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Abstract— This paper is related with the channel estimation 

of differential AF relaying for OFDM-MIMO network in 

multi-node communication over time-selective Rayleigh 

fading channels. To characterize the time-selective nature of 

the channels, a first order auto-regressive (AR) model is 

used. Based on the second order statistical properties of the 

wireless communication channels, we implemented a new 

set of combining weights for signal detection at the 

destination side. Here, symbol-by-symbol or block-by-block 

dual phase transmission protocol to be used. The proposed 

combining weights leads to better performance compared 

with the conventional combining scheme. To support the 

analysis, different scenarios to be carried out with its 

simulation results. 
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I. INTRODUCTION 

Orthogonal frequency division multiplexing (OFDM) is a 

technique that divides entire channel into number of narrow 

parallel sub channels. So that, data rates can be improved in 

addition with the avoidance of inter-symbol-interference 

(ISI), caused by multi-path propagation. Multi-input multi 

output (MIMO) system is useful to increase the capacity of 

wireless channel without the need of extra bandwidth. So, 

MIMO-OFDM system is an attractive candidate for the high 

data rate wireless applications. Such as WiMAX, WLANs, 

3GPP LTE Advances, Wireless sensor networks and 

Vehicle-to-vehicle communications.  

The use of relay in a wireless network has the 

advantage of enhancing link reliability and increasing the 

channel capacity. Generally, There has been two kinds of 

relaying strategies has been widely used-(1) Amplify and 

Forward (AF) and (2) Decode and Forward (DF). Among 

these two strategies, amplify-and-forward (AF) has been 

used for many studies because of its simplicity. The overall 

channel of source-relay-destination is called the cascaded 

channel. The amplification factor can be determined 

depending on the type of modulation scheme. Also, the 

destination would requires the channel state information 

(CSI) of both the cascaded and the direct channels in order 

to combine the received signals. 

To avoidance the channel estimation at the relays 

and destination side, Differential AF (D-AF) scheme has 

been used. In which, It requires only second-order statistics 

of the channels at the relays side. In the absence of CSI, 

based on the second order statistics, the set of fixed weights 

has been used to combine the received signals over the 

source-destination and relay-destination links. Then, the 

standard differential detection scheme has to be applied to 

recover the original transmitted signal or symbol. However, 

all the previous work assume as a slow-fading situation and 

shows that the performance of D-AF is about 3-4 dB worse 

than its coherent version. We call such a scheme as 

„Conventional Differential Detection‟ (CDD). In practice, 

the increasing speed of mobile users leads to fast time-

selective channels (or time varying channels). Therefore, the 

importance of D-AF relaying scheme has to be considered 

here and takes into account of its robustness under more 

practical and general channel variation scenarios. 

In this paper, the performance of DAF for a multi-

relay networks in fast time selective Rayleigh fading 

channels has been studied. We call such a detection scheme 

as „Time Varying Differential Detection‟ (TVD). The 

channels from the source to the destination (SD channel), 

from the source to relays (SR channels) and from the relays 

to destination (RD channels) are changing continuously 

according to the Jakes model. The direct channel is modeled 

with a first-order auto-regressive model AR (1). Also, based 

on the AR (1) model, a time-series model is proposed, 

which is characterize the time-selective nature of the 

cascaded channels. According to the statistical properties of 

the channel variations, new weights for combining the 

received signals over multiple channels are proposed. The 

system performance and channel estimation part has been 

analyzed with the use of optimum maximal ratio combining 

(MRC) weights. Results shows that an error floor exits at 

high signal-to-noise ratio (SNR) region, which is related to 

the auto-correlation values of both the direct and the 

cascaded channels. From the simulation results, it is clear 

that TVD with the proposed weights always outperforms the 

CDD in time-selective channels. 

