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WCDMA HSDPA [1] CDMA2000 1xEVDO[2]

10Mbps
(Wireless LAN) (
54Mbps)
( ) ( )
(ISM band)
(delay spread)

(Inter-Symbol-Interference, ISI)
(coherence bandwidth)

(frequency selective fading)



(Code Division Multiple Access, CDMA)
(RAKE receiver)

(symbol length)

(Orthogonal Frequency Division Multiplexing, OFDM)

(data stream)

(sub-carriers) (Fast Fourier Transform, FFT)

OFDM

(throughput)

(peak rate)

802.11 (contention based)
CDMA
CDMA
(universal frequency reuse)
(interference limited capacity) (interference
rejection capability) (soft handoff feature) OFDM CDMA
OFDM CDMA

(radio resource)
OFDM CDMA OFDM/CDMA

OFDM



PAPR(Peak to Average Power Ration)

(operation point)

OFDM

(uplink)

PAPR

[4]

CDMA

(Quality of Service)

(protocol)
OFDM/CDMA Downlink

(packet scheduling)

2004

3

(power amplifier)

(back off) (saturate)
(linearity) [3]
PAPR
(downlink)
PAPR
CDMA
OFDM

CDMA Uplink

3GPP[1] 3GPP2[2]

CDMA Uplink
(resource allocation)
(optimization) (admission)
OFDM/CDMA

[5]

OFDM/CDMA



Part |
CDMA Uplink

Analog
Cellular Systems Digital GSM, cdmaOne
IS-95 US-TDMA Voice
Multimedia Massage Service, MMS Vedio
3G Mobile
Communication Systems
Data Rate 2Mbps Dynamic
3G
Radio Resource Management
Quality of Service, QoS
[6]
3G
Circuit-Switched Packet-Switched
[7]
Multiple Service Packet
Scheduling WCDMA



WCDMA

WCDMA
1-1
WCDMA Universal Terrestrial Radio
Access UTRA FDD
A Direct-Sequence Code Division
Multiple Access
Variable Bit Rate, VBR
Chip Rate 3.84Mcps Frequency Space
SMHz
A 10ms
A Frequency Division Duplex
A Multiple Service
A
A Uplink Downlink
WCDMA - - 1.1.1



% = Codes with different spreading

Power
Frequency
44~5.0
MHz >
< > Time
10 ms
1.1.1 WCDMA - -
WCDMA-FDD
Interference
CDMA
Universal Mobile Telecommunication System  UMTS [8]
Handover
Power Control
Near-Far

Effect
Admission Control
Packet Scheduling

Throughput



[9]
Nathshineh and Acampora[10][11]
Das et al.[12]
Nokia Research Center[13]
3G

1-2

WCDMA
Overload
Frame Loss Rate
Radio Link Control, RLC

Packet Delay
Bursty Traffic

Performance

[47-49]

Retransmission



UMTS WCDMA WCDMA

[3]

Wrap Around

2-1-1
WCDMA
Frequency Band Frequency
Reuse Factor 1
Interference Miller Lee [14] CDMA
Loading
33%
Miller Lee
Tiers
Coverage
19 2.1.1

Link Budget
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2.1.1

2-1-2 Wrap Around
19
19
19

[3]

11

2.1.2



17

16

15

18 8

(6] D
o
w N

4
14 12
13
18
17
6
16
5
15
14
2.1.2
2-1-3 Link Budget

Link Budget

Communication Terminals

2.1.1
Data Service
Receiver SMHz

2.1.1

384 kbps
293K 20°C
H. Holma [15]
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3 km/hr



[3]

Transmitter(mobile)
\Max. mobile transmission[dBm] 24 a
Mobile antenna gain[dBi] b
Body loss[dB] c
Equivalent Isotropic Radiated Power[dBm] 26 d=atb-c
Receiver(base station)
Thermal noise density[dBm/Hz] -174 e
Base station receiver noise figure[dB] 5 f
Receiver noise density[dBm/Hz] -169 g=c+f
Receiver noise power[dBm] -103.2 h=g+10*log10(3840000)
Interference margin[dB] 3 i=max. planned noise rise
Total thermal noise+ interference power[dBm] | -100.2 Jj=h+i
Processing gain[dB] 10 k=10*log10(3840/384)
Required Eb/No[dB] 1.0 1
Receiver sensitivity[dBm] -109.2 m=l-k+j
Base station antenna gain[dBi] 18 n
Cable loss in the base station[dB] 2 0
Fast fading margin[dB] 4 p
Max. allowable propagation loss[dB] 147.2 g=d-m+n-o-p
Coverage probability[%] 95
Log normal fading margin[dB] 7.3 r
Soft handover gain[dB],multi-cell 0 ]
In-door loss[dB] 0 t
\Allowed path loss for cell range[dB] 139.9 u=q-r+s-t

2.1.1

2.1.3

13




Bit Rate

Diversity;

Uplink capacity Processing Gain R ity Az

Receiver Base Station Design Mobile Transmission Interference Service Requirement Power Control
Sensitivity Parameter Power Margin Headroom
E, /1,
\ 4 A\ 4 Y Y

Maximum Allowed
Path Loss for Cell

Range[dB]

. Propagation Model

Required Coverage (Ifl,n\%ironmen t)
Probability .

