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An Efficient Load Balanced Strategy for
LTE-WLAN a

K. Sireesha, G. Chakravarthy.

Abstract: With each very little cell LTE and Wi-Fi systems
accessible as selections for causing in unauthorised teams (quite
five GHz), the examination regarding their concurrence could be
a theme of dynamic intrigue, primarily determined by business
gatherings. 3GPP has as lately institutionalized LTE authorized
assisted Access (LTE-LAA) that tries to form LTE a lot of
conjunction unthreatening with Wi-Fi by fusing comparative
detective work and back-off highlights. Regardless, the outcomes
displayed by business bunches provide very little accord on
important problems like separate system parameter settings that
advance "'reasonable access' PRN by 3GPP. Answers to such key
framework causing angles, thusly, need valid diagnostic models,
on that there has been very little advancement so far. In like
manner, in one in every of the most work of its type, we have a
tendency to build up another system for assessing the outturn of
Wi-Fi and LTELAA in concurrence things by means that of
affordable changes to the discovered Bianchi [1] model.

Index Terms: Wi-Fi, LTE-LAA, 5GHz Unlicensed band
Coexistence.

I. INTRODUCTION

The expanding entrance of top of the line handheld gadgets
utilizing high transfer speed applications (e.g mixed media
gushing) has prompted an exponential increment in versatile
information traffic and an ensuing transmission capacity
crunch. Administrators have needed to fall back on
provisioning high transmission capacity end-client get to by
means of little cell LTE or 802.11 Wi-Fi systems to
accomplish wanted per-client throughput. In any case, in
problem area (exceptionally extreme interest) situations,
thick arrangement of such little cells unavoidably prompts
the requirement for time-sharing of the unlicensed range
among LTE and Wi-Fi, for instance, when two (non
organizing) administrators individually send covering Wi-Fi
and little cell LTE systems. A prompt recurrence band of
enthusiasm for such conjunction task is the 5 GHz UNII
groups in US where a huge swath of extra unlicensed range
was reserved by the FCC in 2014 [2].

Wi-Fi systems are designed to operate informally through a
share sharing of Wi-Fi hubs that are interested in the
performance of de-distributed coordination (DCF), and (ED)
and Dynamic Repeat Assurance (DFS) [3]. On the other
hand, there are two interesting aspects to look for with an

Manuscript published on 30 August 2019.
*Correspondence Author(s)

K. Sireesha, Electronics and Communication Engineering, Vr Siddhartha
Engineering College, Vijayawada, India

G. Chakravarthy, Electronics and Communication Engineering, Vr
Siddhartha Engineering College, Vijayawada, India.

© The Authors. Published by Blue Eyes Intelligence Engineering and
Sciences Publication (BEIESP). This is an open access article under the
CC-BY-NC-ND license http://creativecommons.org/licenses/by-nc-nd/4.0/

Retrieval Number: 17593078919/19©BEIESP
DOI: 10.35940/ijitee.17593.0881019
Journal Website: www.ijitee.org

203

International Journal of Innovative Technology and Exploring Engineering (1JITEE)
ISSN: 2278-3075 (Online), Volume-8 Issue-10, August 2019

Check for
updates

unlicensed LTE task:(LTE-LAA) and LTE Licensed
(LTE-U).

