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KJrtBODS ~ A•PltRATVS PDA DB'l'BC~%}JG c•LL11LAR DXGITAL PACKET 
D&lfA (CCPD) 

l'IBLD OP TD 'IIWDT:EOJI' 
The pre$ent invention relates qenerally to •e~hocis and 

s apparatus for detecting a specific kind of carrier associated 
with an 11overlay11 syst.ell\. An "overlay" systel!l is one that 
shares the frequency allocation of another system on a non­
eooperatinq (and non-c:ompetinq) basis. ·one presently prefei-red 
application of the present invention "·is in connection 'IJith 

10 detectinq a Cellular Diqital Pac::ket Data (Ct>PD) carrier, where 
the CDfD system consi:itutes an overlay system vis-a-vis a.n 
associated cellular telephone system. This embodiment is 
described here1n as one exemplary application of the present 
invention. However, except where they are expressly so 

15 limit.ed, the claims appearinq at the end. of this specification 
ara intendea not to be. limited t.o embodiments for detecting 
CDPD siqnals. 
BACKGROOllD OP 'l'HI %!1'VBN'l'IOB 

The CDPD system enables wireless transmission of data 
20 over existing cellular systems, such as the ~dvanced Mobile 

Phone system {AMPS). The CDPD system was desiqned to provide 
data communications in the cellular frequency ran9e without 
impedin9 _voice co111J'llunications. . The system \lSes "mobile" 
telephone channels just as a modem uses a telephone line but it 

25 is desiqned to jump from one frequency to another ~hen 

necessary, i.e., when·a new telephone c:a.11 starts in the cell. 
The. first live demonstrations of CDPD took place in 

ear'ly.1993. Advocates for COPD believe the technolcqy will be 
inexpensive and cost efteetive because it builds on top of 

30 existing cellular infrastructure and does not require. any 
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improves on the spectrol estimation method. The second nethod 
in pref erred einbocUmel'\ts is a ntinimum mean-squared error (MMSE) 
method. The spectral estimation method of the present 

invention involves "shortlisting" the number of channels 
5 scanned to a smaller number of occupied channels. In this 

respect, the 'spectral esti~ation meth~ is like another 
proposed CDPDdetection method (hereinafter sometimes referred 
to as the "RSSI method") that uses· RSSI inforJllation to 

"shortlist" the numtier of channels seanned to a smaller number 
10 of occupied channels. llSSI stands for Receive Si9nal strenc;th 

Indicator. It is a common paramet:.er measured in cell1.1lar and 
ai:mila~ com111unication devices to determine quality of the 
received siqnal for the purpose of choosinq the best amon9st a 
set of candidate channels, de~erminin9 candidate channels for 

15 handoff, or perforining similar maintenance functions. It could 

be used as a method to determine whether a qiven channel is 
occupied. by a signal of any kind or it is vacant. Accordinq to 
the RSSI method, the mobile unit tries to identity the CDPD 
channel by sy~chronizin9 and decoding each of the shortlisted 

20 channels. One could detect the presence of a CDPD (or like) 

siqnal on a qiven channel by first attempting to receive on 

that channel as if indeed the signal was th~re (i.e., 
synchronize to the incominq siqnal), collect a set of bits that 

form an encoded word, attempt to decode thnt word, and decide 
25 whether the signal was of the riqht type based on the results 

of the decoding process. The problem with this approach is 

that it takes a lo"q ti~e to synchronize to the siqnal, collect 
enouqh bits to form a word and decode the word to make a 

determination about the siqnal. The purpose of the second 

30 .method disclosed herein is to provide a suitable alternative to 
this "shortlisting" ll\ethod. 

The spectral estimation method detects an overlay 
siqnal in a channel of a primary system, wherein the primary 
system has a plurality of channels in which the overlay siqnal 

35 might be present at any given time, and wherein the overlay 

signal possesses a characteristic frequeftcy, such as the symbol 
clock · frequency. The methOd comprises the steps of (a) 
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identifyinq which, if any, channel(s) of the primary system are 

ocC\lpied :t>y a si9'°'al; and identifying which, if any, of the 

. siqnal(P) in the c:ha:nnel(s) identified in step (a) are an 

overlay siqnal from the overlay ·system. step (b) comprises 

5 pertorminq a: non-linear operation on eaeh signal to enhance a 

spectral c:o111ponent cf the signal at the carrier frequency, and 

11aJcinq a decision as to whether the siqnal is an overlay signal 

on the. basis of the enhanced spectral component.. 
In presently pref erred emoodimenta of the invention, 

10 the o"Verlay siqnal is a cellular diqital packet data (COPD) 

signal and the primary systu is a cellular telephone system. 

In addition, in presently preferred embodiments, step 

(a) further comprises, with respect t.o each channel, the 

substeps of (1) receivinq siqnal and ~oise components in the 

15 channel; (2) processin9 the rec:eived components to enhanc:e_ 

noise components without a prescribed spectral band relative to 

noise components 'Within the prescribed spectral band; (3) 

computinq the ratio of spectral components witl!in the 

prescribed spectral band to the enhanced spectral components 

20 without the prescribed spectral band; (4) comparinq the ratio 

to a prescribed ~hreshold value; and (5) identifyinq the 

channel as carryinq a siqnal if the ratio exceeds the 

threshold. 
The second inventive method disclosed herein comprises 

25 the steps of (a) samplinq signals in at least one channel to 

obtain a prescribed num:t>er of samples for the at least one · 

channel1 (b) computin9 an error value for each sample on the 

basis of the difference, if any, between the sa•ple value and 

the expected value; (c·) determining a minimum error value; (d) 

30 determininq an averaqe of at least. t.wo error values~ (eJ 

determininq a rati~ of the minimum error value to the average; 

and {f) makinq a decision as to whether the signal is ~n 

overlay siqnal on the basis of the ratio. In presently 

preferred emboc:lilDents of the second method, the error values 

35 are mean-squared error {mse) values. 

