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Energy Efficiency-Aware Joint Resource Allocation
and Power Allocation in Multi-User Beamforming
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Abstract—As a conventional metric, spectrum efficiency has
been investigated widely in communication systems due to the lim-
ited bandwidth resources and increasing subscriber density. Beam-
forming technology is used in TD-LTE-A and 5G downlink to
improve the spectrum efficiency and system capacity, and a proper
resource allocation algorithm can also be used to improve the spec-
trum efficiency on the premise of satisfying user equipment (UE)
requirements. In recent years, energy efficiency has attracted more
and more attention as the power consumption on the communi-
cation systems increases rapidly, which lays a heavy burden on
the environment. In this paper, we propose a joint resource allo-
cation and power allocation algorithm in multi-user beamforming
mode, which aims at maximizing the energy efficiency, and also
takes UE requirements and spectrum efficiency into consideration.
The proposed algorithm first calculates the user priorities and gives
a UE grouping method to allocate resource blocks (RBs) to differ-
ent UEs under the assumption that the power is equally allocated
among UEs on the same RB. After that, on each RB, it calculates the
power allocation among different UEs to realize the improvement
of energy efficiency. In addition, the satisfaction of UE require-
ments is added in the algorithm as a constraint. Simulation results
demonstrate that the proposed algorithm shows an excellent per-
formance on system capacity, i.e., spectrum efficiency, and also pro-
vides higher energy efficiency than existing algorithms. Moreover,
the UE requirements can be better satisfied and system fairness can
also be improved.

Index Terms—Resource allocation, power allocation, MU-
MIMO, energy efficiency, UE grouping, beamforming.

I. INTRODUCTION

S A KEY technology in Long Term Evolution Advanced
(LTE-A) system, multiple input multiple output (MIMO)
technology shows excellent performance on peak datarate, spec-
trum efficiency and latency [1], and will continue playing an im-
portant role in 5G networks [2]. With the rapid development of
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wireless communications, improving spectrum efficiency and
energy efficiency have been challenging issues in future net-
works. Because of the scarce bandwidth resources [3], there
have been many literatures focusing on the spectrum efficiency
[4]. On the other hand, energy efficiency is attracting more and
more attention recently due to the reason that the power con-
sumption in telecommunications is increasing rapidly, which
lays a heavy burden on environment. Ref. [5] and [6] discussed
the relationship between energy efficiency and spectrum effi-
ciency, and demonstrated that MIMO technology can help to
increase the spectrum efficiency and energy efficiency simulta-
neously. Beamforming algorithms for MIMO technology, e.g.,
zero-forcing (ZF) and block-diagonalization (BD), which can
significantly reduce the interference and improve the signal-
to-interference-plus-noise, are widely used in recent research
work [7], [8]. Especially, the multi-user MIMO (MU-MIMO)
can eliminate the interference via its high spatial degree of free-
dom, and thus, our paper will focus on the MU-MIMO scenario.

Besides beamforming algorithm, resource allocation and
power allocation algorithms will also affect system performance.
Metrics of these algorithms include spectrum efficiency, fair-
ness, satisfaction to UE Quality of Service (QoS), energy effi-
ciency, and etc. How to design a resource allocation algorithm
which can improve spectrum efficiency and energy efficiency
comprehensively needs to be considered, since they are not al-
ways consist with each other [9]. Resource allocation can ef-
fectively reduce co-channel interference and improve spectrum
efficiency, which is investigated by many researchers. Ref. [10]
investigated the resource allocation and power allocation algo-
rithms with the objective to maximize system spectrum effi-
ciency. Ref. [11] studied a resource allocation algorithm with the
consideration of co-channel interference mitigation and fairness.
Ref. [12] presented an algorithm to find the optimal transmit
power to maximize the spectrum efficiency. However, these al-
gorithms do not pay enough attention to UE requirements which
is critical issue for communication networks [13]. Moreover,
the power consumption of such algorithms is extremely high,
which causes low energy efficiency against the concept of green
communications. Ref. [14] minimized the energy consumption
while satisfying the quality of service (QoS) requirement in the
system to realize green communications. Nevertheless, such ob-
jective function may not realize the optimal energy efficiency.
Algorithms in [15] and [16] introduced the energy efficiency
optimized power allocation algorithms, which improve the en-
ergy efficiency without the consideration of spectrum efficiency.
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However, high realization complexity and high signaling over-
head is required for such proposed algorithms. Ref. [17] investi-
gated the classical model of energy efficiency optimized power
allocation and gives the optimal solution with low complexity,
however only the optimization of energy efficiency is consid-
ered. The algorithm in [18] considers the energy efficiency and
spectrum efficiency with low complexity, however the authors
do not take the fairness and data rate requirement into consid-
eration. Ref. [19] investigated the problem of QoE and energy
aware small cell base station (SBS) management consisting of
power selection, load management and resource allocation. Ref.
[20] investigated an energy-efficient power allocation and re-
source allocation algorithm considering QoS requirements for
IoT systems in 5G era. However, despite meeting the data rate
requirement contained by QoS, the algorithms in [19] and [20]
did not consider the fairness, which is another important perfor-
mance metric of communication system.

