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ABSTRACT: 
 

Communication systems of high-speed railway have inherent disadvantages and advantages. The estimation error of 
direction-of-arrival (DOA) of desired users caused by channel feedback delay and high moving speed make the 
common beamforming technique of smart antennas work abnormally. Instead, the opportunistic beamforming (OBF) 
with dumb antennas which does not need channel feedback is proper for high-speed railway. As the system has linear 
topology, regular movement as well as predictable location and speed information, the OBF can be improved to adapt 
to this scenario. In this article, conventional OBF is first introduced to the communication systems of high-speed 
railway. By multiplying random complex on each transmit antenna, the channel fluctuation dynamic range is extended 
so that multiuser diversity can be exploited. And then location information is employed to assist the conventional one. 
Communication systems in high-speed railway have the advantage of predictable location and speed information. The 
improved OBF can perform closer to the performance of coherent beamforming. Numerical analysis and simulation 
results show that both two algorithms can improve the system performance significantly. 
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1.  INTRODUCTION 
As the industry of high-speed railway develops very 
fast, people pay a lot of attention to the reliability and 
efficiency of communication systems for high-speed 
railway. High mobility of onboard mobile stations 
brings about Doppler Effect and frequent handovers 
which are sources of hindrance to high performance 
communications. However, it has some special 
characteristics such as linear topology of cells, so the 
movement is regular and location as well as speed 
information is predictable [1]. If these features are 
properly made use of, they can compensate for the 
disadvantages to some extent, even bring about some 
gains.  
Several advanced and novel technologies of LTE can 
be applied to communications for high-speed railway, 
since GSM for Railway will evolve to LTE for Railway 
(LTE-R) [2]. Multi-antenna and smart antenna 
techniques are widely used to solve the problems 
existing in high-speed railway [3]. Since most parts of 
the carriage of high-speed trains are made of thick 
metal materials, the direct communication link between 
users and base stations (eNodeB) will bare the 
penetration loss of 20–30 dB [4]. Usually, convergence 
antennas named onboard transceivers will be deployed 
on top of the carriage to play the role of mobile relay 
stations. Passengers will communicate through WiFi 
and Femtocell which exist in the carriage [5]. We also 
notice that, for the number of passengers on high-speed 

train is large and there is a growing demand on data 
traffic, multiple onboard transceivers can be deployed 
on the top of carriages as convergence point 
theoretically. On one hand, they can increase the 
chance to trigger the handover when the train goes 
through the overlapping region of neighboring cells, 
then the handover success probability can be improved 
by this means. On the other hand, the multiuser 
diversity or selection diversity [6] can be exploited to 
increase the system performance. That is, at any time, 
the system resource being allocated to the user with 
best channel condition will maximize the system 
throughput. Figure 1 illustrates the onboard 
transceivers on the top of carriages. To obtain multiuser 
diversity gain, the fluctuation of users’ channels should 
have big dynamic range. In the scenario of high-speed 
railway, the onboard transceivers usually have strong 
line-of-sight path to eNodeB except when the train goes 
through tunnels or mountainous areas. According to the 
analysis of [7] which states that little scattering results 
in small dynamic range of channel fluctuations, this is 
not good for multiuser diversity. To compensate for 
this deficiency, opportunistic beamforming (OBF), as 
one of the supporting technologies, is employed to 
change the dynamic range of channel magnitude by 
multiplying a complex weight on each antenna to make 
effective use of multiuser diversity. “Opportunistic” 
here means the probability that there exists a user 
whose instantaneous channel gains are close to 
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matching the current powers and phases allocated at the 
transmit antennas. Beamforming implies that multiple 
antennas are used to form the transmission or reception 
beam and increase the signal-to-noise ratio (SNR) at 
the receiver [8]. The sum capacity can be achieved if 
beamforming with dirty-paper coding is used at the 
eNodeB with perfect channel state information to 
transmit signals to multiple users [9,10]. 
 

 
Fig.1.Illustration of the onboard transceivers in 
communication system of high-speed railway. 

