
Backward Compatible MIMO Techniques in a 
Massive MIMO Test-bed for Long Term Evolution 

(LTE) Mobile Systems 
 

Seok Ho Won, Saeyoung Cho, and Jaewook Shin 
Mobile Communication Division, 

ETRI (Electronics and Telecommunications Research Institute), Korea 
shwon@etri.re.kr, csy1009@etri.re.kr, jwshin@etri.re.kr 

 
Abstract— This paper proposes a virtual antenna mapping 
method for backward compatible massive or large-scale antenna 
multiple input multiple output (MIMO) base stations that 
provide communication services for legacy user equipment (UE) 
that can recognize only two or four base station antennas. The 
proposed method adopts and improves the omnidirectional 
beamforming that has been pioneered in previous works. The 
computer simulation results provide four important findings; the 
most important is that the actual number of virtually mapped 
physical antennas is inversely proportional to the transmit power 
per antenna. 
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I. INTRODUCTION 
Along with small cell technology, massive multiple input 

multiple output (MIMO) is a promising technology for 
increasing the capacity to fulfil the potential traffic increases 
in next-generation mobile communication systems [1]. While 
small cell technology can increase capacity through reducing 
the cell radius, massive MIMO adopts a large scale for the 
transmit antennas. In small cell technology, in order to reduce 
the cell radius, the macro base station extends its antennas 
with some radio parts called ‘remote radio heads’ (RRHs) 
through connecting them with optical fibers, which results in 
high installation costs [1].  

In contrast, by collocating many antennas to save the 
connecting costs massive MIMO technology has a relatively 
cheaper installation cost than the small cell technology [1]. 
Furthermore, massive MIMO has many radio frequency (RF) 
chains and antennas; thus, the transmission power per antenna 
decreases given that total transmission power is constant, 
which also results in decreasing RF part costs. Moreover, 
theoretically, massive MIMO technology can eliminate fast 
fading while increasing throughput and terminal numbers 
independent of the cell size [1-3]. Therefore, the massive 
MIMO test-bed designed by us is introduced as the pilot for 
next-generation mobile systems let alone for LTE-A [4]. 
Moreover, LTE-A specification (e.g., Release-10 or later 

versions) allows 8 transmit antennas and is expected to have 
more transmit antennas in the future [5, 6].  

As for the backward compatibility, LTE-A eNode-B (i.e., 
base station) that has eight transmit antennas should provide 
service to legacy LTE (e.g., Release-8, 9) UEs that can 
recognize only two or four transmission antennas of eNode-B 
without notifying any information through additional control 
channels or signaling. Therefore, this paper introduces virtual 
antenna technique that can improve UE performance without 
increasing complexity of UE or eNode-B.  

The proposed virtual antenna method that converts eight 
physical transmit antenna to two or four logical antennas uses 
pre-codes that enable UE to use wireless channel’s degrees of 
freedom efficiently by having robustness for high spatial 
correlations. 

The generation method for pre-coding matrix is similar but 
not same with cyclic delay diversity (CDD) that current LTE 
specification defines. The validation of the performance is 
proved by computer simulation because in the design stage, 
computer simulations can also be useful for good designing 
while test-beds are used in lab tests as a replacement for field 
tests. 

 
In the following chapter, we introduce proposed virtual 

antenna mapping as the backward compatible MIMO 
techniques in massive MIMO test-bed with key technique of 
omnidirectional beamforming (OB), and we discuss about the 
transmitter and receiver structure for legacy user equipment 
(UE). Next, we evaluate the proposed method with some 
assumption for simple analysis. After evaluation, we conclude 
the paper with some important findings. 
 
 

II. PROPOSED VIRTUAL ANTENNA MAPPING 
The proposed virtual antenna mapping that converts eight 

physical transmit antenna to two or four logical antennas is 
based on the OB as shown in Figure 1. With a OB beam, we 
can have two or four orthogonal beams by phase shifting of 
the beam precoding vector of the OB beam as we will show 
later. 
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A. Omnidirectional Beamforming (OB) 
The simplest way to make OB beam is sending transmit 

signal through only one antenna but this make the all transmit 
signal power converged into only one antenna and all power 
signals flow the radio frequency (RF) circuits of that antenna 
path only. As a result, high cost RF circuits like high power 
amplifier (HPA) must be needed [7]. Therefore, we can have 
following two requirements (RQs) for OB: 

 
· RQ1. All radiating power for each transmit antenna in 

the FD-MIMO BS must be equal or nearly equal. 
· RQ 2. The gains of beam pattern have the least 

variations within the angle range of the service sector 
(e.g., 120 degree for 3 sector cell). 
 

