









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













The effect of time synchronization errors on the performance of cooperative MISO systems Sumanth Jagannathan, Hamid Aghajan, Andrea Goldsmith Department of Electrical Engineering Stanford University, Stanford, CA 94305 Abstract— We consider a wireless sensor network scenario where closely packed nodes can be grouped into clusters. Although each node might have only a single antenna, nodes within a cluster can cooperate during transmission or reception, thereby forming a cooperative Multiple Input Multiple Output (MIMO) system. Much of the work in the area of cooperative MIMO has assumed perfect synchronization between the nodes in the network and the associated benefits have been investigated. We examine this assumption in a system where a cluster of nodes cooperatively transmits to a single receive node over a flat fading channel. We evaluate the effect of clock jitter between nodes on the performance of this cooperative Multiple Input Single Output (MISO) system. The clock jitter at the transmit nodes results in the lack of a reference clock at the receive node and causes inter-symbol interference (ISI). This leads to a performance degradation in the system. However, simulation results indicate that jitters as large as 10% of the bit time do not have much effect on the BER performance of the system. We also show that when the channel is not undergoing fading, the power penalty due to the clock jitter is independent of the number of transmit nodes and the penalty increases as the SNR increases.



I. I NTRODUCTION In large wireless sensor networks, the distribution of nodes can be looked at in terms of clusters where nodes that are physically close are grouped together [1], [2]. Within a cluster, nodes can communicate with relatively low power and cost as compared to inter-cluster communication. Typically, nodes in a wireless network will be equipped with a single antenna. However, we can use nodes within a cluster in order to form an equivalent multiple antenna system. We can obtain spatial diversity, reduce the energy consumption [3], [4], and increase capacity [5] using this cooperative multiple input multiple output (MIMO) system. Previous work in the area of cooperative MIMO has assumed that the nodes are synchronized during transmission and reception. Our work differs from the previous work in that we assume a perfect noiseless channel between nodes within a cluster. However, we allow clock synchronization errors to be present between nodes in a cluster. Although we can implement synchronization algorithms [6], [7] to have very fine synchronization within each cluster, we will typically have to expend more energy in order to obtain a greater degree of synchronization. Therefore, there is a trade-off between synchronization accuracy and energy efficiency. A recent work by Barriac et al. [8] investigated the effect of sensor placement errors on the performance of distributed beamforming schemes. In our work, we assume perfect carrier synchronization while time jitter may be present in a more genIEEE Communications Society Globecom 2004 Workshops



eral sense and need not occur due to placement errors alone. The carrier synchronization can be achieved by transmitting a reference carrier and all the nodes can lock to this reference carrier using a phase locked loop. We quantify the effect of the inter-symbol interference (ISI) caused due to the time jitters on the performance of a cooperative multiple input single output (MISO) system. The cooperation between the nodes within each cluster also entails some bandwidth and power penalty. This penalty is a subject for future investigation and in this paper we quantify the effect of the synchronization errors alone. The results indicate that both the cooperative transmit maximal ratio combining (MRC) [9] and Alamouti [10] schemes have good jitter tolerance and hence the synchronization algorithm can be made simple and energy efficient as fine time synchronization between the nodes is not required. Winters [11] investigated the performance of a transmit diversity scheme in a MISO system with wired nodes where intentional delays are introduced at the transmitter in order to create frequency selective fading at the receive node. Thus, frequency diversity is obtained. Our work is different as we consider cooperative MISO schemes that have spatial diversity at the transmitter and the delays present in these schemes are due to the lack of synchronization and are not intentional. In a cooperative single input multiple output (SIMO) system, a single node broadcasts messages to the receive cluster. Nodes in the receive cluster exchange their bits or pool information into the clusterhead by means of handshaking. Since this can be done without the need for time synchronization, the system performance is not affected by clock jitter. Hence, the SIMO system is not investigated further in this paper. The remainder of the paper is organized as follows. The system model for the cooperative MISO system is described in Section II. We analyze the effect of clock jitter on the system performance in Section III and numerical results are given in Section IV. The simulation results are discussed in Section V. Finally, some concluding remarks are given in Section VI. II. T HE S YSTEM M ODEL Consider the system in Fig. 1 consisting of a cluster of MT nodes that cooperatively transmit information to a single receive node. Although each node has only a single antenna, we can form a virtual MISO system through cooperation among nodes within the transmit cluster. Nodes within a cluster can exchange their data by means of handshaking and decide on the bit to be transmitted by each node in each time slot. We assume a perfect channel among nodes in a cluster
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All transmit nodes and the receive node have single antennas



frequency flat fading with Doppler frequency fD and with independent fading on each of the MT SISO links. Therefore, we can represent our MT SISO channels as
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Fig. 1.