Mapping dB to km

A 4
Y
Maximum Cell

Range [km]

.

2-1-4

[3]
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3-1

Event

Driven Time Driven [23]

3.1.1

Call Departure

New Call Arrival

IR .

[HTFTHTTHWTHTHTTHW@

Update Traffic update
System
Initialization
t=0
3.1.1
3.1.1
(Event Driven) 3.1.1

(Time Driven)

15



3-2

WCDMA
WCDMA
3-2-1
(Near-Far Effect)[24] CDMA
WCDMA Viterbi
Novakovic [26]
(SIR) (Uplink)

3.2.1

16
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MS

P e
S
o i
/ e

FPower Control

Target SR e d
RNC Adiustment prmands
Command
3.2.1
322 [27] UMTS
0.667ms [3]

17



[y

System Initial
Monitor

Y

k=k+1

Determine Total
Received Power of
Each Base Station

No

Determine the S/R
of User & to be SIR,

SIRk >

Yes

Target SIR ?

No

P +=PC step size

P> Maximum
ransmit Power ?

P, -=PC step size

A

Set P, = Maximun
Transmit Power

Yes
A

3.2.2

Next Time Slot

18




3-2-2

(Soft)

323

Uplink combing from S
two base stations in RNC o
[selection combining) &

323
WCDMA
Hysteresis Ping-Pong Effect
Wong [28]
3GPP [27]

[3]:

19



Handoff Rate

Active Set Size

Add Threshold

Drop Threshold

Replace Threshold

324

Initial Parameter Setup
Signal Strength Estimated,

No
(Event 1B)

eas_Sign > Best_Ss
-As_Th-as_Th_Hyst
foraperiod ofA T 2

v

Remove Worst_Bs
in the Active Set

eas_Sign > Best_
-As_Th+as Th Hyst
foraperiod ofA T 2

Yes
(Event 1A)

Best_Cand Ss
Worst_Ol1d_Ss
+As_Rep_Hyst
aperiod ofA

Active Set Full ?

(Event 1C)

Add Best BS in Active Set and
Remove Worst BS form the
Active Set

Add Best_Bs
in the Active Set

3.24
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PilotEc/lo of cell 1

>
—

-
N

AT

AS_Th+AS_Rep_Hyst

AS_Th-AS_Th_Hyst
AS_Rep_Hyst
| ]
| T
|
|
|
|
|
PilotEc/lo of cell 3 ! !
[ o [ o [ o o
Event 1A Event 1C Event 1B
= add cell2 = replace celll = remove cell3
with cell3
- g— -
Soft handover First
Connected to celll with cells 1 and 2, C(ignceeciltid

3.25

AS Th

AS Th_Hyst

AS Rep Hyst
T

AS Max_Size

and then with 2 and 3

3.25

Threshold for macro diversity
Hysteresis for the above threshold
Replacement Hysteresis

Timeto Trigger

Maximum size of Active Set
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Narrowband

Communication Systems (FDMA) (TDMA)
Frequency Band
Time Slot
Wideband
Communication Systems CDMA
Spreading Codes
CDMA
WCDMA Soft Capacity
WCDMA
4-1
WCDMA Single Service
WCDMA
Multi-class Real-Time
Non-Real-Time Web
browsing E-mail
Multiple Service 4-2

- Signal to Interference Ratio , SIR
Perfect Power Control

22



LF YR (4.1)
max
LF
M
Mmax :
WCDMA
S
P,
E 1
— b | 3
P\T) SE
o Jy v
S
] total S
_ S
- C
(4.2)
o +MBI+ > I =S
z=1,z#n
o
(Eb / IO)V Bit Energy to Interference Density
Ratio v
SF, Spreading Factor
Chip Rate ,\W Data Rate, R
SF=W/R 12.2 kbps
S