LTE-LAA with 3GPP and LTE-LAA is made up of
3GPPandforms LBT, such as Carrier-Sense-Multiple-Access
Coalition Rejection (CSMA / CA) for Wi-Fi - empowerment
varies from business sectors to anywhere in the world.
LTE-U mostly uses the method based on a (versatile) liability
cycle - Import as Carrier Sense Adaptive Transmission
(CSAT) - to control the ON and OFF lengths for LTE
channel get to [4]. especially, 3GPP has looked to accomplish
a concept of 'reasonable concurrence’ [5], [7] whereby "LAA
configuration ought to target affordable conjunction with
existing Wi-Fi systems to not have an effect on Wi-Fi
advantages in way over an additional Wi-Fi organize on an
analogous bearer, regarding outturn and inertness".
Regardless of vast endeavors driven by business, there
doesn't exist up 'til currently a sound instructive model for
examining the concurrence instrument planned by 3GPP.
Further, as examined within the following phase, vast
numbers of the business results keen about reenactments or
investigations stay autonomously strange (as will be
traditional - utilizing restrictive instruments or within center
assets) and don't have the typically acknowledged diagnostic
premise to form the important straightforwardness.
afterward, results on now provide off an {effect bearing| a
control| a sway} of being separated into 2 camps - one (pro
LTE) guaranteeing that 'reasonable’ concurrence is sensible
below the rules as planned whereas the opposite (professional
Wi-Fi) recommending vast negative effect and
disgracefulness thanks to the distance of LTE. This created
an AN stalemate with dual positions  keen about
contradictory outcomes and no normally adequate pathway
for making a method that assembles certainty on the 2 sides.
we have a tendency to trust that our methodology
consolidating a mix of major demonstrating supported via
cautious, simple trials can create a stimulating commitment
towards this,
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Fig. 1: Wi-Fi AP (Operator A) and LTE-LAA eNB
(Operator B) coexistence network scenario.
Likewise enable commonsense sending of LTE_LAA LBT
burden based rigging (LBE) existing together with WI-FI

[6],[5] for the indoor circumstance in fig.1.
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The particular novel commitments of this work include:

e New Orderly by LTE-LAA and Wi-Fi for direct
combination circumstances unsurprising with 3GPP,
tolerating drenching..

e Modeling the outcome of the ED limit and investigating
its impact of outcome of Wi-Fi and LTE-LAA.

This paper is sorted out as pursues. space ii examines the
connected analysis in business and also the academic
community. space iii contains an freelance depiction of the
media get to regulate (mac) conventions of LTE-LAA and
Wi-Fi , another model for conjunction of Wi-Fi and
LTE-LAA is formed and wont to assess outturn. phase v
examines the result of male erecticle dysfunction limit on
concurrence outturn. phase vi provides itemized numerical
and take a look at aftereffects of wi-fi/ltelaa conjunction and
investigates the result of male erecticle dysfunction limit.
phase vii lands up the paper.

Il. RELATED WORK

Enthusiasm for LTE/Wi-Fi conjunction has been driven by
the end of 3GPP unleash thirteen [5], that propelled
noteworthy industry-driven investigation of this theme. one
in every of the first tries to analyze five gigacycle
LTE/Wi-Fi conjunction [8] from a radio quality the
executives viewpoint demonstrates that Wi-Fi are often
seriously stricken by LTE transmissions suggesting that
accomplishing some proportion of affordable concurrence of
LTE and WiFi ought to be deliberately overseen. he conflict
parameters for channel access, even as the sleuthing edge
and transmission span. [11] in addition investigated the
overall issue of variable channelizations (for example
channel information transmission asymmetry) among LTE
and Wi-Fi. Their outcomes demonstrate that littler
information transfer capability LTE-LAA transmission (for
example one.250r5 MHz) perceptibly have an effect on
Wi-Fi execution, that's subject to wherever the LTE-LAA
information transfer capability is found in regard to the
Wi-Fi twenty megacycle per second channel. In [12], the
creators investigated the impact of ED limit on Wi-Fi and
LTE-LAA by means that of broad reenactments and showed
that if each Wi-Fi and LTE used a sleuthing fringe of - eighty
two dBm to differentiate the opposite, usually speaking
output of each existing along frameworks improved,
prompting affordable concurrence.

In summation, Industry-based research has yielded blended
outcomes: Generally outcomes have terrible outcomes on
Wi-Fi with the proposed LTE-LAA. Simultaneousness
parts, and others that certification that realistic mixture is
reasonable with essential modifications or redesigns. There
is a mind blowing need to observe those proscribing finishes
and depict occasions wherein distinctive closures are
(certainly) feasible; strengthen in this requires a cautious and
direct device, as an instance, our own using model-primarily
based examination of the issue. We next compress a phase of
the pertinent insightful composition - that even as task
examination of components of framework execution in
simultaneousness.
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Fig.2. Wi-Fi CSMA/CA contention and frame
transmission. The Wi-Fi frame structure with
Preamble, MAC header, and data portion.