BR%EP DBSCRI»~IOW oP THE DRAWINGS 

Fiqure l is a block diagram of the receiver of a. 
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mobile cellular telephone unit, which is one preferred 
environment.for the J?resent inven'Cion. 

Figures 2A-2C illustrate a simulation employinq the 
inventive techniques disclosed herein. Fiqure 2A is a block 

s diagram of the simulator; Piqures 28, 2C and 20 are block 

diagrams of a CDPD trans•itter 22-1, an AMPS control channel 
transmitter 22~2, and a voice channel transmitter 22•3, 

respectively. 
Figures 3A and 38 depict ~rocessinq techniques 

10 discussed below. Fi9ure JA depicts two non~linear operations, 
namely, correlation 40 and squaring 4i; Fii;JUre 3B depicts 

. . 

filtering and thresholding employin9 an inner product 44, 
normalization 46, and thresholdinq 48. 

Fiqures 4A-4C illustrate the minimum mean-squared 

15 error (MMSE) processing technique, the second method disclosed 

herein. Figure 4A depicts a typical demodulated siqnal; Fiqure 

48 depicts a t1aveform and four contributions to the mean­
squared error; Fiqure 4C: schematically depicts a processor for 
performing CDPD siqnal detection. 

20 · Fiqure 5 is a flowchart of the spectral estimation 
detection method disclosed herein. 

Figure 6 is a flowchart of the MMSE detection method 
·disclosed herein. 
DBT~tLBD DBSCRXPTXOR or PRB!'&sUlED EllBODXMER'TS 

25 Figure 1 is a block diaqra11 of the receive~ of a 
mobile subscriber unit (Le., a cellular telephone capable of 

ref;eivin9 a CDPD signal), which represents one presently 
preferred e111.badiment of the present. invention. As shown, the 
mobile unit comprises an RP (radio frequency) converter 10, IF 

30 (intermediate freqilency) filter 12, limiter-discriminator 14, 
analoq-to-diqital (A/.D) convertor 16, post•detection filter 18, 

and identif ieation block 20. Accordin9 tc the present 
invention, the identification block 20 comprises means for 

detecting a· CDPD carrier in accordance. ·with one of t.he two 

J 5 aethod$ deacr ibed below. Al 1 components, with 'Che exception of 
the identification block 20,·are. generally well known to those 
skilled in the art. Ther~fore, details of blocks l0-18 are 

111i1inlii1nr · 
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described herein only as necessary to explain the present 

invention. 
A. Metho4 11 Spectral Bstimat1on Detection 
The spectral estimation detection method provides 

5 si9nal processing solutions · throuqh manipulation or a 
demodulated si;nal received by a mobile or base station unit. 
The present inventors have broken the detection. problem into 
two parts. The first part involves the detection of any .siqna.l 
on the c:hannel, and the second part involves the identification 

10 of a Cl>PD siqnal amonq occupied channels. The next section 

describes a siqnal detection technique that will identify 

channels that are occupied by signals that have a prescril:led 
siqnal strenqth or qreater. This method. serves as an 
alternative to scanninq t.he RSSI over a given set of channels. 

15 It may be perforaed within a time frame of so bit_ intervals 
(2. 6 m.s), which is comparable to that proposed for the RSSI 

method. 
A description of the CDPO detection problem is 

provided after the description of the technique for ·identifying 
20 occupied channels. Processing techniques that will yield qcod 

discri•ination between the various siqnals in the channel are 
dascribad. A simulation is then de5cribeci and the simulation 
~esults are tabulated. 

25 
Si9Jl•l J>etection (Identification of occ~p.1•4 Cha:nn•l•> 

The CDPD signal detection problem may be formulated 
as a hypothesis testing problem (.see, H.L. Van ·Trees, 

Detection. Estimation and ·Modulation Theory. Part I, Wiley, 
1968): 

. H0 : r ( t) .. n ( t) (la} 

H1 : r { t:) • 9" [ s ( t:) + n ( t) (lb) 

The received si9nal may be noise n(t) or a combination of 

30 signal s(t) and noise. Since '!;:here is a possibility that the 

signal is transmitted O?' received by a :mobile unit, the 

cper.-tor F ?"epresents Rayleigh fading. 

