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ABSTRACT

Theefficient use of radio spectrum isoneof themost important issuesin wir elessnetwor ksbecause
spectrumisgenerally limited and wir elessenvironment isconstr ained to channel interference. To cope
up and for increased usefulnessof radio spectrum wir elessnetwor ksusefrequency reusetechnique.
Thefrequency reusetechniqueallowsthe use of samefrequency band in different cellsof samenetwork
consideringinter-cell distanceand resultinginterferencelevel. WiM AX (Wor ldwide I nter oper ability
for MicrowaveAccess) PHY profileisdesigned touse FRF (Frequency ReuseFactor) of one. When FRF
of oneisused it resultsin animproved spectral efficacy but alsoresultsin CCI (Co-Channel interference)
at cell boundaries. Theeffect of interferenceisalwaysrequired to bemeasur ed sothat someaveraging/
minimization techniques may beincor porated to keep theinterferencelevel up to some acceptable
threshold in wir elessenvironment.

Inthispaper, wehaveanalyzed, that how effectively CCI impact can bemitigated by using different sub-
carrier permutation typespresented in | EEE 802.16 standar d. A simulation based analysisispresented
whereinimpact of using sameand different per mutation basein adjacent cellsinaWiM AX network on
CCI,under varyingload conditionsisanalyzed. Wehavefurther studied theeffect of per mutation basein
environment wher e frequency reuse techniqueisused in conjunction with cell sectoring for better
utilization of radio spectrum.

KeyWords: Worldwidel nteroper ability for MicrowaveAccess, Co-Channd I nter ference, FRF-Frequency
ReuseFactor, Cell Sectoring, Orthogonal Frequency Division M ultiplexing, Orthogonal
Frequency MultipleAccess.

1. INTRODUCTION

MAX has been projected to provide wired such as DSL (Digital Subscriber Line) [1]. The IEEE
equivalent quality for wireless data 802.16e air interface was spruced up to support mobile
services and is targeted to provide environment and to defy varying channel conditions.
competitive service profile for wireless application well Thel EEE 802.16e-2005 standard include different PHY
comparable to wired broadband access technologies layer specifications; SC (Single-Carrier), OFDM
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(Orthogonal Frequency Division Multiplexing), and
OFDMA (Orthogonal Frequency Division Multiple
Access). TDMA (Time Division Multiple Access) is at
core of SC and OFDM; however OFDMA uses both the
time and frequency for channel resource allocation.
WiMAX Forum declared OFDMA [2] as the basic
multiple access technol ogy.

2. ORTHOGONAL FREQUENCY
DIVISION MULTIPLE ACCESS

Broadband wireless access requires high order
modulation schemes with better spectral efficiency to
enable wired equivalent transfer rate/connectivity and
quality. In comparison to widely used analog modul ation
techniques such as AM (Amplitude Modulation), FM
(Frequency Modulation) and less efficient digital
modulation techniques such as PSK (Phase Shift
Keying), BPSK (Binary PSK), and QPSK (Quadrature
PSK) schemes used in wireless access are sensitive to
interference dueto typical nature of wirelesssignal and
the basic phenomenon of multi-path propagation in
wireless transmission. This goes even more difficult in
broadband wireless networks where fundamental
premiseishigh datarate, ubiquity with large numbers of
users.

OFDM assignsall Sub-Carriersof asymbol to one specific
user; however OFDMA allows assignment of subcarriers
inasymbol to multipleusers. OFDM distributesthe signal
into various narrow-band signalsal so called sub-channels
or subcarriers of different frequencies [3,4] and a
subscriber is assigned one or more sub-channels for
transmission. In OFDMA allocation of transmission
resources is based on OFDM symbol and sub channels;
thus providing high granularity bandwidth allocation
using both time and frequency multiple access[5,6]. Data
Subcarriers, Pilot Subcarrier and Null Subcarrier arethree
subcarrier typesdefined with subcarrier spacing of 10.9375
kHz[5].

Thel EEE-802.16e-2005 PHY standard offerstwo different
schemesfor sub-channel allocation [7].

@ Distributed Subcarrier Permutation: In
distributed subcarrier permutation asub-channel
uses subcarriersrandomly distributed acrossthe
channel bandwidth. There are againtwo variants
of distributed cub-carrier scheme (Fig. 1).

(@ Subcarriers are Distributed over the Entire
Frequency of Channel. Thisisstated toasFUSC
(Fully Utilized-Sub-Channelization).

