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Abstract: Non-Orthogonal Multiple Access (NOMA) is considered as one of the key technologies for the fifth generation (5G) of 

the cellular networks. However, due to the complexity of the Successive Interference, spatial multiple access (SMA) technique – 

based on using spatial modulation for multiple antenna systems – was proposed to avoid the use of successive interference 

cancellation. On the other hand, millimeter waves band is a promising band for 5G. This is mainly because the traditional microwave 

band is currently fully crowded. In this paper we investigate efficient transmission in the millimeter waves 28 GHz Outdoor Channel 

Using Spatial Multiple Access (SMA). Two ray fluctuating model (TRF) is used in the performance analysis for millimeter 

waves, as well as the limiting case of the Rayleigh channel. Analytical and simulation results show the performance of SMA over 

millimeter waves. Finally; the performance is shown to be improved over the more complicated NOMA with SIC. 
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1. INTRODUCTION  

One of the goals of the fifth generation (5G) is to 

enable large numbers of devices to be connected with 

large bandwidth [1]. To meet this requirement, Non-

Orthogonal Multiple Access (NOMA) is considered as the 

multiple access scheme for this generation. However, 

traditional schemes such as Power-domain NOMA [2] or 

Code- Domain NOMA [3, 4] requires complex receivers 

such as Successive Interference Cancellation (SIC) or 

message passing algorithm (MPA) respectively.  
Spatial modulation is a proposed technique in order to 

increase the spectral efficiency of MIMO systems. 
Basically, it divides information bits into two groups; the 
1

st
 one is responsible for selection of transmit antenna 

based on space shift keying (SSK) mapping. Whereas, the 
other group of bits are modulation by M-ary scheme and 
transmitted via the selected antenna. Fig 1. Illustrates the 
spatial modulation  

Inspired by Spatial modulation [5] and In order to 
avoid implementation of such complex receivers, spatial 
multiple access (SMA) was proposed in [6]. It allocates 
different users in different domain as shown in Figure 1. , 
One user’s data is responsible for antenna selection 
(spatial domain) and the other user’s data is transmitted 
via the selected antenna. 

At the receiver side, it tends to use either maximal 
ratio combining (MRC) or maximal likelihood (ML) as a 
receiver. In addition, this scheme limits the number of 
operating RF chain to only one. This leads to archive a 
higher increase in the energy efficiency (EE) of the 
system. However, this techniques provides a fixed data 
rate of each user. 

 

Figure 1.  Spatial modulation technique 

The millimeter-waves band is a candidate for 5G 
deployment due to spectrum scarcity in the traditional 
microwave bands. The 28 GHz band is considered for an 
initial deployment of mm-waves cellular, given their 
relatively lower frequency within the mm–waves range 
which leads to lower attenuation [7]. 

In this paper, SMA scheme is investigated with the 
study of its performance under the 28 GHz outdoor 
channel. Analytical average bit error probability (ABEP) 
expressions are evaluated and validated by simulations 

http://dx.doi.org/10.12785/ijcds/100116 



 

 

162       Said E. El-Khamy, et al.:  Efficient Transmission in the Millimeter Waves… 

 

 

http://journals.uob.edu.bh 

using the 28 GHz channel. Finally, the performance is 
compared with the power domain NOMA. 

The rest of paper is organized as follows. In section 2, 
system model is described SMA scheme is presented. In 
section 3, the performance analysis of the SMA system is 
discussed in terms of in terms of the ABER. Section 4 
shows the simulation results to verify the analytical 
expression. Concluding remarks are shown in Section 5. 

2. SYSTEM MODEL AND CHANNEL MODEL 

A. System model 

We consider a downlink system consists of a base 
station (BS) equipped with multiple transmit antennas 𝑁𝑡 
and serving two users’ equipment (UE). Each UE is 
equipped with 𝑁𝑟 receiving antennas. Let the bits of UE-1 
(𝑏1) is transmitted via space shift keying where antenna j 
is used for transmission. The selection process is based on 
SSK modulation for b1 and the data of UE-2 (𝑏2 ) is 
transmitted via M-ary modulation. In that case UE-1 is 
called the Spatial Modulation user (SM user) and UE-2 is 
called M-ary user as illustrated in Fig 2. 

