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Development from Voice
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Bit Rate
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3.2.1 M3nf3pumonsz#I19 W-CDMA Y CDMA2000

suviagarslugail 3 amidawesmsdedeyaii 2 Mops 19ewEd 5 M2
vinifulunsdiszuy CDMA2000 szitag2enmiiiiu 3 929 Ae¥2902 1.25 MHz. (1.25 x 3)
Tuszuy cDMA2000 a@wnsnld1929nwdn 2 GHz uay 800 MHz 144 issnnldsuns
YNANIN ITU ﬁﬁwmsLﬁnmmﬁﬁm?umiﬁ"amsqﬂﬁ 3 Taomwizotsslulszmadiu
awgil 35 uar 36 Wunsuaailidienim@vesstuy CDMA2000 uaz W-CDMA

MUAIAY

CDMAZOOO
il S e AR e Rty 0 k-
Carrier A Carrier B Carrier C - Frequency Band
L1 23MHz 1 236Uz L1 2SMHZ - 800 MHz (Cellular band)

- 1.9 GHz (PCS band)
- 2.0 GHz (IMT-2000)

[593MS l:‘f* M5 1593 Ms - Carrier Band width
S MHz -1.25 MHz/Carrier x N (N=1,3)
- 3.75 MHz (N=3)

Camer A Carner B Carrier C
1 25MHz [ 1 253MHz |1 23MHz

- Chip Rate
- 1.2288 Mcps/Carrier x N
- 3.6864 Mcps (N=3)

cchina 2000 ternunal

S MHz

- Data Rate
- Up to 1036.8 kbps (N=3)
- Up to 2073.6 kbps (N=6)

3UN 3.5 namuounuiveszuy CDMA2000



W-CDMA Spectrum

P ot vamo dusaiad S 13

- Frequency Band

T ——

- 2.0 GHz (IMT-2000, WARC'92)

Carrier - Carrier Band width
- 5 MHz/Carrier
/ \ - Chip Rate

i - 3.84 Mcps/Carrier
S5 MHz

A

- Data Rate
- Up to 2 Mbps/Carrier

310 3.6 naAIOUAIWDVEIITUY W-CDMA

M3197 3.1 SsuMsuAUANYUZITNINNITUY W-CDMA Loz CDMA2000

W -CDMA CDMA2000
1X 3X
Access Method Direct Spread Mutli Carrier Multi Carrier
Chip Rate 3.84 Mcps 1.2288 Mcps 3.6864 Mcps
(3.84x1) (1.2288x 1) (1.2288 x 3)
Inter BTS Sync. Async. / Sync. Synchronous Synchronous

Pilot Structure

Common Pilot

Common Pilot

Common Pilot

RF Resource Simple Simple Complicated
Management

MS Design Simple Simple Complicated
Data Speed ~ 2 Mbps ~ 144 kbps ~ 2 Mbps

(5 MHz/Carrier)

(1.25 MHz/Carrier)

(1.25 MHz/Carrier x

3)

3.3 IATFIUVDITTUVITAGAIST A 183 19 nuuan NI (W-CDMA)

" A A o o oo i i '
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AUAVVATENTNTEVY W-CDM U GSM uaznfssupuauaszyy W-CDMA N 1S-95
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M319N 3.2 AuaUAv0IZUY W - CDMA 1 GSM

W - CDMA GSM
Carrier spacing 5 MHz 200 kHz
Frequency reuse factor 1 1-18
Power control frequency 1500 Hz 2 Hz or lower

Quality control

Radio resource management

algorithms

Network planning (frequency

planning) |

Frequency diversity

5 MHz bandwidth gives
multipath diversity with Rake

receiver

Frequency hopping

Packet data

Load-based packet scheduling

Time slot based scheduling

with GPRS

Downlink transmit diversity

Supported for improving

Not supported by the standard,

downlink capacity but can be applied
MINN 3.3 AUANIAYDITTVY W — CDMA i 1S-95
W - CDMA 1S-95
Carrier spacing 5 MHz 1.25 MHz
Chip rate 3.84 Mcps 1.2288 Mcps

