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Abstract: The 5G wireless system relies on Non-Orthogonal Multiple Access (NOMA) as a radio access scheme
using extremely-dense base stations and unprecedented number of antennas to provide inproved performance,
high degree of mtegrative services, high-rate coverage and seamless user experience. The difference in the
number of antennas used in the Mobile Devices (MDs) and those in the Base-Stations (BSs) in a cell plays a
significant role in the overall system performance. Evaluation of the influence of such difference (8) 1s analyzed
in this study based on the outage probability, Pr,”*. Computer simulation results are provided to facilitate the
performance evaluation of the MIMO-NOMA and also, to demonstrate the accuracy of the developed analytical
results. The achieved results reveal that a trade-off between the level of the SNR and the 8 in the outage
probability. Also, strategy of pairing users in a cluster plays an important role in the value of Pr,” when the
number of users 1 a cluster 1s increased more than two users the performance 1s governed by allocation of the
transmit power coefficient with level of SNR besides 8, compared with that of the conventional Orthogonal

Multiple Access (OMA).
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INTRODUCTION

Multiple access technologies are the main features
that distinguish different wireless systems from the first
generation to the fourth one (4G). Frequency Division
Multiple Access (FDMA) was used with 1G, Time
Division Multiple Access (TDMA) was used with 2G,
Code Division Multiple Access (CDMA) with 3G and
Orthogonal  Frequency Division Multiple Access
(OFDMA) with 4G. These schemes rely on using
orthogonality of the resources, either in time, frequency,
code domain, respectively, to avoid or at least alleviate
cross-user interference (Gupta and JTha, 2015; Basturk and
Ozbek, 2016). According to the CCS-insight, it 18 predicted
that by 2021, smartphones will account for 92% of the
total mobile phone market (Anonymous, 2017). Accessing
for Radio Access (RA) in 2020 and beyond requires
massive system capacity, Higher peak rate up to 20
GB/sec 10 MB/sec in real-life deployments wherever and
several 100 MB/sec in dense wban environment. This
requires more spectrum, both licensed and unlicensed and
spectral efficiency enhancements. Work on the new
generation, 5G, mobile communication systems has
already begun (Hoymann et al., 2016). The 5G works in
3GPP, according to release 14 envisions 14 service types:
enhanced reality, enhance end-user Quality-of-Experience
(QoE), download, energy
consumption, etc. (3 GPP-websit). To enable realizing

wireless  data lower

such demands, different schemes are introduced such as
massive MIMO (Larsson ef af., 2014; Abuibaid and Colak,
2017), nonorthogonal transmission (Saito et al, 2013;
Yuan et al, 2016), sparse code multiple access
(Chen et al., 2016a, b), luigh frequency communications
(Wang etal, 2017, Yifer and Longming, 2014). Recently,
the Non-Orthogonal Multiple Access (NOMA) has
attracted  increasing from both
academia and industry as a promising candidate for the 5G
mobile networks due to its superior spectral efficiency
(Anxin et al., 2015, Ding et al., 2017). Unlike, the
conventional Orthogonal Multiple Access (OMA) used
in previous generations of mobile networks, the NOMA
1s based on utilizing the power domain. The users in a one
cell served by a BS with the same time, frequency and
code, the signals are multiplexed by employing different

research interest

power allocation coefficients. Also, wnlike the OMA
which supports power to the channels with better
conditions in NOMA, the power allocation is inversely
proportional to their channel conditions. The users with
“Good” channel conditions wuse the Successive
Interference Cancellation (SIC) (Berjebbour et af., 2015;
Chinnadurai ef al., 2017). By this method the messages to
the users with poorer channel conditions is decoded first
and then decode their own by removing the other user’s
information. Since, small cells in the 53 networks will be
ultra-densely deployed which provides low power and
low cost with superior quality of services as that with
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previous mobile generation. The number of antennas in
the BS and that in the mobiles was a crucial bound in
many studies such as the condition for evaluating the
overall system performance (Zhang et af., 2016). This 8
influences on many factors the mobile radio system such
as the bandwidth, Quality of Services (QoS), traffic
statistic, access protocol, shape and size of service area,
(Tomba, 1997, Yang et al., 2016). Hence, the influence of
such factors will be summarized into outage probability,
Pr,™ which is the probability of not achieving a
satisfactory signal-to-noise ratio. Outage probability 1s a
good metric for QoS in the system design (Hasna et al.,
2001). Ding et al. (2014) analyzed the outage probability
interms of the data rates and allocation of transmit power
for the downlink m NOMA system while Zhang ef al.
(2016) presented a theoretical analysis for the outage
probability for the uplink in NOMA system in terms of the
data rate and the power back-off step. Ding et al. (2015)
analyzed MIMO-NOMA system for downlink under the
assumption that all nodes are equipped with multiple
antennas and the performance was analyzed using the
criteria of outage probabilities and diversity orders.
Available work did not take into account the influence of
the difference in number of antermas used in the BS and
that in the subscriber devices on the outage probability in
a cell MIMO-NOMA of the 5G systems. This study
analyzes such influence with different paring cases. The
achieved results show that Pr,” is improved for users in
worst channel conditions with pairing two users in a
cluster. There is a trade-off between the & and the SNR for
evaluating the Pr,”*. The value of Pr,"™ may get worse
with & when number of clustered users increases without
taking allocation of the transmitted power into account,
compared with that in the OMA.

