it LAIN

of the equal signal strength "points” is crucial to the bold ana unfounded
statement bty MPR that the 3000 baud rate is the ugper limit and totaily

unrealizable in actuai practice.

Finally, there is every reason 10 believe that :ie European paging standard,
ERMES, wiil aiso be implemented in the U.S. similar to POCSAG, and that ASIC
tecnnology will quickly agvance to encompass 4 FSK modulation into very low-
cost receivers as has been characteristic of the paging industry. Thus, the

ccmments stated betow by MPR (page 26) are totaily false anc misieaaing:

PageMart is aimost two-thiras greater than this rate, which wouid
ingicate that the 4.800 bps polling channel rate wiii provide a marginal
degree of operation even if it could operate at all. Lowering the gata
rate tc something the craer of 3000 baua wouid appear to be required.
Attempts to increase the poiling channe! data to 9600 baud or higher
does not appear to feasibie in the type of system proposea by

PageMart.

Once again MPR ccntinually mixes bps and baud since PageMan stiouiates pos
not cauc because PIMS can accecmmodate any type of modulaticn approacn
wnicn will have cesired data rate, power and cost cerfermance. - naere is no
qussticn that PIMS can tecnnically achieve a proportionate data rate in a 25 kHz

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

information theory.
MPR claims that PIMS [s a Mobitex ::ok-alike.

"The PIMS svstem propcsea by PageMan s very simiiar to the
Ericsson Mobitex system currently coperated in Sweaen, Norway,
Fintana anc Canadga. This system eauipment is also used by RAM
‘Mobtie Data Lid. in their nationwide mobile gata netwaork in the Unitea
Slates. Thus itis naraly agvancec in naure. nor is it the rirst system ot

s tvce.”



PIMS is a novel cellular paging type architecture. MPR does not understana
PageMart's PIMS prcposal. It is common knowleage th=t the Mobitex packet
radio network is a two-way, real time, interactive, data network system requiring
channel pairs (MPR, page 23). PIMS is a * vo-way, non-reg| time, non-interactive

data network. Therefore, the similanty ends at the two-way portion cf the

comparison. The tremendcus advantage of PIMS lies in the compination of the
novel use of simulcast paging technology for raaio locationing, the use of cellular
frequency reuse principies for massive improvements in throcughput and the
innovative nctien of utilizing very fow-power/low-ccest office cells and hign rise
cffice building cz:ls to significantly enhance reuse (simitar to future PCS veice
proposals). Tnerefore, the similarity is that both Mobitex ana PageMart ‘ake
aavantage of frequency reuse, put the comparison encs there (not in "7e iong list

of features).

Tne fact that tcth Mobitex and PIMS both utilize muiticle frequencies for trunking
efficiencies nas to do with the recognition that any nigh throcugnput system that
wisnes 1o acnieve full eccnomies of scale wiil design a wireless system to take
naximum aavantage of the investment at each cell site. This 'spreaaing” of fixea
site cost ¢annot be aone with a single cnannei system, such as MTel's NWN.
Moreover. NWN requires a two-way network of receivers tut cannot take
practical agvantage cf ceilular reuse within contiguous urcan areas due to
destructive ccchannel interferencei- tecause it cperates cn one channei.

Unfortunately, it is the maior cities where the vast majonty of subscricers wil te

fcr AMS services.

‘= MTel crovoses a dvnamic zoning methiod 10 increase Capacity bul never
2xplains what improvement 2 would make. Also. il never fuliv expiains
dithering ancg ~°w 1t ¢an accomplish dynamic zoning with a mobile customer

base.
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B. Comments on the Data Link Laver Aspects of the PageMart Petition for
Rulemaking.

MPR asserts that PIMS' polling channei limits capacity to an order of
magnitude less than proposed.

'The simulcast polling channei, used for radiation and data channei
assignments. is a constraining factor in overall system capacity. Using
PageMart's message mocel, the best case scenario could support no
more than 3000 messages per hour, the equivaient of 12,000
subscribers per MSA. This is an oraer of magrutude less than the
100.C00 to 200,000 subscribers ciaimea for a 4800 bps system.”

PIMS' poiling channei doesn't limit proposed capacity. MPR reagesigns
PIMS’ Acknowledagment crocess so that the entire poiling channel is consumedad
with the task of golling following acknowledgment 0 .s-establish the cacket
circuit it has aireagy established, rather than .ne polling channel being usea as it
wasg intendeq, namely for location cf the subscricer transceiver module (STM) as
10 its best serving transmitter (TXID). MPR ccniuses the error protection ana

acknowieagment process with the ocurpose of the peiling channei to locate the

STM.

MPR: "For error prctection reasoning, PageMan has deciced to
segment messages into packets of "2 to 5 POCSAG batches.” The
implication is that each data packet must ce assigned a data channel
via the poll cnannel protocol, because each packet is ingividuaily
acknowieagea and retransmitted if required, whicn wouid require 30-72
transactions on the poil channel. Best case. the. the poll cnannel couid
handle the equivalent cf 3000 average size aata messages cer nour.
assuming a S dbatch packet length. At a 2 batch pacxet lengn. this
decreases tc 1200 data messages per hour."

