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Demand of data usage and increase of subscribers in Long Term Evolution
(LTE) has urged Third Group Partnership Project (3GPP) to find a solution
of traffic data growth. In Release 12, the 3GPP introduced Wi-Fi as an
alternative to ease the heavy traffic at the LTE base station in dense areas.
In contrary with the traffic offloading, Wi-Fi users suffer the worst network
degradation because of co-channel interference at frequency 2.4GHz due to
collided with LTE band 40. Interference management in LTE-Wi-Fi
integrated network is crucial as it affect user’s experiences and services.
In this paper, we enhanced a method which is Direct Sequence Spread
Spectrum (DSSS) to improve user’s performance in LTE-Wi-Fi network.
The DSSS has advantages such as more robust and ability to expand to
higher data rates. We introduce a new coefficient called as chip rate
coefficient (o) to investigate Signal-to-Interference-Noise Ratio (SINR)
expression for User Equipments (UEs) in LTE-Wi-Fi networks.

The simulation results discovered that proposed o with value of 0.2 gave
the optimum improvement of SINR for LTE and Wi-Fi users. By modifying
the SINR expression of the standard DSSS, SINR values at MUE and WUE
show better improvement with 4.69% and 17.94%, respectively.
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1. INTRODUCTION

Wi-Fi users in LTE Long Term Evolution (LTE) is an enhanced from Universal Mobile Terresterial
System (UMTS) network known as Third Generation (3G) mobile communication. It has been introduced in
Release 8 by Third Group Project Partnership (3GPP). It has advantages over the 3G such as wide range of
channel bandwidth from 1.4MHz to 20MHz, advanced antenna methods and beam-forming [1], supports both
time-division duplex (TDD) and frequency-division duplex (FDD), using Orthogonal Frequency-Division
Multiple Access (OFDMA) on the downlink and the Single-Carrier Frequency-Division Multiple Access
(SC-FDMA) on the uplink [1]. In addition, the LTE may achieves a peak data rate about 75 Mbps in
downlink and 50 Mbps uplink for Single-Input-Single-Output (SISO) case [2]. According to [3], high traffic
in a LTE network is because of increases of LTE subscribers and demand of data usage. Due to the high
traffic in the network, it can limit the network resources such as bandwidth. Hence, it can degrade the user’s
performance in hotspot areas.

Wireless Fidelity (Wi-Fi) in LTE network has been introduced in 3GPP Release 12 as a solution of
traffic data growth in LTE network.Wi-Fi is a wireless local area network with 50m to 100m coverage area.
It has low power; build-in a smart phone and a hotspot device for home or office. By using suitable handover
algorithm, some of heavy traffic in LTE base stations can be offload to the under utilize Wi-Fi base stations.
Several well-known handover algorithms for LTE-Wi-Fi are Load based Flow Mobility (LFM) and SNR-
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Load based Flow Mobility (SLFM) [4]. This solution has reduced the heavy traffic at the LTE base station,
hence user’s performance at hostspot areas also improved.

However, coexistence between Wi-Fi and LTE-TDD Band 40 introduces co-channel interference
(CCl) at frequency 2.4GHz. The performance of Wi-Fi users decreased about 70% to 98% for non-hotspot
and hotspot areas due to interference that block the Wi-Fi channel all the time compare to the LTE users [5].
An interference management system is required to reduce the CCI in LTE-Wi-Fi integrated network, so both
users can achieve optimum services. If no countermeasure is taken to solve the issue, it may degrade
the overall user’s services and expectations due to the co-channel interference.

The most well-known interference management method which previous researcher introduced for
LTE-Wi-Fi integrated network is Almost Blank Subframe (ABS) method. The method mutes some
subframes to allow small cell to allocate its band hence the interferences can be avoided. By using ABS
method, at frequency of 2.4GHz, the Wi-Fi network did not suffer due to LTE channel mutes its frames to
allow the Wi-Fi’s frames communicate, hence no interference occurred [6]. On the down side, the method
has several disadvantages such as decreased the ABS duty, the Wi-Fi degradation will be further reduces
when the number of LTE blank subframes increases [7] and decrease the macrocell performance due to
muting process. In Release 13, the 3GPP introduced Licensed-Assisted Access (LAA) protocol [8] where
a portion of heavy traffic can be offloaded to the unlicensed spectrum [9]. It applies two approaches to
achieve fair coexistence between LTE and Wi-Fi network, known as duty cycle and Listen before Talk
(LBT) methods. The duty cycle method turns off signals periodically for Wi-Fi users by using ABSs on
unlicensed channels while the LBT method sense the unlicensed channels before transmitting data for small
cell base stations and its users [10]. However, this method is only for unlicensed spectrum of 5GHz.
In previous paper [11], the author proposed an Inter-cell Carrier Aggregation (CA) method using the Variable
Spreading Factor (VSF) by additionally applied the Spread Spectrum (SS) transmission to
the communications between UEs and their adjacent eNB in the inter-cell CA. The proposed method
discussed transmission data rate for both narrow band SS and wide band SS of next generation mobile
network. This method also considers the outdoor environment. However, this method did not consider
the Wi-Fi network and only consider the user throughput. In addition, the SS transmission for this paper was
only applied at second communication only.