In LTE, a Resource Block (RB) is the littlest unit of radio
asset which can be distributed to a UE, equivalent to 180 kHz
transfer speed over a transmission time interim (TTI)
equivalent to one subframe. Every RB of 180 kHz data
transmission contains 12 sub-bearers, each with 14 OFDM
images, rising to 168 asset components (REs). Contingent on
the adjustment and coding plans (QPSK, 16-QAM,
64-QAM), every image or asset component in the RB
conveys 2, 4 or 6 bits for every image, separately. In a
LTE-LAA framework with 20 MHz data transmission, there
will be 100 RBs accessible. Each subframe comprises of 14
OFDM images as demonstrated in Fig. 3, of which 1-3 are
physical downlink control channel (PDCCH) images and the
rest are physical downlink shared channel (PDSCH)
information. As of now referenced, LTE-LAA eNB transmits
per LTE space limits, for example toward the beginning of
0.5 ms LTE openings for (at any rate) one subframe (2 LTE
spaces). On the off chance that the eNB gets the channel
before the beginning of (next) LTE opening, it might need to
transmit a booking sign to save the channel. After the
transmission time frame, the collector (or beneficiaries)
transmits the ACK through the authorized band if the images
are effectively decoded.

Data Frame Body

Nj Bytes 4 Byles

I11. COEXISTENCE ANALYSIS USING A MODIFIED
BIANCHI MODEL

In this segment, we initially alter the 2-D Markov model in
[1] for breaking down the exhibition of the Wi-Fi DCF
convention as determined by [23]. At that point we propose
another Markov model for the LTELAA LBT framework. At
long last, the diagnostic demonstrating for Wi-Fi and
LTELAA coexistence (both networks use rhe same 20 MHz
channel) is used to calculate the throughput of each system
when all nodes are saturated.

A. Analyzing Wi-Fi DCF using a Markov Model
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Fig. 3: LTE-LAA LBT contention with CCA/eCCA and
LTE subframe structure.

HOOAd
HOSsad

Published By:
Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)

Exploring Innovation


http://www.ijitee.org/

8 International Journal of Innovative Technology and Exploring Engineering (1JITEE)
OPEN ACCESS

IS

The 2-dimensional Markov chain model [1] for Wi-Fi DCF
is shown in Fig. 5 for the saturated nodes. Let { s (t) =j,b (
t) = k } denote the possible dispute window estimate at the
retransmission arrange I,m and | = m is the greatest
retransmission organize (i.e., | = for j <m and [ = m for j >
m).

Considering the stationary conveyance for the Markov
model as bj,k = limt—oo P{s(t) = j,b(t) = k},j € (O,m + 1),k €
(0,Wi— 1), we can streamline the figuring by presenting the
accompanying factors in (1):

P{jklj,k+1} =1, ke (0,W;-2) je(0,m+1)
P{0,k|j,0} = 572, ke (0,Wo-1) je(0m+1)
P{k[j-1,0y=Fe ke (OW;=1) je(l,m+1)
{ 0

P{O.km+1,0} = 2, ke (0,W, 1)
1)

Where Py, is the collision probability of Wi-Fi nodes, Wy is
the minimum contention window size of Wi-Fi, W; = 2; Wy
is the contention window size at the retransmission stage i ,
and i = m is the maximum retransmission stage (i.e., i = for j
<m andi=m forj>m). The first equation in (1) represents
the transition probability of back-off decrement; the second
equation represents the transition probability after
successful transmission and selecting a random back-off at
stage 0 for contending for the next transmission; the third
equation represents the transition probability after
unsuccessful transmission in which the contention window
size ( Wi ) is doubled; the last equation represents the
transition probability after unsuccessful transmission in ( m
+ 1)th stage in which the next random back-off values
should be selected from the minimum contention window
size.

Considering the stationary distribution for the Markov
model as bjx = limi—.P {s(t)=jb(t)=k} ,j€0 m+1)
k € (0 Wi — 1), we can simplify the calculation by
introducing the following variables in (1):

bj‘() = waj—l.()- (< ) <m+ ]

bj‘() = Pd,bo‘o, 0 S j S m+1
bo,0 = Pubmyro+(1 - Py) EF'"H bio

7=0
)
The last equation implies that,
j=m+l | — pm+2
b' _ w b 0

§ 17,0 — 0,

0 1P w

J= ©)
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Fig. 4: Markov chain model for the Wi-Fi DCF with
binary exponential back-off.

