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Abstract We integrate beam steering in a coherent ultra-dense WDM fronthaul to steer the beam of a 
1×3 phased-array remote radio head. Deflected OFDM radio signal transmission at a low error vector 
magnitude of 3.4% is experimentally demonstrated in virtue of low-complexity coherent receivers. 

Introduction 
Fifth-generation (5G) cellular networks build on 
an  fiber cloud-
based remote access networks - .[1] For 
this mobile fronthau translation from the 

the electrical domain must ensure 
digital radio-over-fiber 

(RoF) transmission is commonly used.[2] [3] 
the transmission of digitized radio 

signals at the  high-
resolution  at each antenna 
location  undermines the cost- and energy-
efficiency -  in which centralized digital 
functions are desired. For this  analog 
RoF transmission schemes are of high interest 
as they aim to omit and digital signal 

functions at the antenna sites. 
 millimeter-

wave technology offers high data rates delivered 
to the user while at the same time interference is 

associated beamforming 
functions . 

In this work we demonstrate an analogue 
 that integrates true 

time delay functionality for 
RF beam steering.  remote radio head 

to enable -dense WDM 
(UDWDM) [6] which together with delay 
dissemination at the fronthaul allows us to steer 
the beam of a 1×3 antenna configuration at low 
error vector mag  of 3.4%. 
 
UDWDM RAN with integrated beam steering 

RoF transmission by true time delay 
 entralized 

RF management at the central office builds 
on a filterless UDWDM broadcast-and-select 

access networks.[7] 
-array antenna 

an

selection is facilitated by means of coherent 
recei X). 

realization of a low-

homodyne receiver based on a transistor-outline 

[8] [9] 

ing. Figure 2(a) details 
the homodyne X architecture for a multi-
element RRH. transmitted radio signal at 
the wavelength (i) is detected by the 

section of  which 
odetector in which the local 

he DFB section 
beats the radio signal. As demonstrated 
earlier [8] the the RoF 

 matched in virtue 
. 

 within the locking 
range 500 
-22 dBm. Initial tuning of through 

either DFB bias current or 
 ensures this condition. As a result 

of homodyne detection  DSP 
functions 
standard coherent receiver schemes.[10] 
H further allows RoF 
transmission with -
sideband modulation (Fig. 1). 
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Fig. 1: Analogue UDWDM fronthaul with true time delay 
dissemination and coherent receivers at the RRHs. 



It shall be further stressed that 
an be achieved if a 

tandem-  configuration is used;[11] this 
ct will not be demonstrated in this work due 

to limited numb  
tion is here 

ited for 

of beam steering. Although a variety of  
[12-15] the 

re-
such as the standard single-mode fiber (SMF) 

Since 
the true time delay is wavelength  
= f( ) antenna 
element after analogue RoF transmission is 

determined by tuning the  
  to desired UDWDM channel. 

[16 7] 
 anymore. filterless 

UDWDM scheme therefore contributes to the 
scalability  

-
delay was investigated by measuring the 

-302°
-FBG it is 25°  

 
Experimental setup 
A comb of three UDWDM 
channels around 1548 nm were double-
sideband modulated by the Mach-

modulator (Fig. 3). An OFDM radio signal with a 

by an  and launched at an 
 of 37 dB  0.1 nm for transmission over a 

14.3 km long SMF feeder.  
lines ( 1... 3) a different time delay 

. Additional time 
delay customization can be achieved through 
insertion of a fiber Bragg grating ( -
FBG). A colorless 1×3  delivers the comb 

al  -  to the three 
-  receivers.  

 
filtered and fed to the 

element of a 1×3 . 
be locked on the same or on different UDWDM 
channels  resulting in the change of the RF 
carrier the antenna elements. 
transmitted antenna beam was received by a 
high-directivity (18 dBi gain) antenna. In this way 
the beam characteristics and the OFDM 

 
 
Experimental results 

investigated by locking all on the 
2 modulated 

solely by the RF carrier of the OFDM radio 

difference between the three detected RF 
carriers  are fed to antenna 
elements. 
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Fig. 2: (a) X-assisted RRH. (b)  -FBG ( ) 
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Fig. 3:  the analogue  with integrated beamforming. 



each on different i here is a 
73° between th ls ( 1... 3

see Fig. 5(b) agrees well with 
º for the used 

 i.e. 
time delay  among the RF carriers  is 
translated to a beam steering angle  = arcsin(c 

 a c a is the 
 of 

RF. he 
 angle is 19.8°. 

For the  verification of the beam 
steerin  

analyzer

the high directivity receive antenna was 
Figure 4(c) shows 

the 
 0° 

and resulting in a 
se of locking to the three 

° 
leads to a rotation of ~20° 

Fig. 4(d)
beam steering value. 
 of radio signal transmission was 

a 16-QAM 
OFDM radio signal after coherent detection with 

×3 transmit and receive 

ance for its 128 
OFDM sub-carriers. 
and its low value is also evident from the clearly 
distinguishable 

transmission and its integrated beam steering. 

( ) at the 

 
Figure the when the angle 

is being altered. If 

–  steering 

now shifts and is found for a 

the original face-to-face alignment of transmit 

is confirms the 
 steering at aul. 

 
Conclusion 

fronthaul with integrated beam steering based 
on a UDWDM delay dissemination method. 
Steering of a 3.5 GHz OFDM radio signal by 20° 
has been obtained at a low 3.4% 
confirms the correct 
results ag  
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Fig. 4: RF carrier signals  the -
based s are locked on (a ) the same UDWDM channel 

2 and (b ) different UDWDM channels 1... 3. 
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