Cnce the polling cnanne! has lecatea the subscriber transceiver module s oest

serving ransmitter 1dentficatien (7 XIC), i's job s gcne. The rel N link ana
e

serving .ransmitter ‘orm a packet network that is maintained unl

acknowleagment Crocess ceases 0 functicn (i.e. tne cattery faiied). Zimcly

getting an ACK or NAK cces not reacuvate the poiling link.

~



"Moreover. in reviewing the three versions of ARQ in popular use.i3 "none of the

technigues listed below would require a reactivaticn of the polling channei:

1. Stop and Wait ARQ uses the simple stop-and-wait acknowledgment
scheme. The sending station transmits a singie frame and then must
await an acknowledgment. No other cata frames can be sent until the
receiving station's reply arrives at the transmitting station. The receiver
sends a positive acknowledgment (ACK) if the frame s correct and a
negative acknowiedgment (NAK) ctherwise."

Go-back-N ARQ is one variant ~f Continuous ARQ. I[n this technique,
a station may send a senes of frarnes determined by window size. If the
receiving station detects an error on a frame, it sends a NAK for that
frame. The receiving station will discard ail future inccming frames unti
the ‘rame in error is 2orrestly received. Thus the transmitting station,
when 1t receives a AK. mnust retransmit the frame in errer plus all

succeeding frames.

[

With go-pack-N ARQ, it is not required that each inaividuai frame te
acknowiledged. For exampie, station A senas frames 0, 1, 2, ana C.
Station 8 respoonds with ACK1 after frame Q, but then aces not respona to
frames 1 and 2. After frame 3 is received, 8 issues ACK4, ingicating that
frame 3 ana all previous frames are accepted.

Selective repeat continuous ARQ provides a more refined approacn
than go-pack-N. The only frames retransmittea are those that receive a
NAK., “As an example, if in a jong message transmission” onty frame 2
need be retransmitted. 7This would appear to be more etficient than the
go-back-N approach. Cn the other hand, the receiver must contain
storage to save post-NAK frames until the error frame is retransmitted.
ana the icgic for reinserting the frame in the proper sequence.

(€8]

PIMS intenas to use a continucus ARQ approach. Aithcugn as previous:v
mentioned. ncne of the ARQ approacnes mentioned acove must re-establish tne
original *hangshake" in the event of any ACK/NAK acknowieagment wnich MPR
nas assumea in thetr analysis of FIMS to arastically reauce colling cnannel
capacity (page 3). The implicatien cf MPR's impliea reaesign cf PIMS is that

2acn cata cacket musi Ca assigneg a cala channei via ihe poliing channel
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prciocol. because each packet is individuaily acknowleaged and retransmitted if
required. which would require 30-75 transactions on the poll channel). Theretore,
the MPR, inapprepnately ccupled with a channel utilization factor o refiect ac:.al
operation, reduces PIMS' proliing channel capacity by a factor cf 37.5 is entirely
wrong. Acknowledgments are made in the reserve synchronous time siots of the
return link (see A15, Exhibit XV, PageMart Petiticn for Rulemaking). Therefore a
continuous packet circuit is established that dces not require any aaditionai

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

PIMS' control channel can sucort 450,000 subscribers at 4800 bps. MPR is
apgroximately ccrrect (assuming the rneed for preampie) by arriving at 112,700
poll (and Go To channel) transaction per nour at 4800 tpos or 225,400
transactions per hour at 9.600 bps. Using the above MPR assumctions and a

conunuous ARQ approach previously discussed, the follcwing 1s a table of

resuits:
Theoretical Control C-nnei Capanility
Sequction que (G iNet Total
Transactons 3 Poiling Chianner  Jltilization Transacucns Subscriber
<aafale Zertour =—andshake/Packel Assumpuon  Perxour Capacity
ViPSs =800 112.7C0 "0 20% (Incorrect) 2.C00 12,000
FageMant <800 112.700 rone(Continuous)  NA (Theoretical} ~*2.7C0 450,000
FageMan 3500 228,400 ~one(Continuous)  NA (Theoretical) ZZE.40C 801,600

Therefore. the actuz! poil transaciuons are 37.5 t'mes (greater than) tnat
calculatea by MPR wnich n turn has a critical impact cn P!MS subscriber
capacity. T ne actual theoreucal capacity cf the polling cnannel 1s cver 450,CC0
sucscrioers cer MSA at 4800 tps tc over 200.C00 suoscncers per MSA. ¢
sncuid e ncted that :n NWN's scneme. 2cth ACK/NAK zna registration

fautomatic ana manuai) ang retransmIssion (particuiarly ¢ cynamuc Ioning Is

s
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usea) significantly reduces throughput of their system and that siaborate
schemes cf auto identification to avoid this protiem have been deviseq, but not

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

June 1, 1992), could be extrémely costly.

MPR asserts that if inbuilding cells are deieted and 9 cell reuse is
required, data channel capacity is reduced.