23



~

f z Other Cell
[total ( )
0.2
M
C
Other-Cell-Interference
Factor , i
1=
(4.2)
C
2 L
— z=l,z%#n
- M3 (4.3)
4.2) 4.3 M
b= S
Yoot +(1+i) M S-S
1 1 o’
M=—l+—-— (4.4)
1+i p, S '
(4.4)
(4.4)
S
WCDMA Pole Capacity WCDMA
Interference Limited
M

24



1 1
M_ =M = 1+
max |OU}A—>SO_)00 1 + [ J (4.5)

4.1) 4.4) 45
LF = i
Mmax
1 1 o
—_ 1+
1+ p, S
L 1+ i
1+il  p
_ M
- 2
v+ gl
S 1+
_ M(1+i)3
o’ +M(1+i)[3
—_ Itotal _0-2
]total
Loading Factor
]tota _0-2
LF = -t — (4.6)
total
(4.6) L
1
0 0 1
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Dropping

Noise Rise Value

4.1.1

(4.7)

Interference Margin

NR
— “total
M=
0.2
[total ( )
(4.6) (4.7) NR
NR — total
2
]total - (]total -0 )
_ 1
1 _ ] total B
] total
1
1-LF
2-1-3
Link Budget
NR NRax
NR

26
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-4

0.35F------

0.2

15

NR (dB)

(dB)

(%)

4.1.1

WCDMA

QoS, Quality of Service

Data Rate

Service Class

Process Gain

Eb/IO

E/I

27



12.2kbps ; E,/I,: 5dB
Basic Service
SIR
Power Unit
s _[E |1 _ 0
e — (4.8)
] total S ] 0 SF
s
E, /I, Basic Service Bit
Energy to Interference Density Ratio
SF Spreading Factor
Chip Rate ,\W Data Rate,
R SF=W/R
2
[total
Sm,l — E b D 1 —
— B — FPmi (4.9)
Itotal Sm,l IO m,l SE
S m /
(£,/1,),, m I
SE, [
pm,l m l
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(4.8) (4.9)

(]total) ﬂ BL 1+ ﬂ EIL
Smi _ ]O m,l SE IO ml SE
’ ([total) & BL 1+ ﬂ E'L
1, ) SF I, ) SF
[E’b ] ol |/ 1+ 2| gL
_ 1, m,l SE, Ly ml il =k
= - md 4.10
EANRY AEam o
1, ) SF I, ) SF
k., m !
Ko

29



pm,l

IOm,l =7

k

m,l

K]

C
o+ | DI | +
z=1
73
p other cell interference

Mv &v,v G+

444442 4 4

home cell interference

z Other Cell

ZZMPJ>¢I &t,q s _km’l <

4 43

M=M& +>>M,, &,
t q

Other-Cell-Interference Factor

, 1

30
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C
2 L

:z:12¢n 41
M [$ (4.13)

(4.12) (4.13)  (4.11)

~ k,, 3
i = +(1+1) 3| M ~k,,

(4.14)

(4.14) M

Iom,l EQI-H) B' W :km,l B +10m,l Iﬁm,l _lom,l @'2

M = kmal L3 +'0m,l IITm,l K _pm,l g

P, {1+i) 3
2

:L- q]kml +@ —iJ
]‘+l ’ Iom,l S

k 2
=St 4 11 1 Lo
1+ P, ) 1+i (s

(Ebj o 1+ & 1
1 ), sE Iy ), SF,
1+i
i (B ) /(B!
I, ) SF 1, ) SF
ol

(-




o>
1+ E, BL 1+i[é S )
—L 1+i _12
1+i Oy S (4.15)
Mma
Mmax :M |g_,0
or § -
=L 1+L (4.16)
1+i o,
(Loading
Factor)
LF =
_ MG
M_ L3

M(1+i)[3
M(1+i)B~+J2
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{MV (&, , 33 +ZZMPM &, 03|+ Z I
tq

— z#n
] c
o'+ M, [k, 3 +ZZM}W &, 3|+ Z]Z
L =
— ]total _0-2
]total (4.17)
(4.17)
(4.6)
(4.7) NR
1
NR — totgl
(o)
1
1-LF
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WCDMA

Power Control

Scheduling

>-1
Admission Control

A QoS
E /1,

A Priority

A Blocking

A

34

Handover

Admission Control

SIR
Bit Error Rate, BER

Handover

Packet



Off)
A Bandwidth
[29]
A
[30][31]
A
Target SIR

[32]

A (SIR-based)
Liu[33] Kim[34]

A Inter ference-based

(Interference) Thermal Noise

Zhuge[35]  Shin[36]

