2002
2002 2
(3" Generation, 3Q)
2003 7 CDMA2000 3G
2004 WCDMA
3G
(International Telecommunication Union, 1TU)
1992 2GHz [1]
ITU
" International Mobile Telephony 2000( 1M T-2000) " ITU
" Wideband CDMA, WCDMA” {2],
" CDMA2000" [3] ” TDS-CDMA” [4]
( Broadband) ( Globalization)
(Immediacy) (Mohility)
(Multi-Code) ( Spread Code)

(Code Division Multiple Access, CDMA)
(RF)

(WLAN) WLAN
(3G
(Beyond 3G, B3G)
[5] [6] [7]



3G

(Orthogonal Frequency Division Multiplexing, OFDM)

3G |EEE Standard 802.164[8]
(Wireless Metropolitan Area Network, WMAN)
OFDM OFDM
(Cellular)
(Universa Frequency Reuse)
(Interference Rejection Capacity) ( Soft Handover Gain)
OFDM

(Orthogonal Frequency Division Multiplexing - Code Division Multiple
Access, OFDM-CDMA)

1-2
(Radio Resource Management, RRM)
(Radio) (Power ~Control) (Resource
Allocation)
(Handover)
(Simulation) RRM
RRM
RRM
(Simulation
Platform) RRM OFDM-CDMA

RRM



( Flexibility)

(OFDM-CDMA)
OFDM OFDM-CDMA

OFDM-CDMA

OFDM-CDMA
( Capacity)

(Physical Layer)



CDMA
UMTS(Universal Mobile Telecommunication Services)

OFDM (WLAN)
(HDTV) (DAB)
CDMA
OFDM
OFDM

(OFDM-CDMA)

2-1 CDMA f
(Celular)
CDMA-FDD ( Frequency
Band) (Universal
Frequency Reuse)
(Interference) (Multiple Access Interference, MAI)
CDMA

(Interference Limited)

(CDMA)



CDMA - - 21

% = Codes with different spreading

Power
Frequency
> :I'ime
2.1
T CDMA
2-2 OFDM
OFDM
(High Speed Data Stream) N
(Orthogonal) (Sub-Carrier) (Parallel) 2.2
N (Symbol Duration)
N

( Coherence Bandwidth)
(Multi-path Delay Spread)



Single
Carrier la 3a 1b 4b .
2a 4a 2b | 3b
Multi
Carrier
Subcarrier 1 1a 1b >
Subcarrier 2 >
2a 2b
3a
Subcarrier 3 >
3b
4b
Subcarrier 4 >
4a
2.2
( Freguency Division Multiplexing, FDM)
N
(Inter-Carrier Interference, 1Cl)
[9] 2.3
Chi Ch2 Ch3 Ch4 Ch5 Ché Ch7 Ch8 Ch9 Chi0
Conventional
FDM
» Frequency
chi ch2 Ch10
Saving of Bandwidth
OFDM
» Frequency

23 OFDM FDM



OFDM (Phase Shift Keying, PSK)
(Quadrature Amplitude Modulation, QAM) d

N T f OFDM

S C

(2.1) OFDM 2.4

[
NT.

(t-ts)_?,tSEt £1+T

Ny s's %]
2
s(t)=0,t, £t £¢ +T (21)
exp(— jp N (t- ts)/T)
PSK / oA®r |-al : ! OEDM
dWP;?'I : 6) Signal
P ebp(foln-2)(t=1)/7) 1
24 OFDM
OFDM
(Transceiver)
(FFT/IFFT) (2.1)
T =N,T
Ny -
s(k) :—S(kTS) :i g d. /ZexpgeJZp ig , k=01,.,N;-1 (2.2
s Ns i=.Ns ) e NS (4]
2
i u
s(k) =IFFT{d %,) (2.3)
P s



OFDM OFDM

(Nyquist Sampling Theorem)
2k +1 OFDM
(Aliasing Effect) [10]

N, OFDM (Sidelobe)
N 05

S

N

S

(Virtua Carriers)

OFDM
NS
NS
OFDM (Inter-Symbol Interference, 1S1)
OFDM (Guard Interva, Gl)
(Cyclic Prefix)