(b) Some Distributed Clusters of Subcarriers
Constitute a Sub-Channel. Thisis stated to as
PUSC (Partially-Used-Sub-Channelization).

(b) Contiguous Subcarrier Permutation: In
contiguous subcarrier permutation type, a sub-
channel uses neighboring subcarriers that are
carefully chosen by the scheduler (Fig. 1). This
is called AMC (Adaptive Modulation and
Coding) which is very useful in meeting high
bandwidth requirements often constrained due
varying channel conditions in wireless
transmission.

3. DISTRIBUTED SUBCARRIER
PERMUTATION

3.1  Fully-Utilized-Sub-Channelization

InFUSC al of the SCs(Sub Channels) are allocated to the
transmitter. That is why it is called fully utilized sub
channel. FUSC can beused in DL only [3]. One dot of
FUSC DL isone OFDM symbol by one SC and one FUSC
DL SC contains 48 data-subcarriers. Using 2048-FFT, total
number of SCis32. From atotal of 2048 subcarriers, 1536
aredatasubcarriers, 173 Left-Guard, 172 Right-Guard, 166
Pilot subcarriers (24 fixed Pilots, 142 Pilot subcarriersare
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variablei.e. change from symbol to another) and one DC
subcarriers. Data subcarriers form a FUSC group, using
2048 FFT, there could be 48 FUSC groups and 32
subcarriers constitute one FUSC group.

3.1.1 Sub-Channd Formationin FUSC

Prior to assignment of subcarriersto SC, pilot subcarriers
aredivided into fixed and variable type. FUSC groupsare
formed from data subcarriers and then after permutation
isapplied using equation 1 to allocate subcarriers to SC
[3]. In asub-channel there could be 48 data subcarriers;
also it isimportant to note that number of SCis equal to
subcarriersinaFUSC group alternatively it may be stated
that using 2048-FFT, there could be 32 Sub-channelsin
total.

During the permutation process of subcarrier distribution,
one subcarrier is selected from every FUSC group and is
being allocated to a SC. The Equation (1) is permutation

Signal Level for Sub-Channel
Loat_ling Gain
Average Signal LEV_el for All Channels
3 ” b
4 \ 1
Subcarrier Allocated to User 1

formulafor allocation of subcarriersfrom FUSC group to
C.

Subcarrier (k,S) = Nsubchannels'nk + {Ps[nk mod Nsubchannels] +

DL_PermBase} mod N (1)

subchannels

3.2  Partial Usageof Sub-Channels

In PUSC sub-channels are distributed among different
transmitters. That iswhy it iscalled partial usage of SC.
The SCs adlotted to one transmitter make one segment.
Left behind sub-channels are ascribed to other different
segments and thus to different sectors.

Two OFDM symbols by one SC for one PUSC DL dlat;
and 24 datasubcarriersform one PUSCDL.

Fromatotal of 2048 subcarriers, 1440 are datasubcarriers,
184 L eft-Guard, 183 Right-Guard, 240 Pilot subcarriersand
one DC subcarrier. Inner permutation of logical clusters
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FIG 1. CONTIGUOUS AND DISTRIBUTED SUBCARRIER PERMUTATION [7]
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of agroup is carried to make SCs from the subcarrier.
Permutation base may be selected from 0-31 for the rest
of PUSC zones (consist of OFDMA symbols with same

permutation scheme).
3.21 Sub-Channe Formationin PUSC

The permutation processto form Sub-Channelsisshown
in Fig. 2. There are two intrinsic processes called Inner
Permutation and Outer Permutation (Fig. 3). The Inner
Permutation is used to make Sub-Channels from
subcarriersinlogical clustersof agroup. Asalready stated

PUSC zones. Then Physical clusters are renumbered to
logical clusters using process of Outer-Permutation.

InDL PUSC available subcarriersare distributed as data,
pilot, DC, right guard band and left guard band
subcarriers. In 2048-FFT, there are total 120 physical
clusters (14 contiguous subcarriers form a physical
cluster). These clusters include all the data and pilot
subcarriers. Physical clusters are renumbered using
Equation (2) toformlogical clusters(Fig. 4).