The cooperative MISO system.



except for the synchronization error between the clocks and we ignore interference from the neighboring clusters in order to study the effect of time jitter alone. We denote the reference clock for the transmit cluster as T0 . The clock jitter for each transmit node from the reference clock (m) where 1 ≤ m ≤ MT . We assume that is denoted by Tj the algorithm used to periodically synchronize nodes within b around the a cluster leads to a maximum jitter of ± ∆T 2 reference clock T0 for each node. Neglecting any drifts in the node clocks, the time jitters are fixed between any two runs of the synchronization algorithm while they can vary within the maximum allowable limits from one inter-synchronization period1 to another. Therefore, when we are interested in the average performance of the system over many synchronization runs, the clock jitter of each node will have a certain distribub ∆Tb tion (uniform, gaussian, etc.) between [− ∆T 2 , 2 ]. We can also investigate the worst case performance where the clock jitter can be fixed at certain values. When the transmit cluster has only 2 nodes, the worst case corresponds to fixing the (1) (2) b b = + ∆T jitter at the extreme ends, i.e. Tj = − ∆T 2 , Tj 2 . In a distributed MISO system, the effect of the time jitter at the transmit nodes is that the composite pulse shape (sum of the pulses from each node shifted by the corresponding time jitters) seen at the receiver will no longer be Nyquist2 . Therefore, the neighboring bits will contribute ISI to the system and the performance of the system will degrade. In order to analyze the performance of the system averaged over many synchronization runs, the clock jitter is assumed b ∆Tb to be uniformly distributed between [− ∆T 2 , 2 ], where 0 ≤ ∆Tb ≤ Tb and Tb is the bit duration. This distribution satisfies the requirement that synchronization algorithms typically bound the time jitter to a certain interval. The modulation is chosen to be uncoded BPSK3 and raised cosine pulse shaping is employed. For the purpose of analysis and simulation, we restrict the raised cosine pulse to two sidelobes on either side since the sidelobes decay to more than 10 dB below the peak of the main lobe within this period. The total transmit energy for the cooperative system is denoted by Es and is equal to the energy of the SISO system that we use for comparison. The MT × 1 MISO channel is assumed to be undergoing



hm (t) = αm δ(t), 1 ≤ m ≤ MT



(1)



where αm are the i.i.d fade variables. A. The transmit MRC scheme The block diagram for transmit MRC scheme is shown in Fig. 2. The bit to be transmitted by all nodes during the lth bit period is denoted by s[l]. The weighting factors at each node for the lth bit period are given by  αm [l]∗ MT  , 1 ≤ m ≤ MT (2) wm [l] = h[l]2F where αm [l] is the sample of the fade variable αm at the lth bit period. h[l]2F is the Frobenius norm of the channel vector during the lth bit period and is defined as h[l]2F
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The channel estimates can be obtained by various methods such as feedback from the receiver or by using reciprocity [9]. The sampling offset at the receiver is denoted by ∆0 and AWGN noise n(t) is added at the front end of the receiver. The continuous time signal at the receive node is given by MT  ∞   Es s[l]wm [l]αm [l]p(t − lTb − y(t) = MT (4) m=1 l=−∞
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The receiver samples the signal at time instants t = kTb + ∆0 and using the formula for the MRC weights from (2), the resultant discrete time signal is given by  MT ∞   Es s[l] |αm [l]|2 p((k − l)Tb + y[k] = h[l]2F (5) m=1 l=−∞
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We can express this discrete time received signal as a sum of the “desired signal”, interference terms and noise.