Notations- (·)∗, |·| and Re{·} denote conjugate,  

absolute value and the real part of a complex number, 

respectively.CN(0,σ
2
) and χ

2
2 stand for complex Gaussian 

distribution with mean zero and variance σ
2 

and chi-squared 

distribution with two degrees of freedom, respectively. E{·}, 

Var{·} denote expectation and variance operations,  

respectively. Both e
(·) 

and exp(·) show the exponential 

function. 
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II. SYSTEM MODEL 

 
Fig. 1: Wireless Relay Model under  Consideration 

Consider a wireless system, which has one source, 

R relays and one destination. The source communicates with 

the destination directly as well as via the relays. Each node 

has a single antenna. Assume that each node communicates 

with each other as a half-duplex manner, i.e., each node can 

either send or receive in any given time. The direct channels 

link, from the source to the destination (SD), from the 

source to the ith relay (SRi) and from the ith relay, i = 1,··· 

,R, to the destination (RiD) are shown with h0[k], hsri[k] and 

hrid[k], respectively, where k is the symbol time. Consider a 

Rayleigh flat fading model for each channel. The channels 

are spatially uncorrelated and changing continuously in 

time. The auto-correlation value between two channel 

coefficients, which are n symbols apart, follows the Jakes‟ 

fading model [1]: 

E{h[k]h∗[k + n]} = J0(2πfn),                  (1) 

where J0(·) is the zero-order Bessel function of the 

first kind, f is the maximum normalized Doppler frequency 

of the channel and h can either h0, hsri or hrid. The maximum 

Doppler frequency of the SD, SRi and RiD channels are 

shown with fsd, fsri and frid, respectively. Also, assume that 

the carrier frequency is the same for all above mentioned 

links. 

Let V = {e
j2πm/M

, m = 0,...,M − 1} denote the set of 

M-PSK symbols. At instant of time k,   group of log2 M 

information bits are to be transformed to v[k] ∈ V. Before 

the transmission, the symbols are differentially encoded as 

s[k]  =  v[k] s[k − 1], s[0] = 1        (2) 

     The transmission process can be divided into two 

phases. Either symbol-by-symbol or block-by-block dual-

phase transmission protocol.  

     In block-by-block protocol, a frame of information 

data is broadcasted in each and every phase and then 

consecutive channels are uses only one symbol apart. 

Therefore, block-by-block transmission scheme is widely 

used for many practical purposes. In symbol-by-symbol 

protocol, first the source sends only one symbol to the relays 

and then the relays re-broadcast the amplified versions of 

the corresponding received signals to the destination, in a 

time division manner. Hence, two channel uses are R + 1 

symbols apart. However, this protocol is not practical 

because of the frequent switching between transmission and 

reception. , Basically the analysis is the same for both cases 

but only the channel auto-correlation values are different. 

In phase I, the symbol √       is transmitted from 

the source to the relays and the destination, where P0 is the 

average source power. The received signal at the destination 

and the ith relay are 

      √                        (3) 

    
    √      

            
            (4) 

               Where w0[k] and wsri[k] ∼CN(0,1) are the noise 

components at the destination and the ith relay, respectively. 

The received signal at the ith relay is multiplied with an 

amplification factor Ai, and then forwarded to the 

destination. The amplification factor can be fixed or 

variable. For D-AF relaying, in the absence of the 

instantaneous CSI, the variance of the SR channels (here 

equals to one) is utilized to define the fixed amplification 

factor as 

    √
  

    
                        (5) 

Where Pi  is the average transmitted power of the 

ith relay. The corresponding received signal at the 

destination can be described as 

                                             (6) 

             Where        ∼CN (0,1) is the noise component at 

the destination side. Substituting (4) into (6) yields 

        √                               (7) 

Where hi[k]=hsri[k] hrid[k] represents the gain of the 

double-Rayleigh channel, whose mean and variance equal 

zero and one, respectively. Furthermore,  

                               
Is the equivalent noise component. For a given 

hrid[k], wi[k] and yi[k] are complex Gaussian random 

variables with mean zero and variances σi
2 

= A
2

i|hrid[k]|
2 

+1and σi
2
(ρi +1), respectively, where ρi is the average 

received SNR conditioned on hrid[k], defined as 

                  
  

             

  
                               (8) 

III. CHANNEL MODELS AND DIFFERENTIAL DETECTION 

In the CDD [4], it is assumed that two consecutive channel 

uses are approximately equal. But, this kind of assumption 

does not valid for the fast-varying channels. Now, for the 

fast varying channels, we require to model both the direct 

and cascaded channels with the time-series models [5]. 

