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Abstract—In this paper, we propose a novel optimal power During each Transmission Time Interval (TTI), the BS
allocation method that features a power limit function and s scheduler prioritizes the QoS requirements among the UEs
able to ensure more users reach the desired Quality-of-See 54 gjlocates resources to the UEs based on the information

(Qo0S). In our model we use sigmoidal-like utility functionsto . . L
represent the probability of successful reception of packs at user that is feedback from the UEs. This information is the Channe

equipment (UE)s. Given that each UE has a different channel Quality Indicator (CQI) which indicates the perceived dyal
quality and different location from base station (BS), it has and the data rate can be supported by the downlink channel.

different CQI and modulation. For each CQI zone, we evaluate |t js carried out when a Block Error Rate (BLER) is smaller
the power threshold which is required to achieve the minimum than 10% and the thresholds are set to the SINR values with

QoS for each UE and show that the higher CQI the lower power .
threshold is. We present a resource allocation algorithm tht gives the BLER smaller than 10%. Each UE has a different channel

limited resources to UEs who have already reached their pre- quality, i.e CQI value, based on its location from the BS and
specified minimum QoS, and provides more possible resourcesthe environment surrounding it. It was shown [in [6] that the

to UEs who can not reach it. We also compare this algorithm sigmoidal-like utility function is a good approximation rfo
with the optimal power allocation algorithm in [L] to show the the CQI verses power allocated. Therefore, in our paper we
enhancement. . . . . .

represent each CQI with a sigmoidal-like function.

Index Terms—Resource Allocation, Quality of Service, Power  Opportunistic resource allocation algorithms has been pro
Limit, CQI, LTE posed in [[7] to improve the system efficiency, however the
QoS requirements of users and fairness in allocation faded
be addressed. In our work, we focus on the enhancement of
the resource allocation problem with a sigmoidal-like itytil

In recent years, the user demand for higher data rates dodction for each UE. The optimization problem is to achieve
QoS is increasing significantly. The main requirements fae fairness in resource allocation and ensure each UE/sscei
the new access network are higher spectral efficiency atié maximal possible resources to achieve its minimal QoS.
higher peak data rates![2]. These needs lead to the existing
of 3GPP long term evolution (LTE), the access part of thd. Related Work
Evolved Packet System (EPS), to provide higher modulationgarly in [8], the authors characterized the resource alloca
schemes such as QPSK, 16-QAM, and 64-QAM and. LT#on problem as a global optimization problem and proposed
equips the Medium Access Control (MAC) protocol layer agtility proportional fairness criterion to solve this pietn.
the distributed solution for schedulingl [2]. A lot of resefar They also showed the bandwidth utility values were ensured
work has been done to provide an optimal resource allocatign be proportional fair in equilibrium. In[]9], both utility
solution for users to seek better QoS. The goal is to providased resource management and QoS framework and resource
better signal-to-noise ratio (SNR) and guarantee minimugliocation algorithms were studied. The authors also showe
successful transmission probability of packets. an efficient resource allocation for heterogeneous traffth w

The network resource allocation problem can be considerggtious QoS requirements.
as a maximization of utility functions. The utility functiois The study in [[10] proposed a non-convex optimization
a representation of each UE’s QoS and it is a function of itgdgorithm to maximize the utility functions in wireless net
power allocation. Earlier i [3] and[4], the utility funoth has works. This optimization framework included a distributed
been approximated as a sigmoidal-like function. The goal ggadient-based algorithm that solves the optimizatiotiems
therefore to maximize the network utility which is a producivhen the duality gap is zero. In cases of non-zero duality
of all users’ utilities. gap, they presented the fair-allocation heuristic and tedrt

When designing and deploying a wireless network, it ispproximated optimal solution.
essential to consider the signal coverage. There existsugar In [1], the study modeled the user’s utility function using
environments between the BS and UEs, therefore, it is hardsigmoidal like functions and it provided an algorithm fortiep
have a unique model to describe the propagation. The pathal power allocation in a cellular network. Utility propimal
loss model is the core of signal coverage for any environmefairness was considered and the optimization problem was
[5] and it provides information on the maximum resource thatated as a product of utilities of all users. [[n][11] and [%?]

a UE can receive at a distance from the BS. similar approach for optimal power allocation was introeldic

I. INTRODUCTION
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In LTE, the frequency domain scheduler allocates a certe
resource block (RB) at a certain transmit rate to a UE basing
the CQI feedback from UES [13]. In[13], the authors propose
a trackable model for the CQI feedback schemes in LTE. At
in [14], the author proposed a dynamic resource allocati
algorithm with imperfect channel sensing. Their algorithr
keeps tracking the change in channel quality and uses thsci
stochastic optimization method to the joint power and cleanr
allocation problem.