Power control frequency

1500 Hz, both uplink and

downlink

Uplink : 800 Hz, downlink :

slow power control

Base station synchronization

Not needed

Yes, typically obtained via

GPS

Inter-frequency handovers

Yes, measurements with

slotted mode

Possible, but measurement

method not specified

Efficient radio resource

management algorithms

Yes, provides required quality

of service

Not needed for speech only

networks

Packet data

Load-based packet scheduling

Packet data transmitted as

short circuit switched calls

Downlink transmit diversity

Supported for improving

downlink capacity

Not supported by the standard,

but can be applied
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Micro/microcell Interference Factor : 2 Microcells
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Eb/lo of Macrocell
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Eb'lo of Microcell
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(Ebf‘[o)m in WCDMA System : 2 Microcells
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Number users of CDMA2000 : 2 Microcells (r = 0.3)
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Macro and Microcell Design in 3G Cellular System

Phichet Moungnoul and Monruedee Pongsuwanporn
Faculty of Engineering and Research Center for Communication and Information Technology
King Mongkut’s Institute of Technology Ladkrabang, Chalongkrung Road, Bangkok 10520, THAILAND
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Abstract-This paper proposes the capacity analysis of macro
and microcellular design in 3G digital cellular system with W-
CDMA and CDMA 2000 3x standard. Interference factor and
number of interference of system is investigated, because the
capacity of system is depend on it. The cell model is consists of
seven macrocells and a microcell under perfect power control.
The important factor has effect to the interference is radius of
microcell, the distance between macrocell and microcell. When
vary the microcell allocation and microcell coverage to find the
design makes the best capacity of system.

I. INTRODUCTION

The IMT-2000 (International Mobile Telephone 2000) was
to provide Mbps data rate for demanding application such as
broadband internet access interactive gaming, and high-quality
audio and video entertainment. W-CDMA standard supported
by the 3GPP1 (Third Generation Partnership Project 1) and
CDMAZ2000 standard supported by the 3GPP2. The main
characteristics of two 3G standard are summarized in table I

[

TABLE I
3G DIGITAL CELLULAR PHONE STANDARD
Parameter CDMA2000
1X 1XEV- 1XEV- 3X
DO DV
Channel bandwidth (MHz) 1.25 1.25 125 3.75
Chirp rate (Mchips/s) 1.2288 1.2288 1.2288 3.6864
Peak data rate (Mbps) 0.144 24 48 5-8
Modulation QPSK/MPSK (DL), BPSK/QPSK (UL)
Coding Convolutional (low rate), Turbo (high rate)
W-CDMA
UMTS FOMA J-phone
Channel bandwidth (MHz) 5 5 5
Chirp rate (Mchips/s) 3.84 3.84 3.84
Peak data rate (Mbps) 24 24 24
Modulation QPSK (DL), BPSK (UL)
Coding Convolutional (low rate), Turbo (high rate)

In cellular CDMA system, every cell is used same frequency.

User capacity in cell is limited by interference from
neighboring cell.[2] When the number of calling in cell exceed
than the user channel of macrocell, the blocking probability is
increased. Macro/microcell technique is used to solve this
problem, by used microcell to cooperate with macrocell for
increase the number of users per area. Microcell is installed in
the center of macrocell, the worth case of CDMA capacity. [3]
The tile angle of antenna in microcell has narrow beam,

macro/microcell interference factor will reduce to constant
valve.[4] Microcell installation has changed from center to
edge of cell, so that macrocell to microcell interference factor
will be increase.[5] This paper is studies and investigates the
interference change from macrocell and microcell design for
CDMA2000 and W-CDMA cellular system with effect to the
number of cell capacity. From results of study to solved for
microcell installation with macrocell in cause of the optimal
capacity.