OFDM
OFDM
(Inter-Carrier Interference, ICl)
2.5



|Cl

1st Subcarrier

Delayed 2nd Subcarrier

Y Y
_}_

T T |
FFT >
> |
OFDM Symbol Interval
25
OFDM
2.6
- OFDM Symboal Interval >
<«—— Guard Time > FFT Interval >
Duplicate
2.6
2.7
OFDM BPSK

OFDM 180 (Phase Jump)



FFT
FFT

First arriving path

\ Reflection

OFDM symbol time

— s Lo

Reflection delay Guard ime FFT integration time Phase transitions
2.7 OFDM
NQ
OFDM ((Ny 7NN FFT

1dB [9]

2-3 OFDM-CDMA

3G
[11][12]
(Multi-carrier Code Division Multiple Access,
MC-CDMA) (Multi-carrier Direct Sequence
Code Divison Multiple Access, MC DS-CDMA) (Maximum
Ratio Combining, MRC) (Minimum mean square error

combining, MM SEC)

OFDM-CDMA
[13][14]

10



OFDM-CDMA OFDM

(Orthogonal Fregquency Division Multiplexing - Code Division Multiple Access)

(Cdl) ( Reuse Factor)
1 (Frequency-Duplex Division, FDD)
( Downlink) UMTS [15]
OFDM-CDMA (Cdl
Admission Control) (Packet Scheduling)
2-3-1
2.8 S k [
s:t,i S:f
OFDM
S:f

1 OFDM

1



Spreading
in Time Domain

— _ — —
Sl Spreading Copier »
’ LsF)

— —>
SR, Transmitter
w
& .
3 ' data symbol =
data sequence & S Ll g g
=, Spreadng
14 aive i Copier = 2 Guard Pulse
Q Ii| [ULAT as) 2™ Z2 ™ ineva [ ] shaping
| . e
8
o
=

i

3]
Sv Spreading opier
-~ 5] |
Channel

|

] él D&spreadin | ——] Combining ] |—
- g (D)
o
5 Receiver

g :
data sequence g - _ Z [%2)
HLD"" a ‘S' Desp;eadm |—— C?rsn;)'w:ni)ng g h—f ’E [ Iﬁtlg/il [<—] Synchronization [

i i)

Q . L[ ]

éN Despreadin | | Combining ] |
L g il I
2.8
2-3-2
2.1
(Frequency 8WKHzci ng)
(Flat Fading)
(Frequency NonSelective
Fading)
OFDM (18h) OFDM
|IEEE 802.20 [16]
(Channel A’
2510ns 3.125ns

(Effective Signal Power Loss) 1dB



1/5 OFDM

1024 82 MHz
System Parameter Values
D- Subcarrier frequency spacing 80 KHz
Ng  Number of subcarriers, total 1024
T.., |FFT/FFT period 125 s
T,  Guard Interval period 3.125ms
Torow  Symbol interval 15.625ms
BN  Tota Occupied Bandwidth 81.92MHz
21
(Carrier Central Frequency) 2GHz
(Coherence Time) (Autocorrelation) 9 %%
Stuber [17]
2.6

( Time-domain Spreading:Factor)
2.2

13



Jo(x) is the zero-order Bessel function of the first kind

1 T T T T T T T
0.8 .
0.6 .
0.4} .
§ 02f .
k=
o
s Or T
(8]
e
2-02r .
-0.4F -
-0.6f T
-0.81 .
_1 I I I I I 1 I
0 0.5 1 1.5 2 25 3 3.5 4
Time Delay
2.9
M obility Model Parameter Indoor Pedestrian | Vehicular Vehicular
v velocity (km/hr) 3 30 120 250
fima Max. Doppler Shift (Hz) 5.56 55.56 222.22 462.96
Dt, Coherence Time( g 50.4 5.04 1.26 0.605
& .. Max. Available >>256 256 64 32
" Time-domain Spreading Factor
2.2
(MAI)
2.3
( Spreading Code Number)