In [15], the authors formulated and solved the power a
location problem for multihop transmission. They suggeste
that the system enhancement is required especially when
highly unbalanced communication links or a large number !
hops in the systems, and this enhancement is done by
power optimization. The study in_[16] proposed an optim:
resource allocation for a set of time-invariant additiveiterh
Gaussian noise broadcast channels for code division ared ti
division.

The research work ir_ [17] presented a suboptimal solution
that fairly allocates resources and meets the QoS contstrajf'9- - System Model
They showed that the algorithm efficiently converges clase t
the optimal, and performances well in terms of fair schadyli
among users. In_[18], the study presented a resource aflacal

20(€QI =15

framework in multiuser orthogonal frequency division nwult cal=14
- . . . CQI =13
plexing (MU-OFDM) systems to achieve variable proportion: 501
fairness constraints. This algorithm maximizes the summ¢he soloiato
nel capacities while maintaining proportional fairnessoam B
all UEs. g Spa=r
% CQI =6
o cQi=5
- . CcQI =4
B. Our Contributions car=3
-5(CQI =2
The main contributions of this paper are: car=
« we proposed a novel optimal power allocation algorithr h
that includes the power limit feature. 151
« we simulated and showed that the optimal power alloc B e e e we  wo s e

Distance (m)

tion with power limit would ensure more UEs reach thi
desired QoS, and more power would be allocated to UEs
who can not reach the power limit. Fig. 2. Mapping CQI, SNR with distance from the BS

o we compared this algorithm with the optimal power
allocation algorithm in[[ll] to measure the improvements.

This paper is structured as follow. Sectibh Il gives th@" appropriate modulation scheme and code rate for downlink

overview of the system model. In Sectibrl Ill, we present tHgansmission. The BS distributes its total powfér to all UEs
process of how we mapped the CQlIs to utility functions, ar the cell.

list the resulted parameters corresponding to each CQbalon
with discussions. The optimal power allocation with power [1l. CQI MAPPING TOUTILITIES
limit algorithm is described in detail in Sectign]lV. Secti¥] The path-loss is calculated ifil (1) to map each CQI to its

discusses the simulation results and compares the resithis Worresponding distance from BS as shown in Figdre: 2n
the one of algorithm in[1]. Finally, Sectidn VI conclude®th iy is the the path loss exponent and in a urban environment

paper. it equals to 3.5. Therefore each CQI zone will have different
distances from the BS as well as the UES’ location.
Il. SYSTEM MODEL

In this paper, we consider a single cellular system comgjsti Pug = Pesf Q)
of a single BS and\/ UEs. Each UE is placed in a different c(4md)>
CQI zone and has a different CQI and corresponding modu-
lation. The set up is shown in Figuté 1. The UE feedsbacksere f is the carrier frequency andis speed of the light.
CQlI to indicate the downlink channel quality. It scales from
0 to 15 as shown in Tablé I. A larger CQI indicates a better The probability of the successful package reception is
channel quality. Based on the CQI information, the BS sslecatalculated from the efficiencies of different CQI values in



TABLE |
UTILITY PARAMETERS

” cQl Code Rate

08 1 Index | Modulation X 1024 Efficiency | a b
o1 ] 1 QPSK 78 01523 | 0.8676 | 6.2257
% oqf ] 2 QPSK 120 02344 | 0.8761 | 6.1657
g, ] 3 QPSK 193 0.3880 | 0.8466 | 6.3812
g N | 4 QPSK 308 06016 | 0.8244 | 65526
g 5 QPSK 449 08770 | 0.8789 | 6.1467
T ] 6 QPSK 602 11758 | 1.0188 | 5.3029
o 7 7 16QAM 378 1.4766 0.5077 | 9.8303
oa- 1 8 16QAM 490 19141 | 0.6086 | 8.1999
¢ ] 9 16QAM 616 24063 | 0.7524 | 6.6333
10 64QAM 466 2.7305 | 0.3697 | 12.5005
11 64QAM 567 33223 | 0.4722 | 9.7873
Fig. 3. Power Utility Function 12 64QAM 666 3.9023 0.6248 | 7.3974
13 64QAM 722 45234 | 0.8376 | 55177
Table[]. The utility function as a result of CQI mapping i1 64QAM 873 51152 | 1.1510| 4.0153
shown in Figurd . It is a function of the transmitter powet.1° 64QAM 948 5.5547 | 1.6471| 2.8058

