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Abstract

In recent years, Internet users continue to increase as well as the user's surfing habits are
gradually changing,, more and more users use the Internet to watch video services, cause the
shortage of spectrum resources. The cognitive radio technology can be used to improve the
spectral problem of insufficient resources.

But if we want to serve tens of thousands of users, it is need a control center, in our
architecture we use cloud to manage our cognitive radio network base stations and users. In
this paper we focus on two parts , the first is for the discussion of cloud systems architecture ,
how to make our system better, like how to scale-out each component of the cloud , as well
as in the cloud data transfer . Second, consider a large-scale environment, we have to support
real-time communication services, we propose a clustering algorithm will be cut several
clusterin a large-scale environments, and each cluster must meet the work load is limited and
will be allocated to each cluster a virtual machine is responsible for the allocation of spectrum
resources, as a result, we can parallel the distribution of the spectrum of each cluster. But
when we separate the cluster, the boundary base station between cluster and cluster will cause
interference, and different cluster management by different virtual machines can not
immediately know each other for spectrum allocation situation, so we propose a algorithm for
wireless networks for boundary base stations do a preliminary allocation of spectrum
resources.

For clustering and boundary base stations spectrum resource allocation problem, we
were presented optimization and heuristic algorithms and do the time complexity compared
with the simulation, and will make for a large-scale emulations to verify the feasibility of our

cloud systems.
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A s R R E (W) - B Y R AR AR
Er R FALE AR FRFREF S EREFALEA IR Py Y o
MU st i % 5 Userinfo & 8¢ » @t demit il =75 SUSHT A Rl & AP
Info % &> & 1% 5547 3# 5 B = = £ 501 User Info & 30 & {5 2| #romt 45 3 ¥ 11 1 * 53
5] RPM 4 & » @ #4738 F oA & ~ 1335 RPM 4 #22 AP Info % 7 FoR =2 &)1 5 5
¥ o0 BTk 3 » SRSResult & +2¢ 5 8 4 fe b2 # g fe B A2 1345 AP Info 4
# SRS Result & } 5 4 fie 1 45§ §f + #e 3§ T % % % r CPAResult 4 4@+

AR TR A faR FRE Iy 222 BB F o
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Femtocell AP

User ID,
MAC addr.,
user location,

associated AP,

RSSI

Home Agent

AP ID,
AP location
used IP

/ AP ID,

numbers

User info

AP info

—

CSS engine

X

RPM

“AP ID,
available CH

-

SU location,
required rate,

SRS engine

ClusterID,
APID:--.

CPA engine

CPA engine

granted CH

CPA results

=

Home Agent
Femtocell AP
R e L

19

R

Table



A AP RS AR AR T AL A E ARGt A PR R R A

RPN FRTARE AR R TRRAN CRREREE AR
T~ HBase E g e B 10 TR B chg %k o M- 5 1 B 2GR
MoRBEBP TR AT AL ~E T 566 nRiP THRENEL Rk ir 5o
e % (B 2 )Egr ) AP Fd Faldn g &~ 2 IRIED] K 400 5 SR i o
oOPET SOIR AP RNGE 2 82(ms) s @ B 500 5 AP dege i B SpFT SRR T A

82(ms) » A PUTEEFREF - T & A o AT T gE L R LR A 400 TR A AU E (T 4 e o

I SO Lt B R E R S

300
250 /F/'
é 200
2 1(5)8 a A
= / == max
50 min
0 u _
1 100 200 300 400 500
Number of AP
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JLAHAERBRAT RA R

Boipm F ARG RN AFOD R AT TR R AT SR R
B BRI FEZ AR DR EATRRE SR 0 50 FUBA P K G KT

- B AR IR > B8 Rk s A SET S BRATE A AT i 1 e 2

BT ER o

AR
IR TN FAERE: 7 . YR SN e r
3+ ¥
ke 4o e P ‘ ‘ ; CE W SR B A
PETAY
FIETS AT S i 2] FE % SRS

TR AT pseudo code -
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Queue : 1

OXOLO

Choose 1 & put 1’s neighbor into queue

Queune : 2
Not choose 2 ~ |f choose 2 not overloading
. @ @ Thenput 2’s neighbor into queue

Queue : Empty Queune : 3

.@_@ Not choos__e 3.'_®if ch_oose 3 not overloading
Queue : 2 Queue : Empty Queue : Empty

Choose 2 & put 2's neighbor into queue . Put Node 3 into queue

Queue : 3 Queune : 3

.._@ hoose 3 not overl.lg.®

Not choose/3 < j
J Choose 3
Queue : Empty Queue : Empty Queue : Empty

© Put Node 3 into queue

Lo

Queue : Fm])t\'

Btz ~ i AEFE 2

N
=l
e
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Parameter :
p : temp Penalty
C : cluster number
Node :AP’sID
Node.CN : Cluster’s Number of Node
Node.color : AP’s status
- White : 1.Non-clusterd
- Black : 2.Clustered
- Gray : 3.Not be clustered but be checkeo

\vingg

Initial :

Penalty p
all Node.
all Node.c
C=0

Main()
Push Node 0 into Queue

BFS_OPT(NC

23




BFS_OPT(Node N, Queue Q, ClusterNum C)
if(Q is not empty)
/I find all BFS sub-graphs
® tempNode T = pop node from Q
® Color T to Gray
® Record the Q and color
® |If(Select node T will not cause overloading) //select this node
Color T to Black
Choose node T, set-nade T.ClusterNumber = C

is white
BFS_OPT(N,Q,C)
® |If(T !=N) //avoid first round not choose node
- Recovery the Q and color and set the cluster number of
T.ClusterNumber =-1" // case for not choose Node T
- Not choose this Node T
- BFS_OPT(N,Q,C)