The siqnal s(tJ is a GMSK signal of the fot111: 
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with the frequency pulse (see 3. B. Anderson, et: al., D.tgital 

Phase Modulation, Plenum, 1986; Cellular Digital Packet Data 
system Sper:i.ficati.on, Prelim. Release Vi 1.0, July 19, l99J); 

g(t) ~ 1T [ 0 (21f8r { t/T ~'2)) ~ 0 (211Jtl' ( e~a ) ) l {3}. 

where T represents the symbol time (tar CDPD, symbol time and 

s bit tiDe are synonymous), E represents the enerqy per symbol 

interval, h ... 0.5 is the modulation index, and the product B~ 

is set to o.s. The frequency p1.2lse g(t) has been nonalized so 

that the phase response q(tJ satisfies conventions followed in 
the representation of continuous phase modulation (CPM) 

10 signals: 

q( e) "'/_: g(,;) d'f S 0 • s I {4) 

Although the frequency pulse g(t) has infinite length, 
implementations commonly truncate the OMSK filter response to 
three or four symbol intervals. In addition, the non-causality 

of .the frequency pulse Signal of equation (3) is converted il'ltO 
15 a delay of' two symbol interval&. The siqnal cletecticn 

technique has been analy~ed in additive white Gaussian noise 
(AWGN) channels and Raylei9h faded ~hannels. since it must work 

in stationary and mobile environments. 
· As mentioned above in connection with Figure 1, in one 

ao em~odiment the demodulator is assumed to be a limiter-
discriminator 14. The de:inodulated signal is modeled at 
baseband, after IF filtering, as 

The IF filter 12 chosen fo~ the analysis was a four pole 
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oz to ,,., M ( (I + jol <o • iil) <s> 
12 + 02 . Ii + 02 

Butterworth filter with cutoff at 15 k.H~ from the carrier. 
The post-detection filter 18 ·in ·one presently 

preferred embodiuent is a twelve tap FIR filter at 76.8 kHz 
sampling rate (correspondinq to four samples per symbol 

5. interval) with a cutoff of 6 kHi and is rou~hly matched to the 
GMSK spectrum. The desiqn of the post-detection filter is not 
cru.cial to • diacri111inator detector. implementation of the 
receiver. Further details of the simulation are described 
);)elow. 

10 The· objective ·here is to identify a ltleasure that 

allows one to distinquish between "the two hypotheses Hg,, H1• 

The limiter-discriminator .has the property of convertinq 

incident ~hite noise within the receiver bandwidth to a 

parabolic spectral shape centered around the carrier. Thus, 
15 even as the IF tilter 12 suppresses incident noise at the bana­

edqes, the limiter .. disc:riminator 14 will have the ef feet of 

enhancing those spectral components. If noise alone were 
passinq throuqh the limiter-discriminator, the ratio of 

spectral co•pcnents within the matched (post-detection) filter 
20 bandwidth to those· outside the bandwidth should be smaller than 

the same ratio calculated for hypothesis n1• 

Let x~ represent the output of the 1 imi ter­

discriminator 14 and let y~ represent the output of the post• 
detection filter (this may be, e.g., a twelve tap FIR filter 

. 25 with c:utoff 6 kHz). The decision metric is then represented by 

where (Xg, Xi,··· x!) are the first N samples available to ~ake 
a decision. The. decision delay N was chosen to be fifty bit 
intervals~ or 2.6.ms, and yields acceptable receiver operatinq 
characteristics. 
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%4entification of CDPD 
The problem of identify.inq a CDPD signal a.monq ·all 

received siqn•ls may also be torlDUlated as a hypothesis testin~ 
problem. 'l'he ~ypotbesis testin9 problem is formulated as 

5 follow&. There are two possibilities qiven that the channel is 
definitely occ:upied by some signal: 

a1: The channel is occupied by CDPD. (7a) 
... . . a

1
: The cbannel is not occupied by CDPD. (7b) 

Hypothesis e1 is in turn represented by two cases: 

10 H11: The channel is a voice channel (Sa) 

Hlli: 'l'he ohannel is a control channeL (Sb} 
Typically,. all Hl!t cases will be eliminated by the signal 

. Cletection method described above. This is because the FS~ 

control channel has a wider ·bandwidth than the CDPD siqnal. 

15 Moreover, the siqnal will have a strong ape~tral ~omponent at 
10 kHz, which vill boost the denominator of the metric in 

equAtion (G). 

The processing techniques of the present invention (in 
applications involvinq detection of CDPD) rely on the fact that 

20 CDPD uses a dic;it:al modulation technique with a fixed data 
(symbol) rate of 19.2 k:bps. As opposed to CDPD, voice 

~ommunications is through analoq FM, and has no fixed 
si9nallin9 clock other.than the 6 kHz Supervisory Audio Tone 
(SAT). control channels, on the other hand, use M•nchest.er 

25 encoded FSR at a data rate of 10 Kbps. 
'l'he present inventors have studied two processinq 

techniques, aimed at lockinq on the 19.Z kHz symbol rate of ~he 
output of the limiter-discriminator 14. These are 
schematically depicted in Fiqure · JA. The first teehnique, 

JO represented by c:ircult 40, correlates the output of the 

disc:rimina1:or witn its~lf delayed by one•halt bit interval; the 
second technique, rep~esented by olock 42 (i.e., a square-law 
device), squares the siqnal. It can be shown that both these 
techniques produce a component at the. siqnalling interval. 