It looks like sigmoidal-like function, therefore we can ube
normalized sigmoidal-like utility function, as inl[3] and]f . )
where Pr is the total power of the BS)M is the number of
(P — o 1 _ UEs andP = {Py, P, ..., Py}
Ui(P) = Cz(m —d;) )

_ 1te%ibi

wherec; = 177 andd; = Given that the objective function in (3) is strictly concave

the optimization problem is convex][1] and therefore there

To curve fit we used the Levenberg-Marquardt (LM) OpEXists a unique tractable global optimal solution.
timization method to identify the parameters in the utility
functions for different CQIs. The evaluated parameters®f 5. Ropust Distributed Algorithm with Power Limits
utility functions are listed in Tablg 1. The left four columin

Table[] are the standard LTE CQI coefficients. The values f?rThﬁ_ pows_r yrr]mt IS tgeltransmlttgr lpower that a LtJhE requires
as andbs in column 5 and 6 are the parametersih (2). 0 achieve his/her QoS. In our model, we assume the minimum

For example, in Figuril3, we set the minimum QoS requirgos is to reach 95% successful package, and the pre-specified

ment to achieve at least a 95% successful packet transmisspPWe' limits are the amount of power required to achieve this
For UE with CQI 15, the power that required to achieve th@©S: The algorithm is shown in Algorithrill(1) arid (2):
minimum QoS is about 5.22W whereas the UE with cQI 1 The algorithm is divided into a UE algorithm shown in
needs 23.24W to have the minimum QoS. A lower amount 6{9°rithm (@) and a BS algorithm shown in Algorithrfi] (2).
power is required to achieve the desired QoS by the UE wi ch UE starts gendmg an initial bid (1) to t_he BS: The BS
a better channel quality, and this fact motivates us to aelyc@lculates the difference between the receivedubith) and

a power limit in our optimal power allocation algorithm. ~ the Previously received bid;(n — 1) and compares its value
to a pre-specified threshodd If it is greater than the threshold

IV. OPTIMAL POWERALLOCATION WITH POWERLIMIT §, the BS calculates the shadow pripén) = w

In Section[dl, we discussed that the user with a bett@nd sends it to UEs. Each UE receives the shadow price
channel quality will require less power to achieve the sampén) from the BS and solves the powet; that maximize
QoS than the user with a worse channel quality. In this sectidlog U;(vi(P;)) — p(n)P;), then comparesP; to its power
we introduce a robust distributed algorithm with power tini limit PowerLimit; and the user stays in the processjf<

PowerLimit;. If it is greater theU E; exists the power allo-

1
1+e2ibi*

A. Problem Formulation cation andP; is subtracted for the total powét,. After that
We form the utility proportional fairness power allocatiorfach remaining UE calculates a new hig{n) = p(n)P;(n)
problem as following: and decreases the difference between the current bid and
M previous bidw;(n) — w;(n — 1) using exponential function
max Hlog(Ui(%(Pi))) Aw(@) = lie"2, The ]rweasqn that VX? use this exponential
bl function is that whery" ™ P/ =S~ ', > Pr the con-
M vergence to the optimal powers can no longer be guaranteed
subject to ZPZ' < Pr as it fluctuates about the global optimal solution. Therefor
i=1 the exponential fluctuation decay function is introduced to
P, >0, fori=1,2,...M and Py > 0. resolve the problem. Each remaining UE sends the new bid

) wi(n) =w;(n—1)+signw;(n) —w;(n — 1))Aw(n) to BS.



Algorithm 1 UE Algorithm

UEL

Send initial bidw;(1) to eNodeB —uez
loop ves
Receive shadow pricg(n) from eNodeB ver
if STOP from eNodeBhen - |-
Calculate allocated rat&™ = 7‘;((”")) : e
STOP i —i
else £

Solve P;(n) = arg n}Dax(log Ui(vi(Py)) —p(n)Fy) St

if P> PowerLimitt; then ‘

op o

Allocate ratesP," = P; and Pr = Pr — P; to user

)

UFE; quits the Optimal Power allocation and res
UEs continue to bid

end if ) L Fig. 4. Power allocation to 15 different CQI users at BS po&W using
Calculate new bidw;(n) = p(n)P;(n) for remaining algorithm with PL

L L L
0 10 20 30 40
Iterations

UEs

if Jw;(n) —w;(n —1)|> Aw(n) then
w;(n) = w;(n—1)+sign(w;(n) —w; (n— 1)) Auw(n) — =
{Aw(n) = e/} 1 =
end if 1 —ue
Send new bidw;(n) to eNodeB . || :EE”
end if 2| v
end loop ; K U