“Each data channel can support no more than 600 subscribers. Total
system capacity is aepenaent on implementing a large number or nca-
interfering celis, subject to the limits of the poil channel.”

Inbuilding cells are in commercial operation today and 4 ceil reuse has
been validated by MP~ s own authoritative source. Three major issues are 10
Ce mage with MPR's analysis. First. the estimates ¢o nct incluae any building
cell or office ceil reuse, .~aretore, MPR has again regesignea PIMS to recuce 1t
10 having the same majeor deficiency as NWN, namely no provision for significant
messaging service in bulaings, vet that is where AMS is intended to reacn
Cusiness peocie most cf the time. ~'WN would appear to be cctimized around
the conventionat paging paradigm cf meeting the needs of service peopie ana
tragesmen that do not have offices but requently work on maintenance or
censtruction crojects in and cutside office buildings, homes, etc.. PageMart
believes that AMS requires highly efficient use of spectrum given that business
ceoote wiil be in offices as weil as mobile, and not t¢c take agvantage cf low cest
messaging services. using FC-basea office cells, Siven the cresent exciosive
grewtn in highly pertable. personal computers is to ignore current trenas ana
future ferecasts (Exnibit 8). Zecona. MTel continualiy reters 10 i1s naticnwide
svstem capacnty of 800,000 supscribers (‘with an earivy estimate cf 24 zcnes now
:ncreased tc €77 nicn imolicitly assumes maximur: theoretical ¢ata rate capacity

N most all the major cities. Not actual or estimated capanilities pasea on cractical



data througnput. Third. a S cell reuse pattern i1s assumed for PIMS that is

irrelevant given cur eariier comments or *he physical laver critiqgue by MPR.

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

MPR and PageMart.

Rata Channel Capacity Comparisons (Major MSA}
Geographical Geographicai
__ 3isOnly .
Concurrent Concurrent
PIMS Zala Cata Theoretical Actual Cata Theoreticat Actual

Analysils  Zhase Sale Channeis Capacity Cacccy Channels Capacly Capaciy
MPR growtn 4800 éo 34.000
MPR growtn 4800 356 15,000 ‘ignored)

{9 celis reuse)
PageMart Zrowtn 4.800 30 £5,000 35.000 246 202,000 *09.0CO
FageMan growin 3,600 30 30,000 7TC000 246 <404.C00 Z18,CCO

PageMan mature 4800 120 38.000 22.CCO

8§ 457.000 243.C0C
FagemMan mawre 3600 129 197.CC0 =04,000 8

314,000 =86.C40
Therefore, simply because NWN's architecture cannot acccmmodate cffice anc
cuiiding celis. MPR elected to ignore FIMS' capability to do sc. This is entirely

napproprais :nc self serving for ccmparison of PIMS with NWN.

MPR claims the return link channet cannot work as described.

"The return link media access protoccl cannot work as descrioed. The
infcrmation ccntent of the required messages cannot fit within their
allocated time slots, and no atlowance has been made for reaj-worid
Jevice cnaractercics in terms of timing, syncnrenization andg turn-on
times. A realistic return link protocs| wouia restrict the poll channel
transacticn rate even further, regucing system capac:ty accoraingly.’

PIMS' controt link channel functions as proposed with cne.code wora.
MPR first regesigns FIMS witn an arcitrary assumetucn that leads 0 an

‘mmeaiate requction in return link capacity by a factor ¢f 37.5. MPR. 1 s

redesign ¢t FIMS. requires the sucscriber transceiver unit 1c acknowieage with I1s

(o)



“zap code” address as well as (1) the test serving transmitter identification, and
2) message daisposition, so that the return iink information wiil exceeqa the 20
data bits per frame available in POCSAG fcrmat, when MPR knows the polling

channei and return tink channei is synchronizea and doesn't require subscriber

identification to compiete a poill.

MPH states on page 4 ana § that they are aware that the returr: link channel is

time-synchronized to the poiling channei:

“The return link channel is ime-syncnronized to the poil channel ana
uses POCSAG batch formatting.”

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

ccae address in a synchronizea system puyt never reflegts th's resuit in its poiiing

channel capacity calcuiations:

"Alternatively, the device's FOCSAG aadress may not neea !c be
iransmitted, since the system knows wnich cevice's response is
gxpected, albeit at a ccst ¢t increased ccempiexity in the retwork

processz:ng.”
in fact, the entire review of (1) Pcll Channei Capacity, (2) Data Channei Capacity,
ana (3) Return Link Media Access Prctocotl is a totaily unnecessary. hefactis
that the Return Link channel has 20 tits of data avaiiante ana this is mcre than
gnougn for the oest serving transmitter identification (TXID) in eacn —arket
{exciuaing office cells) and snort message disposition coce. Since 10 tits are

sull avaiiable. we proposed also transmitting cap ccde address. in an apbreviatea

‘orm. as a reliapility T-=ck Eut it is rot requirec 3t al. T e following table

cescrices the pit requirements currently envisioned tor eacn tvepe of transmission:

PIMS Return Link Message Format

-
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Transmitter Subscriber Message ACK/NAK Messags Totais Bits

Aoce LOXID CapCogde  .20Qmn  Message® Qisposiion  Lode wWorcs
Message 7 Hok - . 3 20 Bits
Response 1 code word
ACK/NAK - 10 . 10 - 20 Bita
1 code word
Access 7 18 5 - . 40 Bits

{for data channei) 2 code words

* Optional

MPR's anaiysis is flawed because they erroneously come to the ccnciusion that

PIMS must transmit the ccmplete FOSCAG acdress when thev have cencludead it

iS unnecessary (see page £). MPR states:

"There are several proplems with the retumn link protocol as :escribed.
First. the raqio location poli-response is specified to ccntair :ne ‘base
station 1D cr call sign. ana its POCSAG address pius the aiscosition of
this message.” This will require a response of at least two cogewords
minimum, possibly three or four, depending on length of the base
station ID (Page A9 implies the base station ID is one frame (2
cZzeworas) in length). Thus, e poll response cannct be transmittea
Wwitnin its reservea time siot and the maximum poil rate of the system
must be reducea (and thus maximum system capacity) to reserve

adequate retum link time fcr poli responses."

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

iD plus message dispasition) and not 20 bits tor 1 coaeword, MPR criticism of the

poll response is completely incorrect.

Simnarly, MPR's cnticism celow ot FIMS ARQ response 1s equaily untounged.
given the neeg to likewise transmit cniy 10 bits including ACK/NAK p2ius the

centfy ¢f the cacket ccmaining the errer:

‘Secena. a simiar preblem cecurs for the ARQ response ana for the
"ancom access siots. The ARC response message IS also likety 1C
raquire two codewordas o enccoe the device's POCSAG aadress.
ACK/NAK status ana message numper (requirea fcr cuplicate

o3
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detection/elimination). The data channel reservation request "ingicates
the message length to be transmitted, the serving transTitter site
identification ang the suosc~ber unit identification”, wnich w .id require
anywnere from 2-4 ccaeworas, depending on length of base station 1d.

Thus, none of the return link channei messages wiil fit within the time
siot allocated for their transmission.” -

Therefore, once again, cnly 10 bits or one code word is needed to provide the
necessary response in a synchronous system in an ACK/NAK mode. In addition,
the STM's ACK/NAK is synchronized in one trailing frame following gach packet

wnich is intentionally left blank in the data channel.

It is further interesting o ncte, that MPR attempts to find socme proolem with the
error correction with PIMS wnen MTel specificaily requestea of MPR that NWN
not be anaiyzed and reccgnized the non critical nature of this exercise that they

unsuccessfully attempt to highlight with regard to PIMS (page 17, Final Report ¢n

NWN Protocot):

"Any errcr protection scheme is a trageoff of effiziency, ccmolexity and
propability of error. MTel's proposea protocoi aiso utilizes ARQ, wnere
messages with errors that are uncorrectaple -7 retransmitted. These
retransmissions obviously decrease the eri= .ave througnput of the
cnannel and aad to the ovemead. The resulting "wastea" capacity is a
iunction of the expected message success rate and the maximum
numper of retransmissions that will be attempted before discaraing the
message as undeliveraple. At MTel's request, the =ffect of
raransmisst W . A reanstic trarfic moael for
message success rate has nct been “eveloped. Note, hcwever, hat
many retransmission aigonthms exist that mimimize retransmissicn
cverneaag, sucn as polling the device on non-acknowleggment ratner
than retransmnting immeaiately. These and cther tecnniques are

unger review,”

MPR further s..ies that they are nct familiar with a transceiver ggsign that =an
urn cn anc cif even in a syncnrenous svstem In the oit intervals that PagemMan

require (imptied at 4800 bos! PR states as iollows:



"However, the more serious preplem is that the return link media
access protocol as gescribed can not be impiemented in real devices
'n a cost-effective manner. Back-to-back single codeword
transmissions from different subscriber devices are required, with
absoiutely no time allocated for preamble, word syncnrcnization or
guard time between transmissions. This would require the simuicast
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. !t would mean, for example, a system-
svncnronized clock would have to be distributea to ail receiver sites.

" whether at co-located base staticns, dedicated geographic receivers.
buiiding or office cells.

Even assuming such clock synchronization were economicaily feasibie.
alicowance must stil be maae for the non-zerc transmitter turn-on and
decay times in the subscriber transceiver moaule. ~ast attack ana
decay transceivers would significantly add to the ccst cf the STM,
gspecially since they must be frequency agile as weil.

To siminate this pon-realj I r irement fgr nerfe
synenronization, the return link protocct must te reaesignea to aillow

for reasonaple attack, synchronization and decay times. as weil as
expected message lengths. A reasonable ccnjecture mignt be tc allow
an acditicnal coceword interval per return link message to ailow for
preampble, sync ana guard intervais.”