3 5 Ass\uninq random data, whenever 

'bet~een o and 1 it introduces a 
siqnal with a frequency of 9. 6 

the CDPD signal transitiona 
periodic·like seqment in the 
kHz • It c:an 'be shown that 
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squaring a· corrupted . periodic: wavefo:nn with a fundaf!Lent.al 

frequency .t
2 

will produce a discrete spectral c:omponent at the 
output of the square-law device at the frequency 2ti (see, W.B. 
oavenpcrt and W.L. Root, An rntrodur:tion ·to the Theory of 

5 Random Signals and Noi$e, IEEE pre&s, 1987). Power spectral 

density calculations for the correlator 40 and square-law 
devi~e 42 have confirmed this for the CDPD siqnal. The output 
of either non-linear device should be filtered at the frequency 
o~ interest. A third technique involvinq takinq the fourth 

10 power of th.e matched filter out.put was rejected since the 

effect of hi9her powers cf a noisy siqnal bas the effect of 
noise enhancement, leadinq to poor performance in moderate to . 
low si9nal•to•noise environments. Tbe simplest waveform with 
a fundament_al frequency of 19. 2 kHz and a sampling rate of 76. a 

15 kHz is the sequence 
~ • {1,0,-1,0,1,0,•l,O, .•• •l,O,l} 

of length N samples. The length N was chosen . to be BOO 

. samples, corresponding to 10.41 ms of data. It should be noted 
that t.he signal 

20 s1 = {0,-1,0,1,0, ... 1,"o, ••• 1,0} 

.has the same fundamentai frequency •s, and is orthogonal to, 
e!. The present invention uses the dttcision static;tic as the 

variable 

where p is a vector of suitable length derived from the 

as demodulated si9nal y processed usinq the correlator 40 or the 

square law device 42 (Fig. JA). Note that this is the DF'r of 
the processed siqn6l at a frequen~y of one-quar-c.er (l/4) 1-he 
sampling rate or l!L2 kHz if the sampling rate is 76.B kHz. 

Examination of the spe~trum of the demodulated siqnal 
30 subject to either of the non-linear processinq lnethods shows 

that a COPD siqnal has a stron9 component at 19.2 kHz and an 

FSX si9nal has .a strong component at 20 JcHz. This latter 
component is uncamf ortably close to the desired component at 
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19.2 kHz. In addition, since the demodulated FSK signal has 

much 9reater power than the CDPD siqnal (this is due to the 
wider deviation ot the control si9nal) , the output of the 

tilter should be not'18alized by the ave~aga ene:r-<JY in the 
5 signal. This is done as follows: The frequency resolution Qf 

the aiqnal <p, . cl!> + j <p, st!> is 76800/N. This corresponds to 

96 HZ for a duration or 800 samples. If a smaller block ienqth 
is selec~ed, say H ~ 40 samples, the frequency resolution would 

decrease to 1920 ff~· Therefo~e, a preferred no~alization 

10. technique u$es the decision metric 

15 

{10) 

The effect af the above _metric is essentially that of 
normalizing the enerqy of a ve~y narrow band filter with the 

enerqy at the output of a filter with a broader bandwidth. 
s:1m.\ilatio11 D••cription· 
The simulator implements the entire transmit chain for 

all the signals, and part of the receive chain for tbe CDPD 

lilObile end-station (MIS). Fiqure 2A is a block diaqram of the 
simulator. Bio~k 22 includes the various radio souroes that 
are likely ta prccauce signals present in the channel. These 

20 sources are a COPD transmitter, 22~1, an AMPS control channel 

transmitter 22-2, ~nd a voice transmitter 22-3. In addition, 
the simulator includes a block 24 simulatinq Rayleiqh fadinq, 
an interpolat.or 26, a block· 28 simulatinq additive white 
Gaussian noise, an adder 30, a. demodulator 32 (e.q., a limiter-

25 discriminator). ;and a detector 34. Bloc:ks 32-34 of the 

simulator correspond to blocks .14-20 of Figure 1. 

Fic;ures 2B, 2c and 20, are block diaqrams of the CDPD 

transmitter 22-1, the AMPS control channel transmitter 22-2, 

and ·the voice channel transmitter 22-3, respectively. As 

30 shown, the CDPD transnitter includes a data source, phase 

shapinq GMSK filter, and a C~M modulator. The control channel 

transmitter 22-2 includes a data source, Manchester encoder, 
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wideband filter~ FM modulator, and 25:1 decimeter. The voice 

channel transmitter 22-3 includes a white noise source, 

·weighting block, gain and pree11phasis t>loek, deviation lil'Aiter, 

post-deviation filter, SAT source, 2 kHz deviation block, 

5 adder, and FM modulator, cont igured as shewn. The details of 

these components are not part of the present in~ention and are 

not deseribed herein. 
As mentioned, · the receiver uses a limiter­

discr blinator 14 (Fiq.. 1) for demodulation. The front-end 

10 tiltering in the receiver is a filter derived by scanning the 

front-end filter used in field trials. The limiter• 

discriminator is implemented at baseband by means of a phase 

detector followed by a differentiator. The phase detector 

implementation reqilires a hi9h samplin9 rate, hence the need 

is for the interpolator within the waveform channel. Final siqnal 

processin.q is performed usi:nq samples at 7 6. s kHz. This 

amounts to four samples per CDPO symbol interval. 

Figures JA and 38 depict the various processinq 

techniques disc:us.sed al:Jove. The two non-linear operations, 

20 depicted in Fiqu"r"e 3A, are correlation 40 and squarinq 42. The 

filterinq and ttiresboldinq are depicted in Fi9ure 3S. The 

tilterinq and thresholding operation employs a block 44 for 

obtaininq an inner product, a bl0ck 46 for performinq 

normalization, and a decision block 48. Note that, in Fiqure 

25 JB, the maqnieude is· normalized usinq equation (lo). 

An inner product is simply the sum of. the element-wise 

product of two vectors (or time seq1.1ences}. For exa.mple, the 

first term on the numerator af equation 10 is the square of the 

inner product of vectors p and c 11 • Normalization is the 

30 process by which the enerqy is the spectral band of interest 

(i.e. 1 around 19. 2 .I<Hz, in this case) is divided by t.he ener9y 

of the ·signal as a whole to remove qain factors that apply to 

both enerqies and can bias the decision, if not normalized. 

