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Abstract 
Optimum beamforiner output SINR with one intcrfcring signal is expressed in 

terms of signal spatial signatures and noise power. The cxprcssion, valid for multipath 
channels, leads to consistent rcsuIts for the cases of no intcrfcrcnce and strong 
interference. Thc optimum SINR calculatcd using the cxpiession is comparcd 10 
measured SINR achieved using an adaptivc bcamfarming algorithm applicd to data 
recorded using an antcnna array tcstbed. 

1. INTRODUCTION 
lshide and Comptan [ I ]  dciived an expression for SINR in terms of array 

rcspanse ~cctors for a desired and an interfering signal in the cast of a single propagation 
path for each signal. This expression was used in investigations of conditions that caused 
grating nulls in adaptivc arrays [ I ]  and of suitablc elemcnt pattcm sclcction to avoid this 
problem [Z]. Subsequent cxpcrimcntul invcsiigaiions [3]-[5] characterized recuivcd 
signals in terms of spatial signature and mcasurcd thc variation of spatial signature in 
dynamic channets. The spatial signaturc is a complcx vecfor containing the ampliiudcs 
and phascs of the  versions of a signal receivcd by thc clcmcnts of an antcnna array and is 
applicable IO multipath as well as single-path signals. In [ 6 ]  experimcntal results were 
reported and another metric of spatial signaturc variation was introduced. Thc spatial 
signamre metrics used in [3]-[6] arc rcvicwcd and comparcd in (71. 

In this paper thc expression far SINR derived in [ I ]  is writlen in tcrms ofdesired 
and interfering signal spaual signaturc ~cctors. This leads to consistcm results for the 
cases of no interference and strong interfcrcncc. SINR calculated using the exprcsrion is 
compared to performance of a multi-target least-squares constant modulus algorithm 
bcainfonncr for data measured using compact four-elcmcnt a n t ~ n n a  arrays. 

2. SINR EXPRESSION 
Based on [1],(2] the desired signal can bc cxprcsscd as 
x,,=A&,,T,AO (1 )  

whcrc A,, is the signal amplitude, s,Al) is the normalizcd signal, and 

where ,/"(fid,q,,, P,) is the rerponsc of thc n'l'elemcnf to the dcsircd signal with anglc of 

arrival (fi,,q,)and polarization statc P,,and 5, is the phase shin at thc nlh elcmcnt. 
For single-path (e.g., free-space) propagation, w e  define J',4&, as the spatial 

signature, which includcs amplitude information. In thc gcncral CBSC of a channel with M 
multipath components, the spatial signature is 
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. 
and 4, is the amplihlde o f  the mXh multipath component received at the n' antenna, 
ffl(6*- , q d m ,  Pd. ) is the antenna response to the mih multipath component of the desired 
signal, and i s  the phase shifl of the m' multipath component at the dh antenna. 

We can rewrite equation (18) of [ I ]  to express the output SMR of an optimum 
beamformer in terms of the spatial signatures as 

where d is the nojse power an one branch. All branches are assumed to have equal noise 
power and noise on different branches is assumed to be uncorrelated. The SINR can also 
be written as 

SINR OP' =- ( 5 )  

where 8. is the angle between the two spatial signahlre vectors, mentioned in [3]. 
Thc input SNR at the dh element is given by 

and the SINR at the dh element is given by 

where Vd" and V,, are the dh elements of the desired and interfering signal spatial 
signature vcctors, respectively. For the case o f  no interference, V,=O and the optimum 
SNR is 

which is the optimum result obtained for an ideal maximal ratio combiner 181. 

For the case where ~ ~ V , . ~ ~ '  > > U ' ,  the expression for SINR given by equation ( 5 )  can be 
approximated as 
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The approximate expression is independent of the magnitude of the interfering signal. 
The optimum beamformer nulls the interfering signal completely regardless of its spatial 
signature. If the spatial signature vectors of the two signals are orthogonal, 0,=90". In 
this case the element weights that null the interference are the same as the maximal ratio 
combining weights. If V, = kl), the spatial signawe vectors are parallel (O,=O"),and a 
generalized ga t ing  null results . This does not ncccssanly correspond to a null in the 
array pattern, but the multipath components cancel, bath signals are nulled, and 
SINR,,,=O. 

3. APPLICATION TO MEASURED DATA 
The SINR expressions discussed in the previous section can be used to calculate 

optimum SINR from measured data. lnterfcrcnce rejection measurements were 
performed using four-element arrays at 2.05 GHr using a four-channel version of the 
measurement system described in [IO].  Two CW signals wcrc transmitted, one from 
each of two Spatially separated transmitters, with a l l d i z  offset betwecn the signals. The 
received signals were mixed to an audio-frequency IF and recorded using two digital 
audiotape recorders. The recorded digitized signals were then processed on a computcr 
using a multi-target least-squares constant modulus algorithm (MT-LSCMA) beamformer 
that implements a variation of the algorithm described in [ I l l .  SINR and SNR are 
calculated for each signal before and after beamforming. Figure 1 shows the spatial 
signature angle in degrees (0,) between two measured signals, Fig. 2 shows the difference 
between optimum S M R  ( 5 )  and optimum SNR in the non-interferenc,e case (8), and Fig. 
3 shows SINR calculated using ( 5 )  and measured SINR of  the LSCMA beamformer for 
data recorded using a handheld array in a microcell interferencc scenario. Agrement 
between the Spatial signature variation, calculated SINR, and mcasured S N R  is 
especially evident in the peaks at 1.44, 1.68, 1.8 and 1.92 seconds, and in the nulls at 
1.75, l.86,and 1.97 seconds. 

4. CONCLUSION 

measured SINR using an LSCMA beamformer on data rccorded using an array tcstbcd. 
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Figure I Spatial signature angle B, as a function of time for measured signals 
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Figure 2 Optimum SINR relative to optimum SNR in non-interference case 
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Figure 3 Calculated optimum SINR, measured SrNR for LSCMA, and optimum SNR 
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