14




16

Adaptive Parameter Values
M  Modulation Scheme BPSK QPSK 16QAM 64QAM
(M=1, M=2, M=4 M=6)
C Coding Rate 12, 2/3, 3/4
S  Spreading Fator 16, 32, 64, 128, 256
N  Number of subcarriers 1024
Error Correcting Code K =7 (64 states) convolutional code
2.3 OFDM-CDMA
k
’ (Modulation Scheme, M)
(Coding Rate, C) (Spreading Factor, SF)
(Number of Sub-carrier, N) (2.4)
(Quality of Service, QoS)
( Soft QoS)
R = M €N, (2.4)
S:k ><TOFDM
R, k
M, k
C. k
S k
N, k
Torom OFDM
1 1 256
1 (Basic Unit

DataRate R,,) 0.25Kbps

15



134

= m = 025Ktx5

Ra

(24) (25 k
(Information Datarate, R) (2.6)
MCSN
MCSN

R :(Mk Cy >6k>4\lk)>RBU
S( é s:max/S:k
S:max
-'-
30 Km/hr
? MCSN
256 OFDM

( Resource Reallocation Period)
MCSN

Real- Time Service, RT)
Non-Real Time Service, NRT)
(Web browsing) ( E-malil)

16

(2.6)

MCSN



2.10

(Delay)

Resource reallocation period

Power Resource
(unit)

® . ™ Y . ™ Y 'y .
User 2
User 1
32 64 9% 128 160 192 224 256 > Time
( OFDM symbol period)
2.10

GSM, GPRS, 30)

UMTS 384 Kbps

3G
3G

(
(  |EEE 802.11 Wireless LAN)
3G
Mbps
OFDM
OFDM

3G

17
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OFDM-CDMA

3-1
3-1-1
OFDM-CDMA
( Spread) ( De-spread)
(Base Station)
( Channel)
(Uplink)

1

(Co-Channdl Interference, CCl)

Miller Lee
(Tiers) (Other Cell)

OFDM-CDMA

(Downlink)

(MAI)

UMTS

[19] CDMA

19
19

1024

(Handover)
(Single Cdl)

19



(Coverage)

(Cell Boundary)

(Multiple Cell)

31

31
3-1-2
(Link Budget)
3.1
30( km/ hr)
5MHz 293K (20°C)
H. Holma[20]



Uplink Link Budget

Item Units | Values Comments
Transmitter (mobile station)
(a) Max. mobile transmission power dBm 21
(b) Mobile antennagain dBi 0
(c) Body loss daB 3
(d) Equivalent Isotropic Radiated Power |dBm 18 d=atb-c
Receiver (base station)
(e) Thermal noise density dBm/Hz| -173.93 | N=KT; K=1.38*10%, T=293
(f) Base station receiver noise figure dB 5
(9) Receiver noise density dBm/Hz| -168.93 | g=et+f
(h) Receiver noise power dBm -101.94 | h=g+10*log,,(5000000); Rx bandwidth = SMHz
(i) Interference margin daB 3 max. planned noiserise
() Receiver interference power dBm -101.94 | j=10*log,,(10h+)1a.10M10)
(k) Total thermal noisetinterference power |dBm -9894 | k=10*10g,,(1071%10/1°)
(1) Processing gain dB 26.81 1=10*log, (10°%40/%)
(m) Required Eb/No dB 5
(n) Receiver sensitivity dBm -120.75 » | n=m-l+k
(o)Base station antenna gain dBi 0] consider omni-directional antenna
(p) Cablelossin the base station dB 2
(q) Fast fading margin dB 0 when high speed, no fast fading margin
(r) Max. allowable propagation loss dB 136.75_ | r=d-n+o-p-q
Coverage probability % %5
Log normal fading constant daB 3
Propagation model exponent 3.52
(s) Log normal fading margin daB 9 if no cell selection, need 13.2
(t) Soft handover gain, multi-cell dB 3
(u) In-car loss dB 6
(v) Allowed path loss for cell range dB 12475 | v=r-stt-u
Corresponds to 2.95 km cell radius by Vehicular path loss model
3.1
@
Max. mobile transmission
dBm
Mobileantennagain : (Omni
Directional) (directioral) dBi

21



Body loss:
dB

Thermal noise density :
N,=KT T K 1.38*10%

dBm/Hz
Base station receiver noise figure :
(RF) (SNR)
dB

Receiver noise density :
dBm/Hz

Receiver noise power :

dBm
Interference margin : ( Interference)
dB CDMA
Recelver interference power :
dBm
Total thermal noise + interference power :
dBm