The SS method is widely applied in co-existence environment with WLAN. SS system can be
defined as the transmitted signal that spreads over a wide frequency band than the minimum bandwidth that
required transmitting of the sent information. According to [12], the advantages of SS system are useful for
suppress the interference, make interception difficult, accommodates fading and multipath channels, and
provides a multiple-access capability. There are two types of SS system known as FHSS and DSSS.
The FHSS is a method of transmitting radio signals by quickly switching a carrier among many frequency
channels, using a pseudorandom sequence known to both transmitter and receiver [13]. It also known as
a method that transmits data in different frequency slots [14]. On the other hand, the DSSS is a method where
the signal is spread over a wider frequency band [15] using a pseudorandom code known as chipping code by
directly applied to the data for spreading before the carrier modulation [13]. In addition, the DSSS
also means data sequence directly modulates the pseudo noise sequence known to only transmitter &
receiver [14]. Author in [16] has adopted SS to the aeronautical communication system to mitigate
unintentional and intentional interference. The BER results proven that the DSSS has better performance than
FHSS due to large processing gain, hence making it more robust. The list of pros and cons of both FHSS and
DSSS systems are shown in Table 1. From the table, the DSSS method gives more advantages in regards of
availability in high data rates condition and more robust when compared to FHSS. In addition, DSSS also
gives much better performance in BER.

Table 1. Advantages and disadvantages of FHSS and DSSS method

Method Advantages Disadvantages References
FSSS - can treat multipath interference [17]. - limited data rate, poor range resolution and [16]
- better in large interference power situations, interference to other systems, require positive SINR
due to the high probability of interference and lesser efficiency in non-coherent modulation,
avoidance [16]. [13].
DSSS - Ability to expand to higher data rates [18]. - Provides interference susceptibility [18]. [16], [19]
- More robust due to the large processing gain
[16].

According to the 3GPP Release 8 [20], the LTE did not has DSSS system as paper [16]. By applying
it to LTE link-level system, it may mitigate the CCIl in LTE-Wi-Fi networks. In this paper, we focus on
interference management between LTE and Wi-Fi integrated network at frequency 2.4GHz. We study
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the continuity of papers [11] and [16] with Wi-Fi network and improve the performance at both of UEs.
A modified SINR expression using DSSS method known as enhanced Direct Sequence Spread Spectrum
(eDSSS) is propose to improve the user’s performance especially the Wi-Fi users as it suffers the worst when
the Wi-Fi integrates with LTE network. The rest of the paper is organized as follows. Section 2 explains on
the SINR expression using DSSS method. The research methodology is explained in Section 3.
The simulation results are described in Section 4 and finally, the paper concludes in Section 5.

2. DIRECT SEQUENCE SPREAD SPECTRUM

In this section, we focus on designing the spread sequence which is an important part of DSSS.
SINR is use to measure performance of users. The SINR value is derived from signal over interferences and
noise. According to [21], the SINR expression for an user using DSSS method can be expressed as:

SFX Py
N Pi+ NoRc
izk

SINR = 1)

where, SF is spreading factor, P. is the received power of user, }; P; is the total interference power interferes
to the user, N, is the noise power and R, is chip rate. The received power (P,) can be expressed as:

P, r[dBm] = Tt[dBm] — P L[dB] — OsF[dB] 2

where, Pt is transmitted power of serving base station, PL is path loss between user and serving base station
and oSF is log normal shadowing in mobile network. The SINR expression for an UE using DSSS method
based on (1) in unit decibel can be expressed as:

SINRgp = (1010810 SF + Priapm;) = (E Pitasm + Noasm) + 10 - logso Re) (3)

From (3), the SINR expression using DSSS method is largely depends on R and SF [19]. The SF
values can be defined as how many chips that are used to spread one data symbol. Subsequently, the SF can
be expressed as:

SF = X @)

Rp

In [11], the author varied the SF value from 1 to 8. In TDD mode, the system allowed SF=1.