To the best of our knowledge, there is no existing work about
resource allocation and power allocation considering the perfor-
mance metrics including spectrum efficiency, energy efficiency,
data rate requirement and fairness comprehensively. To solve
this problem, we propose an energy efficiency aware joint re-
source allocation and power allocation algorithm considering
such performances based on ZF beamforming technology in
multi-user MIMO scenario. The proposed algorithm can obtain
high energy efficiency on the premise that the UEs’ different
data rate requirements can be satisfied. In the first phase, the pro-
posed algorithm allocates the power equally to all the resource
blocks (RBs) as well as the UEs on the same RB, and selects the
proper UE group on each RB, which considers both the channel
conditions and the co-channel interference. Then, the power of
different UEs in the same group will be reallocated to further
improve the energy efficiency of the system. During the whole
process, the fairness is also considered. Simulation results show
that compared with other algorithms and our former work, the
proposed algorithm canrealize high energy efficiency and ensure
an acceptable spectrum efficiency in terms of the satisfaction of
different data rate requirement. Moreover, the highest fairness
can also be obtained by our proposed algorithm.

The contribution of this paper can be summarized as follows:

® We investigate the problem of UE grouping and resource
allocation in multi-user MIMO scenario and propose a UE
grouping method with the consideration of co-channel in-
terference and channel conditions of different UEs to im-
prove the energy efficiency with the constraint of satisfying
the requirement of different UEs. Comparing with the con-
ventional resource allocation methods, our proposed algo-
rithm can reduce the interference within one RB and satisfy
the requirement of different UEs at the same time, and the
energy efficiency can also be improved.

e Then, we focus on the power reallocation for each UE
group. With the ZF beamforming, an adjusted water-filling
based power allocation algorithm is applied in each UE
group after the completion of spectrum resource allocation
to further improve the energy efficiency of the whole sys-
tem. Hence, after reducing co-channel interference, trans-
mitted power can be used effectively and better energy
efficiency can be achieved.
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e Combining the above two algorithms, we can realize the
optimization of energy efficiency considering the spectrum
efficiency and UEs’ different data rate requirement. Mean-
while, we also consider the fairness during the resource
allocation and power allocation process so that the fair-
ness can be improved by the proposed joint optimization
algorithm.

The remainder of this paper is outlined as follows. Section II
introduces the system model and problem formulation.
Section III presents the joint resource allocation and power al-
location algorithm. Performance of the proposed algorithm is
evaluated by simulations in Section IV. And finally, Section V
concludes the paper.

II. SYSTEM MODEL AND PROBLEM FORMULATION

In this paper, we consider the downlink of a LTE-A system
with [V; transmit antennas on the eNodeB, and K active UEs in
the system, each with a single receive antenna. The system has
N RBs, and each RB consists of 12 subcarriers (total bandwidth
of 180 kHz) in frequency domain and one time slot (0.5 ms) in
time domain. The RBs will be allocated to different UEs based
on a comprehensive consideration, e.g., the channel conditions
and the QoS requirement of different UEs.

In the receiver end of UE k, the received signal y;, ,, can be
expressed as:

Yin = Pl Hin Wi n Xy

K
+ > 0l Hen WX, + 0, (1)
j=1j#k

where, Wy, ,, € CNex1 ig the normalized beamforming matrix
of UE k on RB n, X, is the normalized transmitted signal of
UE k, and ny, ,, is the white Gaussian noise with zero mean and
variance o2, H;, ,, represents the transmission channel matrix
from the eNodeB to UE k on RB n. The parameter py, ,, is the
transmit power allocated to UE k on RB #, and py, ,, is an allo-
cation indicator, such that p; , = 1 when RB n is allocated to
UE k and p,,n, = 0 otherwise.

