TECHNICAL FEATURE

TEST EQUIPMENT
SYNCHRONIZATION:
PROBLEMS AND SOLUTIONS

¥ (b dhao fnbenaclssciion of TR A |1 hu-\.
\\ brvme e wbeme b lad priacio selad
seanning receivers do not sere we=]|

for network l'II.JIHI.lII!I The -!!t*]]]l.’tl'.-l'l'll: nt of
CMA Emphasizes sven slronger demand for
specific t-e:nn|~= toset up new networks andd troo-
lllmlmul existing ones, Pilot pollution, island
cells and roene E:l.'.l.'lll.]lc'lr'.ll'll.b:n'l‘: mise (PN ) ane
iust a few |J.th|r:' |_11'||h-h:||:|.:c with which network
specialists must deal. That is why, during
1985, e amounl of pilot seanner J:lt'u:]IIr.'t!- &1
t‘l“" '||-|:-irkl""t il'll_ n‘ilﬁl‘.l_‘i Irllrll AN dar I'-'||| ||| a'lFl'
proximately 10 Each of these devices has o
different architecture and performance (from
i :-:i.|||||1|ﬂ DM A E:-Imlu.' with :-\.Frl.!r.'l:ﬂ solbware
fo w silicon-intensive fast PN seanners ! Omne
thing is commaon: All of the pilot scanners
have a comrelating receiver that allows the op-
erator b monitor the steength of sigmals re-
ceived from each base station (BS) instesad of
measuring only the total energy in the RF
channel a5 in e case of FDMA or TDMA.
Several levels of syochronization are re-
1IILI'E ol in & j:ﬂlﬂ'lr scanner. At the srstem Jevel,
e start of the PN generator in a receiver
must be svne hronteed to a Coordinated Uni-
viersel Time [UTO] even secand simee tHhie |1i]|||
sats 75 times every two seconds. The BS
identilicr (T determines its |_:|l|l:||: o lset from
thie evern-geooml Hie mark. ."l.'|'|||1||['r|i.:||!l.' resl-
erenee of the reeeivers PN genenator allows
determination of each received |'|i|l'li'5 13
wtlwont -::||,'1|'||:-c]|||:|ll-:||| The l.:|uE‘:- olfset from
thie pvdtiaom wlsere ezich BS palot was transmil -

tawll doperihes o peopaEntinn digtamire From tho

BA Gon @b rees e das B G

The BF receiver reference frequency can
be recoverod from a received carmier ar most
he close in frecuency to it. The longer the cor-
relation length, the closer the Irequencies
mist be, Calculations and e speriments shewwy
that [n order to provide a correlating receiver
sensitivity of Jp;‘.ll"ml:l'l.l.h-]'u 2 dB in terme of
Ecflo, |||| 'r||,.|r|-1| ||:1|-'-'1|:| ol a1 pormelilor must
b meore than 1000 PN chips and the recpired
ill.'t'lllil.ll'!l-' |_:.|' 1‘|‘||"' KF r-e-ft-rn:-htu- mr.-i]hl!ur minst
bies Baestbesr thugn €31 [aprm.

Thee r_'||§[| rute for digital synchrosization in
o correlating receiver must be the same a5 in
the transmbter o ]‘:Irl.:-'n-ll.?u-: the I'I..LH'.iI.L.:II]It-. of
the messurements -:|:|ri||§-_-, each search nver
PN positions, The position of a correlation
peak will slide if even a small difference exdsts
hrestaseary I:|'||1 |'||i|_| '[qu-e*nr_m 1] l||l:' e vEr
andd the BS

