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We studied the user scheduling and resource block (RB) allocation problem in
uplink single input multiple output (SIMO) single carrier frequency division multiple access (SC-FDMA)
system. An analytic model for SIMO SC-FDMA system signal processing was first presented. In order to
design a low complexity algorithm for user scheduling, we first showed the relationship between the
user”s received array correlation and the uplink SIMO SC-FDMA system spectral efficiency (SE). Our
results show that the proposed scheduling technique improves the total SE for about 10% when an optimum
number of 8 RBs is considered with 18 users in the system. Moreover, we proposed similar algorithm which
is capable of controlling the system fairness as well. Finally, we further developed our model for the
case of imperfect channel state information (CSI) by introducing a pilot signal structure. Simulation
results show that our a algorithm improves the SE considerably, even under imperfect CSI conditions.

resource allocation fairness 5G uplink scheduling



Information and communication
technology (ICT) has significantly paved
the way for a life with higher standards
and quality. However, by current trends,
ICT data traffic (mainly caused by Video
transmission) is expected to increase 1,000
fold by 2020 and we will have at least 50
billion Internet-capable devices by that
time. Due to this increased demand for
bandwidth, we are running out of radio
space sooner than expected and this is an
alarm for a breakdown which may affect
the nation's economy. For instance,
smaller industries are dependent for
wireless-enabled technologies, for their
products and services. If a solution is not
found for this high demand of bandwidth,
instead of the flourishing of the new
commercial opportunities, we'll witness a
closing down. This is why 5G is so
important, even before 4G has taken off.
Unlike its predecessors, 5G does not only
look for improving speed of data rates, but
also tries to establish sustainability and
making a global digital life a possibility.

In this project we pursue two goals; (1)
Designing robust radio resource
management (RRM) modules for next
generation 5G mobile communications, (2)
Optimizing the RRM modules from
energy-consumption point of view. With the
rapid growth of wireless industry and
related infrastructure, the demand for
bandwidth is increasing exponentially and
the initial works for designing the next
generation (5G) mobile communications
which accommodates a higher capacity has
started. On the other hand, Energy is
becoming a scarce resource and the need to
optimize energy consumption in all
industries as well as wireless industry is
apparent. This project aims at addressing
these issues by designing energy-efficient
RRM modules for 5G heterogeneous
networks (HetNet).

(1) We studied the user scheduling
and resource block allocation problem in
uplink single input multiple output (SIMO)
single carrier frequency division multiple
access (SC-FDMA) system. An analytic
model for SIMO SC-FDMA system signal
processing at the transmitter and receiver
was first presented. Later, we used this
model to derive the users’ signal to
interference noise ratio (SINR) and then

the system spectral efficiency. In order to
design a low complexity algorithm for user
scheduling, we first showed the
relationship between the user's received
array correlation and the uplink SIMO
SC-FDMA system spectral efficiency. Then
we argued that grouping the users based
on their received array correlation can
improve the overall spectral efficiency,
while keeping the scheduling algorithm
less complex without the mneed for
performing a full search. For instance, our
results show that our proposed scheduling
technique 1improves the total spectral
efficiency for about 10% when an optimum
number of 8 resource blocks is considered
with 18 users in the system.

(2) Moreover, we proposed similar
algorithm which is capable of controlling
the system fairness as well. However, this
algorithm works for the scenarios with no
multi-user interference (MUI) in the
system.

(3) We further developed our model
for the case of imperfect channel state
information (CSI) by introducing a pilot
signal structure for uplink. This method
uses interpolation to estimate the channel.
Simulation results show that our
algorithm improves the spectral efficiency
considerably, even under imperfect CSI
conditions.

(4) At the next step, we further
developed other efficient channel
estimation techniques, employing channel
sparsity characteristics.

(5) Finally, in an effort to improve
the energy-efficiency, we proposed a joint
opportunistic ON/OFF switching (OOFS) &
dynamic channel allocation algorithm
(JOFS-DCA) for downlink HetNet. A
non-cooperative game 1s formulated
between the base stations (BSs) and then,
a distributed algorithm is proposed to
decide about the ON/OFF status of the BS
or the level of its transmission power. In
the next step, UEs decide which BS to
connect to, 1.e., the UE association problem.
Each UE chooses the target BS considering
both the RSS and averaged load of all BSs.
Finally, each BS employs a distributed
channel segregation method to choose a
channel based on its look-up table. This
look-up table is formed based on the level
of co-channel interference (CCI) that each
BS senses on different channels. After each
BS’ channel is decided, then an orthogonal
division multiple access (OFDMA) scheme
is used to transmit to the UEs in downlink.
Simulation results are provided to evaluate



the performance of the proposed algorithm
in terms of average BS energy
consumption and throughput.

In the following, we are going to elaborate
more on some of the results that we
obtained in (1) and (5).