Then, the energy efficiency of UE k on RB n n;°, can be
defined by the following expression [17]: ’

ee Ck,n BIOgZ (1 + 'Yk,n)
Mgn = ptot = <) 2)
k,n Pk,n + Pn

where, C}, ,, represents the channel capacity that UE k can obtain
on RB 1, and P}, is the total power consumption of UE k on RB
n, which includes py, ,, and p%c), where P,(LC) is circuit power
consumed on each RB n. Cj;, is calculated by the Shannon

equation, where B is the bandwidth of each RB, and vy, , is the
SINR of UE k on RB n, which can be calculated by:

PEk,n ||Hk,nwk,n||2F
K 2 ’
> imt.izk PimPin [ HenWinllp + 02

3

Ykn =

K .
where, >0 pjnPin || Hin W |5 represents the inter-
ference from other UEs, and || - | represents the Frobenius
norm.
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Then, the energy efficiency of the whole system can be cal-
culated by the following formulation:

ee _ Zi(:l ZiLV:] pk,nBIng(l =+ 'Yk,n)
S SN PPk + P©)

where, P(©) is the total circuit power consumption which is the
sum of circuit power consumed on all RBs, and can be calculated
by P(O)=S" i),

Besides the energy efficiency, we also need to define the spec-
trum efficiency of the system.

The spectrum efficiency of UE k on RB n 73, can be obtained
as:

; “

Ck
se __ ;N
nk,n -

= logy (1 + Yi,n)- &)

From [21], we can know that the relationship between energy
efficiency and spectrum efficiency is non-monotonic. With the
spectrum efficiency going up, the value of energy efficiency will
firstly increase and then displays a decreasing trend when P(©)
is a fixed value. Optimization on single metric is not sufficient
in a future 5G system since energy efficiency and spectrum ef-
ficiency are not always consistent with each other. Hence, we
need to make a trade-off between such two targets. Designing
the combination of energy efficiency and spectrum efficiency
as the objective function seems feasible, however, such algo-
rithm will make it difficult to obtain the optimal solution due
to the complicated form of the objective function. To make the
problem solvable with moderate realization complexity, we for-
mulate this problem with the objective function of energy effi-
ciency and take the spectrum efficiency as a constraint. Then,
the problem can be formulated as:

max 7%, (6a)
Pk,ns Pk,n
subject to:
pen € {0,1},¥n € R,Vk € U, (6b)
K
> pim <N, VR €R, (6¢)
k=1
N
> Crm > hi,Vk €U, (6d)
n=I1
K N
SO prnprn < Pr., (6e)
k=1n=1

where, U ={1,2,...,K} is the active UE set, R =
{1,2,...,N} is the RB set, Aj is the target data rate of UE
k depending on the QoS requirements, and Py is the maximum
transmit power. Constraint (6¢) restricts the number of UEs on
a single RB, and since we consider the scenario with only one
receive antenna in the UE end, the number of data layers is just
the same as the co-existed active UE number on the same RB.
Constraint (6d) shows the limitation of the minimum data rate
to guarantee the requirement of different UEs. The maximum
transmit power restriction is given in (6e).
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III. JOINT RESOURCE ALLOCATION AND POWER
ALLOCATION ALGORITHM

In Section III, we focus on the solution to the problem (6)
formulated in last Section. The problem is a non-convex prob-
lem, which can obtain the optimal solution by exhaustive search
algorithm with huge amount of computation. Moreover, the con-
straint for spectrum efficiency further increases the realization
complexity, which cannot be easily solved by conventional al-
gorithms. To simplify the problem, we decompose the prob-
lem into two sub-problems, i.e., resource allocation and power
allocation.

A. Resource Allocation

In this Sub-Section, we focus on the solution of py, ,, to obtain
the result of resource allocation.