In each retransmission stage, the back-off transition
probability is Wj— k We can derive bo, o by the normalization
condition, i.e.,

bj,k:i/wlbj,o, 0,<j< Il'1+1, 0<k< Wi-l (4)

m+1 W-1
b,',k= 1, J=0
k=0
2
b0.0 = om( pm+l_ pm+2 :
[’I/ (17(21’1’,”)"”+l) 2 ‘([w — Py ) + ]—[’,,L”‘2
0 =2P) (1-Pu) 1-P,

(5)
Hence, the chance that a node transmits in a time slot is
calculated by using,
m+11tw=XDbjoj=0

B 2

(=P =P am (PR PR ) (1-2Py)
Wo ( (1-2Py)(1-P4 ) +1

(6)
(B) Analyzing LTE-LAA using a Markov Model
In LTE-LAA, all nodes in an access priority class use
theLBT mechanism for channel contention. The
two—dilfnensional

Retry limit
(e)

Fig. 5: Markon chain model for the LTE-LAA LBT with
binary exponential back-off.
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Markov chain model of LTE-LAA LBT is illustrated in Fig.
6 for the saturated nodes; when the retransmission stage
reaches m 0, it stays in maximum contention window size
for e | times, then resets to zero. Similarly, denoting { s (t) =
J,b (1) =k } as the states in the Markov chain, where s (t) is
the retransmission stage and b ( t) the back-off counter, the
one step transition probabilities are:
P{jkljk+1}=1, ke(O,W -2) je(0,m' +e)
P{0,k|j,0} = =R ke (0,W)-1) je(0,m +e)

7
P{j, klj - 1,( }=i ke(OW! =1) je(l,m' +¢)

P{0, k|m' + ¢,0} ‘f—‘, ke (W, -1)

m’

()
Where Pl is the effect chance of LTE-LAA hubs, is the base
struggle window length of LTE-LAA, is the dispute window
measure at retransmission arrange I, and | = mO is the most
severe retransmission prepare (i.E., I=j forj <m0 and I =
mO for j > m0). The primary condition in (7) speaks to the
progress chance of backoff decrements; the second speaks
to the change probability after powerful transmission and
deciding on an irregular again-off at stage 0 for the fighting
for the subsequent transmission; the third speaks to the
alternate likelihood after ineffective transmission in which
the dispute window measure is elevated; the closing
condition speaks to the Exchange likelihood after fruitless
transmission in (mO + el)th arrange in which the following
arbitrary back-off characteristics reset to the base war
window estimate To streamline the figuring, we present a
few recipes were given from Fig. Five and (7) which relates
the states bj,k to b0,0:

To simplify the calculation, we introduce some formulas
derived from Fig. 6 and (7) which relates the states b jx to b o
.0

bji[):Plbj_]‘()‘ 0<j<m +¢
bjo = Plbyo, 0<j<m +¢
m'+
bo.o = Pibyrge,0 + (1 ZJ ° bio
©)
The last equation is rewritten as,
j=m'+e 1— 1;}1'?1'4—?:4-1
bio = bo.o
2 b ) |
j=0 :
9)
For each retransmission stage, the backoff transition
probablllty is
b = Wi _I‘b, 0, 0<j<m+e, 0<k<W! -1

w!
(10)

The b o, 0 can be derived by imposing the normalization

condition as,

m+e Wo-1 m W.-1 mo+e W o0-1
XX XX XX
bik= bik+ bik=1,
=0 k=0 j=0 k=0 =+l k=0

(11)
where b 0, 0 is derived as in (12).