35
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5-2

WCDMA

Resource Reservation

WCDMA

WCDMA

System Loading-based Call

Admission Control

12.2 kbps
QoS
Eb/IO
(5.5)
(5.5)
A2
LF — ]total o
[total
 MBHI+) MB LM
1 1 1

total total total

C

NI

— k=1 + z=l,z%n :LF +LF

I home other
total

~

total

36

Eb/IO

(5.4)

(5.1)



L Khume

LKother
P, k
k
(Eb/[o)k P" (5'2)
]0 k ]total _I)k
_ 1
kT SEc e Utotal
(Eb/lo )k
(5.2) (5.1)
K
P
LEtome ==
]total
K
1
; S’};}c |]toz‘al
= +1
— (Eb /]0 )k
Itotal
=y !
k=1 SFk +
(Eb /Io )k
k

37
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LF, =
k S E{ N 1
(E b / [ o ) k
(5.3)
(Eb /]0 )new
ALF = !
new SF
new + 1
(Eb / ]0 )new
(5.4)
LF:LEurrent + ALEWW
NR - 1 _ LF < NRthreshold
SF;’I(:’W’
SF, k
B’IGW
(E b / 1 0 )new
(E,/1,), S
ALKHEW
LKCM}”}”Q}’H
[total : (
N Rthreshold N R
Eb /[0
Scheduling

5.2.1

38

(5.3)
SF;zew
(5.4)
)
12.2kbps
Packet



New Call Initial Information

Set NRthreshold
With System Condition

Set the Spreading
Factor for New Call
(SF,,,)

new:

Set the
Required £,/T
for New Call

y

Estimate the Current
System Loading and
Loading for New Call

Check System Loading
(Equation (54))

New Call
is Admitted

New Call
is Rejected

5.2.1

Blocking Probability

39



5.3.1

Throughput

532

Blocking Probability

NR threshold

User Arrival Rate
NR,,,+-0.5dB  NR,,,,+0.5dB

NRyax

N. Rthreshold

Blocking Prob. for Different User Arrival Rates - Differenct CAC Threshold

(dB)

ax + 05 (dB)

-05 (dB)

=©- NRmax
-~ NRm

0.7

S=—OTCOC-0. D)ExX0e-M

14 16 18

1.2

0.8

User Arrival Rate (1/sec)

0.6

0.4

0.2

5.3.1

40



Throughput for Different User Arrival Rates - Differenct CAC Threshold

(dB)
(dB)

-~ NRmax - 0.5 (dB)

—A— NRmax
-8~ NRmax + 0.5

0.7

—~DQ S+~ O S0-—

1.2 14 16 18

0.8
User Arrival Rate (1/sec)

0.6

0.4

0.2

532
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Overload

Admission Control

Packet Scheduling

Load Control
6-1
Efficiency 6.1.1
load
Max planned
load

T T 3
PP

Extra capacity can
be given to packet

r
)
]
data users /Wi

1T .

o (S

|
| i Load from real

| time connections

42
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Data Channel

Bursty

> > >

-
Reading Time
Time
\ \
L] |
Packet Packet arrival
size interval
6.1.2
Quality of Service, QoS
Priority
6.1.3
WCDMA Frame Structure [37]
Frame 10ms DPDCH

Dedicated Physical Data Channel

43



Packet allocations W -sf-r"r:

MS

Packet allocations

1@;{/

BS

2.5G GPRS 3G UMTS, c¢dma2000
Naghshineh and Acampora [10][11]
Honig et al.[38][39] DS-CDMA

Abrardo et al.[40]
Riccardo. et al.[41]
Oriol Sallent et al.[42] WCDMA

Sensitivity
NR

Complexity
Average Packet

44



Delay System Throughput Frame Error Rate

Performance Index 6.2
6.3
6-2 Scheduling Procedure
6-2-1 QoS
UMTS [14] Harri Holma et al.[15] UMTS

(Circuit-Switched Service)
(Packet-Switched Service)

(1) (Conversational Class)
(Real-time)

(2) (Streaming Class)

(Video On Demand, VOD)

3) (Interactive Class)
Bit Error Rate, BER
(Web Browsing)
(4) (Background Class)
(E-mail)
6.2.1 WCDMA Air Interference
E b / [ 0

45



6.2.2
6.2.2
Soft QoS

Oriol Sallent et al.[41]

Guaranteed Delay,

Queue Delay Transport Delay

Researc

QoS class Streaming Conversational Interactive Background

/ A\

Guaranteed bit rate Yes guaranteed bit rate No, best effort
Scheduling Non-scheduling Scheduled by packet scheduler
Data loss rate Low High Higher
requirement
Delay tolerate . Guar.anteed .
(Soft QoS) Small range Nodelay error interactivequality High
orLRo \ (atoleraterange)
Example Video \woi ce Web brows'y/ E-mail