Different UEs will experience different channel conditions
on different RBs. With a fixed transmit power, UEs with high
channel quality on a specific RB can show more excellent perfor-
mance, no matter in terms of energy efficiency or spectrum effi-
ciency. To improve system performance, allocating proper RBs
to UEs is necessary. Besides the allocation relationship between
UEs and RBs, UE grouping, which determines the co-channel
interference among different UEs on one RB, also plays an im-
portant role. A reasonable UE grouping result can reduce the
co-channel interference due to small spatial correlation. How-
ever, in LTE-A system, UEs cannot calculate the co-channel
interference before knowing the beamforming matrix, resource
allocation results and power allocation results [22], which makes
it difficult to determine the UE grouping result.

Similar to our former work [22], we use spatial correlation
indicator to represent the co-channel interference between two
UEs without acquiring the beamforming matrix and signal detec-
tion algorithm. Then, we propose a UE grouping and resource
allocation algorithm based on the spatial correlation indicator
to solve the above problem. The spatial correlation indicator is
defined as follows:

Hl,n (Hk,n)H
||Hl,n

)

M,kn =

‘F”Hk’nHF’

where, 7; 1, , represents the spatial correlation indicator between
UE [ and UE k on RB n. It describes the degree of similarity
between channel matrixes of these two UEs, and can be used
to evaluate the inter-user interference [22], [23]. Based on this
indicator, we can group UEs properly with a comprehensive
consideration of interference and UE requirements. The whole
algorithm of resource allocation consists of the following
phases:

1) All the UEs waiting for RB allocation can be organized as
a set U,,. The power on each RB is allocated equally to UEs on
this RB in the resource allocation process.

2) Based on the obtained channel matrix, select UE k* on RB
n* by k* = arg max(7; ,,.), where ;. . is the SINR of UE k
on RB n* in last TTI. Then, we put UE £* into the UE set of RB
n* Ans, and set pg- o = 1.
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3) Calculate the average spatial correlation between the UEs
assigned to RB n* and the other UEs waiting for resource allo-
cation as follows:

—_— ZlEAn* N,m,n*
Chrunr = m,Vm € Uy, (8)
where, C, ,+ is the average spatial correlation indicator be-
tween UE m and the UEs which have already been assigned
to RB n*, and card (A,,.) calculates the number of elements
in set A,.. Then, find L UEs with the smallest C,, ,,+, where
L = min{card(U,,), N,}is used torealize the trade-off between
interference and channel condition. In other words, we should
not decide the UE grouping and RB allocation scheme mono-
lithically through the best channel condition or the lowest co-
channel interference. In the following parts, we will explain how
to realize the tradeoff using L.

After finding the L UEs, the UE m* with better channel con-
dition and less interference will be selected, i.e., we choose UE
m* out of the L UEs which can maximize the sum channel ca-
pacity on RB n* and set p,,,- ,,» = 1. Next, repeat the procedure
until the number of UEs on the RB reaches the constraint, as
described in (6¢). If no UE can be found to improve the sum
channel capacity on RB n*, the allocation on RB n* will be ter-
minated. Hence, UEs with lower interference and better channel
quality are grouped on RB n* by this method.

4) After the resource allocation procedure in (1) to (3) and
the power allocation on RB n* in Sub-Section B are finished,
we can calculate the channel capacity and spectrum efficiency
of all the UEs. If EN —1Bng¢, > Ak, i.e., UE k can satisfy (6d), it
will be removed frorn UE set Uy, in this TTI. Otherwise, it will
go on to take part in the following allocation in other RBs.

5) Repeat (2) to (4) until all the RBs are allocated properly.

In this resource allocation Sub-Section, we propose a UE
grouping method and determine the UE assignments on dif-
ferent RBs considering the co-channel interference and channel
conditions comprehensively, which is helpful to improve the en-
ergy efficiency performance of UEs. Moreover, the constraint of
spectrum efficiency is also considered by selecting the UE which
can maximize the sum channel capacity in phase (3).