1 The



time interval between two runs of the synchronization algorithm. 2 The composite received pulse does not have zeros at time shifts in multiples of a bit time from the main lobe peak due to time jitter. 3 It is anticipated that BPSK and QPSK will be the most common modulation schemes for sensor networks.
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The system block diagram for the transmit MRC scheme.



103



y[k] = ydesired [k] + yisi [k] + n[k]



(6)



For decoding the k th bit, the “desired signal” is given by  ydesired [k] =



MT  Es (m) s[k] |αm [k]|2 p(∆0 − Tj ) (7) h[k]2F m=1
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In the absence of time jitters = 0), (7) shows that the pulses from all the transmit nodes will perfectly overlap in time and add at the receiver. The sampling offset ∆0 can then be chosen in order to obtain samples at the peak of the pulse. Due to the clock jitters, the pulses from the various transmit nodes will not overlap in time and irrespective of the choice of sampling offset ∆0 , the magnitude of the desired signal will be lower when compared to the zero jitter case. Using the fact that we have restricted the raised cosine pulse to two sidelobes on either side, we can express the ISI term as MT  k+3   |αm [l]|2  Es s[l]p((k − l)Tb + yisi [k] = h[l]2F m=1 l=k−3
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B. The Alamouti scheme The 2x1 Alamouti scheme is depicted in Fig. 3. We assume that the channel remains constant over two bit periods. Similar to the transmit MRC scheme, we sample the received signal y(t) at the time instants t = kTb + ∆0 . We combine two consecutive received signal samples in order to determine the two transmitted bits by weighting the received samples with the appropriate channel gains. Thus, we perform standard Alamouti combining as described in [10]. Following an approach similar to Section II-A, we express the input to the decoder as y[k] = ydesired [k] + yisi [k] + n[k]



−0.4 −3



In this section we analyze the performance of the transmit MRC scheme over many synchronization runs. We assume that (m) b ∆Tb ∀ m, (∆0 − Tj ) is uniformly distributed on [− ∆T 2 , 2 ]. A piecewise linear approximation of the raised cosine pulse is chosen with slopes ±mi as shown in Fig. 4 where mi > 0 for all i. This approximation is tight for 0 ≤ ∆Tb < 0.5Tb and is given by IEEE Communications Society Globecom 2004 Workshops
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The piecewise linear approximation of the raised cosine pulse. TABLE I



C OEFFICIENTS IN THE PIECEWISE LINEAR APPROXIMATION OF THE RAISED COSINE PULSE
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(11)



− where m+ l and ml are related to the slopes mi by Table I. Assuming that the desired bit is s[k] = 1, the worst case scenario will occur when all the interference terms are negative. Since mi > 0, we find that the worst case scenario will depend on the bits s[l], k − 3 ≤ l ≤ k + 3, l = k and (m) the sign of (∆0 − Tj ). We can obtain an upper bound to the worst case interference by taking the absolute value of the jitters. This will make all the jitters positive and the worst case interference for this situation is given by (m) MT   |(∆0 − Tj )| yisi [k] = − Es βm Tb m=1
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where the desired signal for decoding the k = (2p + 1) bit at the receiver is given by  2  Es (m) s[2p + 1] |αm [p]|2 p(∆0 − Tj ) ydesired [2p + 1] = 2 m=1 (10) The ISI terms can also be derived along similar lines as is done in Section II-A.
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b ∼ U [0, βm ∆T βm Tb 2Tb ]. The sum of MT uniform probability distributions converges to a Gaussian distribution very quickly for MT > 2 and the interference terms are represented by a Gaussian random variable given by  2 ) (14) yisi [k] = Es N (µisi , σisi



