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Abstmct- Detection of the existence of a desired user is 
considered in this paper. We assume that the signal to noise 
ratio is high enough to ignore the effects of noise compared 
with those of the interference by other users. The inter-user 
interference and user signals are modeled by the Nakagami 
model. The observation model for this situation is proposed, 
the locally optimum test statistic is derived under the model, 
and the asymptotic performance of the test statistic is com- 
pared with that of the envelope detector. We show that the 
locally optimum detector has performance better than the 
conventional envelope detector. 
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I. INTRODUCTION 

As mobile coiiiiiiuiiicatioiis get in iiiucli use, multiple ac- 
cess (MA) tecliiiiques become iiiore important, because the 
frequency resoiirces are quite restricted. In order to accoiii- 
iiiodate iiiore users in the rest#ricted frecliieiicy 1)aiid. niaiiy 
MA techniques are eiiiergiiig, e.g., the frequency hopped 
(FH) and direct sequence (DS) spread spectrum (SS) coni- 
iiiuiiicatioii systeins [ 11. 111 these MA coiiiiiiuiiicatioii sys- 
tems, however, the iiiter-user iiiterfereiice (IUI) problem is 
unavoidable. Because iiioderii coiiiiiiercial coiiiiiiuiiicatioii 
guarantees quite high signal to iioise ratio (SNR), it caii be 
justified to assiiine that the IUI is the oiily disturbance [2]. 
Actually, the IUI affects t,he performaiice of celliilar iiiobile 
coiiiiiiuiiicatioii systeiiis much more tliaii iioise does [3]. 

In MA coniniiiiiicatioii systems, we are to detect the pres- 
ence of t,lie desired user in tbhe interference by iieighboring 
other users. Especially, we focus 011 tlie sit,uatioii wliere the 
desired user signal is very weak wlieii cornpared with the IUI. 
This problem is quite important to get liiglier coiiiiectioii 
probability iii various iiiobile circmiistances. The locally op- 
tiiiiiirii (LO) detpccttioii tecliiiiclue has beeii shown t-o be usefiil 
wlieii the SNR is very low. Tlic LO detector iiiaxiiriizes tlie 
slope of the power fuiict,ion wheii the SNR is zero, and heiice 
is expected to sliow the best perforiiiaiice wheii the SNR is 
low. It is also noteworthy tliat the LO detector caii always 
be acquired d i k e  the uiiifornily most powerful (UMP) or 
optimum detector. The LO detector has also been shown 
to be the power-series expaiisioii of the likelihood function 
truncated a t  the first iioiizero teriii [4]. 

The iliain goal of this paper is to get a better user signal 
detector than the coiiveiitioiial eiivclope detect,or [ 5 ] .  For this 

purpose, wc propose aii ol)scrv;tt,ioii iiioc1c:l for t,lie detcct,ioii 
of tlie clesiretl iiser iii tlic IUI. Tlic: Nakiigaiiii ~n-clistribiit,ioii 
[GI is used for iiiotlttliiig both t,lie user signal 1 ~ 1 ~ 1  t,lie IUI. This 
iiiodcl itssiiiiie tlie Nakagaiiii fading eiiviroiinieiit. This LO 
detector caii be used to iiiiprovc t81ic: coiiiiwtioii probabilit~y 
aiid lessen tlie power coiisiuiiptioii. 

11. THE OBSERVATION MODEL 

Let 11s coiisider tlie observatioii iiiodel 

nit 

xi = BSi + wi = OS; + Ii , j ,  % = 1.2.  . . . , n,, ( 1) 

wliere X i  is the oiivclope of t81ie reccivttr oiit,piit8 at tlic i-th 
sampling iiistaiit, 712,; is tlic iiuiiiber of iictig1il)oriiig users at 
tlie %-tli instant, B 2 0 is tlie signal streiigtli paraiiietcr, aiid 
n, is tlie saiiiple size. Here, S; is froni the clcsired user aiid I.i.j 
is tlie iiiterferciicc teriii froiii t h  j - th  iioigliboriiig user at tlic 
%-th saiiipliiig instant. Let lis deiiott: X = (XI. XZ,.  . . , X , , ) ,  

Based oii the fact t,liat iioiiselectivc fadiiig of radio sig- 
nal envelope is adequately repr(:seiit,cd by the Nakagaiiii 112,- 

distributioii, we assiiiiie tliat S; and I;,j are Nakagaiiii raii- 
doni variablcs. It is not possible. however. to get tlie exact 
distribution of W;. a siiiii of Nakagaiiii raiidoni variahles I;,j. 
Note tliat we caiiiiot derive tlie LO tmt statistic without the 
iiiterfereiicc distribution. It is reasonable to assiiiiie that  the 
iiiterfereiice of tlie iicarwt, iiser is doiiiiiiaiit,. tliat is, 

j=1 

s = (SI, sa, . . . I S,,), and w = (W1. w,, . . . , wrL). 