Processing gain : CDMA

(Chip Rate / Bit Rate)  Bit Rate

Chip Rate dB
Required Ey/N, : Ep
(Energy per Bit) No (Noise Density)



No (Co-Channel Interference)

Eo/No dB
Recelver sensitivity : Required E/N, — Processing gain + Total thermal
noise + interference power Required Ep/No, — Processing gain Required
SIR BER(Bit Error Rate) Required SIR +
Total thermal noise + interference power
interference power Receiver
sensitivity

dBm

Base station antenna gain :
( Sectorize) dBi

Cable loss in the base station :
dB

Fast fading margin :
(Fast Fading)
(Target SIR) dB

Max. allowable propagation loss:

(Propagation
Loss) dB
Coverage probability :
Log-normal fading constant : (Shadow Fading)
L og-normal L og-normal (Standard
Deviation)

Propagation model exponent : (Path Loss)

23



Log-normal fading margin : (Threshold)
50%
Coverage probability
Log normal fading
constant Log-normal fading margin dB
Soft-handover gain : (Soft Handover)

(Selective Diversity)
dB

In-car loss :
dB

Allowed path loss for cell range :
dB

OFDM-CDMA (1024 )

256
(Equivalent Isotropic Radiated Power, EIRP)

3.2

24



Forwardlink Link Budget
Item Units | Values Comments
Transmitter (base station)
(a) Max. base station transmission power  |dBm P
(b) Base station antenna gain dBi 0
(c) Avg number of users by UL planning 53.43
(d) Equivalent |sotropic Radiated Power |dBm p d=at+h-10*l0g,4(c)
Receiver (mabile station)
(e) Thermal noise density dBm/Hz| -173.93 | N_=KT;K=1.38*10%, T=293
(f) Base station receiver noise figure dB 5
(9) Receiver noise density dBm/Hz| -168.93 | g=et+f
Number of subcarriers 1024
Frequency spacing KHz 80
(h) Receiver noise power dBm -89.79 | h=g+10*log,;(81920000); Rx BW= 81.92MHz
(i) Processing gain dB 24.08 i=10*10g,(256)
(i) Required Eb/No dB 5
(k) Receiver sensitivity dBm -108.87 | k=j-i+h
(I) Mobile station antenna gain dBi 0 consider omni-directional antenna
(m) Body loss daB 3
(n) Fast fading margin dB 0 when high speed, no fast fading margin
(o) Max. allowable propagation loss dB p+105:87 .| o=d-k+l-m-n
Coverage probability % 9%
Log normal fading constant dB 8
Propagation model exponent 3.52
(p) Log normal fading margin dB 9 if nocell selection, need 13.2
() Soft handover gain, multi-cell dB 3
(r) In-car loss daB 6
(s) Allowed path lossfor cell range dB p+93.87 | s=o-pt+qg-r
For allowed path loss equal to UL, we can find p+93.87=124.75
=>p=30.88 =>P= p+10*10g10(53.43)= 48.16 (dBm) = 18.16 (dBW) = 65.46 (W)

3.2

(Traffic)

25



3-2-1

(Handover)
(Interference
Leve)
[16][18]
@ / ( I'ndoor Office Test Environment)
L og-normal
@ Outdoor to Indoor and Pedestrian Test
Environment)
@ (Vehicular Test Environment)
15
3-2-2
(Radio Resource)
( )

26



(Voice Service Traffic Moddl )

(Poisson)
(Exponential)

" Active (On)”

35
( ) " Active (Off)”
( )
On-Off Model
" on’ " OFF”

(Activity Factor, r )

R, r
E[S >
e ,l;
Exponentiﬂa]
Distribution
Active Active Time
(On) (Off)

Poisson Arrival
35

27



@ Data Service Traffic Model)

(World Wide Web, WWW)

[21]
IP(Internet Protocol) Packet
UMTS [41]
3.6
Session
First Packet Second Packet End Packet
Call Call Call
Reading < >
Interval Between -ﬂ- Interval Between Interval Between
Packets Packets Packets
— —> o o — —>
— ¢—— <> > > & & A —— < Time
Packets Packets Packets
Session
Arrival
3.6

Session arrival time:

Number of packet callsper sesson N,.:
( Geometric)