This process is · described ·mathematically by equation 10. 

35 Decision is simply the operation where the decision variable 

(computed ·in equation 10 in· tbis case) · is compered ·to A 

threshold and a determination is made in favor of one or the 

This Sheet Has Been Re laced ; 

111111/l IHE/ m1 Ill m11 
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other hypothesis dependinq on which side of the threshold the 

decision variaQle lies. 
ll89Ult9 

The inner-product technique is not computation 

5 intensive since it implements a Fourier transform at a fixed 

frequenc=y on a block of data. Tests have indicated that 
. . 

accepta~la discrimination between signals is ot>tainoble by 

·processin9 10.41 ms of data, c:orrespondinq to 200 bita. It is 
preterable to use the si9nal detection method described abcva 

10 to shortlist the channels. The processing described above 
considers the detection and false alarm probabilities in 
additive whi~e noise and Rayieiqh fading. In qeneral, the 
detection probabilities do not change ~uch between the 

correlator 40 and square-law devica 42. However, the 

15 correlator yields lower false alarm probabilities and, 

therefore, it is better than the square-law device. This is 

due to t~e fact that the . square- law device implements a 
memoryless operation whereas correlation has the ef feet of 
smoothing out the effects of noise over one•nalf bit interval. 

20 B. Ketbod·a: Mini.awn M••n•Squar•~ Brror Deteotion 

Identifi~ation Of CDID 
As mentioned above, the CDPD problem may be formulated 

as a hy}:>othesis test"incj problem: 
Hg: The channel is occupied by CDPD, ( 7 a) 

25 H1: The channel is not occupied oy CDPD, (7~) 

H18 : The channel is a voice channel, (Sa) 

H.!S: The channel is a control channel. (8~) 

In addition, the CDPD signal is unique in havinq a 
fixed pulse shape and symbol time. The second inventive method 

JO is a Least Mean squares error approach. It :may be applied 
either recursive1y·or throuqh a block-processinq technique. 

simulation Description 
As in the first method described above, the simulator 

b1ple~ents the entire transmit· chain for all the signals and 
35 part of the receive chain ·for a CDPD mobile end-station. The 

block diaqra:m o! the simulator, along with a description of the 

various radio sources tha~· are likely to be present in the 

ii1ili1illiitrr 
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channel, are p~ovided in Fiqures 2A-2D. 

As mentioned above, the siqnal detect.ion problem may 

be formulated as a hypothesis testing problem stated as the 

binary hypothesis test: 

H0 :z(t) "'n(t) (la) 

Hi.: .r ( C} ;a 9"[s { C) + n( C) (lb) 

5 The siqnal S(t) is a GMSIC signal of the form: 

with the frequency pulse: 

where ~represents the symbol time, E represents the energy per 

symbol interval, h = o.s is the modulation index, and the 

product B~ is set to o.s. The frequency pulse g(t) has been 

10 normalized so that the phase response q{t) satisfies 

conventions followed in the representa~ion of continuous phase 

modulation siqnals~ 

q(t) • J.: g('f)dr = o.s, r:-- (4) 

Although the frequency pulse q(t) has infinite lenqth 

(support), implemen~ations commonly truncate the GMSK filter to 

15 three or four symbol intervals. The non-ca.,.sality of g(t) is 

converted into a delay of two·symbol intervals. The received 

siqnal may be noise n(t) or a combination of siqnal ·s(tJ and 

noise. Since there is a possibility that the siqnal is 

transmitted or received l:ly a mobile unit, the operator F 

20 represents Rayleigh fadinq. The technique. is analyzed in 
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additive white Gaussian noise channels or Rayleiqh faded 

channels, since it should work in stationary and mobile 

environments. 
In one embodiment, the demcdulator is asswaed to ~e 

5 a limiter-discriminator 14 (Fig. 1) and the demodulated signal 

is modeled at baseband as in equation (S) above, with the IF 
filter beinq a four pole Butterworth filter with cutoff at 15 
kHz from the carrier. Final signal pr.ocessinq i• performed 

using samples at 76.B kHz, whic:h a111ounts to four samples per 

10 CDPD symbol interval. 'l'he post-detection filter 18 in one 
preferred embodiment. is a twelve tap FIR filter at a. 76.8 kHz 

sampling rate with a cutoff of 9. 6 kHz. This filter is rou9hly 

matched to the spectrum of the GMSJC frequency pulse. 
Fiqures 4A-4C are referred to below in explaininq the 

15 MMSE processinq technique. Fiqur• 4A depicts a typical 

demodulated signal, where the 10 dB point of the post-detection 
filter 18 (Fiq. 1) is 9.6 kHz. Fiqure 4B depicts a 111aveform 

and the difference (arror) bet.ween the received signal and the 
expected value for the four samples in a qiven symbol. Fiqure 

