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Abstract Mutual Interference scenarios between Wireless Broadband (WiBro) and Wireless LAN (WLAN) in
DTV bands are assumed. Co-channel interference and adjacent channel interference are respectively evaluated in
terms of carrier to interference ratio (C/I) by using Spectrum Engineering Advanced Monte Carlo Analysis Tool
(SEAMCAT) based on the Monte-Carlo simulation method. For the simulation, three frequencies such as 185
MHz, 481 MHz and 687 MHz are chosen. Analysis results indicate that interference situation of using
frequency of 185 MHz is the worst case, which requires longer protection distance between WiBro MS and
WLAN User Equipment (UE), lower transmit power of WiBro Mobile Station (MS) and WiBro Base Station
(BS) and WLAN UE and larger guard band. Comparing to cases of using frequency of 185 MHz and 481
MHz, interference situation of using frequency of 687 MHz is slighter. Therefore, using frequency of 687 MHz
is easier for coexistence between WiBro and WLAN. Analysis results can be used as reference and guideline
when planning the deployment of WiBro and WLAN in DTV bands.
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1. Introduction is referred to as the Digital TV (DTV) Transition, which
is being carried on or has been accomplished in the

The switch from analog to digital broadcast television world. For instance, in U.S., since June 13, 2009, all
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full-power television stations have broadcast over-the-air
signals in digital only. In Korea, after 2012, frequency
arrangement plan is illustrated in Figure 1 for DTV [1],
the details are as follows: D CH 2~6 (5 channels) will
be assigned in preparation for DTV, but channeling
arrangement will be reserved; 2 CH 7~13 (7 channels)
will be given priority to terrestrial DMB, and then, if
these channels can be reused in some areas, these
channels will also be in preparation for DTV; 3 CH 14
~51(38 channels) will be used for DTV. @ CH 52~CH

69(18 channels) are spare.

2 45 67 1314 5152 69

epair e -

54 7276 88174 216 470 698 806
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DTV DTV

[Fig. 1] Frequency arrangement plan for DTV in Korea

An important benefit of the switch to all-digital
broadcasting is that it freed up parts of the valuable
broadcast spectrum for public safety communications
(such as police, fire departments, and rescue squads) or
unlicensed services. Also, some of the spectrum can now
be auctioned to companies that will be able to provide
consumers with more advanced wireless services (such as
wireless broadband) [2]. As we know that TV bands
locate in the VHF and UHF bands, therefore TV bands
have several important properties that make them highly
desirable for wireless communications as following: @
Excellent propagation, (2) Ability to penetrate buildings,
(3 Foliage Non-line of sight connectivity, @ Broadband
payload capacity [3]. Therefore, according to frequency
arrangement plan for DTV in Korea, some wireless
communication systems can be deployed in some
frequency bands unused by DTV, and feasibility of
coexistence between DTV and wireless systems have been
considered[4-6].

between wireless systems in DTV bands must be taken

However, feasibility of coexistence
into account, thereby, this paper assumes that Wireless
LAN (WLAN) Broadband (WiBro)
operating in DTV bands. WLAN is assumed to operate at
185 MHz, 481 MHz and 687 MHz, respectively. WiBro
is assumed to operate at co channel with WLAN or
WLAN. Based on
assumptions, WLAN and WiBro potentially interfere each

and Wireless

adjacent channel to previous
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other. Therefore, protection distance between WLAN User
Equipment (UE) and WiBro Mobile Station (MS), the
maximum allowable transmit power of WiBro MS, WiBro
Base Station (BS) and WLAN UE and the guard band are
respectively analyzed by using Spectrum Engineering
Advanced Monte Carlo Analysis Tool (SEAMCAT)[7].

2. System Descriptions

2.1 WLAN

WLANs are able to provide wireless network

communication over short distances using radio or
infrared signals instead of traditional network cabling.
WLANSs are being widely used in private home, business
and hotspots (such as coffee shop, conference and airport,
etc.). Main parameters of WLAN are summarized in

Table 1 [8].

[Table 1] Main parameters of WLAN

Parameter Value Units
Frequency 185/481/687 MHz
Reception Bandwidth 22 MHz
Receiver Sensitivity -55.33 dBm
Interference Criteria(C/I) |10 dB
Noise Floor -90.41 dB
Antenna Height Rx 1.5/Tx 2.5 m
Antenna Azimuth 0~360 Degree
Antenna Peak Gain 6 dBi
Antenna Pattern Omni-directional
Output Power 23 dBm