Reading time between two consecutive packet calls D,.:

28



Number of packetsin a packet call N,:

Timeinterval between two consecutive packetsin a packet call D, :

Packet size S;:
Bytes (Pareto)
_:_axk ,  KEX:<m
fn(x):_( @ 1
tb , X=m
¥ .2
b:‘fx(x)dx:aéig , a>1
h &My
m a a a( a ak- m?ig
N dX+m _2 _ mg
8mg -1

3.3



B0 g kit 5 395 25 05 g=aLe
Www surfing 5 395 25 0.125 k=812
WWW surfing 5 395 25 0.0625 k=812
Sopisiem | s 305 25 ooerr | 71
o ne | ® 25 2 ooos | 37T
Wowartng | s | 2| oomss | ks
3.3
3-3
(Path

Loss) (Shadow Fac - (Multi-Path Fading)

3.7



Dominant Reflector

Dominant Reflector

3.7
3-3-1
|EEE 802.20 [16]
@ / (Indoor Office Test Environment)

COST 2317
L = 37 + 30L0g,, (R) +18.3n{("2/(n1)-0.46)

R (m)

12dB

31



@ Qutdoor to Indoor and Pedestrian Test
Environment)

L = 40Log,,(R) +30Log,,(f)+ 49

R ( Km)
f ( MHz)
12dB
10dB
@ ( Vehicular Test Environment)

L = 40(1- 403 >Dh)Log,,(R)- 18Log,,(Dh,) + 21Log,, (f )+80

Dh, (;m)

t COST (European Cooperation-in the field of Scientific and Technical
Research)
http: //www.cor dis.|u/cost/sr c/tisthome.htm

3-3-2
Log- normal
L og-normal
(Auto-Correlation) (Cross Correlation)
@
(Shadow Fading) (Slow Fading)

3.8

32



7

ol

uuB
0

Mobile Station
(High Speed)

obile
Station

0 Ul

/‘4uilding

o8 U8 oflo"
ot

-

L
Q
=

Building

\
Mobile Station Tree Mobile
(High Speed) Station
3.8 -
(Auto-correlation on Shadow
Fading)



Gudmundson
UMTS

(Cross-correlation on Shadow Fading)

Klingenbrunn[ 23]

[24][25)]
@
[23][26]

[18]
3-3-3

(Multi-Path Fading)

[22]



(Doppler)

( Scattering)

(Envelop)
(Multi-path Fading) (Fast Fading)

(Delay Spread) OFDM
|[EEE 802.20 [16]
(Time-Domain Impulse Response)
39
(Channd A)'
2510ns OFDM 15.625 s
3.125ns
OFDM
OFDM

Average Power (dB)

0

-1.0
-9.0
-10.0
-15.0
-20.0
.
0 310 710 1090 1730 2510 Rdative Delay

(nsec)



39

(Channel A)
(Scattering)
Jakes [27] Jakes 3.10
OcT
3.10 Jakes [28]

(Doppler Frequency Offset)

OFDM-CDMA

3.13

Jakes



Channel Gain (dB)

=

-
L=

o
Fa

L
=]

VE

3.13

Time-Frequency Selective Fading Channel

(Event Driven)

37

(Time Driven)[30]



3.14

Call Departure Event Driven

New Call Arrival

Update Traffic update *

System . .
Initialization TimeDriven

at t=0

3.14
3.14
(Event Driven)
(Time Driven)
@
New Call Arrival
(Cdll Search) (Admission Control)

Call Departure

(Packet Scheduling)



@

Traffic Update

(Activity Factor, r )

(Packet Delay)
(Delay Threshold)
Probability

Channel Update

45ms

4ms

Mobility Update

[18]

Outage Update

(Buffer)

(Blocking

(De-correlation Distance)

30 Km/hr

30 Km/hr



(Target SIR Threshold)

Capacity Measurement

(Number of Users) (Throughput)

(bits)

(Data Rate)
(Capacity)
3-5
3-5-1
80%

(Resource

Allocation)
(Block)



( User Generation >

Real-Time
Services ?