 

 

Figure 2.  Spatial Multiple Access scheme 

 

The transmitted vector can be written as 

𝑥 = [0 0 ⋯ 𝑓𝑀−𝑎𝑟𝑦(𝑏2)⏟      
𝑗𝑡ℎ 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛

…0 0]

𝑇

 

Where  

- the 𝑗𝑡ℎ  position  depends on SSK mapping of 

SM user’s bits  

- 𝑓𝑀−𝑎𝑟𝑦(𝑏2): the M-ary mapping of M-ary user’s 

bits 

Table 1 illustrates the mapping operation of the SMA 

using 𝑵𝒕 = 𝟐 & PSK – 4. It is clear that if the SM bit = 0; 

then antenna 1 is selected for transmission, otherwise 

antenna 2 is used. The transmitted symbol over the 

selected antenna depends on the PSK – 4 constellation 

mapping.  

Table 2. SMA mapping 𝑵𝒕 = 𝟐 & PSK – 4 

Bits of 

M-ary user 

Bits of 

SM user 
𝒙𝑻 

00 0 
1

√2
[1 + 𝑗 0] 

01 0 
1

√2
[−1 + 𝑗 0] 

11 0 
1

√2
[−1 − 𝑗 0] 

10 0 
1

√2
[1 − 𝑗 0] 

00 1 
1

√2
[0 1 + 𝑗] 

01 1 
1

√2
[0 −1 + 𝑗] 

11 1 
1

√2
[0 −1 − 𝑗] 

10 1 
1

√2
[0 1 − 𝑗] 

 

B. Millimeter waves model 

The multipath fading channel model for 28 GHz is the 
Fluctuating Two-Ray (FTR) fading [8]. It consists of two 
fluctuating components plus random phase and diffuse 
components. It arose as the generalization of the two-
wave with diffuse power (TWDP) fading model proposed 
by in [9]. The FTR fading distribution provides a much 
better fit than Ricean fading to the 28 GHz field 
measurements results in[10].  

In FTR model, Assume the complex baseband receive 
signal as 

𝑉𝑟 = √𝜁𝑉1𝑒
𝑗𝜑1 + √𝜁𝑉2𝑒

𝑗𝜑2 + 𝑋 + 𝑗𝑌 

Where 𝑉𝑛𝑒
𝑗𝜑𝑛 represents the n-th component with 

constant amplitude 𝑉𝑛 and uniformly distributed phase 𝜑1. 
𝑋 + 𝑗𝑌  is a complex Gaussian random variable with 
𝑁(0, 𝜎2)  which represents the diffuse received signal 
component. 

The FTR model is defined by the following three 
parameters 

𝑘 =
𝑉1
2+𝑉2

2

2𝜎2


∆=
2𝑉1𝑉2

𝑉1
2+𝑉2

2
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√𝜁is a Gamma distributed random variable and has the 

following probability density function 

𝑓𝜁(𝑥) =
2𝑚𝑚𝑥(2𝑚−1)

𝛤(𝑚)
𝑒−𝑚𝑥

2




𝑘  represents the ratio of the average power of the 

dominant components to the power of the remaining 

diffuse multipath. ∆ represents the similarity between the 

received powers from the dominant components and it 

ranges from zero to one.  

The FTR fading model is suitable for many propagation 

channels. Table 3 summarizes the relationship between 

FTR model and classical fading channel models 

(Rayleigh, Rician and Nakagami–m).  

 
Table 3. The relationship between FTR model parameters and classical 

fading channel 

Fading Channel FTR model parameters (∆,k,m) 

Rayleigh ∆= 0, 𝑘 → ∞,𝑚 = 1 

Ricean k ∆= 0, 𝑘 = 𝑘,𝑚 → ∞ 

Nakagami 𝑚 ∆= 0, 𝑘 → ∞,𝑚 = 𝑚 

 

The pdf and CDF of the received SNR for multiple 

branch receiver for this model can be found in [11]. 