20 4C schematically depicts the processin9 perfonned by the 

identification block 20 (Fiq. 1). As shown in Fi9ure 4C, the 

.CDPO identification block inc:ludes a T/4 demultiplexinq block, 

'Which outputs siqnal·s a~, bk, c~, d1• These SiCJnals are simply 

the re$~lt of de~ultiplexin9 the ·stream of samples that are 

25 obtained by samplinq the analoq siqnal at four times per symbol 

period. That is, first the output of the limiter discriminator 
is sampled at the rat.e of 4 samples per sY111bol period, ·the 
samples are filtered usin9 the post detection filter, and are 

then split into :f()ur separate sets be~ore the rest of the 

JO processing takes place. 
The si9nrls ak, b1c, ck' d". are fed to correspondin9 mse - - .- -

(mean-squared error) computation blocks 52. The outputs of the 
mse computation blocks 52 are provided to a block 54 for 

d.eterminin9 the minimum mse and a block 54 for determininc;r the 

35 averaqe of the two maxi111um mse's. The ratio of the minimu111 mse 

to the averaqe of the two maximum mse's is determined by block 
58. The output of blo~k 58 is provided to decision block 60, 

This Sheet Has B 

111111111111~ 1IDUiced 
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which decides. whic:h hypothesis is t:t'ue, H1 or Hg- ·Block SB 

takes as inputs the Minimum Mean Square Error and the Averaqe 

of the two maximum Mean Square trrors and torms the ratio of 

the two quantities. The following block (decision block 60) 

5 compares this ratio (also known as decision variable, denoted 

by AO in block 60) to a threshold and deoides in favor of a 

hypothesis dependi'nq on the outcome of this comparison. 

The pe;ik level· ot the signal at optimum timinq is 

esswned to be ±• . Thia embodiment. o'f t.he invent.ion makes a 

10 decision on each sample of the output of the post-detection 

filter 18. The.decision is t:hen used to calculate the mean• 

squared error with respect to an. expected signal level. 

Hypothesis Hg, is declared if the minimum of the four JnSe's is 

below a chosen threshold. Before making a decision, the 

15 calculated mse is normalize~ by the averaqe of the ~wo maximum· 

ase values. The result of this method has been compared with 

the unnormalized metric, as well as another technique that used 

the average of the three maximum mse values as a normalization 

factor. The present· 111eth0d yielded faster converqence of 

20 results than both of the others~ A probable cause for the 

improvement is illustrated in Figure 48. since ~wo samples 

within a symbol interval may be close to the optimum samplinq 

point, the concributions to the mean-squared error due to those 

two points may be close. Thus, inclusion of one of those 

25 points in the ·normalization factor adversely affects the 

discrimination ability of the method. 

Rasul~• 

Results have been obtained for processing intervals 

of 2~6 ms and 5.2 tns. The lon9er processing interval could be 

30 used tor confirmation ot coarse results from a quick pass over 

all channels of interest with a stnaller processing interval. 

However, there i$ seen to be a marginal improvement in results 

at low· si9nal-t.o-noise rat·ios, and it may be worth scanninq 

throuqh the whole set aqain usinq 2. 6. ms of data. A maximum of 

35 three passes will increase the probability of detection from 

95% to 99.98%. Assutne the total number of channels that the 

mobile end station ·scans over is 1000. one pa·ss will take ll 
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maximum of 2.6 s. Table 1 qives a list of pro1>abilities for 

interesting events. A nominal p?"obability of detection for one 

pass over the set of channels is chosen to be o. 95. The 

simplified scenario in the .table does not consider the 
5 possibility of false-alann. The implemented scheine would 

10 

15 

preferably in.aka a pass over the set of channels, short-listinq 

candidates in the process. A second pass over the short-lis-ted 

candidates is not expected to add more tnan l ee~on.ci to the 
processin9 time, under wo~st case channel conditions • 

EVENT . PROBABILITY 

One pasa succeeds 0.9500 

one of three passes succeeds 0.9998 

Detection time < 2.6 s 0.9500 

Detection time < s.2 s 0.9975 

Detectign time < 7.8 s 0.9998 

Table 1: A list of interastinq events and 

cotTesponding probabilities of de~ection. 

The expected siqnal value is dependent on the 
implementation of the limiter-discriminator 14 (Fiq. l). It is 

20 rec:o11U11ended that automatic calibration of the scheme l:te 

implemented. This calibration could. be dynamically done. The 
mobile end-station (or base station) could recalibrate whenever· 

t.he system reqisters on a CDPD channel. 

There are two parameters that should be optimized for 
25 f'ine tuninq the signal processor. One of thesn is the bandwidth 

of the post-detect.ion filter 18 (Fi9. 1). This need not be 
identical to the filter actually used during reception. A 
wider J:)andwidtb.will yield less intersyml:lol interference .but 

will allow more noise at the filter's output. Sin~e, however, 

30 the expected 5i9nal value in no noise conditions depends en the 

amount of intersymbol interferenc:e, 8 slightly wider bandwidth 

will probably be more effective. The other parameter that 



• ( RECEIVED 02/23 os:q3 1996 AT 532-71q9 PAGE 21 <PRINTED PAGE 21) ] 
02/22/96 17:55 WCXIDCOCK WASHBURN ~ 532-7149 

.. 
N0.233 P021 

W095I08218 PCT/tJS94/103'77 

- 18 -

needs tunin9 is the expected siqnal level :ta. The optimum 
value of a will be the ave;raqe peak sample value at the 76.8 

kHz rate. For the particular implementation disclosed herein, 
the value chosen was o. 6. This value will change depending on. 