with its mean and variance respectively given by
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In order to analyze the “desired signal”, we can approximate the main lobe of the raised cosine pulse by a triangle for b b ≤ t ≤ ∆T as shown in Fig. 4. This the interval − ∆T 2 2 approximation can be analytically written as p(∆0 − where
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This approximation is good for small values of clock jitter ∆Tb , however it is a bit loose for larger values of clock jitter and consequently, we estimate a lower value of the desired signal. We use this approximation in order to obtain a bound on the worst case signal to interference and noise ratio (SINR). We can show that for MT > 2, the desired signal converges to a Gaussian random variable given by  Es 2 ydesired [k] = N (µdesired , σdesired ) (18) h[k]2F with its mean and variance respectively given by 
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where the mean of the effective signal and the variance of the effective noise in units of energy are given by   Es µef f = µdesired + Es µisi 2 h[k]F (21) Es N0 2 2 2 σef f = σ + Es σisi + h[k]2F desired 2 From the above analysis, we observe that the effective mean of the signal is decreased both due to the ISI as well as the decrease in the desired signal’s amplitude due to the clock jitter while the variance of the noise increases not only by the ISI but also due to the uncertainty of the desired signal. The instantaneous SINR of the system is given by 2 (22) γ (α) ¯ = µ2ef f /σef f



 where α ¯ = [¯ α1 α ¯2 . . . α ¯ MT ] , α ¯m = αm [k −3] . . . αm [k +3] for 1 ≤ m ≤ MT . In order to find the average SINR of the system, we average the instantaneous SINR over the fade variables of the MT independent SISO links and over a period of seven consecutive
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Similarly, the expression for the average BER can be derived. In order to evaluate these expressions,  we need to determine the expressions for the joint pdf f α ¯m between 7 consecutive bit times of the fading process. Using this joint pdf, we can evaluate the expressions for the average SINR and average BER for the cooperative transmit MRC scheme. IV. N UMERICAL R ESULTS We evaluate the expressions derived in Section III for the case of a static channel with equal gains on all antennas. Therefore, all our channel gains are set to 1 for all bit periods l, i.e. (24) |αm [l]| = 1, 1 ≤ m ≤ MT Using (15), (19), (21) and (22), we obtain the multiplicative reduction factor in the average SINR (¯ γ ) due to the transmit clock jitter as 2  5   ∆Tb b − m 1 − η ∆T i 4Tb i=1 4Tb  ∆¯ γ= (25) 2  5 2Es ∆Tb 1 + N0 48T 2 η 2 + ( i=1 mi )2 b



The noise in the is assumed to be AWGN with power  system 1 N0 B where B = 2Tb is the bandwidth occupied by the BPSK signal and N0 is the one-sided power spectral density of the noise. Using (6), (14) and (18), we can express the received discrete time signal for worst case interference as 2 y[k] = µef f + N (0, σef f)



bit times. Thus the average SINR of the system is given by  ∞  ∞ ∞ M T    α1 d¯ ... γ(α) ¯ f α ¯m d¯ α2 . . . d¯ αMT (23) γ¯ = 0 0 m=1 0  



This translates into a power penalty for the system due to the transmit clock jitter. The power penalty is independent of the number of transmit nodes and is a function of the SNR Es ) and the fractional transmit clock jitter only. (N 0 The power penalty is plotted in Fig. 5 for different values of clock jitter and SNR. From the plot, we observe that the power penalty is larger when the SNR is higher. This result seems counter-intuitive as we would expect a system with higher SNR to have better jitter tolerance. However, careful observation reveals that the power penalty will be more for higher SNR as the ISI caused by the clock jitter will have a more dominant effect for high SNRs than in the low SNR Es regime. Although the average SINR for the case of high N 0 Es will be greater than the average SINR for low N0 , the power penalty will follow the opposite trend. We also observe that for a jitter of 10%, the power penalty is only 0.7 dB. V. S IMULATION D ETAILS AND R ESULTS A. Determining the sampling offset at the receive node In a cooperative MISO system, we effectively lose the transmit clock reference (T0 ) at the receiver due to the transmit clock jitter. A question arises as to what the ideal sampling offset at the receiver should be in such a situation. For the purpose of simulation, in order to determine the sampling offset at the receiver, we adopt the following approach. We transmit a known preamble on each of the antennas. The receiver samples this signal at a very high rate (1000 samples per bit time Tb ), performs a correlation with the known
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preamble and then detects the offset that results in a peak in the correlation. This gives us our required sampling offset4 . −1