B. Power Allocation

The resource allocation results are obtained in the previous
Sub-Section based on equal power allocation among UEs on
the same RB. In this Sub-Section, we will reallocate the power
to UEs on the same RB to increase the energy efficiency. The
objective function of the power allocation on RB n* can be
described as:

ZkeA . Blog, (1 + Vk,n* ‘)

; )]
ZkeA Pk, n +P(C)

ma.
Pk,n*

where, Py - = [D1.ne, Dons---

vector, Pff)

. Dkn] 1s the power allocation

is the circuit power consumption on RB n*, which

(©)

is calculated by P(* = ked,. Pine> and vy - is calculated
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by:

; n Wk llp
Vet = 5 (10)
’ , W. 2
EjeAn*, j#k Pine “Winllp+o

The first term in the denominator of (10) is the interference
from other UEs allocated on the same RB. Since this term is
in the denominator, the function form is complicated, which
makes it difficult to find the optimal value of P}, ,,- to maximize
the energy efficiency. Notice that in the previous Sub-Section,
we have determined the UEs on the same RB with lower co-
channel interference. Besides, ZF beamforming is considered in
this paper to further reduce the co-channel interference. Hence,
the interference in (10) will be quite small and can be neglected,
and then we can simplify (10) to the following formulation:

Prn [ Hk e Wi e[|
Ykt = o2

(1)

As for the objective function in (9), the difficulty is to obtain
the best P, ,,- which consists of a set of scalars. If the param-
eters pi,n+, P2.n*» - - -, Pk,n can be expressed as the functions
of the same single variable, the maximum value of the objec-
tive function can be found much easier. To realize this idea, we
introduce the classical water-filling power allocation algorithm.
Set g =W n-Hy, +||% /0, and the water-filling algorithm
can be expressed as:

1 +
Pk = (an* - ) s
9k,n*

where ()% = max(0,z), and «,,- is the water-filling level,
which ensures >, . 4, Pkt < Pne, where P is the max-
imum transmit power limit on RB n*. Thus, the variables
Di,n*» P2,n*s ---» Pk, can be unified to the function of cv,,-. Then,
we can rewrite the objective function as:

> ke, Blogy(1+ykn)
ZkeAm Dk + P’r(z )
B > kea,. 108 (1 + Pk Grne)
- > ke, Pras + P,g?)
n
BY jea,. log, <1 + (an* - g,:"*) gk,n‘)

+ c
D oked,. (an* - ﬁ) + Pr(r )

12)

flag) =

(13)

It was proved that the function in (13) is a quasi-concave
function of «,,- [15], and then we can find the maximum value
of f(cu,+) by differentiating f(c,,+ ) with respect to c,,+ as shown
in (14) shown at the bottom of the next page.
We solve 21(@n') _ () to obtain the solution of Py - The
whole power allocation algorithm can be summarized as follow:
1) Obtain the results of A,,- and py, ,,- from the user grouping
method in Sub-section A.

2) Onaspecific RB n*, set the initial value of vy and auyin,
the error threshold ¢, and the maximum iteration number
D. Set a = (Qumax + Qmin) /2.
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TABLE I
PARAMETERS OF SIMULATION

System Parameters Value
Total bandwidth SMHz
The number of RB N 25
The number of transmit antennas on the 4
eNodeB N,
Channel model TU
Beamforming algorithm ZF
Maximum transmit power Pr 30W
TABLE II
TARGET CHANNEL CAPACITY OF UES
Target Rate Number of UEs
128 kbps 10%xK
256 kbps 20%*K
512 kbps 30%xK
1024 kbps 40%xK

3) Calculate the derivate by (14). If %an’j) <0, set amax =
Qv+, Otherwise, set min = Q-

4) If ctmax — amin < €, take the present value as av,- Other-
wise, go back to (2) until the difference reaches the error
threshold or the iteration number exceeds D.

5) Based on the final value of «,:, calculate the value of
Dk.n+» and the energy efficiency and spectrum efficiency.
Then, give a feedback to phase (4) in Sub-Section A to
further select the UEs.

With the procedure of power allocation inside RBs, the energy
efficiency can be improved. Combining these two Sub-Sections,
the energy efficiency aware joint resource and power allocation
algorithm is shown in algorithm 1.

The energy efficiency aimed power allocation is based on
the results of the previous resource allocation. Hence, by this
joint optimization algorithm, the energy efficiency of the whole
system can be improved under the restriction that the data rate
requirement of different UEs can be satisfied, and then, the spec-
trum efficiency and fairness of the system can also be guaranteed.

