alternatives to transmitting the base station
call sign. In the first aiternatuve, "one geograpnic cell. in eacn four
geograpnic cell group, is te broadcast its station identificaton in eacn
frame for a designatea batch. DCuring this tatcn, the otner three
Jeograpnic ceils simply broaacast the sync puise ana power down".
Fresumaply, these hign powerea transmitters wiil e able to power
cown Instantaneousiy. and power up again instantzneously, so as not
to interfere with the cail sign ransmission of the neighboring ceil. it
aiso implies that the signal strength measurement is to be taken quring
this interval, during the normat wakeuc periog cf the subscriber aavice,
I.e. 2 ccdeworas or 12.3 milliseconas.”

Cne has tc wondger what the overlap problem mignt te. however. in a 7DD

system sucn as NWN wnere significant inefficiencies may te required 10 acnieve

- - - xS, Rov Rosher Lifetime Learning
Subiicanion (ivadswortz nic.) 1982, The anailvsis of the ALOHA zacket broaccast
Zaannei assumed thaf. when any part of TA0 Or more packets overian, d.
Tackets ;nvoived 11 the collision must te retransmitted, (o reanty, thereis at
.east some ©rcoaoliity that crnie or the packets invoived in a coliision will e
surriciently strcng o cagture the receiver and be recerved accurately. £ ihl
were rtne case. not every packet invorvead i 4 collision would have to pe
retransmitted, whnich would reduce the apparent (nterierence anc increase tne

chanrel througapurt 4t any ievei or tracfic.

)
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a 'cuieting” period between the hign-powered fcrwara link ana the low ccowerea

sutscriber return fink.

MPR asserts that NWN ‘= 2.7 times more spectrally efficient than
PIMS

“The proposed MTel NWN systemn i1s 2.7 times more spectrally efficient

than the equivalent PageMart PIMS system, when considering the bits

delivered per frequency domain, time demain ana space domain.”
PIMS' capacity correctly stated is as proposed to the Commission. Taking
into consideraticn the MPR reaesign of the PIMS system, it is not surensing that
MPR enas up with NWN being 2.7 times more spectrally efficient. However, lets

100K at the facts causing such a dramatic change of estimate to that provided by

PageMart in their PIMS Rulemaking document:

Factors Considered by MPR and PageMart

Eagtor MPR PageMart Comment

Poll Channel Capacity 3.00C 112.700 MPR incorrectly assumea

iTransacuons/Hr) 34,800 <4,8C0 ~'MS requires more than

w ____&to 225,400 cne ccaeworag 10 respona.
Q@ 9.600

JHice & Builging Calls None Represents MPR amitranty aisregarded

</3 Sysiem PIMS throughput capabtity

Capacnty using cttice;ounaing celis.

Geograpnical Call Reuse 9 cell 4 Csali MPR eiecteaq to ignore

Reuse Reuse current cenular reuse

lecnnolcgy oy their own

citea autnerity, Cr. Lee.
‘What 1s difficult to understana. is hc 31 simuicast system sucn as NWN in a
maior MSA can expect tc te as efficient as a celular system inctuaing ctfice ana
cuilding tevel reuse capapility,. MPR's approach was tc deny the rossioility of
crfice ana tuilding cells. requce tne inroucnput cf the paling cnannel cy a facor
2t 37.5 ieven wnen tne MPR autnor reccgnizea that it cidn't nave to functon the
vay MPR assumeaq) ana tc require FIMS to use a 9 cell reuse pian thatis 3 times

'ess efficient than their own citea cellular authornty aavocates.

-4



MPR then gces on to ccmpare ~IMS to NWN using their assumption that

disaples the peiling channel.

od| -10hrb riod
Difference
PageMart MPR Factor -
Polling Channel 450.080 12,000 (37.5X)
Data Channels 38.QC0 N/A -

(Geograonical Calls Only)

Data Channels 109,000 N/A
(Geo., Buiaing & Ottice Celis)

Therefore, frequency reuse is not reievant. and buiiding ana oifice ceils are aiso
not relevant 1o MPR's analysis. However, looking at their analysis (which they
say is the same), one sees what system throughput enhancing assumpotions they

have used 10 ennance vvWN's net data rate:

NWN
g Channel Data R =0 ki
& 8.150 messagerhr. X £.000 Bytes X 8 Bits X hr, =  108.657 Bits
\essage 1 Bvte 3800 Ssc Sec
" Char - £0 xH2)
‘£8.6e57 = 21,733 bosy_i_t or {315, efticient)

I
=
-~

Therefore. system overneaa (location. ACK/NAK, ¢heck sum onlv) equals

{2200 - 21,733)/24.000 = 3.4%. ='MS however aqds 42°% fcrwara correction
- ana ciher overnead for POCSAG. it is therefore interesting ¢ ncte tne MTel
claims that NWN has POCSAG forward error cerrection, but does not inctude it in

their calcutations (FIMS assumes a 429 reduction in througnput) that assumes

NWN total overnead 1s a mere 9°



C. Commenr:s to Comparison of Maximum Capacity or FageMan and MTel

Messaging Services.

MPR claims NWN has 2.5 times the capacity of PiMS,

“This brief analysis shows that the MTel NWN system suppors nearly
2.5 times as many subscribers as the PageMart PIMS systems, wnen
considering the bits delivered per frequency domain, time domain and

space domain.”

PIMS has an order of magnitude more capacity than NWN on a per hertz per
MSA basis. The reason the result was achievea is that (1) MPR reduceg PIMS
pclling channel capacity by a factor cf 37.5 times and (2) neutralizea the

caoavility ¢f PIMS, by assumption (1), to employ frequency reuse either in
geographical cslls or building ceils. In effect the 6001 messages/hour resuits
converts PIMS to a simple simulicast system operating at a gross data rate of
S.€K bps in a £ kHz channel. However, PageMan has snown that ngne or
MPH&'s key assumptions are ccrrect. !f the aforementioned ccrrections are used.
the following is a valid comparison between PIMS ana NWN. using MPR's own

assumption ana anaivsis of refatively short message size (3,000 characters):

<A



Subscriber Capacity Comparison (Major MSA)

Rate Geographical  Geo., Building

System Phase (bpsl  Cells Only*™ ang Qffice Cells

MPR anaiysis

PIMS grown 4.800 46,161 . ~

NWN mature 24.000 81,635 N/A
{114,500 CRC onty)

PageMart analysis

PIMS growth 4.800 180.000 £90.C0o

PIMS growtn 3.6C0 380,000 1,180.000

PIMS mature 4.800 286,000 867.00Q°

PIMS mature 9,600 572,000 1,734,000

© Lirmited by polling cnannel cacacity
** With Fcrwara Error Correction

Assumptions:
1. Same as MPR exceot fer Pailing Channel
2. PIMS has £8% POCSAG protocol efficiency (forward errcr cerrection

and sync bit)
3. NWN has 83% protocc! efficiency (no forward error ccrrecuon s.mnply

CRC error detection)
4. Eacnh system uses 250 KHz

Therefore, when the false MPR assumrtions are remaovea. the real ccmparisgns

aramatically favor PIMS and its ability to subsiantiaily grew the number cf ¢eils in
bulldings ang cffices over ume for further frequency reuse. NWN however is

‘capped” cn capacity as are all simulcast paging systems.
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. cellular telephone system ity descnbed of the type
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