6.2.1

46



QoS Bit Rate (kbps) BER E,/I, (dB) Delay (s)

Traffic Class (120 km/h)
Conversational (Voice) 12.2 1003 5 < 100ms
Interactive 32 10 ° 45 (Soft QoS)
(Web browsing) 64 29 Typical Delay

144 FER 24 =05s

10% Max Delay

384 29 -15s

Streaming <2000 10~ Depend on <250ms
3 Bit Rate Used
Background <2000 10" Tolerable
6.2.2
6-2-2 Priority
Cost
[50] [51]
[52]
[53]
Exponential
[41][53]
Delay
Buffer
Queue Length

47
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Lk

70, >0
@ = 10,
L, 02-T0,)" TO, <0
7} k
L, k
T0, k
n n 2
6-2-3 Allocation Constraint
Link Budget N. Rmax
Equivalent Isotropic Radiated Power
Eb /[0
(6.1) (6.2) K,
k
X
[ﬂj = xS k=10K,
]O k [total _Pk
C
[total = Z [z +PR +0-2
z=1,z#n
C
o’+ > I +P, |
P — z=1,z%n - U
k N SF, SF, " total (6.1)

48



LF = =
T S, 44 (6.2)
(E b / I 0 ) k
(Eb /IO )k k
P, k
Py
LK, k
[total : ( )
Noise Rise
NR threshold
LE/ LE)ther
WCDMA
Capacity (6.3)
K K
P 1 P P
LF = =k
g kzzll SE‘ ] +1 ; [total
(Eb / 10 ) k
NR = !
1 - (LFp + Lﬁ;ther +LE} )
_ 1 (6.3)
]‘ - (LEtome + Lﬁ;ther )
1
= 1 _ LF < NRthreshold
N Rthreshold N R
LF,
LF,
LF,

49



LF,

other

(6.1)
Pilot Channel
(6.4)
p=—tus  <p G k=I1OK
k =t k
SF, +1 e P (6.4)
(Eb / ] o ) k
£ s
G, Channel Gain
6-3
6-1 6-2
Dynamic Data Rate QoS
DS-CDMA Processing
Gain [43] Chip Rate [44] [45] Modulation
Format [46]
best
effort

(6.1)
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Eb/IO

Retransmission
Sallent et.al [42] P,
R, (6.1)

Power Margin
Maximum Loading-based Packet
Scheduling Algorithm, MLBPS Real
Loading -based Packet Scheduling Algorithm, RLBPS

A MLBPS
6.3.1 Request
Frame Time
NRax I nterference Margin
Best Effort
E, /I, (6.1)

5

6.4 6.3

51



Complexity
Traffic Load --
(6.3)
[42]
Worst Cast
Traffic Load
RLBPS
6.3.2
NRim' NRmax
(6.4)
Resource Margin ~ F Power Margin
NR NRallocated
NRini
NR; i ANR

(6.3)

52



MLBPS

P, RLBPS

63) (6.4
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Set
Interference Level
Equal to NR, .

SF, Equal to
MinimumSF

SF, = SF, (2 |

11

Set
the Required

Eyl,

B
Computation

Check
Transmission Power
Constraint
Equation (6.4

10

Check N
System Load Constraint
(Equation (6.3) ,

User k dose not
transmit in
next frame

User k transmits in next
frame with
spreading factor, SF;,
and power level, 7.

\

13

N y

- Scheduling is completed.

accepted users are decided.

- Data rate and transmission powerfor

6.3.1
Maximum Loading-based Packet Scheduling Algorithm
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= o

10.

1.
12.
13.

NRmax

(6.1)

E, /1,
k

(6.4)
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Worst Case

(6.3)



Prioritization
(4)

Set

A

Initial Interference Level ;| 2
NRim’ = NRmax
\ - NR,=NR, - A NR
3 k=1
——————— 14
k=k+1 A
Set
4 SF,Equal to
Minimum SF
« | SF,=SFD e
11
5 the Required
E}/I()
6 Complitation
N
.
Check
Transmission Power

SF, = SF,, ?

Constraint
Equation (6.4

Check
System Load Constraint

Y

( Equation (6.3),
hreshold VR

User k transmits in next
frame with
spreading factor,SF, ,
and power level, P, .

User k dose
not transmit
in next frame

6.3.1

10

SF, =SF,, ?

max

User & dose
not transmit
in next frame

allocated

Computation

NR, -NR,,, .. >F?

allocated

- Scheduling is completed.
- Data rate and transmission power for
accepted users are decided.

Real Loading-based Packet Scheduling Algorithm
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10.