Which is depending on the mobility of the nodes with 

respect to each other, here three cases are to be considered. 

(A) When a mobile user communicates with a base station 

via both, directly and other fixed relays in the network. (B) 

When the communication between two mobile users are 

conducted directly and also via other fixed relays. (C) When 

a mobile user communicates with another mobile user in the 

network via both, directly and with the help of other mobile 

users. 

A. Moving Mobile Source, Fixed Relays and Destination: 

In this case, the SD and SR channels are becomes time-

varying and their statistical properties follows the fixed to 

mobile 2-D isotropic scattering channels [1]. But, all RD 

channels becomes static. 

First, the direct link can be modeled with an AR (1) 

model as follows[2]: 

                 √    
                                (9) 
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Where                 is the auto-correlation 

of the SD channel. Also that n=R+1 for symbol-by-symbol 

transmission and n=1 for block-by-block transmission. The 

auto-correlation value=1 for the static channels and 

decreases with higher fade rates. Because of this smaller 

value for symbol-by-symbol transmission, it doesn‟t use for 

the practical implementation issues. 

Similarly, SRi channel can be modeled as: 

                      √      
                                                                              

(10) 

Where                    is the auto-

correlation of the SRi channels. Also, for the case of fixed 

relays and destination, two consecutive RiD channel uses are 

equal. i.e 

                                (11) 

Thus, for the i
th

 cascaded channel, multiplying (10) 

by (11) gives, 

                     √      
        

                                (12) 

B. Moving Mobile Source And Destination, Fixed Relays: 

In this case, all the RD and SR channels are becomes time-

varying and again follows the fixed-to-mobile scattering 

model [1]. Which is still Rayleigh fading but with the auto-

correlation value of the corresponding model [3]. 

For RiD channel, the AR (1) model described as: 

    [k]=               √      
            (13)                                      

Where                    is the auto-

correlation of the RiD channel. 

Then, for the cascaded channel, multiplying (10) by (13) 

gives, 

                                                       (14) 

Where               is the equivalent 

correlation of the cascaded channel and 

      

    √      
                      √      

        

          √       
         

                           (15)     

Represents the time varying part of the equivalent 

channel. Since,       has a zero mean, its auto-correlation 

function can be computed as: 

E{       
∗     } = {

    
            

                       
      (16) 

      Therefore,       is a white noise with variance 

E{        
∗   } = 1 -   

  

Now, an identical white noise process of       with 

the first and second order statistical properties, which is 

uncorrelated to        . 

  
    =√    

                                                (17) 

By substituting (17) into (14), the time-series 

model equation can be described as: 

                 √    
                       (18)     

C. Moving All Nodes: 

In this case, all links follows the mobile-to-mobile channel 

model. Channel model equation (9) and (18) can be used as 

the time-series model of the direct and cascaded channels in 

this case.                                                       

IV. COMBINING WEIGHTS 

Substitute the equation (9) and (18) into the (3) and (7), we 

can get the direct and the cascaded channels as, 

                                            (19) 

     =                    √    
 √                                                

(20) 

And 

                                                (21) 

     =                    √    
 √         

                                (22) 

Here, noises       and       for a given         are the 

combinations of complex Gaussian random variables. 

Hence, its variances can be given as: 

   
      

       
                                (23) 

   
    

      
       

                              (24) 

Now, using the maximal ratio combining (MRC) technique 

[6], the optimum weights of each link would be, 

  
  

 
  

   
      and 

                    
  

 
  

   
   , i=1,…,R                  (25) 

             For slow-fading channels,       which is depends 

on the channel coefficients        . So, the average values 

of the noise variances E{   
 }=2 and E{   

 }=2(1+  
 ) were 

used to define the CDD scheme as, 

  
    

 

 
      and      

    
 

      
  

,  i=1,…,R                                                   

(26) 