The arorementioned ‘non-realizable requirement for perfect syncnronization” is
comptetely incorrect. 7o aadress this issue. we wiil censider the step response
~t a compesie RF filtering circuit consisting of nominal Q values of 100.
“nerefore, the eguivaient low pass LaPlace transfer functicn eguaton cof that

passive network is. i+ 13

~{s) =K
{Tn S+1)X
-* Caned CGraupe, [genuuicanon or sverame N an, Nostranc Rernnoic Co., 1972

o0, n=-00.
i o4

streic, V. Approximate Determination of Control Character:siics of il
Apericdic Response Process. Automartsm, Marcn 1960.

=0
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where, Tn = 1/W,1 the 3 dB response frequency of the equivalent base
band circuit: and, G = W /W, = 100 (where W = carrier frequency);

then, W,, = W/100; or f,, = f /100 = 930 MHz/100 = 9.3 MHz.

Thus, Tn = 17.11 nanoseccnds/radian:

or, Tn=107.53 nanoseccnds/cycle

Now simple RC circuit analysis the rise time of an RC single root circuit is 2.2 RC
or it takes 2.2 time constants to arrive at the 90% final value point. Thereiore. it
would take 2.3 x 17.11 = 39.35 nanoseconds for a single tunea circuit at 230
MHz (with a loaded Q of 100) to build up tc the §0% final vaiue. Hence, 2 10 4

cascaded tuned circuits would vield an elapsed response of less than 0.1

microseconas. Consequently, the rise time (gnd decay time) is less than Q.0S%

of 3 bit interval time. Thus, the “fast attack” circuit that MPR finds is a 'non-
realizable" requirement is gntirgly achievable.

MPR states that channei accass protocol severeiy limits capacity.

"The inbouna data channel traffic capacity is severely hampered by the
design of the channei access protocol. In the pest case. inbouna traffic
can not exceed cne-sixteenth of the outbound traffic, based ocn numoer

of messages.”

PIMS random access protocol permits up to 100 times greater subscriber
access than NWN. rirst cf all. PIMS has 8 frames cer batch cycie w.iich cccurs
on aiternate patch cycles (o acccmmodate a higher threugnput of subscrioers
'VISNING access to a cata crannel than it the PIMS simply ailowea all subscriners
‘2 svnc-up to the ranacm ratch access interval and troaacast their request for
cata cnannet on a siotted ALZHA tasis. MPR focuses cn the gropaoility cr
3€Cessing a cnannel unaer ccnaitions wnere a iarge base of supscricers ail wien

‘2 make a request fcr a cate channei reservaticn rather than a F'MS' ability 10

32
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accommoagate a factor of 8 higher throughput than singte time slot (on a single
channel).

MPR goes on 1o state:

‘Random access is just that, random, and constraining the choice of
slots to different segments of the population does not affect the
probability of collision once the size of the population outweighs the
number of available siots."
However, its not the probapility of collision that we're interested in, tut the
subscriber access throughput to reserve a data channel for a retum gata channei
transmission. ~or example, a gas station with 8 pumps and 8 gueues handles
more customer thrcughput than 1 pump and 1 queue even though all eight lines
may te eaqually lcng. However, the probability of obtaining pump service from a
‘rangom gueue' in the aforementicned exampile is approximately the same (or
propability cf collision). Therefore. PIMS' throughput is the issue. nct the
propapility of cellision. Note that PIMS offers subscribers access to the return
iink cn aitemative batches. 7his works cut to give PIMS between £0 to 100 times
the access NWN affords their customers because NWN offers a 7- millisecond
iime siot after each message, and also must set aside time fer ACK/NAK. Thus.

long messages couig deny access to many subscripers wniie building long

queues.

Funnermcre. FIMS does not simoty perfcrm as a siotted ALCHA manner as MPR

states:

"“ne-founh cf the total return link is dedicated to this funcuen and is
accessed in a slotteg-ALCHA manner.”

The czrrect concept is multipie siottea ALCHA with cagture. ~nhe difference s

Cetween maximum crnannel threugnput etficiency ¢t 377 cer siot frame) and
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£7% per slot with capture.:® Thus, with subscriber units at varying distancas

from each retumn link receiver site, some collision will not cccur because cenain

receiver sites wiil ¢apture basea on the strength of one STM over another. Also,

because of the distributed nature of the STM's population throughout a city,

further reductions in coilisions wiil resuit given the spatial dispersion of STMs to

receiver site groups.

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

cellular system that has mutually exciusive channel assignments of its agjacent

cell. The separation between non-overiapping cells provides adeguate isolation

in the "xey down" overlapping with a 'key up” transmitter at least one ceil

removed. MPR states the following:

‘PageMarn proposes two alternatives to transmitting the base station
cail sign. In the first aiternative, “one geograpnic ceil. in eacn four
geograpnic csll group, is to broadcast its station identification in eacn
frame for a designatea batcn. During this batch, the other three
geograpnic ceils simply broaacast the sync puise ana power down".
Presumaply, these hign powered transmitters will be able to power
down instantaneoustly, and power up again instantzneously, so as not
to intertere with the call sign transmission of the neighboring cell. it
aiso implies that the signal strength measurement Is to be taken quring
this interval. during the normal wakeup pericd cf the subscriber gevice,
i.e. 2 ccdewords or 13.3 miiliseconas.”