3. METHODOLOGY

In this part, the modified SINR expression using eDSSS method was explained. Firstly, the effect of
SF is investigated on SINR. The highest SINR value is the best value for choosing the SF value. The SF
value is fixed at 1 and 8 to investigate the relationship between minimum and maximum of SF value with
respect to the SINR according to [11]. Theoretically, the higher the SF value means a much higher processing
gain, higher robustness against errors and increasing signal’s resistance to interference when compared to
much lower SF value [22]. Then, proposed coefficient was introduced and has been investigated their
performance on SINR. The coefficient values with range 0 to 1 are been investigated. The coefficient’s value
that gives highest SINR will be chosen for this work.

3.1. Modified SINR expression with SF and proposed

To improve the SINR at UEs, the value of SF needs to be high so that the system has higher signal
resistance to the interference. Other than that, the chip rate value of a network has always recorded a constant
value. The chip rate will significantly affects the bandwidth of the system. A new coefficient namely as chip
rate coefficient (o) was introduced to the SINR expression for controlling the bandwidth of the network.
By multiplying o to the chip rate, it will affect the amount of bandwidth for the overall system. From (3)
the modified SINR expression with proposed o in unit decibel can be expressed as:

SINRg5 = (1010g1o SF + Priapmy) — (X Pijasm) + Nofasm) + 1010g;0[a X Rc]) (5)

where, a is defined as chip rate coefficient which is set between 0 and 1 (0 <a< 1).
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In this work, the modified SINR expression using eDSSS method in LTE-Wi-Fi integrated network
has two types of SINR namely as SINR for Macro User Equipment (SINR,,;5) and SINR for Wi-Fi User
Equipment (SINR,, ;). The SINR,, ;5 can be expressed as:

SINRyyg(ap) = (1010g10 SF + Pr,LTE[dBm]) - (Z Pijagm] + Nojapm) + 10 logola x RCLTED (6)

where, SF is spreading factor, P, e is received power for LTE network, P;is interference power, No is noise
power and Rcyte is chip rate for LTE network. The corresponding received power for LTE network can be
expressed as:

Py 1retaBm) = Perrejasm) — PLire[aB) — Osrias) )

where, Py e is transmitted power for LTE network, PL te is path loss between user to serving base station
and ogr is log normal shadowing in LTE mobile network. For PL_re in 2.4GHz environment, Modified
COST231 HATA [23] in LTE network is used. For WUE, the SINR,,,;; can be expressed as:

SINRyygias) = (1010810 SF + Py wirijasm)) — (T Piasm] + Nofasm) + 1010g10[a X Reyiri]) — (8)

where, SF is spreading factor P, wiri is received power for Wi-Fi network, XP; is interference power, No is
noise power and Rcwiri is chip rate for Wi-Fi network. The corresponding received power for Wi-Fi network
can be expressed as:

Prwirifasm) = Pewirijasm) — PLwiritas) — Osrwirijas) 9)

where, Pt,WiFi is transmitted power for Wi-Fi network, PLWiFi is path loss between user to serving base
station and oSF,WiFi is log normal shadowing in Wi-Fi mobile network which is urban micro network.
For PLWiFi in Wi-Fi network, the COST231 Walfish-lkegami [24] is used. The effect of proposed a with
range 0 to 1 is investigated on SINR for MUE and WUE over distance. Table 2 shows the simulation
parameters of modified SINR expression. The results are discussed in Section 4.

Table 2. Simulation parameters for proposed o based on 3GPP TR 25.996 and TR 36.922

Parameter Value

Power Transmit for LTE network, Pt,LTE 46 dBm

Power Transmit for Wi-Fi network, Pt,Wi-Fi 23dBm

Spreading Factor, SF land 8 [11]

Chip rate for LTE, Rc,LTE 3.84Mcps

Chip rate for Wi-Fi, Rc,Wi-Fi 11Mcps

Log normal shadowing for LTE network, cSF,LTE 8dB

Log normal shadowing for LTE network, oSF,Wi-Fi 4 dB

Total Interference Power, ZPi -25 dBm [23]

Noise Power, NO -174 dBm

Propagation model for LTE urban macro, PLLTE Modified COST231 HATA
Base station height, hBS 32m for LTE Tower, 1.5m for Wi-Fi pole
Mobile station height, hMS 1.5m

Center frequency,fc 2.4GHz

Constant factor,C 3dB for urban macro
Distance, d 1-1000m

Propagation model for Wi-Fi (below 1km), PLWiFi COST231 Walfish-lkegami
Proposed chip rate coefficient, o {0.2,0.4,0.6 and 0.8}