Filot scanners represent just one class of
Fre=led praprgation toals that FEdure A careful
i|'|'||11'-:1i|r'|1 f1 !i:.'lll_'!ll'lﬂli:-".-ﬂil:'lll. Annther IE".EHIIIZIE'I!]-I"
is channel sounders that employ a spread
spectrum technigque to study the amplitude
annl E:-||.n.-e' characteristics of a |_'r|1.lE‘|-.1.].‘.|.|.:|l.r|'.|
[ I'|.-ir||'|l:.| o I]ll " II. |_||'|"'I H'Illl'lrll =r |"'h ll"illul“._'l H
pair of devices: a transmitter that outputs a
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is channel sounders that mnp]n_'. a
spre a h'|1|'r'l,r|||r| "-:'-.'||||.i*ill-: b study
the ,|_|'||]1||r-||c||- il phase rharacteris-
tHes -::r B |'|'r||['|.|~'-'.-:|:1||1. lianne | ? |_'|'||_
channel sounder is ||:-:l|.|]|_'. a pair of
devices: a transmitter that catlpaels a
spresd spectrum biphase-shitt keying
ar quadrature '1'|| pse-shibt keving
||,|||_['| lated HIF !.l-ut.ﬂ and a |1:-u|'|.1|

g rece iveer that monitors the distisr-

tions of 4 correlation r:-l':l.:\. due to
|:|'|||!|::]:|._|I_|'|!-. amd Fading., The PN
length can be chosen to be much
shorter than in an actual CFMA
communication systean, thuas jI:I"-il.l-
ing correlation over the entire PR, Al
the same time, the |_'|'|i|'| ritke 10 &
soander ks usually higher to provide
heller ||||||ti|1.|I11 resclntion. This
higher ||||'|'| rate imposes @ven
stronger limitations on the inaceoracy
anel instability of the reference fre-
{[uETRCY 100 & 1n|||;|'||: *F FELTIVET,

Iels .||]'.' b measure the whsolnte
time of arrival of each mmaltiple puth
and the |_'|||.|*H' characteristics of a
channel, the reference frequency in
the recelver must be identical to the
relerence l.:I'!.IIII.'J:'\..'l' in the bramsmmit

The trade-off between the high
AU of an RF reference freoguen
e and the high stability of the digital
clock phase (depending on character
istics of fle test e {uIpHE i) can sm
|||H'- ez m SETT dl symechromization cir
vuit. Towa rules shoald be followed,
The first rule & olvdous and applies
tor svsterns with high chip rate and
multipath resolution: Keop the digital
clock pdise devdatbon ab @ minimom
Tl second mule s less olvions: Pro
wicke A aecuracy [ the BF reforeme:
clack in the receiver such th-.1r thiz -
ric] aaf the beat frequency is at least
frnar-times longer than the correlation
leprzth, This proc dure 15 enough to
-|:|||:-:-|r the aceuracy -::-[ l||l.' TEC BN -
rraeniks b0 better than 1 dB.

Assumning that only the |'II|III: sigmal
is re -:~|'.|'-:'| the energy of the re-
cerived pilod is expressed as

P= 12+ (i

where 1 and O ane basebamd :||-]:l||:|.'=|l.'
K, and rpendrature phase R, .-_-:uur-::-
ments of th

e received sional correlat-

el tor the pilot pg

In these equations, T, ks a correlation
length _
Sigmals Ry and B are derived from
the RE chemodinlabor ag
R,=F coswt
R, = E sin @t

where @ = 2n{fy = [y} is & beat fre-
CRUHE Y due to the difference that ex-
ists bhebween the frunsmittor and re-
CEIVET I'rr-r|1:4-|'||-'i|"-.

B'=1
Hence
FT,
1=} costng ot (2)
1]
"l ot
Q= |n simint cit ()

Wormalized |_'|'|':'__:- energy i derived
froim Equation 1 asing Eruations 2
and 3 as

i E'IJ = % Eﬁ

o]
T 3
- | -;mﬂ:T | i
I|. J'['l-]"r |

Twe obvious conclusions from Eogua
$acmn 4 ard

¥ = |3 L [
hlllm =1if T }
E i =0il % =1

Ay :Jl':u:‘n' SCCIracy ol ’.]'4' | L {3 TR H
suremment between these tan ex
tremes can be :_1|,-'|i|-"r-r: bv provdading
I‘.,w |_'\-'||||"\.|||||||:!'i"|i F| For instanoe
TJT =10.25 |1rm.-.|c1 BB =
B as wis staked prevenusly