II. MODEL OF MACRO AND MICROCELLULAR LAYOUT

The system model that considered in this paper consist of
seven macrocells has radius R which each macrocell has M
users are arranged uniformly and one microcell which has N
users are arranged uniformly. The overlaid of macro/microcell
is on the D axis as shown in Figure.1. Both types of cells reuse
factor in the same frequency band. It is assumed that mobile
users that are commented to one type of cell are not connected
to another type of cell and under perfect power control. White
Guassian noise and thermal noise are not considered. Focus
area of circular cell and hexagonal is same, it can be calculated
by relation between radius of circle shape and hexagonal shape
as follow:

Reircle =1.035RHexagonal (1

D axis

Figure. 1 Model of Macro and microcellular System

I11. INTERFERENCE FACTOR AND Ep /I

The interference factor is depended on radius of microcell
and distance between macro and microcell. In this paper
consisted of 3 parameter of interference factor as
macro/macrocell interference factor, macro/microcell
interference factor and micro/macrocell interference factor.
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Let f is the interference factor. From figure 2 shows the

! - B. Micro/ macrocell Interference Fi actor( Sum )
calculated parameter distance power ratio [6], express as

/2 The interference signal from microcell to macrocell [4] can
R2rx 2 Y A
1 x be shown in Figure 4, expressed as
S=— 7 k| %
7R 5 o \(xcos8)” +(ysind) ran 2 2

(2) Sum =—1-2— 3 = —— | xdxdd 4)

7re 5 o \(xcos8)” + (D + xsind)

R is radius of cell, x is the distance between MS and BS, y

is the distance between BS and BS, y is the path loss  f, is the micro/macrocell interference factor, r is the radius

exponent. of microcell, D is the distance between center of macrocell
and microcell.

xdxd@

8 Macrocell BS

X
o)
<
8

Figure 4 Model for micro/macrocell interference factor calculation

C.  Macro/micro Interference Factor

Macro/micro interference factor from macrocell to microcell
is determined by Figure 5. Area of interference can separate in
3 regions. [4]

First Cell BS
Figure 2 Distance power ratio

A. Macro/ macrocell Interference Factor ( fypr)
The cell layout in single layer of macrocell is shown in

Figure 3. The distance between center of home cell and center e
of neighbor cell is 1.793R . Macro/microcell interference
factor is
, Figure 5 Model for macro/microcell interference factor calculation
R2rx 9 >
1 x* < (3)
o =—3 g g (vc0s8)t +(1.793R + x5in6)? ]/ wdudd By changing the microcell installation distance on D axis x

is effect to @ value. Macro/micro interference factor express as
Sfasns s Macro / macrocell interference facto and R is radius of
macrocell. The distance between center of home cell and center )
of every neighbor cell are same and fyz3s =0.0935 IMu =.’?I 2+ D2

X

xdxd® (5)
—2xDcos@

Y
2 }/2
fr, is Micro / macrocell interference factor and D is
distance between center of macrocell and Microcell.
The int=rference in microcell is depend on distance between
7 macrocell to a microcell as Figure 6, express as

L0=D (6)

Ll=12=+3215R* —3.106RD + D* (7
L3=L6=+3215R? + D? (8)

L4=15=+3215R? +3.106RD + D* 9)

Figure 3 Model for macro/microcell interference factor calculation




The calculation of macro / microcell interference factor of
system is represent L} — L and D in (5).

sie

Figure 6 The distance between 7 microcells to macrocell.

D. Interference of macrocell (1)

Interference of macrocell is divided in 3 parts. [7] First, self
interference at center of home cell, second is interference from
6 neighboring macrocells and the last is interference from a
microcell as follow.

In =a[(M—1)Pﬁ+MPﬁfMM+NPffp.u] (10)

(G is processing gain, ¢ is activity factor, Pﬁ, is received
power of macrocell, Pf is received power of microcell, M is
users of macrocell, N is users of microcell, fMM= Macro /
macrocell interference factor and f,,, is micro/macrocell
interference factor.

Power signal to noise ratio in macrocell as follow:

Ghy

E /1), =
(Es/ 1)y aMPy + aMP} f,, +aNPr f,,

(1)

E  Interference of microcell | P

Interference of microcell is divided in 2 parts. First, self
interference at center of home cell and interference from 7
neighboring macrocells as follow.