IV. SIMULATION AND ANALYSIS

The proposed algorithm considers energy efficiency on the
basis of spectrum efficiency, and in order to evaluate the per-
formance of the proposed algorithm, the algorithms in [10] and

IEEE TRANSACTIONS ON VEHICULAR TECHNOLOGY, VOL. 68, NO. 5, MAY 2019

[22] and simplex power allocation scheme, in which a group of
UE:s are fixed on a given RB, are taken into comparison with the
proposed algorithm. Ref. [10] proposed a resource allocation
algorithm aiming to maximize the transmission data rate of UEs
and spectrum efficiency in similar application scenarios as in
our manuscript and its simulation shows that algorithm in [10]
can achieve a very good performance of spectrum efficiency.
Hence, we use [10] to verify that the proposed algorithm in
this paper can provide better energy efficiency with very limited
loss of spectrum efficiency. Meanwhile, Ref. [22] is our former
work, which forced on system throughput with the considera-
tion of fairness, and in this paper, we further extend the work
considering the energy efficiency with the constraints of both
user requirement and fairness. Therefore, we choose Ref. [22]
as another benchmark for revealing the further improvement of
our proposed algorithm.

Table I shows the main system parameters. In the simulations,
the moving speed of UEs is 3 km/h, the traffic model is full buffer
traffic, and the total circuit power consumption P(©) is set to be
12 W. The pre-set target channel capacity {1} have been set
to four different values according to the QoS requirements of
different UEs and listed in Table II. The number of active UEs
in the system K is selected from the range of [40, 90].

Fig. 1 shows the energy efficiency performance of four algo-
rithms with different UE number when the maximum transmit
power Pr is set to be 30 W. From Fig. 1, it can be found that
the energy efficiency of all these four algorithms increase with
the increase of active UE number. This is because the possibility
of selecting UEs with better channel conditions becomes bigger
when the number of active UEs increases.

The performance of simplex resource allocation algorithm
[22] and the algorithm in [10] are poor because they ignore the
power optimization and almost all the power is used to obtain
higher system throughput regardless the requirement of specific
UE. Although the simplex power allocation algorithm focused
on the optimization of power allocation, conventional Round
Robin (RR) algorithm is used as the resource allocation scheme,
which wastes system resource in some unnecessary UEs result-
ing in the decrease of system capacity, and hence its energy
efficiency performance is also worse than the proposed algo-
rithm.

Fig. 2 shows the energy efficiency of the system with different
maximum transmit power constraint PT when the UE number

. +
Of () dy - ds — Ky ZkK:nl log, (1 + g (e — gklw*) ) >
—_— . ’an*
Oy ds’ g
K,
Pfian) —B 3 n < 1 )+ 1
) T Ry d 42 K o ds - |dy - ds— Ko S dogy [ 14+ g (e — o g
dauy,2 s 2+ d3 N kz:‘: > P \ M e Gk "
where,
- . ) K, +
1 . . G 1 )
d, = n2 | +,d2:ZE' +2’d3: (an*gkn*) e
el 14 Gk.n (anx - gk,n*) k=1 |:1 + Gk,n* (an* - gkl *) ] = |
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Algorithm 1: Energy Efficiency Aware Joint Resource Al-
location and Power Allocation Algorithm.

Input: target data rate Ay, Vk € U, channel matrix Hy, ,,,
Vn € R,Vk € U, number of transmit antennas [V, total
circuit power consumption P(©), maximum transmit
power Pr, the variance of Gaussian noise o2, initial SINR
’y}an derived from the uplink feedback.
Output: p;, ,, and py, ,,, Yk € U, Vn € R.
Initialization: Initialize the active UE set
U={1,2,...,K},and the RBset R = {1,2,..., N}, let
the allocated UEsetonRBn A, = --- = A,, = ¢,
Vn € R, ppn =0,Vn € R,Vk € U, initialize
Qmax, Qmin, € and D. And initialize n* = 1.
While (n* < (N + 1)||U # 0)
1: Initialize U4, = U,t = 1,d = 1. Find the first UE £*
on RB n* by k* = arg max(;,,,), and then set
P = 1, A=A U{E*}, Uy = Uy — {K*}.
2: Repeat

3:  Form = 1: card (Uy)

4: calculate C,, ,,- by equation (8), Vm € U,,, and
find L UEs with the lowest value of (), ,,+ to form
aset Q.