'"3.. 

wliere I,,,,,, is the niost, powerful intcrft:raiice. With this 
approxiniat8ioii, wc caii assiiiiie t,liat W; is xlso a Nakagaiiii 
raiidoiii vaiiahle. 

Tlie probal)ilit,y deiisity fiiiictioii (pdf ) of the Nakagaiiii 
m-distiibutioii is 

where 2 2 0, 712, 2 1/2  is the fading cicpt,li paranleter, aiid 

cr' is the mean power parainetctr. Note t,liat, tlie larger sa 
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iiieaiis tlic iiiore coiist,raiiied fluct,iiatioii, and tlie case 1 n  = 1 
sllbs~iiiies the Rityleigli fading. 

We assiiiiie that, both W; ant1 Si, i = 1, 2. . . . , n,, are iiide- 
peiideiit and ideiitically tlist,ril)iit~ed (i.i.d.) r;tiitloiii variables. 
itlid W; aiid Sj are independeiit8 of o;tcli otlicr. We also as- 
siiiiic tliat Wi ant1 s; follow t,litr Nakaganii In-tlistributioiis 
with ptriL1iiet(>r sets ( I ~ L ,  m 2 )  and (?n,Kq g&), respectively. Let 
11s deiiotc tlic pdf's of W; aiid Si by fw and fs, rcspectively. 

Let us iiow coiisitlcr a biliary liypot,licsis t,est8iiig probleiii. 
Uiider tlie iiull Iiypotlic H ,  X ;  coiisists only of tlie IUI 
term W; (0  = 0). and iiiider tlie alteriiative liypotliesis K ,  X i  
consists of the desired user signal Si aiid tJie IUI Wi (0  > 0). 
Based oil tliis consitleratioii, tlie liypot,liesis probleiii 

vers11s 

can be considerr:d as a psraiiieter test 

H : O = O .  (6) 

versiis 

K : 6 > 0 .  (7) 

The joint pdf of Xi. i = 1,2, . . . , n,, under H aiid K are 

and 

f. n 

For later use, let iis clefiiie the LO iioiiliiiearity 

(10) 
21n 1 
U2 -% 

g(z) = -f&(-%)/fw(3:) = --% - (21n - 1)- 

aiid tlie F~s~IwT's information, of f w  

111. LOCALLY OPTIMUM DETECTOR TEST STATISTIC 

Since it is geiierally iiot possible to obtaiii uniformly iiiost 
powerful (UMP) detectors, we caii concentrate on the prob- 
lem of designing detectors for weak signals, which results in 
LO detectors. Having a basis in the generalized Neyiiian- 
Pearsoii leiiima, an LO detmtor has iiiaxiiiiiini slope for the 
detector power function at the origiii (0 = 0) in the class of 
all detectors that  ham its false-alarm probability. Tlie power 
of an LO detector is gnaranteed iiiider mild conditions to be 
no smaller than that of other detectors at least for 0 in some 
iioiiiiull iiit,erval (O,O,) [4] [7] [8]. 

(9) 

~ 
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r i  

Noting tliat the eiivelope (EV) det,ect,or t os t  stmatistic is 

i=l I' 

we have 

That is, TLO( X )  has an atltlitional term coiititiniilg ( X i  and) 
I/X;, and T L o ( X )  = T E v ( X )  wlieii 712 = 1/2. It, is notewor- 
thy tliiit m = 1/2  iiieaiis t,lic iiiost, flnctfnat80d fading eiiviron- 
iiieiit. It is easy t,o expect that, tlie atlditioiial t8eriii would 
improve thc performalice of tlie LO detect80r over the EV 
det,ector wlicii 710 > 1/2. This LO dctector tcst statistic de-,  
pelids only on tlic: parmict,ers of W;. 7n and (~',.iiot 011 those 
of Si, 7 1 7 , ~  aiid CJ;: wliat, we iieed to kiiow to construct the 
.LO detector is tlius iiiforiiiatioii oiily dmiit, tlie IUI, and we 
need iiot kiiow tlic statistics of tlic: desired iiscr signal. Fig- 
'[ire 1 shows tlie LO iioiilin(:arity s ( ~ )  for varioiis values of 7n. 
It is iiiterest8iiig to sec that tlie shape of the LO nonlinearity 
docs not, cliaiigc wittli 7 m :  oiily tlie slopc cliaiiges. 