1.
12.
13.

14.
15.
16.

NR;»i= NRyax
k
k
Eb /[0
(6.1) k
(6.4)
9
k
NRini
NRini _NRallocated
NR;,i-ANR
M
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Worst Case

(6.3)

NRallocated

NRallocated
F



6-4

QoS

[37]

Average Packet Delay

MLBPS

RLBPS

6.4.1

Users

[42]

Arrival Rate

Average Packet Delay for Different User Arrival Rates

-8- Reference Algorithm
—— No Packet Scheduling

-©— RLBPS

0.9----1 —a- MLBPS

12 14 16 18

0.8
User Arrival Rate (1/sec)

0.6

0.4

0.2

6.4.1
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Propagation Loss

MLBPS

6.4.2 RLBPS

Frame Loss Rate

Users

6.4.3

Arrival Rate

Frame Loss Rate for Different User Arrival Rates

—B- Reference Algorithm

—+— No Packet Scheduling

0.14

0.12F-----

12 14 16 18

0.8
User Arrival Rate (1/sec)

0.6

0.4

0.2

6.4.2
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Frame Loss Rate for Different User Arrival Rates

0.018

0.016f -~~~ -

14 16 18

12

0.8
User Arrival Rate (1/sec)

0.6

0.4

0.2

6.4.3

6.2
Maximum Packet Delay

0.5s

Typical Packet Delay

= 1.5s

644 645 646 64.6

6.4.7

Cumulative Distribution Function
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(@lwa]

CDF of the Packet Delay for Different Algorithms - Arrival Rate = 0.2
FaY

0.9F--------mmmm oL

0.8f----------mm——oo Lo

07f-------—mmmmmm

06— S S

05F----- O

0.4 S

~~1]=©—= RLBPS [T

—4— MLBPS
-8~ Reference Algorithm

6.4.4

|
|
|
|
1
|
1 15
Delay (s)

0.2

Cumulative Distribution Function
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CDF of the Packet Delay for Different Algorithms - Arrival Rate = 0.5

(@lwa]

0.3

—-©—- RLBPS
—A— MLBPS
-8~ Reference Algorithm | __________|

0.2
0

6.4.5

|

|

1

1 15
Delay (s)

0.5

Cumulative Distribution Function
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(@lwa]

CDF of the Packet Delay for Different Algorithms- Arrival Rate = 0.8

X e e e

e e L
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CDF of the Packet Delay for Different Algorithms - Arrival Rate = 1
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CDF of the Packet Delay for Different Algorithms - Arrival Rate = 0.2

1 \ \
0.9 === = - e oo oo he B A
08F-------mm e AL ]
0.7 - ]
F
D
C o6t S S
- - -~ RLBPS = oo
| —— MLBPS
! —B- Reference Algorithm
0.3 | |
0 05 1
Delay (s)
6.4.8 2
Cumulative Distribution Function
Throughput 6.4.9 RLBPS
MLBPS

Users Arrival Rate

65

15



Throughput for Different User Arrival Rates
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Multiple

Service QoS

WCDMA
WCDMA

A WCDMA WCDMA
Soft Capacity

Noise Rise

WCDMA
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Part ||
OFDM/CDMA

WCDMA HSDPA CDMA2000 1xEVDO
(time variant channel)

OFDM

(modulation scheme)
(coding rate) (spreading factor)
OFDM

OFDM
(resource allocation)
OFDM/CDMA
[4][55,56]

OFDM/CDMA

(admission control)

(Radio Resource
Management, RRM)
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OFDM

(packet scheduling)

OFDM/CDMA Downlink

(throughput)

OFDM

OFDM/CDMA
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OFDM/CDMA

OFDM/CDMA
(single cell) (multiple cell)
2-1
(downlink)
(link budget)
(uplink)
CDMA
CDMA
2.1.1 CDMA
2.95 2.1.2
65.46W

100~150W
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Uplink Link Budget

Item Units | Values Comments
Transmitter (mobilestation)
(a) Max. mobile transmission power dBm 21
(b) Mobile antenna gain dBi 0
(c) Body loss dB 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*10-23, T=293
(f) Base station receiver noise figure dB 5
(g) Receiver noise density dBm/Hz| -168.93 g=e+f
(h) Receiver noise power dBm -101.94 h=g+10*log,,(5000000); Rx bandwidth = SMHz
(i) Interference margin dB 3 max. planned noise rise
(j) Receiver interference power dBm -101.94 | j=10*log, (1010 10"10)
(k) Total thermal noise+interference power | dBm -98.94 k=10*log ,(10M10+10i"10)
(1) Processing gain dB 26.81 1=10%*1log, ,(10°840’8)
(m) Required Eb/No dB 5
(n) Receiver sensitivity dBm -120.75 n=m-I+k
(o)Base station antenna gain dBi 0 consider omni-directional antenna
(p) Cable loss in 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 % 95
Log normal fading constant dB 8
Propagation model exponent 3.52
(s) Log normal fading margin dB 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 124.75 v=r-s+t-u