2.2 WiBro

WiBro is a wireless broadband Internet technology
developed by Korea based on IEEE 802.16¢ international
standard . WiBro supports mobility up to walking speed
and vehicle speed and wider coverage. Main parameters
of WiBro are assumed in Table 2 according to A
technical overview and performance evaluation of mobile
WiMAX part [9] and WIMAX forum TWG contribution
to development of candidate IMT-Advanced RIT based on
IEEE 802.16 [10].
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[Table 2] Main parameters of WiBro

Parameter Value Units
Co chamnel/adjacent i,
Bandwidth 10 MHz
Base station (BS)
Transmit power 33 dBm
Antenna hight 30 m
Mobile Station (MS)
Transmit power 25 dBm
Antenna height 1.5 m
Noise floor -107 dBm/MHz
Noise Figure 7 dB
Protection Criteria I/N |-6 dB
S/N 9.4 dB
Sensitivity -90.6 dBm

3. Scenarios and Methodology

Indoor deployment environment in urban is chosen and
two scenarios will be assumed as following:

Scenario 1, WiBro interferes with WLAN UE, which
includes scenario of interference from WiBro MS to
WLAN UE and scenario of interference from BS to
WLAN UE.

Scenario 2, WLAN UE interferes with WiBro MS
SEAMCAT based on the Monte-Carlo simulation method
permits statistical modeling of different radio interference
scenarios for performing sharing and compatibility studies
between radiocommunications systems in the same or
adjacent frequency bands. Basic methodology of
SEAMCAT is briefly explained as following [11,12]:

The criterion for interference to occur is for the victim
receiver (Vr) to have a carrier to interference ratio (C/I)
less than the minimum allowable value. In order to
calculate the victim’s C/I, it is necessary to establish the
strength(dRSS)

corresponding to the C, as well as the interfering received

victim’s  desired received  signal
signal strength (iRSS) corresponding to the I. Figure 2
illustrates the various signal levels. Figure 2 (a) represents
the situation when there is no interference and the victim

is receiving the desired signal with wanted signal margin.

Wanted signal (dBm) ? A
(dRSS=C) Receiver C/I (dB)
Wantled signal R/ Noise Floor
margin(dB) increased by
interference (dB)
Sensitivity (dBm) y Interference (dB)
Minimum permissible (iRSS)
C/N ratio (dB)
Noise Floor (dBm)

(@ (b)

[Fig. 2] The signal levels used to determine whether or
not interference is occurring

Figure 2 (b) illustrates what happens when interference
occurs. The interference adds to the noise floor. The
difference between the wanted signal strength and the
interference signal is measured in dB, which is defined as
the Signal to Interference ratio. This ratio must be more
than the required C/I threshold if interference is to be
avoided. The Monte Carlo simulation methodology is
used to check for this condition and records whether or
not interference is occurring, which is illustrated further in

Figure 3.

-For each random event where

dRSS> sensitivity:
Desired signal value (dBm)
“[|(dRSS) — &% )
PO Ol
______________ Interfering signal v
value (dBm -

|| (iRSS) Interference (dB)

i Interfering signal strength: iRSS‘-;gI)J Noise Floor (dBm

% 1f /Ly >C/Lgygert "g00d eveENE
= - O/l <C/l e interfered”
-Finally, after cycle of N events:
Overall liyergerenee™=1-(Ngood/ Nai)

[Fig. 3] Illustrative summary of the interference criteria
computation

4, Simulation Results and Analysis

4.1 Scenario of WiBro interfering with

WLAN UE
On the basis of previously introduced system
parameters, interference scenarios and interference

probability of 5% blow is chosen as an acceptable level
for performance requirement of WLAN, Co channel and
adjacent channel mutual interferences between WiBro and
WLAN are evaluated with SEAMCAT, respectively.
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41,1 Co—channel interference

In the scenario of co channel interference from WiBro
to WLAN UE, WiBro and WLAN UE respectively
operating at the same frequency of 185 MHz, 481 MHz
and 687 MHz is assumed. And then, the protection
distance between WiBro MS and WLAN UE and the
maximum allowable transmit power of WiBro MS and BS
will be evaluated by using SEAMCAT, respectively.

In case of single WiBro MS interfering into WLAN
UE, the relationship between the maximum allowable
transmit power of WiBro MS and the required protection

distance is obtained in Figure 4.
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[Fig. 4] The maximum allowable transmit power of WiBro
MS vs. the distance between WiBro MS and
WLAN UE

Figure 4 shows if the protection distances between
WiBro MS and WLAN UE are 345 m, 210 m and 170
m respectively corresponding to 185 MHz, 481 MHz and
687 MHz, the maximum allowable transmit powers of
WiBro MS are able to meet the specified transmit power
of 25 dBm.