Yes

3.15

Compute Sum of total
power consumption of
RT usersin system
and
the power consumption
of new RT comer

Larger than
oice threshold 2

Compute BSlocal
average packet delay

Yes

Larger than
elay threshold 2

Admission

Block

Admission

3.15

41

(Admission Control)



* ( Blocking)
* (Qo0S) (SIR)
(E,/Ny) (Bit Error Rate, BER)
3-5-2
Overload
Admission Control
( )
(Packet
Scheduling

(Efficiency) 3.16

4?2



Power Consumption
1 Max Transmit powers

of Base Station

Residue Power
can be assigned to
packet data users

Power Consumption
from Real-time Users

-— Time

Packet Scheduling
Update Period

3.16

(Bursty)

Quality of Service, QoS)

(Priority)



(Priority)
(Resource Allocation)

[31]
[32] [33]

[34]

(Exponential Weight)

MCSN

(Capacity)

3.17



Scheduling Procedure
Start

Next User

/

Red-Time
Services?

Resource Allocation

BS residue power
Voicethreshold?2

Last Voice User ?

Scheduling Procedure
Finish ) Daalise;
Priority Setting
b Next User
Y
Start from
highest priority: user
y

Resource Allocation

Sresidue power >0 % Last Data User ?

Scheduling Procedure
Finisth

3.17



3-5-3

OFDM-CDMA

( Sub-carriers Selection)

1024 (Channel Gain)

30km/ hr
5.04ms

MCSN
(Soft Frequency Hopping) 3.18

MCSN

MCSN



User feedback impulse
response by UL

\J

Take FFT to get
frequency domain
channel gain at BS

\J

Sort all sub-carriers

\i
Transport the
information to

Resource Allocation

agorithmto'help the
MCSN parameter set
selection
3.18
3-54
(CDMA)
Ef f e[42}t )
CDMA
OFDM-CDMA
(MAI)

MCSN

a7

( Ne-BRar



MCSN

30Km/hr 4ms
4ms(256 OFDM
) (Close
Loop Perfect Power Control)
MCSN

(Non-Perfect Close Loop Power Control)



(Radio Access)
(Radio Resource)

OFDM-CDMA

4-1

OF M MA

(Quality of Service, QoS)
MCSN

(4.1) k

4.1

MCSN

MCSN

E,/Ng
MCS

(4.2)
MS N



R = (4.2)
gk
R=a R, (4 2)
i=0
R, k [
Iy (M k Ck) k M, C
G (i) K i
1 (i) k i
S 2
S k [
S:max
N, k
R k
(Multi-Cell) (4.1)
(Other-Cell-Interference)
I:>k
(Servicetype)



4-2

OFDM-CDMA
(4.3)
Object max_ {Rer +Rygr }
M,C, SN

Subjectto By + P £ Pagoa
Congtraint Soft QoS

Rer
Rrr

M

wn:

;ZU-UE-U Z

U

BStotal

4.1

guar ant eed

51



Service Type Real-Time Non Real-Time
Rate Requirement Fixed Variable
Delay Requirement Non Tolerable Tolerable
4.1
k MCSN (2.6)
R, (4.1)(4.2)
R
MCSN
R
(Stage) (4.4)(4.5)
Object —, min {RJ
Kgr
SUbJeCt to é. I:)k £ PBStotaI (44)
k=1
Congtraint R =R;*""*
Object o kaNk}{ R}
i §
SUbJeCt to a Pk £ Presidue ! Where Pres‘due = PBS,total - a I:)k (45)
k=1 k=1
Constraint R £ RT™"®
KRT
KNRT
Presidue
R;equired
RKEﬁective

52



MCSN

(Cost Function)

(4.3)
(4.5)

MCSN

(4.5

MCSN

(dimension)

(Channel Gain)

R R
( Spreading Code Number)

(BPSK)



MCSN
(Optimal Solution)

4-3
MCSN
Efficient Based Searching Algorithm, PEBS)
(Dynamic)
MCSN
( Rate-Power Consumption Efficiency) E,
Kk
j MCSN
R i
MCSN
MCSN
(4.7)
j
E = i
R(l

MCSN

(4.6)

MCSN

(Power

(4.6)



Object
Subject to

R‘zaget

E;(N)

E, /N,

(4.4)(4.5)

max {Ekj+1 | Eki}

{M C,S,N}

Rkj < R(j+l< target

MCSN

MCSN

MCSN

MCSN

(4.7)