Cne has to wonager wnat the overlap problem mignt te. however, in a 70D

system sucn as NWN wnere significant inefficiencies may te required 1o acnleve

-6 2isirbuted Tslecommurnication Nenworks, Roy Rosher Litetime Learning

Fubiicauon (Wacdsworth Inc. 1982, The anaivsis of the ALOHA packet £roaccast
Zhanrnel assumed that, whnen any part oI TA0 Or moere cackets overiap, a.

~ackets:

-
sa v

‘oiveq 1n tne coilision must fe retransmitted. in reality, there s at

east some orefapiiity that cne or the packets invoived in a coliisicn will te

ety

surficiently strong 1o capture the recelver and be received accurately. S ihl
were the case. 1ot every packet invoived .1 a collision would Lhave to oe
retransmitted. wn:ca would reduce the apparent interrerence anc increase the

chanrne! througnput at any ievei of trailic.

e Ulo
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a "guieting” period between the hign-powered fcrward link ana the low pcowered

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 spectraily efficient

than the equivalent PageMart PIMS 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 surpnsing that
MPR enas up with NWN being 2.7 times more spectrally efficient. However, lets

i00K at the facts causing such a dramatic change of estimate to that provided by

FageMart in their PIMS Rulemaking document:

PIMS Capacity Factors Considered by MPR and PageMart

Factor MPR PageMant Comment

Poll Channel Capacity 2.000 112.700 MPR incerrectly assumed

{Transacuons/Hr) 24,800 34,8C0 PIMS requires more than

- _ o 228,400 one ccgeworg to respona.
@ 9.600

CHice & Buiging Cells None Represents MPR arpitraniy aisreqarded

2/3 System PIMS throughput capability

Capacity using ofticesbuiang celis.

Geographical Cali Reuse 9 cell 4 Cali MPR etecteaq to ignore

Reuse Heuse current cetluiar reuse

tecnnoiogy oy their own
citeqg authonty, Cr. Lee.

‘What 1s difficult to understana. is hcw 3 simuicast system sucn as NWN in 4

major MSA can expect to te as efficient as a ceiluiar system inctuaing office ana

cuilding levei reuse capability. MPR's approach was to deny the possioiiity of
crtice and tuiiqing ceils. recuce tne tnroucnput cf the poliing cnhannei cv a facor
ct 37.2 {even wnen the MPR author reccgnizea that it didn't have to funcuen the

w~av MPR assumeaq) ana tc require FIMS to use a 3 cell reuse p:an thatis 3 times

'ess efficient than their own citea celiular authonty aavocates.

PIVIFEY



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

disaples the pelling channei.

[2d) ‘ -10 hr riod
Difference
PageMart MER Factor -
Polling Channel 450,080 12,000 (37.5X)
Data Channels 35,0C0 N/A

(Geograpnical Cells Only)

Data Channels 109.000 N/A
(Geo., Builging & Office Calis)

Therefore, frequency reuse is not reievant, and buiiding ana office ceils are also
not relevant to MPR's analysis. However, locking at their analysis (which they
say is the same), one sees what system throughput enhancing assumptions they

have used to ennance rn NVN's net data rate:

NWHN
g Channel A EQ kH
& 8.150 messager/hr. X §.000 Bytes X 8 Bits X hr, = 108.667 Bits
Message 1 Byte 3800 Sec Sec
1 Char -3 80 kH2)
-0B.E67 = 21,733 bos Net or (91% efticient)
5

Therefore. system overneaa (location. ACK/NAK, gheck sum cnly) equals
{27300 - 21,733)/24.000 = 2.4%. >'MS however aads 429% {crwara correction
ana ciner overnead for POCSAG. it is therefore interesting ¢ ncte the MTel
claims that NWN has POCSAG forward errcr correction, but does not include it in

their calcuiations (FIMS assumes a 42°% reduction in througnput) that assumes

NWN total overnead is a mere 9°

P
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C. Commen:s to Comparison of Maximum Capacity of PageMart and MTel

Messaging Services.

MPR claims NWN has 2.5 times the capacity ot PIMS.

“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 demain."

PIMS has an crder of magnitude more capacity than NWN on a per hertz per
MSA basis. The reason the resuit was achievea is that (1) MPR reduced PIMS
pelling channel capacity by a factor ¢f 37.5 times and (2) neutralizeg the
caoapility ot PIMS, by assumpticn (1), to employ frequency reuse either in
Geographical cells or building ceils. In effect the 6001 messages/hour resuits
cenvents PIMS to a simple simulcast system operating at a gross data rate of

2.6K bps in a 28 kHz channel. However, PageMan has shown that none of

MPR's key assumptions are ccrrect. If the aforementioned ccrrections are used.
the following is a valid comparison between PIMS and NWN, using MPR's own

assumption ana anaiysis of relatively short message size (3,000 characters).

