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Abstract. The fainter receiving signal power of GPS is a key factor to limit its applications, then the
main solution to this problem is improving receiver sensitivity. This paper proposes a Kalman
filtering multiuser detector method to anti multi-access interference (MAI) that can improve receiver
sensitivity. This method is verified by simulation, the results shows sensitivity improving value about
1dB.

1. Introduction

The high-precision and wide coverage lead to the Global Navigation Satellite Systems (GNSS)
has been widely used. Currently, the BDS has covered the Asia Pacific region, and then it will achieve
global seamless coverage in 2020. In China, the BDS and GPS are mainly used [1].

The arriving satellite signal is very weak is an obvious shortage of GNSS. In downtown
environment, the building and trees can interrupt the signal to reduce power, which influences the
receiving and positing of GNSS receiver. This reason restricts the GNSS application. It is direct
method to solve this problem that improving receiver sensitivity.

BDS and GPS are asynchronous direct sequence code division multiple access (DS-CDMA)
system, the satellites are source and the receivers are destination [2]. The receiver needs multiple
satellites signal to complete position, which will generates MAI. The MAI can reduce signal to noise
ratio (SNR) and deteriorate receiver sensitivity. This paper proposes a method to anti MAI based on
Kalman filtering multiuser detector, which can improve receiver sensitivity to solve the problem of
fainter signal receiving.

2. Mathematical Models

BDS and GPS have used binary phase shift keying (BPSK) modulation and their spreading codes
are gold code and C/A code, respectively. The Fig. 1 shows MAI generated process.
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Fig 1. MAI generated process
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The signal at receiver antenna shows by equation (1).

(0= 3 A (t—5)5 (-7, cos(@,+ ) +N() M)

The A is signal amplitude of the i satellite, b (t) € {1, -1} is data of the i satellite, si(t)is spreading
codes of the i satellite. The 7; is time delay between different satellites, @, is frequency of carrier, ¢ is
1 satellite’s phase information, n(t)is the receiver’s thermal noise with sided spectral density N,/2.
The 1 satellite signal dispreading process shows by equation (2).

~ M A b
b, = NT,Ab, + A YD "R () +h "R, (7,)]+ jOT n(t)s, (t)dt )
i=1
i#q
In the equation (2), part I is desired signal q satellite, part II is MAI and part III is thermal noise.
The N and T, are spreading code length and chip width, respectively. In the part I, R ,(z;)and R ,(z;)
are partial cross-correlation functions of q and i satellite that not be zero in asynchronous DS-CDMA

system. In the part III, the thermal noise likes additive white Gauss noise (AWGN) that not be affected
by spreading and dispreading.

Defining
$ =[5,(0),5,(1),5(2)...5,(N =]
y =[r(0),r(),r(2)..r(N -1)]
v =[n(0),n(1),n(2)..n(N —1)] 3)
After demodulation, the receiving signal express in vector form, as equation (4).
y(k) =2 A KB (K)s,() +v(k) @)

The multiuser detector for satellite q can be used to anti MAI, the output is given by equation (5).
[3]
b, (k) = sgn(< ¢, (k). y(k) >) = sgn(cg (K)y(k)) O]
In the equation (5), the tap-weight vector ¢, (k) characterizes the multiuser detector. In the following,
we consider how to establish ¢, (k) for blind adaptive multiuser detector. The ¢, (k) can be expressed as
equation (6).
Cq(k) =38, = Cq un ® Wy (K) (6)
Where, the Cqnunis a Nx(N-1)matrix, that is the null space ofS;. The¢,(k) can adaptively change
with weight vector Wy (K)

3. Method Based on Kalman Filtering

An adaptive multiuser detection based on Kalman Filtering is designed to anti-MAI in BDS/GPS
receiver. The state equation and measurement equation are foundations of Kalman Filtering designing,
which constitute the dynamic system model of multiuser detection [4].

Defining:

z,(k) =5, y(k), d (k) =y  (K)C{ ™
IfW, (1) achieves Wq.op (K) | the measurement equation as following (6).

2, (k) = d(K)W, o (k) + €, (K) ®)

The Kalman filtering equations as following:
The state estimation equation:

Wy oo (K) = W o (K= 1)+ g (K)[2(K) = d T (K)W, o (K = 1)] 9)
The gain equation:
g(k) = K(k[k =Dd (k)[d" (K)K (k[k =1)d (k) + &, 1™ (10)
The MSE estimation equation:
Kk +1]k) = K(k[k =)= g(k)d" (k)K (k |k —1) (1)

The tap-weight vector equation:
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Cq(k) = Sq _Cq,null d Wq,opt(k) (12)
Where, 9(k)is gain of Kalman filtering, K(k+1]k) is MSE matrix and K(1/0)=1 . In equation (10),

¢mn 1S the minimum mean output energy of the dynamical system of satellite q, we can directly take
S (K) = A, (K)

4. Simulation and Results

The method is proved by simulation, the simulation system shows as Fig. 2.
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Fig 2. The simulation system
The GNSS software simulator generates BDS/GPS signal and received and processed by software
receiver, which includes Kalman filtering multiuser detector. The multiuser detector is realized by
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Fig 3. The results of receiver sensitivity improved

The Fig. 3shows the results of receiver sensitivity improved, the horizontal axis indicates the
number of receiving satellites and the vertical axis indicates the values of sensitivity improved. The
MALI grows with number of receiving satellites. The codes length of GPS and BDS are 1M and2M,
respectively [5]. The longer codes length make BDS has a stronger ability to anti-MALI, so the receiver
sensitivity improved values of BDS less than GPS and the difference value is about 0.4dB based on
simulation. The simulation result show, when the GPS receiver receiving more than 8 satellites, the
improved value is about 1dB; when the BDS receiver receiving more than 8 satellites, the improved
value is about 0.5dB.

5. Conclusion

The improved sensitivity can take receiver stronger signal acquisition ability to enhance the
BDS/GPS usability. In this paper, a Kalman filtering multiuser detector is proposed to anti-MAI that
can improve receiver sensitivity. The method availability is proved by simulation results.
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