R;equired

RKEffecti ve

Request

E(M)  ET(C) ET(S)

MCSN

4.1)(4.2)
R



4.1

39 Kbps

/(M)

MSN

4.7

E(S)

(Outage Threshold) (Outage)

E(N)

4Kbps
MSN
39 Kbps
MSN

(Best Effort)

MCSN
250bps (4.6)
EM(S) 1
EM(M)  E™(N) (4.7)
16

MN

QPX, & =16, N =5

MSN



Spreading Factor

57

A 9
4 kbps
8 kbps
SF=16 BPSK OPSK 16QAM 64QAM Modulation Order
\ M=1 M=2 M=4 M=6 (M)
.
4 >
N=1 ) 7 P4 "
N=2 4 / //
f/ ///
N=3 :/ 4
v s
\//\!/
N=4 4 7 \> 24 kbps
N=5 . S / /1/
umber of Sub-carriers ’
et / S
40 kbps
, ——> 500bps
SF=256
\ & — 5 250 bps
4.1
.'.
MCSN
(2.6)(4.1)(4.2)
MCSN
MCSN MCSN
MCSN
(Complexity)



(Target Rate, R™)




(Set Presidue = PBStotQ

\ 4
k=1
k=k+ 1
\ 4
M =1,C =12,
(485 )
v A
No  Jump to Power Efficient MCSN
| parameter set(M,, C, S, N,)
Check
Transmission Power No Check if achieve No
Constraint > Real-Time Service »
Outage Threshold ?
Pk £ Pr%idue?
Yes
Outage User k !! >
User k transmitsin next
frame with MCSN set
(M, Gy S Ny)
and power level P,
~ Resource Re-Allocation is completed.
P esidue = Presique - Pk) 3 07 - Datarate and transmission power for
accepted users are decided.
Yes 2 Next for Resource Re-Allocation of NRT
if till RT users? - Datarate and transmission power for
RT accepted users are decided.
4.2
Step 1.
Pgs total
Step 2. k
Step 3. k MCSN
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Step 4. (4.9 step 6
MCSN
Step 5. (4.1)(4.2 k
Step 6. (4.49) step 8
(Outage)
Step 7.
Step 8. k MCSN

Step 9.

Step 10.




prioritization
A

($ I:)residue = PBStotD

*

Jump to Power Efficient MCSN
parameter set (M,, G, S, N,)

Check
Transmission Power
Constraint

R( £ Radue?

Yes

Transmission Power
Constraint

P £ Pege?

Yes  Jump to Power Efficient MCSN
parameter set (M, ,C,, S, N,)

User k transmitsin next frame with
MCSN set (M,, C,, §, N,) and power level P,

l

k=k+1

Yes ¢ Scheduling is compl_eted.
- Pesique = Presidue - Pk) 307 - Datarate and transmission power for
accepted users are decided.
4.3

Step 1.
Step 2.

Pgs total
Step 3. k
Step 4. k MCSN
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Step 5. (4.5) step 6

MCSN
Step 6. 4.1)4.2 k
Step 7. (4.5 step 8
Step 8.
MCSN
Step 9. k MCSN
Step 10.
Step 11.
4-4
(Throughput) 4 . 4
(User Arrival Rate)
PEBS
PEBS MCSN
(4.7)

16

PEBS MCSN
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Performance

Comparison Computation Saving Throughput
Optimal Solution 1 1
Power Efficient Based 1/26 96%

Searching Algorithm

42 PEBS




OFDM-CDMA

MCSN
OFDM-CDMA
(Performance)
5-1 OFDM-CDMA
(4.1)(4.2) R
OFDM-CDMA
(Overhead)



OFDM-CDMA

(Rayleigh Fading)

( De-correlation Distance)

OF BEOMD MA

170 5.1

6~12

1024

Multi-path Fading
Channel Effect Multi-path Rayleigh fading Path Loss + Shadow Fading
Delay Profile of each path

Uplink Capacity

Consumption Yes Yes No
Report Duration 45ms 4ms 45ms

Information 12~24 positive 6~12 complex

Volume real values values 1 complex value
51
-2 OFDM-CDMA
OFDM-CDMA

dB

(Fast Fading Margin)
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12 16
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(QoS)
(Throughput)
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