s the implementation. 
The threshold choice for a first pass should allo~ a 

20-Jo' false alarm probability. Such a choice lllill yield 

detec:tion probabilities . in excess of 98' at all SNR's of 

interest. On the second pass, the false alarm rate may be 

lO greatly reduced .. 
'l'he tllfo inventive methods clisclosed herein will now 

be swnmarized with reference to Fi<JUres 5 and 6. 
Referrinq first to Figure 5, the Spectral Estimation 

oacection Method beqins by computing enerqy within the tilter 
15 band °"'idtn. The enerqy outside the filter band width is then 

coaputed. Next, the decision variable is formed, for example, 
in accordance ~ith Equation 6. The decision variable is then 
co~pared with a ~hreshold. If the decision variable is no~ 
greater than the threshold, it is deteniined that nc signal is 

20 present. on the other hand, if the decision variable is 
greater than t.ha threshold, the method declares that a siqnal 

.. is present. Thereaft.er, .the signal is passed throu9h a 

correlator or a square-law device (for example, the correlator 

40 or square-law device 42 of Fi9l.u:e 3A. Thereafter, a 
25 decision varfable is formed in accordance with Equation 10. A 

determination is then made whether the decision variable is 
qreater than a threshold. It not; thtr siqnal ·on the channel is 

declared a nori-CDPD siqnal. If the decision variable 1.s 
greater than the threshold, the signa~ is declared a CDPD 

30 signal. All channels are preferably scanned in this manner. 
Re_terrinq now to Figure 6, the MSE method beqins ~Y 

demultiplexing the siqnal ou~put of the post-detection filter 

18 (see Fiqure 1). Thereafter, the MSE of·each demultiplexer 

.branch (see Fi9ure 4CJ is computed. The minimum MSE is then 
35 found, and then the averaqe of the two maximUlll MS!s is found. 

The ratio of the minimum MSE to the averaqe of the two maximum 

MSEs is then compared to a threshold. If the ratio is not 
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qrea'ter than the threshold, the siqnal is declared a non-CDPD 
siqnal. If the ratio is qreater than tl'le threshold, the siqnal 

is declared a COPO signal. Finally, as with the spectral 

Estimation Method, all channels are preferably scanned. 
5 The present invention may be embodied in other 

specific forms without departinq trom the spirit er essential 
.attributes thereat, and, accordinqly, reference should be mad~ 
to the appended claims, rather than to the foreqoinq 
specification, as indicatinc;J the scope of the invention and the 

10 scope of pro~ection of the tollowinq claims. 
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* C L M S· * We claim: 
l. A spectral estimation method for detectin9 an 

overlay siqnal in a channel of a primary system, wherein the 
primary system has a plurality of channels in which the overlay 

5 · siqnal might be present at any qiven time, and wherein the 

overlay siqnal is characterized by a elock frequency, the 

method comprising the steps or: 
(a) identifyinq which, if any, ohannel(s) of said· 

primary system are occupied ~Y a siqnal; and 
10 (b) i.dentifyinq which, ff anyf of the signal(•) in 

the channel(s) identified in step (a) are an overlay si9nal, 
said identifyinq comprisinq pertorminq a non-linear oper~tion 
on eac:h said aiqnal to enhance a spect:i-al component of the 

. siqnal at said clock. frequency, and making a decision as to 

15 whether the siqnal ·is an overlay signal on the basis of the 
enhanced spectral component. 

2. A method as recited in claiin l,. wherein said 

overlay signal is a Cellular Digital Packet Data (COPD) signal. 

3. A method as recited in c:laim 1, wherein said 
20 primary system is a cellular telephone syste~. 

4. A method as recited in claim 2, wherein said 

pri•ary sys~ea is a cellular telephone system. 

S. A methQd as recited i~ claim l, wherein step {a) 
of claim l further comprises, with respect to each channel,· the 

· 2 5 substeps: 

(1) · · receivinq signal and noise components in said 
channel; 

( 2} processing the received components to enhance 

noise components outside a prescribed spectral band relative to 
30 noise components within said prescribed spectral hand; 

(3) co111putin9 the ratio of spectral components within 
said prescribed spectral band to the enhanced spectral. 
components outside said prescril:>4d spectral band; 
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(4) comparing said ratio to a prescribed threshold 

value; and 
(5) identifyinq the channel as carryinq a siqnal if 

•aid ratio exceeds said threshold. 

6. · A ln.ethod as recited in claim 4 ,· wherein step (a) 

further comprises, with respect to each channel, the subs~eps: 

(1) receiving signal and noise components in said 

channel; 
(2) processing the received components to enhance 

10 noise. components without a. prescribed spectral band relative to 

noise coaponants within said prescribed spectral band; 

(3) computing the rati,o of spectral components within 

said presc:ribed spectral band to the enhanced spectral 

components without said prescribed spectral band; 

15 (4) comparing said ratio to a prescribed threshold 

value; and 
(5) identifyinq the channel as carrying a signal if 

said ratio exceeds said threshold. 