Logical_ Clusture = Renumbering_Sequence

Permutation base may be chosen from 0-31 for remaining (Phycia .+ 13* DL Permbase (@)
Guard Band | N,...—=1536 Data+166 Pilot+1 DC | Guard Band |
T4y ¥ <——0nly Data Subcarrier
Group (G) G, G, G.,
=32 Data SC
— |
Data Subcarrier
<:| Allocation Using
Permutation
VY
SC=48 Data
Subcarrier SG | 86 SCy
FIG. 2. PERMUTATION PROCESS OF FUSC DOWNLINK [3].
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FIG 3. OUTER AND INNER PERMUTATIONS IN PUSC DL [3]
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These logical clusters are distributed in 6 groups
(numbered 0-5) such that even (0, 2, and 4) groups
have 24 clusters each and odd (1, 3, and 5) groups
have 16 clusters each. This is how this outer
permutation gives frequency diversity. Separate
marking of Pilot positions is required before inner
permutation. For instance logical cluster 2 is the 37"
physical cluster (refer equation 3 for logical cluster set
and the subcarriersare from 0-13. Thelogical positions
pertaining to the absolute subcarrier index (0-2047) is
702-715. For odd symbolsthe pilot subcarrierswill be 4
and 8 (i.e. 706 and 710 pertaining to absol ute subcarrier
index); similarly pilot subcarriers for even OFDM
symbolswill be0and 12 (i.e. 702 and 713 pertaining to
absolute subcarrier index). Theinner permutation will
utilize remaining 12 subcarriers.

&

Physical Cluster No. 0

20 MHZ
Physical Cluster No. 1

Subcarriers of agroup are assigned to sub-channelsusing

permutation formulaasgivenin Equation (1).

In uplink PUSC one slot of PUSC UL is three OFDM
symbols by one sub-channel. From a total of 2048
subcarriers, there are 184 L eft-Guard, 183 Right-Guard
subcarriers and one DC subcarrier. For even numbered
OFDM symbol there are 840 data subcarriers and same
number of pilot subcarriersi.e. 840 pilots. However for
Odd numbered symbolsthere are 1680 dataand no pilot.
UL PUSC Sub-channel isformed from six logical tiles

(Fig. 5).

The permutation process to map data points on
subcarriers of sub-channels is such that Physical tiles
arerenumbered aslogical tilesusing Equation (3) (Fig. 6).

v

Physical Cluster No. 119

—
184 Guard One Cluster=14 DC Subearriers 183 Guard
Subcarriers Subcarriers Subcarriers
——
Total Subcarriers (1440 Data+240 Pilot+1 DC)=1681
FIG. 4. DOWNLINK PUSC WITH 2048 FFT[3]
+ 20 MHZ »

Physical Tile No. 0 Physical Tile No. 1 Physical Tile No. 2

Physical Tile No. 419

-

" DC Subcarriers
184 Guard One Tile=4 " 183 Guard
Subcarriers Subcarriers Subcarriers

Total Subcarriers (1440 Data+240 Pilot+1 DC)=1681

FIG. 5. PUSC UPLINK WITH 2048 FFT [3]
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4. CONTIGUOUSSUBCARRIER PERMUTATION

With contiguous subcarrier permutation, sub-channels
are composed of contiguous subcarriers and have better
channel estimation capabilities [8]. It allows adaptive
modulation and coding and Subscriber Station may
switch from Distributed-Subcarrier-Permutation to
Contiguous-Subcarrier-Permutation by adapting
channel conditions. The sub-channel in adjacent
subcarrier permutation is composed of bins. A sub-
channel is constituted of six bins by default but it can
vary with respect to slot structure. Four rows of bins
form a physical band and group of physical band form

logical band. For 2048/1024-FFT, we can get ration of
physical bands over logical band simply by dividing
maximum number of logical bands by total available
physical bands (Fig. 7).

5. RELATED WORK

WiMAX was originally designed for Broadband
Wireless Access and progressed with time until
becoming a candidate technology for the 4G mobile
networks. 1n 90s, | EEE started the working group |EEE
802.16 to create a PMP (Point-to-Multi-Point) air
interface alternativeto cable and digital subscriber lines.

| Guard Band | N~ 1681 [ Guard Band |
Physical Tile A A 4 |
(PT)=4 PT, | PT, PT,,
Subcarriers Physical Tiles
Rearranged Using
<::I Permutation Formula
Logical Tile to Form Logical Tiles
(LT):4 LT429
Subcarriers
Sch0  Schl Sch69
Sub-Channel (Sch)=6| = [ = o |~ — o
Logical Tiles =] =i g5 = g Data Points are
- Assigned
/2 <::| Subcarrier in the
Data e 4 Sub-Channels
Constellation DP DP DP DP Using Permutation
Points (DP) 0 47 0 47 Formula