The common beamforming technique we refer to 
belongs to smart antenna techniques in which desired 
users’ direction-of-arrival (DOA) is estimated from the 
channel condition feedback, then the direction of main 
lobe of the antenna is steered to the desired users [11]. 
By using this technique, the quality of received signal 
is improved without interfering undesired users. 
However, though the smart antennas can adjust the 
elevation, beam width, and azimuth angle, the changing 
is very slow [7,1]. Since the speed of the train is at least 
above 350 km/h and the estimation error of DOA 
which are caused by feedback delay is large, 
beamforming technique of smart antennas cannot 
achieve expected effect. Instead, OBF is simply 
realized with dumb antennas by multiplied a complex 
vector of which the magnitude and phase both are 
random variables. Simultaneously, there is no need to 
track the channel vectors of users. Only SNR should be 
reported to eNodeBs and the user with highest SNR 
will be scheduled. When there are enough users in the 
system, multiuser diversity gain will be obtained. 
Certainly, the amount of OBF overhead is much 
smaller than that of smart antenna systems. However, 
compared with omni-directional antenna system, it 
costs more overhead and complexity to achieve better 
performance.  
In the communication system of high-speed railway, 
location information is predictable. With the help of 
location information and length of the train, the range 
of  DOAs of onboard transceivers can be calculated. 
This angle range can be used to make the generation of 
random complex weight vector more precise to extend 
the dynamic range of channel magnitude.  

In this article, OBF algorithm is applied to the scenario 
of high-speed railway under the assumption of equal 
spacing onboard transceivers deployed on the top of 
carriages. Simulation results show that conventional 
OBF can bring some performance gain. With the help 
of location information, the performance can be 
improved further. So far as we know, no similar 
correlated study has been reported on the OBF for 
high-speed railway as well as its location information 
assisted version.  
The rest of this article is organized as follows. Section 
2 introduces the system and signal models of this 
article; Section 3 describes the principles of OBF and 
its application to high-speed railway simply; Section 4 
analyzes how to improve OBF for high-speed railway 
with known location information; Section 5 contains 
simulation results and performance analysis; Section 6 
concludes the article.  
 
2.  METHODS 
SYSTEM AND SIGNAL MODEL 

The communication system in high-speed railway 
has a linear topology as shown in Figure 2. The cell 
radius is R and the vertical distance from eNodeB to the 
track is dmin. It is assumed that the eNodeB has Nt 
antennas and each onboard transceiver has one single 
antenna. In this article, only the hop from eNodeB to 
onboard transceiver is considered [1]. The 
communication between passengers and onboard 
transceivers is beyond the scope of this study. 

 

 
Fig. 2. Linear network topology. 

 
To obtain the multiuser diversity gain, it is assumed 

that onboard transceivers should be deployed as many 
as possible in the condition that the independence of 
received signals can be achieved. Assume that there is 
an onboard transceiver on the head of the train as well 
as on the tail and others are spacing equally distributed 
between the tail and head of the train. All of them are 
in a parallel line of the train. If there are U transceivers 
and the length of the train is known as L, then the equal 
spacing will be L/(U – 1).  
In this article, we assume that the transmit antennas are 
at close proximity, so the fading gains of the antennas 
are correlated [7]. Without loss of generality, we 
substitute “user” for “onboard transceiver” in the rest 
context. For user m, the correlated Rician channel 
between it and antenna n can be expressed as [14]. 

http://jwcn.eurasipjournals.com/content/2012/1/210/figure/F1
http://jwcn.eurasipjournals.com/content/2012/1/210#B11
http://jwcn.eurasipjournals.com/content/2012/1/210#B12
http://jwcn.eurasipjournals.com/content/2012/1/210/figure/F2
http://jwcn.eurasipjournals.com/content/2012/1/210#B13
http://jwcn.eurasipjournals.com/content/2012/1/210/figure/F2
http://jwcn.eurasipjournals.com/content/2012/1/210#B7
http://jwcn.eurasipjournals.com/content/2012/1/210#B14
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where KRmR denotes the Rician K-factor of the 

physical channel from the base station to user m. The 
angle is computed as follows [ 3T103T];EQU.3. 

                                        
(2) 
where spacing d between two antenna elements is not 
larger than half a wavelength, Θm denotes the angle of 
the direct path to user k’s moving direction or the DOA 
of user k as shown in Figure 3T33T[ 3T83T]. 

 
3TFig.3.Illustration of DOA. 

 
In Equation (1), the scattered component is modeled 

by bnm(t), which is an independent complex Gaussian 
random variable with zero mean and variance one: 
bnm~CN(0,1).  