; R R
Tz =a[(;\ -1)P + ij”fy_w] (12)

Safy is macro/microcell interference factor.
Power signal to noise ratio in microcell is shown as follow:

R
GP;_,
R R
aNPp +aMP‘wf‘”‘u

(Es/10), = (13)
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I, is the interference from users in microcell and users in
neighboring macrocells (1-7).

F.  Capacity of macro/ microcell cellular system

The capacity of macro/microcellular system is depen on the
interference effect of cell layout. The number of users in
macrocell is express as.

M,
o M
(No _N)(I"'fw)

M= (14)

M is number of users in macrocell, M is number of users
in macrocell (case is not microcell) , N is number of users in
microcell and N is number of user in microcell (case is not
macrocell). From (14) shows importance parameter fys, and
if uM is effect to capacity of system.

IV. NUMERICAL SIMULATION

The simulation parameters has y =4, data rate 144 kbps,
importance parameter of CDMA2000 and W-CDMA as table I,
radius of macrocell R=1 and changed radius of microcell
r=0.1,0.2 and 0.3, respectively. Microcell installation
changed position in D axis as Figure.l.

Micro / Macrocell Interference Factor
0.5 T T T T

—r=0,]
L |=e=r=02} |
=~ =03

0.4

0.4 0.5 0.6 07 08 09 1
Distance [D]

Figure 7 Micro/macrocell interference factor versus D (r = 0.],0.2,0.3)

Figure 7 shows relationship between f,ps and D
( Sy =0.0935) of CDMA 2000 and W-CDMA are same.
The changed the position of microcell from 0.4 D to D, the
Sum is decreased.

Figure 8 shows relationship between fyjs,, and D of
CDMA 2000 and W-CDMA are same. The change position of
microcell move out form center of macrocell in x axis, fys,, 1s
increased. The f)7,, can be decrease as D> 1.

The capacity of macrocell and microcell in W-CDMA
system for fixed radius of microcell and varies D as shown in
figure 9. For fixed r =0.1and adjusted the D, the capacity of
system is depend on the multiply between f,\s and fy7,, as
D =0.4, 0.7 and 0.9 that results are 0.0089, 0.0273 and 0.0028,



respectively. When D is increased, the capacity of system is
increased.
Macro / Microcell Interference Factor
70 T L L e Ll T T
60
5()_
40
s
3

2 "

E.d 05 0.6 0.7 08 09 1 1.1
Distance [D]

Figure 8 Macro/microcell interference factor versus D (r = 0.1,0.2,0.3)
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Figure 9 User capacity of W-CDMA r=0.1,0=04,0.7,0.9
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Figure 10 User capacity of W-CDMA D=07,R=0102,03

Number users 11 =02

Number users of macrocell

7% A ' F L L L H N .
] 5 10 15 20 25 30 35 40 45 50
Number users of microcell

Figure 11 User capacity of CDMA2000 for r=0.2,0=04,0.7,09

Nuunber users : D=0.5
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b =03
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Figure 12 User capacity of CDMA2000 D=0.5,r=0.1,02,0.3

Figure 10 shows capacity of W-CDMA system of fixed
D =0.7 and varies r=0.1, 0.2 and 0.3. When ris increased,
the capacity of system will decrease.

Figure 11 shows capacity of CDMA200 system of fixed
r=0.2 and varies D =0.4, 0.7 and 0.8. When D is increased,
the capacity of system is increased.

Figure 12 shows capacity of CDMA2000 system of fixed
D =0.5 and varies r=0.1, 0.2 and 0.3. When ris increased,
the capacity of system will decrease.

V. CONCLUSION

From result shows the radius of microcell, the distance
between macrocell and microcell are effect to macro/microcell
interference factor. When changed the position of micocell to
move out from center of macrocell and reduce microcell radius,
macro/microcell interference factor will decrease. Capacity of
macro/microcellular W-CDMA and CDMA?2000 is depend on



multiply between f,ps and fpr, as (14) that result will
increase, the capacity is decreased. From (11) and (13), E / I
in both systems depend on process gain, and the interference is
alternatively with processing gain.

(1
(2]
3]

[4]

[5]

[6]

(7]
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