Corresponds to 2.95 km cell radius by Vehicular path loss model

2.1.1
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Forwardlink Link Budget

Item Units | Values Comments
Transmitter (base station)
(a) Max. base station transmission power [dBm
(b) Base station antenna gain dBi 0
(c) Avg number of users by UL planning 53.43
(d) Equivalent Isotropic Radiated Power |dBm p d=a+b-10*log (c)
Recelver (mobile 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
(g) Receiver noise density dBm/Hz| -168.93 g=etf
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*log, (256)
(j) Required Eb/No dB 5
(k) Receiver sensitivity dBm -108.87 | k=j-i+h
(1) Mobile station antenna gain dBi 0 consider omni-directional antenna
(m) Body loss dB 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 % 95
Log normal fading constant dB 8
Propagation model exponent 3.52
(p) Log normal fading margin dB 9 if no cell selection, need 13.2
(q) Soft handover gain, multi-cell dB 3
(r) In-car loss dB 6
(s) Allowed path loss for cell range dB pt93.87 | s=o-ptq-r

For allowed path loss equal to UL, we can find p+93.87=124.75
=> p=30.88 =>P=p+10*log10(53.43)=48.16 (dBm) = 18.16 (dBW) = 65.46 (W)

2.1.2
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(path loss) (shadow fading)

(multipath)

(multipath components)

(Doppler)
(scattering)

(fast fading)

(delay spread)

OFDM
interval)

(frequency selective fading)
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(multipath fading)

(slow fading) 2.2.1

(phase)

(guard



221

2.2.1
T
(diffraction)
( )
response)
802.20 [57]
(impulse response)
222
(Channel A)'
2510 ns OFDM 15.625 us
3.125 us

OFDM
OFDM
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Average Power (dB)

0
-1.0
9.0
-10.0
-15.0
-20.0
.
0 310 710 1090 1730 2510  Relative Delay
(nsec)
2.2.2 (Channel A)[57]
(scattering)
Jakes 223
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2.2.3 Jakes
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OFDM/CDMA
OFDM/CDMA
multi-carrier CDMA (MC/CDMA) multi-carrier
direct-sequence CDMA (MC DS/CDMA) CDMA [58-60]
MC DS/CDMA
23.1
in 'I'Siﬁ::algi?gain
S1 7 ]
[ Spreading L Transmitter
0 3 SF
data sequence g data symbol =z
% ) Spreadin S - g - Guard ulse
.......... % S | 'l p g % E I:_lnstee:t\i’grl_l Ly S';a:)ing
= —
: Channel
SN Spreading | (G)
| —~{affith [T |
5 [ e | Receiver p 4 Thermal Noise
«— Despreading |4 (Nth)
m -
data sequence §- 4371 Despreading | z
.......... g -é' % —| |Gtuard| (¢—{ Synch ti
Fr
l«— Despreading |«
2.3.1 OFDM/CDMA
(data stream) (sub-channel selector)
(data symbol) (time domain
spreading) (Discrete Fourier Transform, DFT)
(guard interval) OFDM
G Nith G  Nih N
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(other cell interference)
(coherence time)

(intra cell interference)
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OFDM/CDMA (Radio Resource

Management, RRM) (admission control) (packet
scheduling) (adaptive sub-carrier selection)
3-1

(request)

(Quality of Service, QoS)

(Real-Time,
RT) (Non Real-Time, NRT) 3.1.1

3.1.1

3.1.1
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(upper layer)

3.1.1

< User Generation >

Real-Time No
Services ?

hJ

Compute Sum of total Compute BS local
power consumption of average packet delay
RT users in system
and

the power consumption
of new RT comer

Y

Yes Yes
Larger than Larger than
Voice threshold ? Delay threshold ?
No No
' 4
Admission Block Admission
3.1.1
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3-2

(Admission Control)

(Blocking)

(Qo9) (SIR)
(E,/N,) (Bit Error Rate, BER)

(packet scheduling)
(collision)

(QoS)

(Efficiency)

82

(router)

(packet)

3.2.1



Power Consumption

Power Consumption
from Real-time Users

(Priority)

> > > >

A

Max Transmit powers
of Base Station

Residue Power
can be assigned to
packet data users

-~ Time

Packet Scheduling

Update Period

3.2.1

burst

(Quality of Service, QoS)
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(priority)
(resource allocation)

[61]
[62]

[64]

(exponential weight)

(Eb/NO )
(object)

(capacity)
4.4
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Scheduling Procedure
Start

Next User

/

)

Real-Time
Services ?