5: If Im* € Q, s.t. ZiEAn*U{m’} Vit > ZieAn* Vi

find m*= arg max,,.co(3ic A, u{m+) Virn)>
and then set pp,- = 1, Ape=Ap U {m*},
Uy = Uy — {m*}.
6: Else finish the resource allocation process on RB
n*, break Repeat in 2, and jump to phase 10.
7: End Ifin 5
8: End For in 3, r = t+1.
9: Untilt = NV
10:  Allocate power equally to RB n* by P,,-=Pr/N.
11: Repeat
12: set the water-filling level av,,» =(umax + Qmin)/2-

13: calculate the value of % by equation (14).
14 X 2L) <0 set Ay = o
15: Else set apin = v

16: End If in 14

17: If apax — amin < €, break Repeat in 11.

18: End Ifin 17,d = d+1.

19: Untild =D

20: Calculate py, ,,. based on equation (12), and calculate
the channel capacity C}, ,,- of UE k on RB n*, and
then calculate the whole channel capacity obtained
by different RBs.

21: If UE! can satisfy the constraint (6d), Y = U — {I}.

22: End Ifin 21

23: n*=n*+1.

End

K = 60. Since the proposed algorithm can converge to an op-
timized power allocation parameter with the satisfaction of dif-
ferent UE requirement, the energy efficiency of the proposed
algorithm is nearly unchanged with different maximum trans-
mit power and remains the highest. However, energy efficiency
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of the algorithm in [10] and the simplex resource allocation
optimization algorithm in [22] drop with the increase of maxi-
mum transmit power due to the reason that they always use the
maximum transmit power to transmit the signal. Since the RR
resource allocation algorithm is used in the simplex power allo-
cation algorithm, its energy efficiency may be further improved
by using other efficient resource allocation algorithms.

Fig. 3 and Fig. 4 show the required transmit power with differ-
ent active UE number and different maximum transmit power,
respectively. In Fig. 3, power consumption of the proposed algo-
rithm and the simplex power allocation algorithm decreases with
the increase of active UE number. The reason is that as the num-
ber of UEs increases, more UEs with better channel conditions
can be found, and then lower power consumption is required to
satisfy the same transmission data rate requirement, e.g., when
the number of active UEs reaches 90, the power consumption of
the proposed algorithm and the simplex power allocation algo-
rithm are only 4.3 W and 4.0 W, respectively. The simplex power
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allocation algorithm uses less transmit power because of the lack
of limitation on resource allocation which means that the QoS
of less UE can be satisfied. In particular, with the increasing of
UE number, the proposed algorithm can satisfy more UEs than
the simplex power allocation algorithm. When the number of
UE K = 90, the number of UE whose data rate requirement is
satisfied in the simplex power allocation algorithm is almost half
of that in the proposed algorithm. Moreover, the simplex power
allocation algorithm will have poor channel capacity because
the channel conditions of different UEs are not considered in
the power allocation process. Moreover, the algorithm in [10]
and the simplex resource allocation algorithm result in a larger
energy consumption because they always use the total transmit
power. In Fig. 4, the transmit power of the proposed algorithm
stops increasing after the best energy efficiency value, and thus
the transmit power can be greatly reduced compared with the
algorithms in [10] and [22].
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The spectrum efficiency versus active UE number when
Pr =30 W with these four different algorithms are compared
in Fig. 5. It can be found that the proposed algorithm shows
higher spectrum efficiency than the simplex power allocation
algorithm and the simplex resource allocation algorithm. Com-
pared with the simplex power allocation algorithm, the proposed
algorithm considers the resource allocation process which re-
duces the UE interference within each RB and enhances the
UE SINR, and accordingly improves the spectrum efficiency of
the UEs. When the number of UEs reaches 80, the spectrum
efficiency has been improved by 28% than the simplex power
optimization algorithm. Compared with the simplex resource al-
location algorithm, the proposed algorithm allocates power to
the UE according to their channel status instead of equal power
allocation, and hence the power consumption can be reduced
and the total system throughput can thus be improved. Although
the algorithm in [10] shows the best spectral efficiency among
these four algorithms, from Fig. 1 and Fig. 2, we can find that
its power efficiency is not very high, and total transmit power
will be used to transmit signal.