Hence, the opportunity that a node transmits in a time slot is

calculated as,
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m'+e;

bio= -
Z 30 = ( (1-P)(1-(2P)™ ’“,I‘ P v
{ =
(1

11
(1-2R)(1-P" ) 1-pr it

(12)

(C) Throughput of Wi-Fi and LTE-LAA in Coexistence
We assume that there are ny, Wi-Fi APs and n | LTE-LAA
eNBs which are co-channel and co-located, each with full
buffer. To be consistent with 3GPP, we consider only
downlink (DL) transmission (one client per AP/eNB),
implying that the contention is between only the APs and
eNBs. We denote T w ( 1) to be the access probability of a
Wi-Fi (LTE-LAA) node in each time slot. Thus, for a
network with n w Wi-Fi APs and n | LTE-LAA eNBs, the
collision probability of a Wi-Fi AP with at least one of the
other remaining (nw—1 Wi-Fi and n | LTE-LAA) stations is
given by,

-1 _ _ m—=1(1 _— n
Pw ]- (]- Tw) (]- Ti) :(14)

where Py is now coupled to both Wi-Fi and LTE-LAA nodes

via tw and ;. The transmission likelihood of Wi-Fi, which

relies upon the struggle parameters of each Wi-Fi and

LTE-LAA thru tw, is the likelihood that during any occasion

one of the nw stations transmit a packet in the course of a

time slot:

P =1-(1- Tt - T ) (15)
Ptrw =1-{- Tan !
"‘ (16)
9
’i.]|_|_-_- - [ 1 '
H.r l*I?PI‘:"'r_] n rJUr 1 JD et + I—P_[m ot
0| T 12A TP 1P

and similarly the transmission probability LTE-LAA is
P=1-(1- T). (17)
tr] I

The successful transmission of a Wi-Fi node is the event that

exactly one of the stations makes a transmission attempt
given that at least one of the Wi-Fi nodes transmit:

P . ?] u*Tu_*{l - Tu_l:}?iur_l
sw —
Pﬁ‘u‘ (18)
Similarly the successful transmission probability of
LTE-LAA is calculated as:
p (1 — 7)™t
sl
2
trl

(19)
Through the interdependence of Wi-Fi and LTE-LAA in the
access probability of Wi-Fi and LTE-LAA, the transmission
probability of Wi-Fi and LTE-LAA as well as the successful
transmission probability are affected. To compute average
throughput, we need the average time durations for a
successful transmission and a collision event respectively,
given by
Tey=MACH+PHYHPsi1ze+5IFSHACKEADIFSHS

Tew=MACH+PhyH+Psize+DIFS+§ 20)

Published By:

Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation


http://www.ijitee.org/

OPEN aACCESS

where the values of the parameters are listed as required for
calculation the parameters presented in terms of number of
bits, are converted to time based on the channel data rate
provided in the numerical results sectionThe average time
duration of successful transmission and collision event for
LTE-LAA are

Tl = To + Duoe
(21)
Tcl=TD+ DLTE, where the T D is the TXOP of
LTE-LAA - which could be upto 10 ms for access priority
class 3and 4 [6]. D LTE is the delay for the next transmission
which is one LTE slot (0.5 ms). After transmission for TXOP,
the transmitter waits for the ACK and then resumes
contention for the channel for the next transmission. If an
LTE End wins channel contention before the start of the next
LTE slot, it transmits a reservation signal to reserve the
channel until the end of the current LTE slot to start packet
transmission. This means that LTE-LAA contends in the o =
9us time slot, similar to Wi-Fi, but after accessing the
channel it begins its data transmission based on the LTE
slot. The throughput of Wi-Fi is calculated as:
Tputw = pPrw P (1- Pw )PsizefeTe 1w
(22)
where P trw P sw (1-P trl ) is the probability that Wi-Fi
transmits a packet successfully in one Wi-Fi slot time, and r
w is the Wi-Fi physical layer data rate. T E is the average time
of all possible events given by,

Te = (1 — Ptrw }(1 — Prl }U + Ptrw Psw (1 —

Pirl ) Tew+ Pl Pl {1 — Pirw ) Tsl + Porw (1 - Pew )

(1- Prd ) Tew+ Pl (1 — Pt )1 — Ptrw ) Tal +

{ Prw Psw Ped Psl +  Porw Psw Pl (1 — Psl) + Prrw (1

- Psw:] P Pst + Perw {1 — Psw} Prl (1 — PSIJ] Tec
(23)

where T cc is the average time of the collision between WiFi
APs and LTE-LAA eNBs, determined by the larger value
between T cw and T cl .Similarly the throughput of
LTE-LAA is calculated as

PiriPa(1l — Pyrw) 15 T,
Tput, = - 1(1 = Prw) 13 D

T'e
(24)
where Tp the fraction of the TXOP in which the data is
transmitted, i.e. 1 PDCCH symbol in a subframe with 14
OFDM symbols is considered, and r | is the LTE-LAA data
rate.