For high-speed railway, assume that speed and 
location information of the train control system is 
shared, then the DOA can be expressed as 

 
 

 
 

 
where dRmR denotes the distance gone through by user 

m, and the time when the train first arrives at the cell 
edge is set as 0.  

 
3.  PRINCIPLE AND APPLICATION OF OBF IN 
HIGH-SPEED RAILWAY 
Usually, eNodeBs need the users to feedback 
information to get the individual channel amplitude and 
phase from transmit antennas in order to beamform to a 
particular user. However, if there are many users in the 
system, when a user’s overall channel SNR is near its 
peak, it will be scheduled a transmission with proper 
scheduling algorithm to achieve multiuser diversity. In 
this context, OBF is introduced [7]: by varying the 
powers and phases allocated to the transmit antennas, a 
beam is randomly swept and at any time transmission is 
scheduled to the user currently closest to the beam. 
With many users, there is likely to be a user very close 
to the beam at any time.  
In conventional OBF [11], at time slot t, the same block 

of symbols x(t) is multiplied by a complex number 

 at antenna n and 
transmitted, respectively, from all the antennas, for 
n = 1,…,N, such that ∑Nn=1αn(t)=1, preserving the 
total transmit power. The received signal model from 
all NRtR transmit antennas to user m is given by 

 
 
where ηm(t) is the additive white Gaussian noise 

with ηm(t)~CN(0,σ2IT). The overall channel gain for 
user m is  

 
 

For correlated Rician channel, it can be further expressed as EQU. . 
 

 

http://jwcn.eurasipjournals.com/content/2012/1/210#B15
http://jwcn.eurasipjournals.com/content/2012/1/210/figure/F3
http://jwcn.eurasipjournals.com/content/2012/1/210#B16
http://jwcn.eurasipjournals.com/content/2012/1/210/figure/F3
http://jwcn.eurasipjournals.com/content/2012/1/210#B7
http://jwcn.eurasipjournals.com/content/2012/1/210#B17


Majlesi Journal of Telecommunication Devices                                       Vol. 1, No. 1, March 2012 
 

36 
 

 
 

 
Let 

 

 
 

and it is easy to prove that BRmR(t) is a complex-
valued Gaussian random variable with 
Bk(t)~CN(0,σm2), where σmP

2
P=11+Km.  

Let Hm(t) denote the magnitude of h˜m(t):  

=

 

According to [3T6 3T],  and combined with 
(2) to maximize the magnitude of overall channel, the 
phase can be generated as follows 

 
 

where ψm~U(0,2π).  
 

4.  LOCATION INFORMATION-ASSISTED OBF 
FOR HIGH-SPEED RAILWAY 
Communication systems of high-speed railway not only 
have kinds of disadvantages, but also have some 
inherent advantages. With the help of predictable 
location information, that is, at time slot t, the head of 
train arrives at location s, and the length of train is a 
constant, the location of the tail of the train can be got. 
Then, DOA of the users at the head and tail of the train 
can be calculated which are expressed as ψh and ψt, 
respectively. If there are U users and the length of the 
train is known as L, then the equal spacing will be L/(U 
–1). For certain U, the distance between two 
neighboring RSs will increase with L. Higher L also 
leads to larger angle range of [ ψt, ψh]. Above all, for 

fixed number of RSs, the performance deteriorates with 
the increase of L.  
In location information-assisted OBF scheme, the 
magnitude of the complex weight on each antenna is 
the same as in conventional one, but the phase is 
generated more precisely, that is, ψ˜m~U(ψt,ψh). Then, 
the random phase can be expressed as 

=-                                      
(9) 
For determinant Rician K-Factor, to maximize the 
magnitude of overall channel gain of user m in 
Equation (7), ϕn(t)=−θnm should be satisfied. At this 
time, the optimal beamforming is realized which is also 
called coherent beamforming. This is the upper bound 
of OBF performance.  
According to Equations (2) and (8), in conventional 
OBF, we have 

 
 

According to Equations (2) and (9), in location 
information assisted OBF, we have 

 
Since ψm~U(0,2π) and ψ˜m~U(ψt,ψh), combined 

with Equation (3), there is a strong probability that the 
random phase generated by the proposed algorithm is 
much closer to Θm. When the times of experiment are 
more enough, performance improvement can be 
observed.  