 

Fig 3 shows the PDF of The FTR model for different 

values of  𝒎, ∆ & 𝒌  for  𝑵𝒓 = 𝟏 . For larger values 

of  𝒌 & ∆→ 𝟏 , the PDF pronounces bimodality. As 𝒎 

decreases, such bimodality decreases. Fig 4. Shows the 

PDF of the received SNR for different value of  𝑵𝒓 for 

FTR model parameters: 𝒎 = 𝟓, ∆ = 𝟎. 𝟑 & 𝒌 = 𝟏𝟓 

 

 
Figure 3. The FTR model PDF for different values 𝒎,∆ & 𝒌 

 

 
 

Figure 4. The FTR model PDF for different values of  𝑵𝒓 for 𝒎 =
𝟓, ∆ = 𝟎. 𝟑 𝐚𝐧𝐝 𝒌 = 𝟏𝟓 

C. Detection  

The received signal vector after the channel is given by 

𝐲 = √𝜌𝐇𝑥𝑛 + 𝛈  

Where √𝜌  represents the transmitted energy,  𝐇  is the 

fading channel matrix 𝐇 ∈ 𝐶𝑁𝑟×𝑁𝑡. 𝛈 is the additive white 

Gaussian noise (AWGN) vector 𝜼 ∈ 𝐶𝑁𝑟×1. 

Since only one transmit antenna is activated; the received 

vector can be written as 

𝐲 = √𝜌𝒉𝒋𝑥𝑛 + 𝛈  

1) SM user: since the data of UE-1 is transmitted via 

th antenna index. The function of the detector is to obtain 

which antenna index is used for transmission. The 

optimal detector is ML which is given by [12] 

ĵ = 𝑎𝑟𝑔minj‖𝑦 − √𝜌hj𝑥𝑛‖
2
 

2) M-ary user: since the data of UE-2 is transmitted 

via M-ary modulation and it is equipped with Nr 

antennas for reception Hence, it implements a maximal 

likelihood (ML) receiver with Maximal ratio combining 

(MRC) based detection. 

𝑥�̂� = 𝑎𝑟𝑔minn‖𝑦 − √𝜌hj𝑥𝑛‖
2
 







 

 

164       Said E. El-Khamy, et al.:  Efficient Transmission in the Millimeter Waves… 

 

 

http://journals.uob.edu.bh 

3. PERFORMANCE ANALYSIS 

1) SM user: For SM user, the average bit error 

probability (ABEP) is calculated via the upper bound 

technique which is given by 

𝐴𝐵𝐸𝑅 =
1

𝑁𝑡 log2𝑁𝑡
∑ ∑ 𝑁𝐻(𝑡1, 𝑡2)

𝑁𝑡
𝑡2=1

𝑁𝑡
𝑡1=1

𝑃𝐸𝑅(𝑡1 → 𝑡2) 

Where 𝑁𝐻(𝑡1, 𝑡2) is the hamming distance between the 

antenna indexes 𝑡1 and 𝑡2 and 𝑃𝐸𝑅(𝑡1 → 𝑡2)  represents 

the pairwise error probability of antenna indexes 𝑡1and 𝑡2 

Using the moment generating function (MGF) approach 

[13], the 𝑃𝐸𝑅(𝑡1 → 𝑡2) can be formulated as 

𝑃𝐸𝑅(𝑡1 → 𝑡2) =
1

𝜋
∫ ∏ 𝑀𝑡1,𝑡2(

𝐸𝑚

4𝑁𝑜

1

2 sin2 𝜃
) 𝑑𝜃

𝑁𝑟
𝑙=1

𝜋 2⁄

0
 

Where 
𝐸𝑚

𝑁𝑜
 is the energy to noise spectral density ratio and 

𝑀𝑡1,𝑡2(.) is the MGF of the fading channel. 