Fig. 6 shows the system throughput comparison among these
four algorithms in Rayleigh fading channel. The throughput here
is not the Shannon channel capacity, but the actual transmission
data rate of the system, which is calculated as follows:

k,n
code”’
15)
where, 7, ,, is the actual transmission rate of UE k on RB n,
Ngym and Ngyy, Tepresents the total number of OFDM symbols
and the number of OFDM symbols used to transmit the con-
trol signal within a TTI on each RB, respectively. Rf(’)ze and
Qmy, , is the symbol rate and the number of bits per symbol
modulation of UE k on RB n, respectively, and both of them are
decided by Modulation and Coding Scheme (MCS) of UE & on
RB n. Ngubear 1S the number of subcarriers on each RB, and in
TD-LTE-A system, Ngybcar = 12. From Fig. 6, we can find that
the proposed algorithm shows better performance in terms of

Tk = (Nsym - Ncsym) X ka,n X Nsubcar x R
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throughput than the simplex power allocation algorithm and the
simplex resource allocation algorithm. When the number of UEs
is bigger than 80, more than 10 Mbps improvement can be ob-
tained by the proposed algorithm. The algorithm in [10] shows
the best system throughput due to the same reason as explained
in Fig 5. Meanwhile, we make the system throughput compar-
ison in Rice fading channel as shown in Fig. 7 and the system
throughput of our proposal can be further compared with that
of the other three algorithms, especially the algorithm in [10].
As we could see from Fig. 7, when the channel changes from
Rayleigh fading channel into Rician fading channel, the system
throughput of algorithm in [10] is still the highest and the per-
formance of our proposal also improves significantly, especially
when the number of UE increases to 80. The algorithm in [10]
shows the highest system throughput is due to the reason that
it aims to maximize the transmission data rate by user selection
and resource allocation, and the whole power can be allocated
to the users regardless of their requirement. Meanwhile, we can
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also find that the performance gap between the algorithm in [10]
and our proposal proposed algorithm becomes small, especially
when the number of UE is bigger than 80, and this is due to the
reason that with better channel conditions, more power will be
allocated to UEs in our proposed algorithm for higher energy
efficiency which leads to improved throughput, while the algo-
rithm in [10] have exhausted all the power and cannot obtain
significant improvement with better channel condition.

In Fig. 8, in order to evaluate the fairness performance, the
weighted Jain’s index, i.e., I}, is shown with different active UE
number, and F), is defined as follows:

oo Ry/n)’
K (Ri/a)?

where, Ry and Aj, are the throughput and the target data rate of
UE £k, respectively. Different from traditional fairness index, F),
represents the target data rate weighted fairness, which repre-
sents the system ability to satisfy different requirement of dif-
ferent UEs.

InFig. 8, since the resource allocation process of both simplex
power allocation algorithm and the algorithm in [10] does not
take the requirement of different UEs into account, and UEs with
poor channel conditions may unable to obtain any resource for
transmission, and hence those two algorithms show very poor
performance in terms of fairness. Although simplex resource al-
location algorithm shows better fairness performance compared
with the above two algorithms due to the reason that transmission
data rate requirement of different UEs is considered in the pro-
cess of resource allocation, the power allocation is not optimized
so that the requirement of different UEs are not satisfied well.
In comparison, the proposed algorithm shows the best fairness
performance due to the reason that the transmission data rate re-
quirement of different UEs is considered in the process of power
allocation process, and more resources will be allocated to the
UEs with higher transmission data rate requirement. When the
active UE number is bigger than 50, only the proposed algorithm
can provide the fairness performance higher than 0.7.

(16)
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To summarize, the proposed algorithm shows higher spectrum
efficiency and energy efficiency, and it can also satisfy more UEs
in the system with good fairness performance.

V. CONCLUSION

An energy efficiency aware joint resource and power allo-
cation algorithm is proposed in this paper. It is applied in the
MU-MIMO scenario, especially for the ZF or BD beamform-
ing. The algorithm firstly shows a low-interference UE grouping
algorithm, and then, it presents a resource allocation algorithm
based on the results of the user grouping algorithm, which ensure
the UEs with better channel quality can be properly allocated on
corresponding RBs. In the resource allocation algorithm, the
optimal water-filling level is calculated to improve the energy
efficiency. Simulation results demonstrate that the proposed al-
gorithm improves the energy efficiency and also shows a better
performance in terms of spectrum efficiency. Besides, due to the
comprehensive consideration of both channel quality and UE
requirement in the proposed algorithm, both the number of sat-
isfied UEs and fairness performance can be increased compared
with other algorithms.

Since in 5G system, massive MIMO has been used, the ex-
tension of the proposed algorithm to massive MIMO scenario
will be studied in our future work.
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