A number of techni JuEs exist to
lnck the receiver oscillator to the m
eeived signal, including phase-, fre-
apuency= or delay-k e Ir-,}'.u and eom-
hinations of these. While well swited
for use in communication svstem ter-
minals {Tor instance, mohile tele-
phones), these ;_1|_|5:.|._3.._||:-'|||_=:_. have cer-
twin shortcomings when wsed in fiold
test wnd measurement equipment
Signals coming From different BSs (or
evien different reflecibons of the samoe
siprmal} clitterent |:'l:::||:|i.1'|'
shifts. Locking the recener Be omne of
these sipnals does not 1'.1-c'|'h'-\.:|.|.|_= AT
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w Fig. & A fygjrieal frequeney contral cireeif for @ receiver aseillodon,

chronize the woeption of esch of the
correlation peaks, Locking to the
stromgrest signal (received from one
BS) renders all of the collected data
usiless IF this particular BS experi-
enced a lming problem during the
ilrive test. The cEH.{\: avnchronization
iteell choes not ht-lp tin tli-tc-rrmilw the

BS numbsers. The BS 1D can be re-
eewveered from a sime channel, howey-
e the insteoment that demodulates
sy information in aciditlon o |:H|.-I:l|:
m_.gr|||'i||-=l is i mweh mone cn:'l'll':l]il:.ltt-':]
(kﬂn:_'l_'- .;qnn;l prrll:-..]l‘n]'.- iL ‘GI.-:h‘-"EI' ACAnmeTr.
Im i-"'f_'rlt":l'.ll.l fielel test eguipment indlie-
P(n[fl_‘lll‘ of the network has muoch
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more flexibility in determining pmh-
lems and staddying the network.

]_.|,|-:_'-l.'if:.-'._ thes |:.'|1:|h:|.| F'll.\il:lﬂ-l‘lin]:
5:.'51\1_=r|| (GPS) enmmon relerenee can
b uzed $o x:.-'1'||:_:|1r|_|||i:-':-e-= :|||1|.|1i!‘:l|e cl=-
viees in remote loeations, CPS re-
ceivers are wswilly used as part of the
field test equipment to relate the col-
lected data to a corrent prasilion of
the receiver during the drive shady.
In addition o navigation informnting,
each GFS receiver provides at least
ome timing sienal 1 pps, which pro-
vides 1 Hz pulses aligned to the
UTC. A simple circuit that otilizes
this sigmal to control the frequendsy of
the oacillator in the receiver sobees
most of the problems rolated to fest
equipment synchronization. The
functional diagram shown in Fipwre
1 depicts one such device, This cir-
cult is used to derive the digital and
RF clocks in all CDMA receivers and
Sounders dogigned and mamfactured
by Berkeley Varitronics Systems Inc

The microprocessor {MP) reads the
GPS recelver status, determines when
it locks and starts the measurcment of
the 1 onafn-m!'m'r_-t.nmp-:m.tted crystal
oscillator [TCXO] frequency by read-
ing the connter every seeontd. The de-
vice: coenpares the counter value N; to
the expected number Ny, and writes
the dlifberence (N, — Nyl in the acou-
mulator so ljul Mg = ELMNy - Mgl
Note that Ny is pmp-nrt:nruull ko the
TCXO frequency measured every sec-
omel and Ny is proportional to the cur-
et |_'|-||.|.w A conlral '.l::l|la.j_|1. is ap-
]1|:u,~;,l o correct e TOXNO |I'l:-r|1|.|.'|'l-:.1
R Ty !ﬂ"'l:xJI:II'J .uh] 4 a |.l.|I'I.l'.|.|l."i-'I'| l.‘:l.
this basn sariablis M and N The algn-
rithm caleulates control xlﬂl.lh trvingg
tia ke Ny, = Ny and Ny, = 0. Two E]I.E
ital-to-analog converters (DACH are
|;|pe:|1.-1|:[1;'|:|. cme lor enarse and one for
Fimes n-a'u].ll.'iun Tt ix i:llE:-carl.uH [1¥] I:-cl!u'j!l
rither '|'||'||,L':|-' ar ‘II'I'\'I.II 10 desiatio in
this system b a |||:|r||.||:|||:'|| i acenrtely
determine the weight of corresponid- _
ing compenents in the calewlation of
thies combre] volbage V.