IV. ASYMPTOTIC PER.FOR.MANCE OF THE LOCALLY 
OPTIMUM DETECTOR. 

Ono of t,lic most coiiiiiioiily-iised iiicasiires of relative 
itsyiiiptot,ic perfornianco of tlctectors is tlie ;isyniptotic rela- 
tive efficiency (AR.E) [4]. The ARE1,Z of t,wo detectors D1 
and 0 2  1)asetl oii test stat,istics TI aiid T2 caii be expressed 
iiiitler some rc:giilarity condit,ioiis as tlie ratio 

(16) 
G 
€2 

A R E ~ J  = -, 

where 



X 

Fig. 1. Tlie LO iioiilinearity wlieii (r2 = 1, 'm = 1 (solid), 711 = 2 
(dotted),  and 'rn = 3 (tlashed). 

are the efficacies of t,he det,ect,ors. The detectors we will 
coiisider here are t,he LO aiid EV detectors. 

Tlie efficacy of the LO detector caii be derived via tlie steps 
similar to t,liose iii [4]. Here we will assuiiie that 7n > l / 2  
for the LO dett:ct,or, because 77-1, = l / 2  iiieaiis T L o ( X )  = 
T E V  (XI. 

Noting that 

Similarly, tlie efficacy of the EV detector caii be derived. It 
is easy to show that 

aiid 

v H { T E V }  = EH{Tiv} - E${TEV} = -VH{x;}. ff4 (22) 

Fro111 these, the efficacy of the EV detector caii be repre- 
sented by 

Therefore, 

ARELO,EV = I(fW)vH{xz}. (24) 

Let lis iiow calculate tlie ARE as a fiiiictioii of 7n. Noting 
that 

Now, wlieii Tri, > 1. we liavc: 

Usiiig (24). (28). and (29). we have 

T--- ' ' 

o(o 1.5 2.5 3.5 

m 

Fig. 2 .  Tllr AREL<),Ev 

Because T L ~  liils a tern1 coiitaiiiiiig l/X;, T L ~  may lit~ve 
large negative values in ~0111~: cases, aiid ilii overflow Cil11 OC- 

ciir. The overflow iiiiLy caiisc iiialfiiiictioiis. Therefore, we 
need to reduce tlie negat,ivc dyiiaiiiic rniige by considering i~ 

iiiodified version of the LO dct,ector. It is iiitert:st,iiig to coii- 
sider a set, of locally siiboptiiiiiiiii (LS) dctc:c:t,ors, whose t-est, 
stat,istic:s are iiiatle froiii the LO stat8istic by replacing 1/Xi 
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with l/X). 0 < k < 1. Tlic kcst statistic of nii LS dctcctor 
is thns 

and the noiiliiieiwit8y of the LS detector is 

which is sIiowii in Figure 3. We (:ail sec that tlie LS iioiiliii- 
carity lias iL shapc: siiiiilar to the LO iioii1iiiearitry. 

Fig. 3. The LS Iioiiliiiearity with ' r n ,  u2 = 1 (solid: k = 0.25, dashdot: 
6 = 0.5, dashed: k = 0.75, dotted: k = 1) 

Noting t,liat 

aiid 

(34) 

we have 

where 

aiid 

Note that the expression (35) for the efficacy of the LS detec- 
tor is valid for all m, > (k + 1)/2. Figure 4 shows ARELS,EV 
as a function of m. We caii see that  the ARELS,EV > 1. 
Note that & is finite oiily for 7n > (X: + 1)/2. 

I 
1 1 5  2 25 3 3 5  4 

in 

Fig. 4. The A R E L ~  ,g~ with u2 = 1 (solid: I ,  = 0.25. t ldit lot:  k = 0.5. 
dotted: k = 0.75) 

V. CONCLUDING REMARKS 
111 this paper, wc applied tlic LO ( k t  ioii sclieiiie to tlic 

user det,ectioii proltleiii. Tliis can be regratlcd as a special 
case of coiiiiiioii raiidoiii sigiiiil (1c:tedioii probleiiis. We pro- 
posed it11 01)ser~i~tioii i i l~ t l t : l ,  tlcrived the LO itlid tlie LS d+ 
t'ectors, aiid analyzed t,licir iLsyiiiptotiC pcrforiiiaiice charac- 
tmeristic coiiiparetl to tliose of t,lie coiivciit,ioii;il EV ddector. 
We also sliowetl that. the LO and LS tlct,cxtors all out,pcr- 
form the EV detector itsyiiiI)toti(:dly. It, is iiot,ttwortJiy that 

LO dctc?ctor cxc:cpt wlieii t,lici fadiiig is cxtreiiiely sevctre. 
the LS dettctor shows id11iost t l i ~  Si&lil(? 1)erforiiiaiice as tlic 
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