 

 
Figure 1.  Virtual antenna mapping concept for backward compatible MIMO 

techniques 

 
To find OB with above RQs, pioneering technique called 

random beamforming (RBF) has been used [7-9]. We make 
RBF fancier technique by approaching the problem for 
satisfying above RQs with more systematic way of using the 
duality property of the digital Fourier transform (DFT) instead 
of using randomness [10]. 

By considering beam steering vectors as the DFT operators, 
we choose the weighting sequence whose amplitude remains 
constant before and after DFT [10]. Let DFT matrix be 
denoted by 	v ≜ [v, v, … , v]  and then v,i=1,…,N are the 
column vectors of the DFT matrix. Further, suppose the first 
weighting sequence can be expressed as follows. 

 () = ∑ αv                                                              (1) 
 

where ∀i, α = 1 for i-th complex scalar sequence to satisfy 
RQ1. In (1), we truncate the sequence or use only i=2,…,N-3 
instead of using all N elements of the sequence. Next, to fulfil 
RQ2. we can get the first OB weight w(1) by choosing and 
truncating the weighting sequence which satisfies (2) as 
follows. 

 

α∗ = argminα,,…, 1
θ −θ (gθ−E[gθ])dθθ

θ 	 
 (2) 

 
where  g(θ) is the gain of the beam pattern at the direction of 
θ and E[.] denotes the expect value operator.  

 

B. Virtual Antenna Mapping 
With an OB beam, eNode-B can map one virtual antenna 

port to multiple physical antennas (e.g., 8 transmit power amp 
and antennas). To get one more virtual antenna port for 
diversity transmission, we need to get the second OB beam 
and this is given by w(2) as the circular shifted version of  w(1) 
as follows. 

 w() = [… ,w() , w() , w() , w(), w(), … ]                   (3) 
 

With the same manner, we can get third and fourth OB beams 
for four virtual antenna ports. However, we consider two OB 
beams for two virtual antenna ports and more than two OB 
beam case is left for future study.  

With the manner described above, we can get sequences for 
beams 0 and 1 for eight physical antennas with power 
amplifiers (PAs) and example sequence values are shown in 
Table 1 [10]. With the two OB beams of equations (1) and (3), 
the FD-MIMO BS can map the two antenna ports to these two 
beams respectively. For example, cell-specific reference 
signals (CRSs) for diversity transmission with two antenna 
ports can be denoted by CRS0 and CRS1 and they can be 
directly mapped to OB beam 0 and 1 respectively. With the 
same manner, the two physical broadcasting channel (PBCH) 
symbols for transmit diversity (e.g., Alamouti coded two 
symbols) can be mapped to OB beam 0 and 1 respectively. 

 

TABLE 1. GENERATED BEAM WEIGHING SEQUENCES 

Beam 0 (e.g., ()) Beam 1 (e.g., ()) 
0.10406091  

+ j*(-0.24340395) 
 0.21346685  

+ j*(-0.16386886) 
 0.33082736  

+ j*(+0.15179771) 
-0.16340539  

+ j*(+0.38933753) 
-0.01444333  

+ j*(-0.31956201) 
-0.08058383  

+ j*(+0.40658344) 
 0.40698542  

+ j*(+0.03329345) 
 0.20309201  

+ j*(-0.25417733) 

-0.10406091 
 + j*(+0.243403950) 

 0.21346685  
+ j*(-0.163868865) 

-0.33082736  
+ j*(-0.151797713) 

-0.16340539  
+ j*(+0.389337535) 

 0.01444333  
+ j*(+0.319562010) 

-0.08058383  
+ j*(+0.406583448) 

-0.40698542  
+ j*(-0.033293459) 

 0.20309201  
+ j*(-0.254177330) 
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C. Base Station’s Transmitter Structure for Legacy UEs 
With the method described in previous chapter, we know 

how to get virtual antenna mapping. To find most efficient 
way to use the mapping for base station’s transmitter, we now 
consider two virtual antenna ports for the transmitter with 
eight physical antennas with following mapping cases: 

 
· Case 1. Each port maps to two physical antennas with  

             turning off the rest of the antenna PAs  
· Case 2. Each port maps to two identical OB beams 
· Case 3. Each port maps to two orthogonal OB beams  

             with open loop space time block code (STBC) 
· Case 4. Each port maps to two orthogonal OB beams 

             with closed loop feedback for codebook index  
 

Case 1 violates RQ1. and Case 2 has no diversity gain for 
two identical beams mapped by two virtual antenna ports. 
This fact is proved at the evaluation chapter. Instead, Case 3 
has diversity gain for two orthogonal beams mapped by two 
virtual antenna ports and used for STBC encoding as shown in 
Figure 3. This fact is also proved at the evaluation chapter. 