The procdocts mendioaned |:'m-'-.'il.nu||.1.'
nse  TOX O with o :-.‘I.dlli.li.i'_g.' ol 2.5 ppm
over the t{‘-rl‘l]‘_ll::'Tilfll.IL‘. b LITELDE I
standard Motorola Oncore GES re-
cetver with o | g jilh*r ol aAppoK-
mately F0 ns, The Frequenacy accora-
ev achicved in ome Scanmer moded i at
the level of £25 ]'Ii'hl_l. In o Channel
Soamder, hoth the runsiitber and re-
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cefver use o moddfleation of the cireait
ileserihed. In this case, the most im-
portant factor is o keep the ahsolute
poition of the correlation peak stable
if w0 change aocurs in the distance be-

guveen oo units. Tt is also i ttno
reflect the changes in the :]lslanw: if
ey oo, This Sounder allows long-
term measurements o0 be made with
no accumulated error in multiple

aths timing; the short-term jitter
does not execed 500 ns,

This described field test eoquips
ment synchronization method i very
inexpensive gnd l',m;_:mql-r-:-. snflicient
rrsnms (at least ab the levels that ane
|'('|'t||in|_-::i in toduys PCS and eellular
communicstion svstems), Future s
tems with higher chip rates may re-

wire better smchromization, bt thae
Igluquna GPS receivers may provide
higher st |l:-|t|h of the Lirmning ﬁﬂ'ﬁ]ﬂ

Hawevar, l]l.t'n'-' 5 ane I_.'I-I"-EIIZIIEIl'I-
with using the GPS recelver: Areas
exist where the GPS signal Is not
availahle or s intermittent. When this
sifigation ocears, frustrated users will
complain that synehronization does

not work. However, every prohiem
does have a solution or, as in this
rase, ban solutions. One solution is
hased on the foet that after the GPS
is bocked it does nat drﬂ-_i'r.:{l.l,- the kim.

ing n;,lu,nhtl, of the 1 pps RLElL;‘d if it
keeps track of at least one satellite.

Fwven after the GPS receiver oom-
l_'llli:"ll,"!]}' liises tlie xig__:u.u], Elie TCXD
rmaintiins ‘tl‘lﬂ x_-..'ru:‘:h ronization for a
time depending on lemperature ancl
oeleer comditions. These observations
irll[]-io_-elm,-:rllﬂ'] in the algm‘lﬂ:m |1I:'|.]_'.| I
matntain synchronization of COMA
test equipment for uwp to several min-
irbess 1 the loss of GPS lack.

The seoomd solution is implemsent-
ed in the Rhino™ mbidium frequency
source, which is designed spocifically
as & timing reference for test equip-
ment normally synchronized by GRS
in the ahsence of & GPS signal. The
heart of this deviee & a mubidiom e
quency standard. The system atomat-
ically smechronizes itsell to UTC at &
momment when the built-in GFS receiv-
er kocks, The GFS wrtenn thea can be
disconnected and the smchronization
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i Fm'.-u'lm'] by the stability of the m-
baclinem standard. Signals with a dming
tolerance sufficient for CDMA testing
are valid for approximately one day.
The next day, a simple and short pro-
cedure that Jocks the unit to GPS must
be repeated. The frequency source
pncm-:Lfs a 1 Hz output synchronized
b UTC that helps to P]'J"rﬁ.k' uninter-
rupted data collection in arcas with an
Intermittent or unsvailuble GPS stmal
[that 15, in the downtown areas of Targe
cities, in tunnels, under bridges and,
generally, all indoor arews),

The pmblems deseribed in this ar-
bl are not the only issoes fo be dealt
with while mmnimge CIXMA fests. But,
hopefully, the sugrestesd solubions ean
bzl with some of ther, Wl
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