For fast time-varying channels, the direct and 

cascaded links follows the noise variances as, E{   
 }=  

  
       

     and E{   
 }=     

       
   

     
    

   , respectively. Therefore, proposed combining 

weights for fast time-varying channels as, 

  
    

  

    
  (    

 )  
     and 

                
     

  

(    
 )(    

 ) (    
 )  

   
           (27) 

It shows that, for slow-fading channels,      = 

1, which gives       
    and      

    as expected. But, 

for the fast-fading channels, the proposed combining 

weights depends on the channel auto-correlation value and 

the source power. So, the faster the channel changes in a 

communication link, the smaller portion of the received 

signal in that link is taken into account for detection. 

V. SIMULATION RESULTS 

In all simulations, the channels   [k],     [k], and     [k] 

are individually generated according to the simulation 

method in [7]. Based on the normalized Doppler frequencies 

of the channels, three different scenarios are to be 

considered: (I) All the channels (SD, SR and RD) are fairly 

slow. (II) SD and SR channels are fairly fast, but RD 

channels are fairly slow. (III) SD and SR channels are very 

fast, while RD channels are fairly fast fading. The value of 

normalized Doppler frequencies of each channel is related to 

the different vehicle speeds of communication nodes in 

wireless systems. For example, Consider system with the 

carrier frequency   =2 GHz and symbol durations (Ts) of 

0.1 ms. The correspondence Doppler shifts for SD channels 

would be   =      = 50, 500, 1000 Hz, which wuld 

correspond to the speed of         =25, 270, 540 

respectively. Here, Table I covers a wide range of practical 
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situation and these situations can be applicable in present 

and future wireless applications. 

               

Scenario-I .005 .005 .005 

Scenario-II .05 .05 .005 

Scenario-III .1 .1 .05 

Table 1: 

In each scenario, the information data is 

differentially encoded for DQPSK (M=4) constellations. 

Block-by-block transmission protocol is used in all 

scenarios. The fixed amplification factor,    

√          is used at the relay side. The power allocation 

of the source and relays are such that,       and 

       , where P is the total power consumed in the 

network. Then, the practical BER values obtained with the 

CDD and TVD schemes are plotted versus SNR in Fig. 2 for 

DQPSK and two relay network. 

A. Scenario-1 

+ 

Fig. 2: Simulation Results of D-AF Relaying With Two 

Relays Using DBPSK for Scenario-1 

In Scenario I of very slow-fading (practically the 

scenario of static channels), the desired cooperative 

diversity is achieved with both the CDD and TVD schemes. 

The BER curves for both schemes monotonically decrease 

with increasing SNR and are consistent with the theoretical 

values. Since in this scenario, all the channels are fairly 

slow, the combining weights are approximately equal in 

both CDD and TVD systems and the BER results are very 

tight and does not practically exist in this slow-fading 

situation and it is not plotted. 

B. Scenario-2: 

 
Fig. 3: Simulation Results of D-AF Relaying With Two 

Relays Using DBPSK for Scenario-2 

Scenario 2 involves two fast-fading channels, the BER plots 

gradually deviate from the BER results obtained in Scenario 

I, at around 15 dB, and reach an error floor for SNR ≥ 30 dB.  

the significantly-lower error floor of the TVD scheme 

clearly shows its performance improvement over the CDD 

scheme. 

C. Scenario-3: 

 
Fig. 4: Simulation Results of D-AF Relaying With Two 

Relays Using DBPSK for Scenario-3 

In scenario-3, the performance degradation is much more 

severe since all the channels are fast fading. The TVD 

scheme with the proposed weights always outperforms the 

CDD scheme and it performs closer to the theoretical results 

using the optimum weights. 

VI. CONCLUSION 

Here, the performance of multi-node relay networks has 

been analyzed along with the differential amplify and 

forward strategy are used with the time varying nature. The 

time-varying nature of the channels was related to their 

auto-correlation values. Using the auto-correlation values, 

the new combining weights at the destination were provided. 

From the simulation results, it is clear that in different 

scenarios, the proposed combining gains lead to a better 

performance over that achieved with the conventional 

combining weights. 
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