7. A system for detectil'\CJ an overlay signal in a 

20 channel of a primary system, wherein the primary system has a 

plurality of channels in which the overlay si9nal miqht be 

present at any given time, and wherein the overlay siqnal is 

characterized by a prescribed clock frequency, the system 

.comprisinq: 
25 (a) means for identifyinq whic:h, if any, channel(sl 

of said primary system are occupied.by a signal; and 

(b) means for identifyinq which, if any, of the 

siqnal(s) in the channel(s) identified as occupied by a siqnal 

are an overlay signal, s·aid means for identifying comprising 

30 me.ans for performinq a non-linear operation on each said siqnal 

to enhance a speetral component af the signal at said 

prescribed elock frequency, and making a decision as to whether 

the ·signal is an overlay siqnal on the basis of the enhanced 

spectral co'llponent. 

, . \~lllll\11111\~Hll~ II 1\11 
i . . 
I 
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s. · A system as recited in claim 7, wherein said 

overlay signal is a cellular Diqital Packet Data (COPO) signal. 

g. A system as recited in claim 7, wherein said 

primary system is a cellul.ar telephone ·system. 

5 10. A syste1a as recited in claim e, wherein said 

10 

primary system is a cellular telephone system. 

11. A system as recited in claim 7, where.in said 

means for identifyinq which, if any; channel(s) of said primary 
system ar~ occupied by a siqnal further comprises: 

Cl) means for receiving signal and noise co11ponents 
in said channels; 

(2) means for proc:essing the received components to 
enhanc:e noise com5>onent:s without a prescribed spectral );>and 
relative to noise components within said prescribed spectral 

15 oand; 

(3) means for c:omputinq the ratio of spectral 
components within said prescribed spectral band to the enhanced 
spectral components without said prescribed spectral band; 

· {4) means for comparing said ratio ta a prescribed 
20 threshold value1 and 

(5) ineans for iden~ifyin9 a channel as ca:rryinq a 

siqnal it said ratio exceeds said threshold. 

12. A system as recited in claim 10, ·wherein said 
means for identifyinq which, if any, ·channel (s) of. said prim.ary 

25 system are occupied by a siqnal further comprises; 
(1) means for receivinq siqnal ~nd noise components 

in said channels; ~ 

(2) means for processinq the received components to 
enhance noise components without a prescribed spectral band 

30 relative to noise components within said prescribed spectral 
b.and; 

(3) means for computin9 the ratio of 5pectral · 
components within said prescribed spectral band to the enhanced 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ 111\ 
* C L M .S 
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spectral components without said prescribed spectral band; 
(4) means for comparinq said ratio to a prescribed 

threshold value; and 
(5) means for identifyinq a channel as carryinq a 

5 signal if said ratio exceeds said threshold. 

ll. A method for dete~tinq an overlay signal in a 
channel of a primary system, wherein the primary system has a 
plurality of channels in which the overlay siqnal might be 
present at any given time, and wherein the overlay siqnal is 

10 characterized by a predetet-mirled eli!pected· value, the method 

comprisinq the steps of: 

15 

(a} sampling signals in at least one channel to 
obtain a predetermined number of samples for said at least one 
channel; 

(b) computinq an error value for each sample on the 
basis of the difference, if any, between the sample value and 
the expected value; 

(c) detetmininq a ~inimu~ erro~ value; 

(d) determining a reference value; 
20 (e) determining a ratio of said minimum error value 

to said reference value; and 
(f) makin9 a decision as to whether the siqnal is an 

overlay siqnal on the basis of said ratio. 

14. A method as recited in claim 13, wherein said 
25 error values are mean-squared et-ror (mse) values. 

15. A method as recited in claim 13, wherein said 
overlay signal is a Cellular Digital Packet Data (CDPD) siqnal. 

l'·· A method as recited in claim 13, ~herein sai~ 

primary system is a cellular telephone syst:em. 

30 17 .• . A method as recited in claim 15, wherein said· 
primary syste~ is a cellular telephone system. 

l llMlll mMl 111111\llU\ Ill\ \ 
.•.. C . L' l'1 ··S * i 
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lB. A method as recited in claim 13, wherein said 

reference value comprises an average of at least two error 

values. 

19. A system for detectinq an overlay signal in a 

5 channel of a primary system, wherein the pri~ary system has a 

plurality of channels in t.rhic:h the overlay si9nal mi9ht be 

present at any given time, and wherein the overlay signal is 

characterized by a· predetermined expected value, the system· 

compl:' is ing: 

10 (a) means; for sampling siqnals in at least one 

channel to obtain a predetermined number of samples for said at 
least one channel·; 

(b) Uteans for co1llp\.ltinq an error value for eac:h 

sample ort the :basis of the difference, if any, between the 

15 sample value and the expected value; 

(C) :means for determininq • minimum error value; 

(d) means for determininq an average of at least two 

error values; 
(e) means for deter.mininq a ratio of said minimum 

20 errcr value to said averaqe; and 

( f) means for makinq a decision as to whether the 

siqna1· is an overlay siq~al on the basis of said ratio. 

20. A system as recited in claim 19, wherein said 

error values are mean-squared error (mse) values. 

25 21. A system as recited in claim 19, wherein said 

overlay siqnal is a ·cellular Diqital Packet Data (CDPD) si9nal. 

22. A sy~tem as recited in claim 19, wherein said 

primary system is a cellular telephone system. 

23. A syste:m as recited in claim 21, wherein sa.id 

30 primary system is a cellular telephone system. 

1111\llU\ll\l llll\ \11\11\ \Ill 
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