10



The 2x1 and 4x1 cooperative MISO systems were simulated using MATLAB and the effect of transmit clock jitter on the BER performance was studied for the transmit MRC (Fig. 2) and Alamouti (Fig. 3) schemes. A BPSK modulation scheme was chosen with a data rate of 250 Kbps. Raised cosine pulse shaping was employed with a roll-off factor α = 0.22. The MT × 1 flat Rayleigh fading channel was simulated using Jake’s model [12] with a doppler frequency (fD ) of 60 Hz. The BER calculations were performed by averaging over 105 bits. The average BER was calculated using 100 realizations of the time jitter corresponding to as many runs of the cluster synchronization algorithm. The sampling offset (∆0 ) at the receiver was calculated using the method outlined in Section V-A. The SNR range was limited to 0-6 dB due to simulation time constraints. C. Simulation results In the first simulation, the transmit MRC technique was employed for a MISO system over a static channel with equal gains on all antennas. Fig. 6 compares the simulation results for the worst case BER with the analysis presented in Section IV. The simulation results and analytical results match exactly for the zero jitter case. For higher values of jitter, the analytical results upper bound the results obtained via simulations. As expected, the analytical results give an upper bound on the BER of the cooperative MISO system. Next, we simulated the performance of the system over a Rayleigh fading channel. The time jitters at the transmitters b ∆Tb were uniformly distributed between [− ∆T 2 , 2 ]. This gives us the average BER over a number of synchronization runs. Fig. 7 shows the BER versus SNR curves when the transmit MRC scheme is employed. We note that 10% jitter does not degrade the BER performance of the system. However, for jitters greater than 10%, the BER increases. The results also indicate that the 2x1 cooperative MISO system performs better 4 This is just an efficient method to estimate the ideal sampling offset for the purpose of simulations and is not meant to be a practical scheme.
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than the SISO case even in the presence of 100% clock jitter. Therefore, the cooperative MISO system on average buys us some performance gains over a SISO system even in the presence of severe clock jitter. A 4x1 cooperative transmit MRC system was also simulated and once again we observed that 10% jitter does not affect the BER performance. Fig. 8 is a plot of the BER performance of the transmit MRC scheme when worst case jitters are considered. For the 2x1 b system, the jitters are set at ± ∆T 2 . We again observe that 10% jitter does not have much effect on the performance. However, for higher SNRs (> 5 dB), we can notice a small degradation in the BER. The BER degrades much faster as the clock jitter ∆Tb increases as compared to the average performance and for a jitter of 70 − 80%, we notice that the SISO system starts outperforming the cooperative MISO system. Therefore, we can save the intra-cluster communication energy by not cooperating to transmit for a clock jitter greater than 80%. Moreover, for large clock jitter, we observe that the BER is almost constant for the simulated range of SNR values as the noise contributed by the clock jitter exceeds the AWGN noise. The worst case BER performance for the 2x1 Alamouti scheme is plotted in Fig. 9. Although the BER does not degrade much for 10% jitter, the SISO system outperforms the Alamouti scheme for jitter greater than 50%. Similar to transmit MRC, we note that for high values of clock jitter, the BER is relatively flat for the simulated range of SNR values.
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Fig. 10 compares the worst case BER performance of the 2x1 transmit MRC and Alamouti schemes. We observe that for small values of clock jitter, the transmit MRC scheme easily outperforms the Alamouti scheme. The performance gap closes for large values of the clock jitter and for a jitter greater than 80 − 90%, the Alamouti scheme has a better worst case BER than the transmit MRC scheme. However, for such high values of clock jitter, a SISO system with the same transmit energy outperforms both cooperative MISO schemes and there is no benefit in using a cooperative transmission scheme. We expect the power penalty of the cooperative MISO system due to time jitter, over a fading channel, to increase with SNR, similar to the results presented in section IV for static channels. This trend is visible in the plots presented in this section where the BER curve of the SISO system cuts across the BER curve of the cooperative MISO scheme with time jitter. Therefore, as the SNR increases, the SISO system will outperform the cooperative MISO system for lower values of the clock jitter. Consequently, the benefit of the cooperative MISO system with time jitter will reduce as the SNR increases. VI. C ONCLUSIONS The effect of time synchronization errors in a cooperative MISO system was investigated. The clock jitter at the transmit cluster causes ISI, thereby reducing the mean of the received signal and increasing the variance of the noise. An analytic expression for the average SINR is derived that gives insight IEEE Communications Society Globecom 2004 Workshops
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