<A

LUy



riber i arison (Major MSA

Rate Geographical Geo., Building
System Phase  (bps) Cells Only*® and Qffice Cells

MPR anaiysis

PIMS growth 4,800 46,161 -

NWN mature 24.000 81,635 N/A N
(114,500 CRC only)

PageMart anaiysis

PIMS growth 4,800 190.000 £80.C00

PIMS growin 3.6C0 380,000 1,180.000

PIMS mature 4.800 286.000 867.000°

PIMS mature 9,600 £72.000 1,734,000

* Limiead by polling channel capacity
** \With Forwarg Error Correction

Assumptions:
1. Same as MPR except tor Pailing Channel
2. PIMS has 58% POCSAG protocol efficiency (forward error correction

and sync bit)
3. NWN has 83% protocci efficiency (no forward error ccrrection simply

CRC error detection)
4. Each system uses 250 KHz

Theretore. when the false MPR assumptions are removed. the real comparisens

aramatically favor PIMS and its ability to substantiaily grow the number cf ceils in
byildings and cffices over tme for further frequency reuse. NWN however is

"capped” cn capacity as are ail simuicast paging systems.

i)
-
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~ xhibit 1 ~

United States Patent [

(11] Pateat Number: 4,932,049

Madatesiuibidi
(4s] Date of Patent: Jun, 5, 1990

Lee
{4} CELLULAR TELEPHONE SYSTEM Primary Examiner—Robert Lev Ban
Attorney, Agent. or Firm—McCubbrey, els, Meyer
(7S] Iaventor: wwmh C. Lee, Corona Del Mar, & Ward
(73] Asignee: PacTel Corporation, San Francisco, ') ABSTRACT
Calif. « cellular telepbone system is descnibed of the type
. -neremn a plurality of coutiguous cells, each baving 2
(211 Appl No.: 307470 different sasigned set of transmissikn frequency chan-
{22} Filed: Feb. 6, 1909 nels, are arranged with handoﬂ'c:lr:muy for:s.nnwn-
, ing coatinuous commanication with mobile telephones
(51] Ist. QL HMB7/10 8¢ e
moving trom cell 1o ceil The system includes at least
(521 us.a 379/60; ‘357"‘9//35"; ooe ceil having a pluratity of transmirtting and receiving
Fleld of Searci sntenna sets. Each set is positioned at a respective an-
(58] of 379/38, 39, 60; 455/33 tenns sub-site az the perpibery of the cell or other suit-
{56} References Cited able location, and is configured so that propagaton and
boundaries of the cell. Control circuitry mo..tor the

4144411 I/1919 Freabidl wcccaamee 379760
4,435,436 11/1984 Webb gt sl S— 1.4 3 ]
4,704,734 11/1987 Memch et al . 433733
4727390 /1988 Krxwamoetal . 455733

4,755.998 1071988 Felix et al. '379759
4771448 9/1988 XKoohgoli et al = 379760
4,790,000 12/1988 KinOabith mceeom oo s I7T9/S9
4794633 1271988 Hem 379/60

4799253 171909 Swervetal e JT9/S9

-
-

i3

—

/ | /
3\\;!.0///3‘1 -
< Bb~ -7
<3 5 Az -

streagth of the signal received by esch of the antenna
scts 8t each frequency channel in the assigned sct.
Traasmissioa, at each frequency channel in the asagned
set, is confined to the antenna set at one sub-site un the
cell having the sgongest received signai at each fre-

quency.

1§ Claimas, 2 Drawiag Sheets
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Increase
Service Area
Capacity
And Add
Cellutar
Subscribers.

Most cellular telephone users,
especially those who use hand-held
phones. 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 or drive
through an airport or around a comer.

The problem is often traced back
to insufficient capacity in high-
demand areas, or to “dead or weak
spots” created by obstructions such as
high-nse 1ildings, parking garages or
tunneis. [he sofution: MicroLite™
the patented fiber optic microcell
svstem developed by Decibel.

Provide Clean. Clear Signals
In Congested Or Blocked Areas.

MicroLite was designed 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 downtown areas. buildings,
alrpoms - convention 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 jocation to form
sectorized microcells.

The Power And Flexibility
Of Fiber Optics.

MicroLite microcell is 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 signals
travel to and from the cell site over
optical fibers. This high-quality,
lightweight media allows
unprecedented flexibility. The cellular
network designer 1s no longer
constrained by site selection criteria
dictated by the need to have radios
and associated equipment at the
antenna site.

A complete fiber optic microcell
system includes a ceil site optical
interface panel and a remote
transceiver enclosed in a weather-
resistant cabinet. The remote contains
a linear RF power ampilifier. a low
noise receiver ampiifier, transmit and
receive filters, an optica] transmitier
and optical receiver. Several power
output options are available to meet
variety of coverage and capacity
requirements. An optional alarm
system is available to monitor and
report on the status of the remote
transceiver.