IV. EFFecT OF ENERGY DETECT (ED)
THRESHOLD ONWI-FI AND LTE-LAA
COEXISTENCE

The ED side in conventional Wi-Fi framework is —62 dBm
and —seventy two dBm in LTE-LAA. The precision of
prelude discovery for low aspect is high, yet move-prepare
ED based vicinity is defective at low restriction esteems.
Fluctuating ED limits of Wi-Fi and LTELAA arranges on
this manner activates shifting concealed hub problems
(wherein extra parcel drops occur due to the subsequent
cross-arrange impedance) that impact the particular
structures distinctively and result in diverse device
throughputs.
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L M
C = AT 21 |7 (@)~

(25)
where M is the length of received sample sequenc27e for test
statistics. For Wi-Fi DIFS duration of 34 ps, M = 680, the
probability of detection is calculated as [24]:

Pi=Ple>n)=Q (”__ (j—:r?;]])

(27)

where n is the ED threshold, ¢ x2 is the signal power and 6 n2
the noise power. Given ED threshold and number of samples,
the detection probability can be calculated. B. Modifying
Analytical Model to Capture ED Threshold In order to
incorporate the impact of ED threshold on cross network
detection, we introduce P dw as the cross network ED
detection probability of the Wi-Fi AP and P dl as the cross
network ED detection probability of the LTE-LAA eNB. To
incorporate the ED detection probability of Wi-Fi, we first
begin by rewriting the Wi-Fi collision probability (14) as
P =01-0- - Tt +1-(1- 1)

! ! ! (28)
where (1 — (1 —t1)n 1) is the probability that at least one of
the LTE-LAA eNBs transmit, i.e it is the probability that the
LTE-LAA is active (or ON). To capture the imperfect
detection of Wi-Fi nodes ( P dw ), which results in additional
‘physical layer collision’ and consequent packet loss, we
multiply the (1- (1 —t1) nl) term in eq. (28) by the P dw as,

Pu = ”1 -(1- Tl}nllI Pw]
[1_ Tw:lrw—]. +1_{l_

T }m..—l
(29)
Similarly the collision probability of LTE-LAA based on eq.
(15) can be recalculated considering the LTE-LAA detection
probability (P dl ) as:
pRo=M1-0-

- Tl .

Todrw )Py L — TPn-1 +1-1(1
(30)

Using these modified equations, the analytical throughput in
the previous section can be re-calculated as a function of
these detection probability.

V. EXPERIMENTAL RESULTS
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VI. CONCLUSION

In this work, we originally displayed another model for
examining the throughput execution for Wi-Fiand LTE-LAA
conjunction. We at that point changed the model to fuse ED
detecting limit to assess the effect of edge decisions on
throughput execution. The most extreme throughput in a
conjunction situation can be accomplished by tuning the ED
detecting edge. To approve the proposed model, we
additionally set up a lab explore different avenues regarding
NI Labview and contrasted the exploratory throughput and
the numerical outcomes and demonstrated awesome
correspondence among examination and investigation. The
throughput execution of a Wi-Fi and LTE-LAA in
concurrence framework relies upon the channel get to
parameters,

TXOP of LTE-LAA, and statistics rates of Wi-Fi and
LTELAA. By converting these parameters, the Wi-Fi or
LTE-LAA accomplishes better per client throughput in
concurrence system contrasted and the per client throughput
in Wi-Fi just system. At last, we note that these outcomes
likewise structure the bedrock of an intensive and target take
a gander at conjunction reasonableness in future, where we
hope to indicate how the CSMA/CA as well as LBT
parameters must be tuned to accomplish decency.
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