MATERIALS AND METHODS

System model: Consider the downlink of a MIMO-NOMA
network shown in Fig. 1. where the cell includes a Base
Station (BS) equipped with M antennas sending data to
multiple users (receivers), U, T= {1, ..., N Assuming that
the users are randomly grouped into M clusters with K
users 1n each cluster, each user 15 equipped with N
antennas, N = M as justified in (Ding ef al, 2016).
Assuming the wireless channels are quasi-static
Independent and Tdentically Distributed (IID) with
Rayleigh fading distribution. For the k-th user in the M-th
cluster, denoted (m_ k). me {1,2, .., M} andk € {1, ..., K}.
The downlink channel from the BS to the k-th user in the
m-th cluster is encountering Rayleigh fading, H,,, € C™™.
The Mx1 information bearing signal, §, to all K users 1 an
M-th cluster 1s:

Fig. 1: Cellular system model

H ~ H
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where, y; {l<J<K} is the NOMA power allocation
coefficient. The transmitted signal X =P8 with E[|x%] = 1
which depends on the type of the precode matrix, P, used
at the Tx. he observed signal vector, Y, ; for an arbitrary
user in any of the M-th clusters is: Y, ; = H_; Pxt+n_; where
n,;1s Nx1 [ID. Additive White Gaussian Noise (AWGN)
vector with CN (0.1) entries. If p 1s the average received
Signal-to-Noise Ratio (SNR) at the user which is a
function of the path loss. Assuming the path loss to user
j in cluster m, at a link distance d is equal for each path
and given as:

o (d)= ald
Where:
o = The path loss offset constant
B = The exponent of the path loss and

{~N(0,0%) = The shadow fading with
deviation o

standard

The value of the path loss offset 15 typically
calculated analytically by the free-space path loss at a
reference distance, d,, (Erceg et al., 1999) as:

2
A
oL =
4nd,

where, A 1s the wavelength of the carrier frequency, f

Since, the same procedure may be applied at each user in
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all clusters, hereafter we will omit the cluster sequence
from the

sequernce.

used quantities and show the wuser

If R, is the detection vector used by user j, the
received signals is: RFEP:+R[n, . In NOMA strategies, the
channels are sorted as:

|RMH,R P2/ REHLP [, ., 2 REH B, | (2)

The power allocation coefficients for the K-th users
are ordered as:v,<y,<, .., <¥y. The ordered variables,
effective chanmel gains to users, z, R".H, is complex
Gaussian vector (Edelman and Rao, 2005) with PDF
(David and Nagaraja, 2005):

f,(z)= m{ﬁ eﬁ—jyady} K-
k{l-_[:%ysd)/}k-l

In order to avoid consuming the system overhead
assuming the BS does not need to request the users to
send feedback all their Channel State Information (CSI).
Thus, the BS broadcasts the messages
manipulating them. To evaluate the system performance

without

without focusing on type of coding and modulation the
outage probability will be analyzed. The criterion, Pr,"™ is
usually considered for nonergodic fading chammels and
held fixed for all time (Zheng and Tse, 2003). Tt is declared
when the SNR, p, falls below a predetermined protection
ratio. The outage probability, Pr,”", may be expressed
as:
i
P(SINR<1, ) = P[zkyip-zkrk Zykz T, <0-1J

k=1

Following the analyses (Ding et al., 2016; Chen et al.,
2016a, b) yields:

Kl X [k-l] (-1y
P (8) = ¢ (Kk (k-1 Al § ) (KkH+1)
1

(6 1 \ ) Kk++1
ylotlr g ‘
{T} IfYJ >rJrJd

wherz.a, f=2% L =3 E () 15 the incomplete gamma
function and:

k=1
---------------------- k=1
“SIC for user 2 User 1 (k=1) - T |
| (k =2) signal |=> signal decoding Si:‘;‘ear1 déwdin)g
High SNR -

Fig. 2. Concept of the received power in MIMO-NOMA
with SIC downlink system

max LS ‘ for2<k=K

- % d , fork=1

max p(yi'r](r;{ ) p(}’é-rzrz‘ ’ p(yf.rlrl

Following the analyses by Ding et al. (2016) and Biglieri
et al. (2007) for systems using Orthogonal Multiple
Access (OMA) schemes, the outage probability may be

expressed as:
Pt (8)= %[k‘l} ( () [y 1,%)}“*1*1

(R AL ) (RkH4) | 8!

where, @, = 2,:k-1/p

Principle of signal detection in NOMA: The NOMA
scheme can be applied for both downlink and uplink. The
different signals from the users in the NOMA systems are
superimposed in the power domain based on the channel
gain difference. In the downlink which is considered in
this study the Successive Interference Cancellation (SIC)
is used with the advanced receivers for separating of user
signals as depicted m Fig. 2. Consider two users with
k =1 for the user close to the BS with good channel
condition and user 2, k = 2, the far user to the BS with
worst channel condition. For the far user, the BS assigns
higher fraction of power and low level for the near one,
user 1. The sum of the two levels is always equal to the
total power transmitted by the BS. Detection of the
signals to user 2 is accomplished directly by regarding the
signal of the near user as interference. On the other hand,
the received signals by the near user, the SIC is used to
decode each weaker signal. Then, the decoded signals are
subtracted one after another from the received signal to
get the desired user signal.
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RESULTS AND DISCUSSION

In this study, a numerical analysis for the outage
probability is presented. Figure 3 shows the influence of
the difference in number of antennas on the outage
probability for the two systems, namely, MIMO-NOMA
and MIMO-OMA with different level of SNR (10, 20, 30)
dB and fixed allocation for the transmitted power.
Figure 3 considers two users at cluster j with power
coefficients y*, = 0.25 and y*, = 0.75 the Bit Per Channel
Used (BPCU) 1s 3 for the first user, k = 1 which has
relatively, best channel condition. Tt is obvious that the
outage probability is a strong function of & and the SNR
plays a strong role. There is no improvement with
adapting NOMA system compared with that employing
the OMA system with low level of SNR as shown in
Fig.3a. For mstance, to achieve Pr,”*= 10* & should be
about 7, 2 and O when the SNR 18 10, 20 and 30 dB,
respectively when NOMA system is used while & should
be about 3, 2 and 0 when SNR 1s 10, 20 and 30 dB,
respectively when OMA system is employed. On the
other side, Fig. 3b depicts variation of the outage
probability with & for user 2 which 1s assumed with
relatively worst channel condition and 1.3 BPCT. The
performance is almost equal to achieve a specific level of
Pr,”™. For instance to get Pr,™= 10, 8 should be about 4,
2 and 1 which correspond to SNR equal to, 10, 20 and 30
dB, respectively with both systems.

Figure 4a-¢ illustrate varation of the outage
probability versus the difference number of antennas
when three users are pairing at a cluster with different
levels of SNR and different amount of power coefficients:

@ -e— MIMO-OMA
10° —= MIMO-NOMA

SNR = 10 db

Outage probability
=)

Outage probability
=

Outage probability

v = 1/6, v', = 1/3 and v, = % rates: and R, = 2
BPC1], a,=1.2 BPCU and R, = 0.9 BPCU . Figure 4 shows
that Pr,™ as well as level of SNR are strong function of 8.
Fig. 4a depicts Pr,™ for the near user with best channel
condition. To get a specific level of Pr,™, say 10* for
example, the & should be about 4, 1 and 0
corresponding to SNR  of 10-30 dB, respectively with

100 g2 —e— MIMO-OMA
10" —= MIMO-NOMA

Outage probability
=)