 
5.  SIMULATION RESULTS AND 
PERFORMANCE ANALYSIS 
 

The simulation results and analysis shown in this 
section are to verify that conventional OBF is proper 
for the scenario of high-speed railway and location 
information can assist this algorithm significantly. 
Detailed simulation parameters are shown in Table 
3T13T[ 3T13T, 3T33T]. 

3TTable 1.Simulation parameter 
Parameter measure 

2TChannel bandwidth 10MHz 

http://jwcn.eurasipjournals.com/content/2012/1/210#B6
http://jwcn.eurasipjournals.com/content/2012/1/210/table/T1
http://jwcn.eurasipjournals.com/content/2012/1/210#B18
http://jwcn.eurasipjournals.com/content/2012/1/210#B19
http://jwcn.eurasipjournals.com/content/2012/1/210/table/T1
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Antenna Non-smart 
antennas 

Directional antennas 
fixed interest 

dBi 

Interest antenna beam 
forming 

15dBi 

Number of transmitter 
antennas 

4 

Frequency of the carrier 
wave 

2GHz 

Rician coefficient K 6 
Transmitting Power to 

eNodeB (PeNB) 
43dBm 

Antenna height e_NodeB 
(hb) 

30m 

Train antenna height 
(hm) 

1.5m 

dmin 30m 
hermal noise density 

(N0) 
174-dBm/Hz 

Shal cell (R) 3km 
sites Distance or site 4.8km 

ΔτMeasurement period 500ms 
Velocity 360km/h 

 
In Figures 4 and 5, the line with circle denotes the 
performance of coherent beamforming [20]; the line 
with star denotes the performance without 
beamforming technique in which case the omni-
directional antenna is employed; the lines with triangle 
and with square denote the performances of 
conventional OBF and location information-assisted 
OBF, respectively. It is obvious that conventional OBF 
can bring performance gain to communication systems 
for high-speed railway and the inherent predictable 
location information can improve the performance 
further. However, as OBF is a kind of simple 
beamforming technique which can be realized by dumb 
antennas without real-time channel feedback, even with 
the help of location information, it still cannot perform 
as well as the optimal beamforming. The former one 
also shows that the average throughput increases with 
the number of users which is benefiting from multiuser 
diversity gain. The latter one of which the number of 
users is 11 illustrates that the distance between users 
has little influence on the performance if the 
independency of received signals can be guaranteed. 

 
Figure 4. Impact of number of users on the average 

throughput. 

 
Figure 5. Impact of distance between users on the 

average throughput.* 
 

In Figure 6, we plot the distribution of the correlated 
Rician overall channel gains with conventional OBF 
and location information-assisted OBF, and compare 
them to the case of omni-directional one. We can see 
how OBF influence the dynamic range of correlated 
Rician channel amplitudes. Conventional OBF can 
extend the range effectively. With the help of location 
information, the dynamic range is extended further. 
This is very useful to obtain multiuser diversity gain. 

 
Figure 6. Impact of OBF on the distribution of 

channel amplitude. 
                                                           
*  [In this simulation, the number of users is 11.] 

http://jwcn.eurasipjournals.com/content/2012/1/210/figure/F4
http://jwcn.eurasipjournals.com/content/2012/1/210/figure/F5
http://jwcn.eurasipjournals.com/content/2012/1/210#B20
http://jwcn.eurasipjournals.com/content/2012/1/210/figure/F4
http://jwcn.eurasipjournals.com/content/2012/1/210/figure/F5
http://jwcn.eurasipjournals.com/content/2012/1/210/figure/F6
http://jwcn.eurasipjournals.com/content/2012/1/210/figure/F6
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6.  CONCLUSIONS 

The characteristics of communication systems for 
high-speed railway have both pros and cons. For 
example, Doppler Effect and frequent handover are 
hindrances to good performance. The common 
beamforming technique of smart antennas cannot be 
normally employed due to the estimation error of DOA 
of desired users caused by channel feedback delay. On 
the contrary, OBF with dumb antennas which does not 
need the channel feedback of users is more proper for 
the scenario of high-speed railway. The inherent 
advantage such as regular movement and predictable 
location and speed information of this system can 
improve the conventional OBF and obtain multiuser 
diversity gain. However, current algorithm still cannot 
achieve or get very close to the performance upper 
bound set by coherent beamforming. In the future 
study, scheduling algorithm will be considered and 
beam selection will be added.  
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