Moreover, in the case of multiple WiBro MSs
interfering with WLAN UE, density of transmitter of
10/km’ and the protection distance of 1m are assumed,
respectively. Also probability of transmission of WiBro
MS is defined as duty cycle of WiBro MS. Therefore, the
duty cycle of WiBro MS from 10 % to 100 % is
assumed. The relationship between the maximum
allowable transmit power of WiBro MS and duty cycles

of WiBro MS is obtained in Figure 5.

5 4 e 185 MHz

transmit power (dBm>

The maximum allowable WiBro M S

10 20 30 20 50 50 70 30 % 100

Probability of transmission of WiBro MS (%)

[Fig. 5] The maximum allowable WiBro MS transmit
power vs. duty cycle of WiBro MS

Figure 5 shows interference situation from WiBro MS
to WLAN UE is the worst case when duty cycle of
WiBro MS is 100%. In consequence, the maximum
allowable WiBro MS transmit power of 11.2 dBm, 21
dBm and 25.5 dBm can be respectively figured out to
correspond to 185 MHz, 481 MHz and 687 MHz.

When the scenario of WiBro BS interfering with
WLAN UE is analyzed , Multiple WiBro BSs interfering
into WLAN UE only is taken into account, namely,
closest seven BSs interfering with WLAN UE is assumed.
The maximum allowable transmit power of WiBro BS is

figured out in Table 3.

[Table 3] The maximum allowable transmit power of
WiBro BS

Frequency 185 MHz | 481 MHz | 687 MHz

Maximum allowable
transmit power of| -7.84 dBm | -4.96 dBm | -2.56 dBm
WiBro BS

Table 3 indicates that the maximum allowable transmit
power of WiBro BS should not be more than -7.84 dBm,
-4.96 dBm and -2.56 dBm corresponding to 185 MHz,
481 MHz and 687 MHz, respectively to meet interference
probability of 5%.

41,2 Adjacent channel interference

In scenario of Adjacent channel interference from
WiBro to WLAN, the case of multiple WiBro MSs
interfering with WLAN UE is taken into account. Density
of interferes/km® of 50, 100, 150 and 200 and the

protection distance of 1m are assumed. And then,
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according to different required guard bands, the maximum
allowable transmit power of WiBro MS is evaluated

through simulation. The results are summarized in Table 4.

[Table 4] The maximum allowable WiBro MS transmit
power vs. the appointed guard band

Maximum allowable transmit power of WiBro

MS (dBm)
AbDOi WLAN:185WLAN:481lWLAN:687
PPC‘I“'“ MHz MHz MHz
€ 'WiBro:201WiBro:497WiBro:671
gbuar(;l MHz+guard MHz+guard MHz-guard
and - pand band band
(MHz) - - -
Density of Density of Density of
interferers/km2 interferers/km” | interferers/km

50 {100 [150 (200 | 50 {100 150 |200 | 50 {100 [150 {200
0 17.1(14.1|12.0 (8.4 |27.0(22.5(19.3|17.7|29.6{25.2|22.2|19.8
2 22.5(19.3]16.8[14.7(32.7|28.2|25.823.4 (34.829.6 [27.6 (25.2
4
5

25.8(21.1[19.5(17.5|34.0(29.8 (27.2|25.2
26.0(22.3|19.9|18.1
10 31.426.8(25.5|22.5
13 33.8|29.2(27.1|24.9

Table 4 shows that when density of interferers equals
to 200, interference situation of WiBro MS interfering
with WLAN UE is the worst case. Therefore, the guard
bands are more than 13 MHz, 4 MHz and 2 MHz
respectively corresponding to 185 MHz, 481 MHz and
687 MHz for meeting the specified transmit power of
WiBro MS of 25 dBm.

In the case of multiple WiBro BSs interfering with
WLAN UE, according to different required guard bands,
the maximum allowable transmit power of WiBro BS is
evaluated through simulation. The results are summarized
in Table 5.

[Table 5] The maximum allowable WiBro BS transmit
power vs. the appointed guard band

Maximum allowable transmit power of]
WiBro BS (dBm)

Appointed ' WL AN:185WLAN:481/WLAN:687
guard |MHz MHz MHz

band(MHz) WiBro:201/WiBro:497WiBro:671
MHz+guardMHz+guard MHz-guard
band band band

0 14.5 16.8 19.2

5 17.22 19.5 21.6

10 18.96 21.12 22.8

15 21.36 23.46 25.62

20 31.0 33.0 34.8

25 31.5

35 31.5

Table 5 shows that the guard band of 20 MHz for both
481 MHz and 687 MHz are able to meet the specified
transmit power of WiBro BS of 33 dBm. But in the case
of the guard band of 20 MHz for 185 MHz, transmit
power of WiBro BS should be reduced to 31 dBm.