SNR =10 db

1074 30db

Outage probability

Fig. 3: Outage probability as a function of difference
number of antenmas for MIMO-NOMA and
MIMO-OMA when number of considered users
in each cluster is two; a) For the near user, k =1

and b) For the far user, k=2

SNR =10 db

Fig. 4 Different number of antennas versus the outage probability for MIMO-NOMA and MIMO-OMA with K = 3;
a) For the nearst user, k = 1; b) for the second user, k = 2 and ¢) for the far user, k =3
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NOMA system. However, & should be about 4, 2 and 0
corresponding to SNR 10, 20 and 30 dB with using OMA
system. On the other hand, Fig. 4b shows that the
performance 1s almost the same for the second user, k =2
when NOMA and OMA system are employed. On the
other hand, Pr,™ the requires & less when using OMA
agamst NOMA system for the far user which has worst
channel condition as shown in Fig. 4c.

In all considered cases the level of SNR plays a
crucial role in the probability of outage and the different
number of antennas used in the mobile sets and in the BS.
Hence, we conclude that the 5G systems with dense cells
and smart devises do have no significant point with the
bounds claimed by some studies to get the overall
performance with evaluating the probability of outage
without taking level of SNR into consideration.

CONCLUSION

In this study, the influence of the number of antennas
used m the mobile sets and in the BS 15 analyzed
according to the outage probability. Results show that the
outage probability is a strong function to & and the
pairing strategy for the users play a crucial role in the
performance. Also, there is a trade-off between & and
SNR. Considering two users in a cluster the outage
probability improves with assigning a sufficient of
transmitted power for the far users while clusters with
more users, the outage probability for far users will not
get a significant improvement using NOMA systems
compared with that with OMA systems. Further, level of
SNR plays a significant role in the outage probability of
the system.

REFERENCES

Abuibaid, M.A. and S.A. Colak, 2017. Energy-efficient
massive MIMO system: Exploiting user location
distribution variation. AEU. Intl. J. Electron.
Commun., 72: 17-25.

Anonymous, 2017. Sales of 5G smartphones to hit 100
million in 2021. CCS Insight Ltd, England, UK.
https://www.ccsinsight.com/press/company-
news/3002-sales-of-5g-smartphones-to-hit-100-
million-in-2021

Anxin, L., L. Yang, C. Xiachang and J. Huling, 2015.
Non-orthogonal multiple access (NOMA) for
future downlink radio access of 5G. China Commun.,
12: 28-37.

Basturk, I. and B. Ozbek, 2016. Radio resource
management for user-relay assisted OFDMA -based
wireless networks. AEU. Intl. J. Electron. Commun.,
70: 643-651.

Benjebbour, A., K. Saito, A. Li, Y. Kishiyama and T.
Nakamura, 2015. Non-Orthogonal Multiple Access
(NOMA): Concept, performance evaluation and
experimental trials. Proceedings of the International
Conference on Wireless Networks and Mobile
Communications (WINCOM'15), October 20-23,
2015, IEEE, Marrakech, Morocco, pp: 1-6.

Biglieri, E., R. Calderbank, A. Constantinides, A.
Goldsmith and A. Paulraj et «l, 2007. MIMO
Wireless Communications. Cambridge University
Press, Cambridge, England, UK.,.

Chen, T, 7. Zhang, S. He, J. Huand G.E. Sobelman, 2016a.
Sparse code multiple access decoding based on a
Monte Carlo Markov chain method. IEEE. Signal
Process. Lett., 23: 639-643.

Chen, Z., Z. Ding, ¥X. Dai and G.K. Karagianmdis,
2016b. On the application of quasi-degradation to
MISO-NOMA downlmnk. IEEE. Trans. Signal
Process., 64: 6174-6185.

Chinnadurai, S., P. Selvaprablu, Y. Jeong, A L. Sarker and
H. Hai et al, 2017. User clustering and robust
beamforming design in multicell MIMO-NOMA
system for 5G communications. AEU. Intl. T.
Electron. Commun., 78: 181-191.

David, HA. and HN. Nagaraja, 2005. Order Statistics. 3rd
Edn., John Wiley, New York, USA., Pages: 451.