4. RESULTS AND ANALYSIS
In this section, the results of SF effect and proposed a on SINR at UEs were presented.

4.1. Effect of modified SINR expression with SF value

The SINR value at MUE and WUE have been simulated by using (5) and (7), respectively.
Both SINR are investigated with different SF which are 1 and 8 to see the difference between lower SF with
higher SF. In addition, both SINR have been investigated to see the effects of proposed o with respect to
the SINR. Figure 1 and Figure 2 show graphs of SINR vs Distance for MUE and WUE respectively,
with the effect of SF which are 1 and 8. The graphs show that SINR value for both MUE and WUE decrease
as the distance increase due to the values of SINR drop when the UEs move away from its serving BS.
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In terms of different SF values on SINR, the results demonstrated that SF=8 gives higher SINR for both UEs
compared to SF=1. It is because higher SF gives the higher signal’s resistance to interference than lower SF.
Hence, improves the SINR at UEs. In addition, the SF is also known as processing gain. Higher value of
the processing gain means the system increases the signal’s resistance to interference by spreading it across
much greater number of frequencies (higher robustness against errors). On the other hand, lower processing
gain value means the signal’s resistance to interference decreases. For MUE, the improvement percentage is
6.33% while the improvement percentage for WUE is 28.13%. From these results, higher SF which is 8 was
chosen to use in this work to improve the SINR at Ues.
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Figure 1. SINR vs Distance for MUE with
the effect of SF

Figure 2. SINR vs Distance for WUE with
the effect of SF

4.2. Effect of modified SINR expression with proposed a

Next, the SINR of UEs was investigated with the effect of proposed a with values of 0.2, 0.4, 0.6
and 0.8. The SF value is fixed to 8 as it gives improvement on the SINR at UEs as proved in Section 4.1.
Figure 3 and Figure 4 show graphs of SINR vs Distance for MUE and WUE respectively, with the effect of
proposed a. When proposed o is applied to the SINR expression, the results illustrated that the SINR using
proposed a have higher values in comparison to without using o (standard DSSS). The reason is due to
the proposed a affects the bandwidth capabilities, hence giving it much lower bandwidth to the system.
When a=1, it gives the chip rate value of the system. When «. is near to 0, it means the network bandwidth
has been reduced, hence the SINR at UE can be improved. The bandwidth of the system although reduced
but it is still acceptable because the bandwidth is no longer an important factor to be consider for
implementing future technologies. It can also be solved by using priority on selected users and applications to
make sure the users still can enjoy high performance [22]. Therefore, it was safely assumed that the proposed
a increases the value of SINR. Among the a values, a=0.2 gives the highest SINR when compared to others.
By adding o to original standard DSSS, the value of SINR improved as much as 4.69% for MUE and 17.94%
for WUE.

Subsequently, the modified SINR expressions for both UEs were compared with previous method
known as LAA. The SINR expression for LAA method can be defined in [25]. Figure 5 and Figure 6 show
the graphs of SINR versus Distance for MUE and WUE, respectively compare to the LAA method.
The results illustrated that the SINR using eDSSS have higher values in comparison to LAA method. This is
because of chip rate value has reduced the overall bandwidth of the system. In addition, the high value of SF
also provides a higher processing gain, higher robustness against errors and increases signal’s resistance to
interference. For LAA method, the SINR considers the pathloss for both its serving and neighboring base
stations. By using LAA, the reference distance for both users to the neighboring base stations are fixed to
1 meter [25]. When the UE is near to its neighboring base stations, it gave high interference to the user, hence
reduces the SINR of UE. The SINR difference for MUE and WUE improved to 122 dB and 27 dB,
respectively.
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Figure 5. SINR at MUE vs distance between eDSSS  Figure 6. SINR at WUE vs distance between eDSSS
and LAA methods and LAA methods

5. CONCLUSION

Wi-Fi users in LTE-Wi-Fi networks especially at 2.4GHz are known to suffer from network
degradation due to Wi-Fis’ subframes have been blocked all the time. In this work, by using eDSSS method
with proposed o, it has improves the SINR values at MUE and WUE with 4.69% and 17.94%, respectively.
Also, the proposed method gave higher SINR values at both MUE and WUE compared to LAA with 122dB
and 27dB of SINR difference, respectively. For future work, the further investigation will considers both its
serving and neighboring base stations by modelling the interference power using Pulse-Shaping Algorithm
(PSA) method in order to further improve SINR at WUE. The PSA is a 3D interference power model that can
reduce the interference power. It is well-known method used in coexistence network. By considering
the method, it is expected to improve the SINR for both UEs in LTE-Wi-Fi networks and thus, reduces
the co-channel interference.
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