4.2 Scenario of WLAN UE interfering with
WiBro MS
4,21 Co—channel interference
In case of single WLAN UE interfering into WiBro
MS, the relationship between the maximum allowable
transmit power of WLAN UE and the required protection

distance is obtained in Figure 6.
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[Fig.

6] The maximum allowable transmit power of
WLAN UE vs. the distance between WiBro MS
and WLAN UE

Figure 6 shows if the protection distances between
WiBro MS and WLAN UE are 8.3 km, 4.1 km and 3
km respectively corresponding to 185 MHz, 481 MHz
and 687 MHz, the maximum allowable transmit powers of
WLAN UE are able to meet the specified transmit power
of 23 dBm.

In the case of multiple WIAN UEs interfering with
WiBro MS, density of transmitter of 10/km’ and the
protection distance of Im are assumed. Also probability
of transmission of WLAN UE is defined as duty cycle of
WLAN UE. Therefore, the duty cycle of WLAN UE from
10 % to 100 % is assumed. Then the maximum allowable
transmit power of WLAN UE is evaluated through
simulation to meet different duty cycles of WLAN UE.
The relationship between the maximum allowable transmit
power of WLAN UE and duty cycles of WLAN UE is

shown in Figure 7.
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[Fig. 7] The maximum allowable transmit power of
WLAN UE vs. duty cycle of WLAN UE

Figure 7 shows interference situation from WLAN UE
to WiBro MS is the worst case when duty cycle of
WLAN UE is 100%, and consequently the maximum
allowable WLAN transmit power of -46.2 dBm, -36 dBm
and -32.8 dBm can be respectively figured out to
correspond to 185 MHz, 481 MHz and 687 MHz.

4.2.2 Adjacent channel interference

In scenario of Adjacent channel interference from
WLAN to WiBro, the case of multiple WLAN UEs
interfering with WLAN UE is taken into account. Density
of interferes’/km” of 50, 100, 150 and 200 and the
protection distance of Im are assumed. And then,
according to different required guard bands, the maximum
allowable transmit power of WLAN UE is evaluated. The

results are summarized in Table 6.

[Table 6] The maximum allowable transmit power of
WLAN UE vs. the appointed guard band

Maximum allowable transmit power of
WLAN UE(dBm)
. IWLAN:185WLAN:481|\WLAN:687
APPOin |y, MHz MHz
uard WiBro:201\WiBro:497WiBro:671
g MHz+guard MHz+guard MHz-guard
band band band band
(MHz) - - -
Density of , | . Density of , | . Density of R
interferers/km” | interferers/km” | interferers/km
50(100{150(200| 50{100{150{200| 50|100 150|200
0 -40.8|44.5|-47.0|49.5|-30.7|-35.0|-37.7| 41.5|-27.0|-32.0| -34.5| -38.2.
5 -38.0|42.0|44.5| 46.8|-28.5|-34.0(-35.7|-38.5|-24.7| -29.5|-33.0| -34.7
10 -30.5|-34.5|-38.0|-39.7|-20.5|-25.0|-28.0| -31.0|-18.1|-21.9|-25.4| 26.5
15 -19.0[-23.0{-25.7|-27.0|9.0 |-14.0[-16.7|-192|-54 |-10.6|-13.3|-15.4
20 -132|-175|-202|-22.0|-4.25|-7.7 |-10.6|-12.8|-04 |-54 |-82 |-10.5
25 0 |-39 [-67 |85 [93 |54 |18 |-10 126 80 |46 [30
30 0 |42 [-69 |88 [94 |57 |24 |05 [126 |80 |48 [30
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Table 6 indicates that transmit power of WLAN UE is
difficult to be up to 23 dBm although the guard band
already is 30MHz between WLAN and WiBro.

5. Conclusions

This paper presented mutual interference scenarios
between WiBro and WLAN in DTV bands and an
analysis methodology SEAMCAT to evaluate co channel
and adjacent channel interference between WiBro and
WLAN. Simulations were conducted through SEAMCAT
to figure out the protection distance, the maximum
allowable transmit powers of WiBro MS, BS and WLAN
UE as well as the guard band, respectively.

As results of this study, mutual interference scenarios
between WiBro and WLAN at the frequency of 185 MHz,
481 MHz and 687 MHz were considered. The frequency
of 185 MHz is the worst case, which requires longer
protection distance between WiBro MS and WLAN UE,
the lower transmit power of WiBro MS and WiBro BS
and WLAN UE is necessary, and also the larger guard
band is needed. However, it is obvious that comparing to
the cases of using the frequency of 185 MHz and 481
MHz, the interference situation of using 687 MHz is
slighter. Therefore, using frequency of 687 MHz is easier
for coexistence between WiBro and WLAN. Analysis
results of this paper can provide reference and guideline
to make spectrum plan for deploying WiBro and WLAN
in DTV bands.
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