Ding, Z., F. Adachi and H.V. Poor, 201 5. Performance of
MIMO-NOMA downlink transmissions.
Proceedings of the 2015 TEEE Conference on Global
Communications (GLOBECOM’15), December 6-10,
2015, IEEE, San Diego, Califorma, USA., ISBN:978-1-
4799-5952-5, pp: 1-6.

Ding, Z., F. Adachi and H.V. Poor, 2016. The application
of MIMO to non-orthogonal multiple access. TEEE.
Trans. Wirel. Commun., 15: 537-552.

Ding, Z., Y. Liu, I. Chot, Q. Sun and M. Elkashlan ef af .,
2017. Application of non-orthogonal multiple access
in LTE and 5G networks. TEEE. Commun. Mag,., 55:
185-191.

Ding, Z., Z. Yang, P. Fan and H.V. Poor, 2014. On the
performance of non-orthogonal multiple access in 3G
systems with randomly deployed users. TEEE. Signal
Process. Lett., 21: 1501-1505.

Edelman, A. and N.R. Rao, 2005. Random Matrix Theory.
Cambridge University Press, Cambridge, England,

Erceg, V.,L.J. Greenstein, 3.Y . Tjandra, S.R. Parkoff and A.
Guptaet al., 1999. An empirically based path loss
model for wireless channels in suburban
environments. Sel. Areas Commun. IEEE. J., 17: 1205-
1211.

8055



J. Eng. Applied Sci., 13 (19): 8051-8056, 2018

Gupta, A. and RK. Tha, 2015. A survey of 5G network:
Architecture and emerging technologies. TEEE
Access, 3: 1206-1232.

Hasna, M.O., M.S. Alouini and M.K. Simon, 2001. Effect
of fading correlation on the outage probability of
cellular mobile radio systems. Proceedings of the
IEEE VTS 54th Conference on Vehicular Technology
(VTC01) Vol. 3, October 7-11, 2001, IEEE, Atlantic
City, New Jersey, USA., pp: 1794-1798.

Hoymann, C., D. Astely, M. Stattin, G. Wikstrom and
IF. Cheng et al, 2016. L TE release 14 outlook. TEEE.
Commun. Mag., 54: 44-49.

Larsson, E.G., O. Edfors, F. Tufvesson and T.L.. Marzetta,
2014, Massive MIMO for next generation wireless
systems. [EEE. Commun. Mag., 52: 186-195.

Saito, Y., A. Beryebbour, Y. Kishiyama and T. Nakamura,
2013. System-level performance evaluation of
downlink Non-Orthogonal Multiple  Access
(NOMA). Proceedings of the IEEE 24th International
Symposium on Personal Indoor and Mobile Radio
Communications (PIMRC’13), September &-11,
2013, TEEE, London, England, UK., ISBN:
978-1-4673-6235-1, pp: 611-615.

Tomba, L., 1997. Computation of the outage probability in
rice fading radio channels. Trans. Emerging
Telecommun. Technol., 8: 127-134.

Wang, R, D. Cheng, G. Zhang, Y. Luand I. Yang ef of.,
2017. Jomt relay selection and resource allocation in
cooperative device-to-device commumcations. AEU.
Intl. 7. Electron. Commun., 73: 50-58.

Yang, 7., Z. Ding, P. Fan and N. Al-Dhahir, 2016. A
general power allocation scheme to guarantee
quality of service m downlink and uplink
NOMA systems. [EEE. Trans. Wirel. Commun., 15:
7244-7257.

Yifei, Y. and 7. Longming, 2014. Application scenarios
and enabling technologies of 5G. China Commun.,
11: 69-79.

Yuan, Y., Z. Yuan, G. Yu, CH. Hwang and PX. Liao et al.,
2016. Non-orthogonal transmission technology in
LTE evolution. IEEE. Commun. Mag., 54: 68-74.

Zhang, N., . Wang, G. Kang and Y. Liu, 2016. Uplink
nonorthogonal multiple access in 5G systems. TEEE.
Commun. Lett., 20: 458-461.

Zheng, L. and DN.C. Tse, 2003. Diversity and
multiplexing: A fundamental tradeoff 1n
multiple-antenna channels. IEEE Trans. Inform.
Theory, 49: 1073-1096.

8056



	8051-8056 - Copy_Page_1
	8051-8056 - Copy_Page_2
	8051-8056 - Copy_Page_3
	8051-8056 - Copy_Page_4
	8051-8056 - Copy_Page_5
	8051-8056 - Copy_Page_6