Algorithm 2 eNodeB Algorithm

loop
Receive bidsw;(n) from UEs{Let w;(0) =0 Vi}
if |w;(n) —w;(n—1)|< § Vi then ° . * P et ® "
Allocate ratese™ = 22 to useri
STOP Fig. 5. Bids sent by 15 different CQI users at BS power 150Whgisi
else v algorithm with PL
Calculatep(n) = E%:(”)
Send new shadow prigg(n) to remaining UEs TABLE Il
end |f COMPARISON BETWEENPOWERALLOCATION WITH AND WITHOUT
POWERLIMITS
end loop
Power to Power with | Power without | Reach desired
UE | reach QoS (W)| PL (W) PL (W) QoS
. : . 1 | 23.240 10.491 9.122 N
This process repeats until; (n) — w;(n — 1)| is less than the °
- 2 | 18210 10.401 9.045 No
pre-specified threshold.
3 | 17.650 10.723 9.318 No
4 | 14720 10.978 9.5337 No
V. SIMULATION RESULTS 5 13.760 10.373 90218 No
The BS has total poweP; = 150W to distribute to 15 UEs. | 6 | 11.910 9.0968 7.9388 No
Each UE stands in a different CQI zone and is represented|by | 11350 11.502 13.6145 Yes
a sigmoidal-like utility function. Algorithm[{1) and}2) we |8 | 11.060 11.223 11.6935 Yes
simulated in MATLAB. The simulation results showed that the® | 10.790 10.849 9.7709 Yes
optimal powers were allocated to all users as shown in Figuré0 | 10.690 12.291 16.7008 Yes
[. The bidding process for 15 UEs is plotted in Figure 5. | 11 | 10.650 11.376 13.6879 Yes
We also provided a comparison of the allocated power fpid2 | 10.260 10.397 10.8536 Yes
each UE between the optimal power allocation algorithm with13 | 9181 9.2056 8.4798 Yes
power limit and without it [[1] in Tablé]l. We assumed thg 14 | 7-485 7.4862 6.4664 Yes
minimal QoS is to reach at least a 95% success package | 5213 5.2229 4.7468 Yes

transmission at UEs. Column 2 in Tablé Il indicates the power
that required by each UE to achieve the minimal QoS, and we
set those values to be the power thresholds. For example, Urequires 5.213W to reach the minimal QoS, after it receive



5.2229W from the BS it quits the algorithm and the remainings] M. O. Hasna and M.-S. Alouini, “Optimal power allocatidor relayed
power is allocated to the rest of the UEs. There are more UEs transmissions over rayleigh-fading channeWfieless Communications,

. . . . IEEE Transactions onvol. 3, no. 6, pp. 1999-2004, 2004.
aCh'eV'ng their minimal QoS, e.g. UE 13 receives 9.2056 6] L. Li and A. J. Goldsmith, “Capacity and optimal resoairallocation

and achieves the desired QoS using our algorithm while it for fading broadcast channels. i. ergodic capacityformation Theory,

only receives 8.4798W and fails to meet the QoS with the IEEE Transactions gmvol. 47, no. 3, pp. 1083-1102, 2001.
17] M. Ergen, S. Coleri, and P. Varaiya, “Qos aware adaptgsource

algorithm WithOl_Jt Power Iimit_' With our neW_algorithm th?re allocation techniques for fair scheduling in ofdma basedatband
are 9 UEs achieving the minimal QoS while the algorithm  wireless access system&toadcasting, IEEE Transactions owvol. 49,

without power limit in [1] only has 5 UEs meeting the QoS__ Nno. 4, pp. 362-370, 2003. o _
. E for those UEs who do not reach the des'[']é% Z. Shen, J. G. Andrews, and B. L. Evans, “Adaptive reseullocation
requirements. Even for W ! in multiuser ofdm systems with proportional rate constsginWireless

QoS, our algorithm still allocates higher power to them than Communications, IEEE Transactions,orol. 4, no. 6, pp. 27262737,
the algorithm without power limit. For example, UE 1 recaive ~ 2005.

10.491W by using our algorithm while 9.122W is allocated to

it with the algorithm without the power limit.

VI. CONCLUSION

In this paper, we proposed a new optimal power allocation
algorithm with power limit feature that ensures more UEs
achieve the desired QoS and guarantees more power to be
allocated to UEs that can not meet the QoS requirements. We
simulated this algorithm with one BS and 15 different CQI
UEs. We showed that this new algorithm allows more users
to reach their desired QoS, and at the same time more power
is allocated to the users who do not reach the power limits
comparing to the algorithm in[1].
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