 

2) M-ary user: For M-ary user, the BER for MPSK 

can be written over AWGN [14] as  

𝑃𝑏(𝛾) =
1

𝜋×log2𝑀
∫ exp (

−𝑔𝛾

sin2 𝜃
)

(𝑀−1)𝜋/𝑀

0
𝑑𝜃 

Where g =sin2(𝜋/𝑀) 
The ABEP of the M-ary user is obtained by averaging 

conditional BEP over the instantaneous SNR 

𝐴𝐵𝐸𝑃 = ∫ 𝑃𝑏(𝛾)𝑝𝛾(𝛾)𝑑𝛾
∞

0
 

WHERE 𝑝𝛾(𝛾) IS THE PDF OF THE RECEIVED SNR 𝛾 FOR 

1 × 𝑁𝑟  CHANNEL GIVEN IN [10].  

4. SIMULATION RESULTS 

Fig 5. shows the BER vs. different values of SNR for 

the SM user under the FTR millimeter waves channel 

model with parameters ∆ =  0, 𝐾 =  100 and 𝑚 =  1 for 

two cases of 𝑁𝑡  and 𝑁𝑟 . The results of FTR model 

matches the results of analytical expression BER 

performance of SM user under Rayleigh channel found in 

[12] which confirms the assumptions in Table 2 that FTR 

model reduces to Rayleigh channel when ∆ =  0, 𝐾 →  ∞ 

and 𝑚 =  1. 

 

 
Figure 5. BER vs. SNR for SM user under Rayleigh and FTR model 

parameters ∆=  𝟎,𝑲 =  𝟏𝟎𝟎 𝐚𝐧𝐝 𝒎 =  𝟏 

 

Fig 6. Shows the average BER for SM user under 

FTR model with (𝑚 = 2, 𝑘 = 10 and ∆= 0.8) with 𝑁𝑟 =
2 . And different number of transmit antennas. This 

ABER increases as the number of transmit antennas 

increases. This is because increasing the number of 

transmit antennas means increasing the spatial 

constellation size thus increases the occurrence of error.  

 

 
Figure 6. Average BER vs. SNR for the SM user under the FTR model 

(𝒎 = 𝟐, 𝒌 = 𝟏𝟎; ∆= 𝟎. 𝟖) with 𝑵𝒓 = 𝟐 

 

Fig.7 illustrates the BER performance of M-ary user 

under different values of 𝑘 parameter & 𝑁𝑟 using 4-PSK 

as the modulation order with FTR millimeters channel 

model ( ∆=  0.9, and 𝑚 =  2 ). It is clear that as 𝑘 

increases, the BER performance decreases. This is 

because when 𝑘 increases, it indicates the increase of the 

average power of the dominant components to the power 

of the remaining diffuse multipath ones which in turn 

improves the system performance. In addition, increasing 

the number of receive antennas at the MRC leads to 

increase the diversity order with improves the system 

performance. 
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Figure 7 Average BER vs. SNR for the M – ary user under the FTR 

model (𝒎 = 𝟐 𝒂𝒏𝒅 ∆= 𝟎. 𝟗) with different 𝑵𝒓 

 

Fig.8 compares between power domain NOMA and 

SMANOMA under the same propagation channel. 

𝑁𝑡 = 𝑁𝑟 = 2 . The power allocation coefficients for 

NOMA users are chosen as 𝑎1 = 0.25and 𝑎2 = 0.75.It is 

clear that SMA-NOMA outperforms power domain 

NOMA using SIC at the receiver 

 

 

Figure 8. BER vs. SNR between power domain NOMA and SMA 

NOMA 

5. CONCLUSION  

In this paper, the spatial multiple access (SMA) is 

considered as a multiple access technique for the 

millimeter waves 28 GHz Outdoor Channel. The 

analytical ABEP expressions are evaluated in terms of 

the MGF of the channel. Simulation results reveal that 

SMA-NOMA is better than power domain NOMA for 

multi- antennas system. In addition, the results verified 

the relationship between FTR model and other fading 

channels. The results also demonstrated the effect of 

varying FTR models on the performance of the system. 
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