 

 
Figure 2.  Transmitter and receiver structure for Case 3 [7-9] 

 
For Case 4 we consider the transmitter and receiver 
mechanism shown in Figure 3. In the Case 4, we used LTE 
codebook index as shown in Table 2 [5]. 
 

 
Figure 3.  Transmitter and receiver structure for Case 4. 

The codebook indices zero and one have zero valued 
element which means turning off the counterpart virtual 
antenna OB beam. The other codebook indices except those 
two show power distribute equally for the two beams which 
means equally combining of the two beams. The element’s 
negative sign and imaginary component are intended to work 
for the signal phase change but do not effect for the virtual 
antenna beams; so we can easily predict Case 3 and 4 will 
show the same performance and proved by the computer 
simulation results shown at the evaluation chapter. 

 

TABLE 2. CODEBOOK FOR VIRTUAL ANENNA NUMBER OF  2 (FOR CASE 4) 

Codebook 
Index 0 1 2 3 4 5 

Value 10 01 1√2 11 1√2  1−1 1√2 1 1√2  1− 
 

III.  EVALUATION 
Proposed virtual mapping method for backward compatible 

MIMO is evaluated by the computer simulations. 
 

A. Computer Simulation Setup and Method 
The computer simulation parameters are set as shown in 

Table 3. Transmitters at eNode-B and UE receiver are set 
according to the Cases 1 - 4 described in above section. 

 

TABLE 3. SIMULATION PARAMETERS 

Parameter Values 

Antenna configuration 

Modulation 

Channel model 

 

 

Packet length 

 

CSI feedback period 

(for Case4) 

8 elements, ULA, d = λ/2 

QPSK 

Random fading (not change for 
one frame duration and 
uncorrelated between antenna 
paths) 

4x130 bits/packet  

(260 symbols/packet or QPSK) 

1 frame 

 
 

B. Simulation Results and Discussion 
Figure 4 shows the gains and their sum of the two draft OB 

beams obtained by the equations (1) and (3) that have example 
weighting sequences shown in Table 1. Approximately, each 
beam 0 and 1 fluctuates with 5 dB as the figure shows. 
However, we can get more flat OB beams by tuning the 
equation (3) but we leave this future study. 
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Figure 5 shows beam power variations with time for two 
orthogonal beams. In the figure, the power difference between 
the two beams shows distinctively and so gives diversity gain 
which can be seen in the Figure 6. 

 

 
Figure 4.  Gains and their sum of the two OB beams 

 
 
Figure 5.  Beam power variations with time for two orthogonal beams 

 
Figure 6 shows uncoded bit error rate (BER) performance 

versus transmit power per antenna for QPSK (a) and 16QAM 
(b). These figures as the simulation results give us following 
four findings: 

 
(i) Approximately, the uncoded BER results for the Case 3 

and Case 4 are 6 dB (4 times) more than that of Case 1. 
(ii) Approximately, the uncoded BER results for the Case 4 

are 3 dB (2 times) more than that of Case 3. 
(iii) The curve for Case 1 is steeper than that for Case 2. 
(iv) The uncoded BER performance results for QPSK and 

16QAM show the same trend but the power difference 
shows 6 dB approximately. 

 

The reason of (i) is that with the same total powers of all 
transmitting physical antenna for each case the power per 
antenna is different. That is, Case 3 and Case 4 use eight 
transmit antennas while Case 1 uses two which result is four 
times (6 dB) power difference. The reason for (ii) is that 
codebook index feedback of the Case 4 results in combining 
diversity gain and the phase control of the two beams. For the 
fact of (iii), Case 2’s two identical beams show no diversity 
gain as Case 1 of STBC encoding which result in steeper 
uncoded BER curve. From the (iv), we can predict high order 
modulation (e.g., 64QAM) can work with the same trend and 
can be adopted in the proposed scheme. 

 
 

 
(a)  

 
 

(b)  
 

Figure 6.  Uncoded bit error rate performance versus transmit power per 
antennna: (a) QPSK, (b) 16QAM 
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IV.  CONCLUSION 
This paper proposed a virtual antenna mapping method for 

backward compatible massive MIMO base stations in order to 
provide communication services for legacy user equipment 
that can recognize only two or four antennas. The proposed 
method adopts the omnidirectional beamforming that satisfies 
the two research questions defined in this paper, and it 
provides a more systematic approach than previous pioneering 
works, as discussed in the Introduction. This paper also 
provides four types of transmitting structures at the base 
station in order to demonstrate the performance of the 
proposed virtual antenna mapping, and it derives four findings 
through a simple computer simulation (see Chapter III-B). 
Among these findings, the most important is that a four times 
(6 dB) higher uncoded BER performance was achieved when 
mapping eight physical antennas compared with that of 
mapping two physical antennas. Therefore, the actual number 
of mapped physical antennas is counter proportional to the 
transmit power per antenna. 
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