For ceilular systems. MicroLite
offers more than just a “tifl in”
system. [t provides an exciting
link to the future of personal
communications. The small size and
“20 anywhere” design of the remote




transceiver allows new flexibility to
locate cell sites where they are needed
most. MicroLite eliminates problems
assoctated with environmental and
aesthetic objections. exorbitant real
estate costs, zoning problems or
unavailability of site locations.

MicroLite Handles TDMA, CDMA
As Well As Narrow Band And
Traditional Analog AMPS.

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

analog systems. This linear design
supports both today's analog systems
and tomorrow s digital modulation
techniques. Svstem 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 km),
and can fill in RF dead spots several
miles across.

Place Cell Sites At Convenient,
Economical Locations.

In most urban areas, cost etfective
cell sites are not always available.
With MicroLite's compact size and
flexibility, you can select the ideal
location for maximum cell site
coverage at the lowest cost.
MicroLite mounts easily on utility
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Combiner
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Weather
Resistant
Housing Remote
— Transceiver
To Power stical Fibers
Source
‘_.____—.__-&

To Powe:
Source

Cell Site
.rterface Panel

poles. billboards. buildings and at a
variety ot unobtrusive [ocations that
provide the optimum coverage for
high use cellular areas. There 1s 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 stacked in
office butldings to enhance portable
coverage or 10 form wireless
telephone svstems. 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. A senes of
MicroLite remote transceivers can be
located along highways to provide
coverage through canyons, vaileys or
tunnels.

MicroLite 1s a member of Decibel
Products” Multi Media Microcell
Systems family. It is designed to work
with other products including
MicroFill™ Decibel’s Structure
Specific 75 ohm communications
svstem, the [6-Channel DB4416
Power Combiner, PrismPlus. and a
selection of specialized low-profile
interior and exterior antennas.
Together. these products >rovide
ceilular system engineers with the
tools to meet the challenges of todav's
subscribers witile building the
foundation for tuture personal
communications networks.




Decibel Is Decibel products have more than
Committed 40 vears ot development, research and
manufacturing behind them. Our

To Your facturing bef Ou
Future technical leadership and dedication
Applications to exceilence in design and system

" integration is evident in everv product

we produce. Service that begins with
the initial consuitation. continues with
comprehensive customer support after
the «n'e. Qur 24-hour telephone hotline
assi: .5 continuous. uninterrupted
service. Decibel 1s committed to
providing the most advanced
communications technology to
accommodate tomorrow s applications.

MicroLite™ Remote Transmit
and Recetver Module System
with Power Suppiy/Mount.
Cell Site
Interface Panel.

Optional RF Alarm
System with LCO
Display and Open
Collector Output.
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3184 Quebec Street
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DECIB{_ PRODUCTS & DECIBE!

DB471.-XY

_10BILCOMGMBH )

Compact Broadband Directional Antenna

800- 960 MHz

{ Model Number | DB47IN-XY DB471E-XY
Termination Type N-Female 7-16 Female
Frequency Range 800-960 MHz
Gala 5.5dBd ( 7.6dBi)

VSWR 1.5 :1 or better
Beamwidth Horizontal : 110°

{3 d8 from max) Vertical ;. 70°

Front {2 Rack Ratic >20dB
Polarization Vertical
Max. Input Power 60 watts

Other information Mounting bracket can be rotated 90°,
Connector weather guard included.
Weight 2.302.(10009)
Max. Wind Area 64 in2 (406 mmg2)
Windload 22 |bs.
Max. Wind Speed 100 mph. (160 knvstd)
Materiai Aluminum base
PC Board
ABS Radome
Calor Off-white
Mounting Large hose clamp
Lightning Protection| Metal parts at ground
Packing Slze 12°x12"x 10"
Shipping Weight 4Lbs. (1800¢)
Typical Pattern

Connector
“~~ Weather Guard

Mounting to a Vertical Member

Horizontal Vertical Mounting to a Horizontal Member
Gain (over x/2-Dipole)
: VSWR Typicat VSWR dBd 4B
: Y s T r— 1
1.6 [T 3 ——— 7 e g |
- P N ———— 6 g
i 12011 NG ; /» i T I v
: [ i \ /! i 1
1.oll i L ‘ ‘ 6
200 250 220 950 MHz 800 350 200 950 MHz
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Exhibir 2

PRELTMINARY SPECIFICATIONS

OECIBEL PRODUCTS
SmartCELLY MICROCELL SYSTEMS

EXECUTIVE SUMMARY B

General Information

The SmartCELL™ is a Microcell System designed to provide
improved Cellular Radio service to areas not covered adequate-
ly by existing cellular technology. The SmartCELL™ Microcell
System will also provide service tc 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 SmartCELL™ 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).
General System Operational Description

The SmartCELL™ 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 (cffset) 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 Microcell Common Controller Subsystem can interccnnect
with both the Microcell Channel Equipment and the Cell Site
Channel Equipment by four wire voice grade circuits (metallic
or non-metallic). The Mobile Cell Site Transceiver Subsystems
can interrace with the radic equipment in the existing Ceil
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