Resource Allocation

BS residue power
> Voice threshold?

Scheduling Procedure
Finisth

No

Last Voice User ?

Yes
\J

Data User
Priority Setting

Next User

\ J
Start from

highest priority user

\

Resource Allocation

No

BS residue power >0 ?

Yes Yes

Last Data User ?

v

Scheduling Procedure
Finisth

3.2.2
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3-3

OFDM
1024
3-3-1
(Frequency Division Duplex, FDD)
OFDM
(tradeoff)
(report information compression)
(pathloss) (shadow fading) (multipath fading)
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2-2

(impulse response)

(Fourier Transform)

(relative delay)

1024

3.3.1.1

(auto-correlation)

Report Multipath Fading Pathloss +
Information Type | Channel Delay Channel Gain of Shadow Fading

Spread Profile Each Path
Information Five positive real Six complex One real value
Volume values values
Required Report 1.26 ms 0.6 sec 0.6 sec
Interval

3.3.1.1
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3-3-2

3321

User feedback impulse
response by UL

l

Take FFT to get
frequency domain
channel gain at BS

l

Sort all sub-carriers

l

Transport the
information to Resource
Allocation algorithm to
help the MSN parameter

set selection

3.3.2.1
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OFDM/CDMA

(resource allocation)

4-1

CDMA
(Bit Error

Rate, BER) (Eb/No)
TCP/IP

(QoS)

(modulation) (spreading factor) (number of sub-carriers)
k Py 4-1
The power consumption of user k£ at base station :
% p, (M), (n) {1, (n) +0?)
P = SF eq.(4-1-1)

n=0 k

&9



and the power constraint at base station is :

K
Y. B <P, eq.(4-1-2)
k

P, required transmit power at base station for user &

0, (M . ) required E, / N, for service type of user k with M,

L, (n) propagation loss on sub-carrier n between base station and user k
(include path loss, shadow fading and multipath fading)

I, (n) multiple access interference to user £ on sub-carrier n

o thermal noise power on each sub-carrier

P maximum transmit power at base station

K total number of users in the cell

k ( )

4-1-3
The link parameters of user k£ corresponds to data rate :

=MkENk [,

=M, [§, IV, [R eq.(4-1-3
SE. T, Wy UV, Wkpy q.( )

k

R,  data rate assigned to user k

M, modulation order (M, =1= BPSK,M, =2= QPSK..)
N,  number of sub-carriers used by user £

SF,  time domain spreading factor

spreading coefficient (= SFip SF )
k

Sk

C code rate (in this study, C, =1/2)

T,rpy OFDM symbol duration

Ry, basic unit of data rate (M, =1, N, =1,SF, =SF,,.)

max

=

3-1-1
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Transmit Power
for User k 1P (t)

Channel Gain :  Lk(t)
\Equired Signal Qualtiy :
% EbiNok

Base Station Mobile Station k

Characteristic of each
parameter set for each user :

power consumption at BS
achievable data rate

4.1.1

(power control)

(N) MSN set

4.1.1

QoS requirement and limitation
of each user :

signal quality

minimum data rate

delay constraint
spreading factor limited by mobility

Resour ce allocation
algorithm

P ould be applied with

admission control
packet scheduling

(M) (S)

(code



rate) (dimension)

4-2-1

Asume all user have same data rate requirement.

Then optimization on throughput will turn out to be :
K
max {ZRk} = max {K}
k=1

K
for ZRk =K R, s ad R, .., 1S cOnstant

k=1

Since the constraint on total transmit power is

K
ZPk Sf)max
k

The maximization of K will be equivalent to minimize P,

max = min { P, eq.(4-2-1
{K} MA,N/\,SA{ k} q.( )
MSN set
(target rate)
4-2-1
Real Time Service Non Real Time Service
Target Rate Fixed Required Rate Residue Bits in Buffer
Scheduling Interval

42-1
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MSN sets

4-2-1

Simulation Start
t=0

|
v

t =t + Tscheduling

Priorization

v

i =0,
Presidue= Pmax

|
v

Determine target
rate Ri

v

Choose MSN set
and power
consumptionPi

v

=1 +1

Presidue -=Pi

Presidue=0? i=Ntotal ?

4-2-1
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OFDM/CDMA
OFDM/CDMA
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