FIG. 6. DATA ALLOCATION TO SUBCARRIERS IN PUSC UL (2048-FFT) [3]
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FIG. 7. PHYSICAL AND LOGICAL BANDS IN CONTIGUOUS SUBCARRIER PERMUTATION
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Theoriginal standard was modified to producethe IEEE
802.16d standard for fixed applications. |EEE 802.16d
uses Orthogonal Frequency-Division Multiplexing
(OFDM) as the PHY layer scheme. In 2005, mobility
support wasincorporated based on SOFDMA (Scalable
Orthogonal Frequency-Division Multiple Access),
resulting in the amendment 802.16e, also known as
Mobile WiMAX [2]. Later, the standard |EEE 802.16-
2009 was released to support both fixed and mobile
wireless communications. A complete survey of the
historical evolution of the standard up to 2010 can be
foundin[9].In2011, WiMAX evolved to 802.16m [10],
which focuses on providing an advanced air interface
to fulfill the requirements of IMT-Advanced while
maintaining backward compatibility with existing
specifications. InAugust 2012, the [EEE 802.16-2012 [11]
was rel eased, consolidating material from | EEE 802.16j-
2009 for relay-based networks and the amendment
802.16h-2010, which implements coexistence
enhancement for license-exempt operation. Such a
standard also incorporated the |EEE 802.16m-2011, but
excluding the WirelessMAN Advanced Air Interface,
which isnow specified inthe |IEEE 802.16.1-2012[12].
Finally, improvements focused on M2M (Machine-to-
Machine) applications are examined in amendments
802.16p-2012[13] and 802.16.1b-2012[14].

WiMAX PHY profile is provisioned for using
Frequency Reuse Factor of one [15]; this results in
improved spectral efficacy but result in CCI at cell
boundaries. CCl caused by FRF=1 is required to be
measured so that some interference averaging/
mi nimization techniques can be combined to keep the
interference level to some acceptable threshold in
wireless environment [16].

TheWiMAX physical layer isin charge of multiplexing
user and system data together with control signaling in
order to ensure aproper utilization of the radio resources.

The WiMAX physical layer specifies how to map and
how to allocate those resources as either reference signals
or to form various physical channels. WiMAX supports
several physical layer modes. Among them, OFDMA is
the most appealing given its flexibility and ability to
support multiple users at the same time. A very useful
review of Physical Layer of MobileWiMAX System and
OFDM isavailablein[17]. Pedro, et. al. [18] hasexploited
real time UL and DL concurrent communication and has
presented as software defined radio architecture for the
real-time implementation PHY Layer for WiMAX
transceivers.

6. SIMULATION SETUP

For parametric analysis of using different permutation
base and its effect on Co-Channel Interference we used
OPNET modeler and developed test scenarios. The
simulated WiMAX network isaseven cell network where
all cells are using same PHY layer profile and same
permutation base, initially (Fig. 8). The PHY profileuses
Wireless OFDMA with 20 MHz configured for Time
Division Duplexing mode. A total of 2048 subcarriersare
defied, the Uplink aswell asdownlink isinitially designed
using 2048-FFT Partially Utilized Subcarrier.

FIG. 8. A SEVEN CELL WIMAX NETWORK CONFIGURED
WITH WIMAX PHY PROFILE
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7. SIMULATION RESULTS AND
ANALYSIS

The simulated WiMAX network is initially configured
with all the cellsin the simulated network use same PHY
layer profileand same permutation base. Network statistics
arerecorded during timeinterval from 180 and 260 seconds
(Fig. 9). It is observed that at this time interval thereis
increase in WiMAX UL Data burst usage for BS 0 (the

5 — WMAX Frame UL Data Burst Usage (%)
M Object BS_0 of WMAX Net
4.5 -{ W Object BS 1 of WMAX Net
O Object BS 2 of WMAX Net
4 - O Object BS 3 of WMAX Net
5 [ Object BS_4 of WMAX Net
3.5 4 @ Object BS 5 of WMAX Net

3 [ Object BS 6 of WMAX Net

0.5 1 . }

0
O0moOs 1m Os 2m0s 3mOs 4mOs 5mO0s  6m Os

FIG. 9. UL DATA BURST USAGE IN HIGH LOAD CONDITION
AT BS 0
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FIG. 10. NETWORK RESPONSE (GLOBAL) IN HIGH LOAD
CONDITIONS

center cell); thisisbecause of SS (Subscriber Stations) in
Cell_0 start transmitting on UL path, sporadically.
Network’s composite/global responseisrecorded during
thisperiodicrisein UL trafficand ispresentedin Fig. 10.
It is anticipated that due to high load conditions an
increased CCI affected the overall performance of
network. From the observations recorded in Fig. 10 it is
quite evident that global HTTP received traffic is
decreased during the period of increased load in Cell_0
with spontaneous increase in HT TP page response time.
With the rise in traffic load the throughput is however
increased.