(1) Research Result Summary for RRM
Study for Uplink SIMO SC-FDMA

Table 1: Simulation Parameters
Transmitter

Data modulation QPSK,
Number of RBs A=1:8
FFT/IFET size N, = 256
Total Number of users | U =1:16

Total Transmit SNR E/N,=0:20dB
Transmit Pwr. Control | Slow TPC
Channel
Frequency-selective block
Rayleigh

L =16-path uniform

Fading type

Power delay

profile power delay profile

Time delay 7, =1,1=0:L-1
Receiver

Number of receive antennas | N, =1:8

Equalization Type MMSE-FDE

The simulation parameters are

summarized in Table 1. A Dblock

transmission and QPSK data modulation
is considered. We assume an L=16-path
frequency-selective block Rayleigh fading
channel with uniform power delay profile.
The transmit timing 1is asynchronous
among different users, but is kept within
the CP. The correlated receive antenna
diversity reception using N, =1:8 is
assumed. First, we consider ideal channel
estimation and use a slow transmit power
control for all users.
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Fig. 1: Spectral efficiency vs average received SNR
for different resource allocation scenarios and
N, =4, U =16.

Figs. 1 shows the spectral efficiency as a
function of average received SNR for
different scheduling and RA schemes. Our
proposed adaptive scheme 1is compared
with two extreme cases, 1i.e., SC-FDE
( A=1) and pure SIMO SC-FDMA
(U = A), with and without the DOC-based
scheduling technique. As we can see our
proposed adaptive scheme, which jointly
selects the RB size and schedules the users,
has the dominant performance for SNRs
over 10dB. However, it has a similar
performance with SC-FDE for SNRs below
10dB. By comparing SC-FDE and SIMO
SC-FDMA (U =A ), we observe that
SC-FDE has a better performance only for
SNRs below 18dB, and for SNRs over 18dB
its performance degrades due to increased
MUL

(2) Research result summary for
energy-efficiency RRM in downlink HetNet
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Fig. 2! System model for the energy efficiency
improvement in HetNets through distributed RRM
technique.

We consider the downlink transmission in
a heterogeneous network. Fig. 2 shows the
system model, which consists of a set of
BSs, S= {1,...,8}. We assume only one
macro base station (MBS), S=1 which
encompasses a variable number of small
base stations,S = {2,...,8}. A total number
of X wusers, X={1,..,X} are available in
the system. We assume a total of C

available channels,C ={1,...,,C}.

In Steps A, ON/OFF status of the BS is
decided based on a game theoretic
algorithm. Step B involves beacon
transmission and load advertisement in
which each BS periodically broadcasts the
beacon signal on the selected channel. In
Step C, users decide to which BS they want
to connect to, based on the received power
and estimated load of each BS which they
receive during Step B. Later at step D, the
instantaneous CCI power lescs (t;c) 1is
measured at BS(s) on the cth channel
(c=0:C-1). We use the first order
filtering to compute the average CCI power.
The average CCI power |ssg)(t;C)



computed at Sth BS on the ¢ th channel at
time t is given by

Toseo) (t;€) = (1~ B) -1 gge (£ C)

_ (1

+ -l Bss) (t—1;C),

where [ denotes the forgetting factor.
Using the average CCI powers on all
available channels, the CCI table (Table 2)
is updated for all available channels
(c=0:C-1). The channel having the
lowest average CCI power is selected as

C(s,t) =argminl ssgs)(t;C), 2
ceC

which is used until the next CCI table
updating time t+1. The averaging interval
of the first order filtering is given as
1/(1- B ). If a too small S is used,
averaging is not enough and the measured
average CCI power varies like the
instantaneous CCI power. Therefore, the
channel reuse pattern varies at every CCI
table updating time. Hence, =1 is
recommended. In this paper, [ =0.95 is
used for the computer simulation.

Table 2: CCI Table at the BS(s)

Ch. # Avg. CCI Pow. Priority
#1 I Bs(s) (t;1) 2
#2 I Bs(s)(t;2) 1
I Bs(s) (t;3)
#C | Bs(s) (t;4) n

Two benchmarks are considered for
comparison purposes. First is a baseline
approach, in which all BSs are always on.
Second is the energy-efficient ON/OFF
switching algorithm without any channel
allocation scheme. Fig. 3 and Fig. 4 show
the average energy consumption per BS for
different numbers of UEs for S=2 BSs
and S=25 BSs, respectively. The number
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Fig. 3! Average energy consumption per base
station for different number of UEs and S=2

BSsandC =4.

of channels for the proposed algorithm is

C =4 1n all scenarios. We observe that the
proposed algorithm and ON/OFF switching
one have considerably higher EE than the
baseline approach but their performance is
quite 1identical for lower number of
(density) of BSs. However in more dense
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Fig. 4: Average energy consumption per BS for
different number of UEs (S =25 BSsand C=4).

scenarios ( S=25 BSs), the proposed
algorithm slightly outperforms the only
ON/OFF switching algorithm for moderate
number of connected UEs in the system.
Maximum improvement is about 12%.
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Fig. 5: Average cost per base station for different
number of UEs and S=25 BSsand C=4.

Fig. 5 shows the average cost (.e.,
Energy consumption + Load) per BS for
different number of UEs, S=25 BSs
andC =4. When both power consumption
and load are taken into consideration, the
proposed algorithm shows substantial
improvement, compared to the two other
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Fig. 6: Average throughput per BS for different
number of base stations (X =100 UEs and C =4).



algorithms.

Finally, Fig. 6, compares the average
throughput per BS for different number of
BSs. Again the proposed algorithm
significantly outperforms the two other
algorithms.
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