To verify that thisglobal impact on performance metrics,
isdueto FRF of 1 which resulted in CCI in the network
and to further demonstrate the effect of using different
permbase on CCI and overall network performance we
developed network scenarios using different permutation
base value assigned to different cells. Fig. 11 contains
BS 0 UL Data burst usage statistics when configured
with different permbase. It isnoticed that thereisno effect
onWiMAX Frame UL DataBurst usage when configured
with same and different permutation base. This is a
supportive observation that the UL burst usage remained
unchanged at BS 0 regardless of same or different
permutation base used in network.

Fig. 12 presents a comparative analysis of two network
scenarios and it is observed that during the high load
timei.e. from 180sto 260sthe effect of CCl inon overall
network behavior isnoticeably improved by configuring
adjacent cells with different permutation base and thus

6 WMAX Frame.UL Data Burst Usage (%)
M Objcct: BS 0 of WMAX Net
WMAX-cochnl_diff_pera_7x1-DES-1
4 _{ [ Object: BS_0 of WMAX Net
WMAX-cochnl same perm Tx1-DES-1

FIG 11. UL DATA BURST USAGE IN HIGH LOAD
CONDITION AT BS 0 WITH SAME AND DIFFERENT
PERMBASE AT ADJACENT CELL
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usefulness of different permutation base at adjacent cells
could be established. Fig. 12 further demonstrate that
overall network responseis much improved and thereare
very encouraging results such asimprovement in network
throughput, HTTP response time is now limited to 1
second which was previously heading to 2~3 seconds.
Moreover HTTP traffic sent and received to global node
is on higher side which further demonstrates better
network performance. Another very important
observation is that the retransmission count has
noticeably decreased which can be termed as towards
improved reliability and dependability of the network.

In order to evaluate the effect of cell sectoring the network
isreconfigured with three sectors per each cell; the further
configuration of baseline scenario was kept as before.
Each sector in cell is configured with different WiMAX
PHY profile. However initially all sectors were madeto
use same permutation base in entire network.

WMAX. Load (bits/Sec)

800,000
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200,000 " 82‘1(,;; fﬁﬁa&m 7x1-DES-1
100,000 B Object (Global)
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m 2m 4m 6m

Referring the results in Fig. 13, using cell sectoring
technique help improve overall network performance
but is found less efficient when compared with
technique of using different permutation base in
adjacent cells. Using cell sectoring technique may be
considered as second choiceto improve overall network
performance when contrasted the result of two
approaches in discussion and evaluation against

performance benchmark.

We further extended the parametric analysis and
evaluated the effect when two approaches coexist. The
results of simulation are grouped in Fig. 14. The
comparative analysis of results indicate that such high
grade of diversity in network configuration at PHY layer
has resulted in improved network statistics and have
provided more reliability and better utilization of
spectrum.
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FIG 12. NETWORK RESPONSE ANALYSIS: SAME/DIFFERENT PERMBASE IN ADJACENT CELLS
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FIG. 13. NETWORK RESPONSE- SAME PERMBASE WITH CELL SECTORING
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FIG 14. NETWORK RESPONSE-SAME AND DIFFERENT PERMBASE WITH CELL SECTORING
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8. CONCLUSION

In this paper we have analyzed the effect of CCl at cell
boundaries due to the use of frequency reuse factor of
one, and have evaluated the effect of using different
permutation base in adjacent cells on CCl. Secondly, we
have analyzed the effect of cell sectoring technique on
CCl. The parametric review of results using simulated
network in OPNET iscarried and it isobserved that the CCI
impact can belessened by using different permutation base
at adjacent cellsin aWiMAX network during increased
load conditions. More over if same permutation base is
used in adjacent cells and sectors are formed it aso help
decrease CCl impact. Finally thetwo approachesto mitigate
CCl effect are madeto coexist in network design and results
are compared with previous observations. It is identified
that for better spectral efficacy the coexistence of the two
approaches hasvery useful impact on network performance
especially it provides noticeable decrease in packet
retransmission count and thus provides strong motivation
for dependable wireless transport suing WiMAX .
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