Else
// this cluster’s process finish
® if(all node be clustered)
- if (this solution penalty < p)
p = this solution penalty
® clse
- for all Node if(Node.CN ==-1)
set Node.color = White // recover
- Find the not clustered node N’ /linitial new cluster
- PushN’to Q
- Start next cluster, BFS. OPT(N”, Q , C+1)

24

Push all neighbors of T into Q which are not already in Q and it color




3.2 .28 AHEANL
BECE R B E Y E B E oA B A TS - R fic(degree) B 4 B AT BE

ST AEINRSNERES S on AERA A I EONPAPREI T ERER L
e Xit?}edge SlcR o A ehiE ik BRI R B el R 5 i o 78 ﬁ:)i}u’n" DT Xf}edgeév'ﬂgt?i_ E:

Mo A E T - BELRY RATEIEP DD GBI 2 FAOMBR Y ERE -

o

Big n PR T HE ¢ Mt Bk B e 8 Eher B Lo BB AR B b LA~
&4ﬁﬁwﬁwwﬁﬂxﬂmm&ﬂ*“’%&iﬂ*Lw%&rwkmrﬁfﬂw%

2R E MR EE R SRS A hpenalty Bfe o SRR EE B 0 R AP

Pﬁﬂi"\l?“i‘gma‘&ﬂﬁu'&m%za)\ P deflL e ~FlL o - BAsEmEL O(F

|

B)z (s ¢ M HpaSenEE 1~ 3 4ty 4 1o Flh e Bripk i PR BB

TP BiEE | cnEhiE N s RS 3 o H 5|3 £ pseudo code 4T o

-._h\\\'/ ) P h
7 /J 't‘\ ¢

0 r 0

PPN
T\
;

Initial State
Bl-Lte ~ g ATy Eg(idy)
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4
. r O r 0 l
N E B

Stepl:choose minimum dearee node as initial node in this cluster

A)E

Step2:choose minimum £ add into this cluster

W2~ fogf 38 A 3w B 2 F B(Step2)
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Parameter :

N : number of node

Initial :
C=0
rr=0 VieV

\arery
P —

A 1896

er of Nodev==C

® C+l

® Recovery Not be selected Bounc

27




3.2.1.3 AR & 47

Lo SN A p N SERAR S ST ASERE rl i il RS ST RN Al p N SRR SO ERN REey

1x 1

U EA Y P MBS AP RERLFRT S ToakE o

AP AENZBEAEE AP g AR TR AR SR TSSO LR T

LOAMAE R R AR S E

AT R ﬁgﬁ B a

rF .
% = ,;“1;’(1)1')& N II;W_L&”IH? AR NBIHESTUT URAT R ES
(N+N—1)! (2N 1). . e (2N— 1)
‘{é—’;é ’ 'ﬂl«u‘ﬁ’»';&; (L= /2' mfﬁﬁ&ﬁﬂyﬁﬁﬁ O(

q*/ =|E[SPYEA

m}\’r‘ﬁsf)f\/ﬁfr/fﬂm TP ELFTFEG AR - BB EH AP DB 7 AT
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3.2.2 R BT R4 B

3.2.2.1 B M EHTMARA S
LhECEH T RARFEREY AP RE T HAfT A 0 DA P S
BoAFenm e 3N 0 A g SR - Bhen® BAEHE Y RUREVETVAREY oB L - o

SR EY CSEIT SRR R s A R ARG e Y

fie 22 40 e i o > 3 ) : SAANTWARZIE. fie ¥ gy s dm e B )Y

% pseudo code 4-

(NULL)

(1,2]
(NULL) (2)

(1,2]

[1 : available channel set
[1,2] [1,2] () : allocated channel set
(NULL)  (1,2)

Bl s B d A HETRART 6
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Parameter :
N : total number of AP
temp solution : temp total allocated channel number for optimal

Initial:
temp solution = -1

Main()

Coloring_OPT(Node C

Coloring_OP

30



.22 23 ERBMBHTRLIRAL

AP A G R AT TR fek 0 - R R B T R e A g
1952 BliciE kb T 8 MAF R E Bvi- BR > % - 5 73 @ (interference) » + 4 E £
T AR AR F AR R o Bl N B3 R S B0 B2 mied BRY T Y

B 0 Sr i SR 3HEH 0 ch T 4F T 5 20 A - B An g F B do] T 4R ehgk

AL .

Interference

Interference

ey § R A —"-;;,ﬁaf*]ffk*iﬁ?;ﬂ'&‘gt(s on degree) & 4@+ 1
B0 2 8 3 A ( A g gk 3
fo o S E 7 i 49 A T ?f RIE G OER LR

e - A o
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channel 0 1 channel 1

Interference ] Interference 2

O lﬂ

.u]:annel .'l

Interference 3

oY ¢
N
A
channel 0 channel
Interference 1 / Interference

R

action ratio)
$ & 4

i P A

Phasel choose node have min
( Dyinterference value
(2)min saturation degree
(3)satisfaction variance

Allocated or Blocked or

Phase2 choose node have min
(1)interference value
(2)min saturation degree

Bl= &~ B0 BT R A iR A2
32



PG ek A F A e R R BRI L A - BREERAR G RS
Bht D AMERS 8 TR U IR el TR © 5 3 Urik 1 ol

FREG Y - BRAEATHRT ELARE S FRGNLE F- R AT 2405 Rk
L HET VA AT TR A fe A4 165§ RHOR S KBk § £ %3 £ 47PF block -
BE S Z PRECE Rk DloCk crE MR I MR 0 AR S TR R R B2 4k

A% e B ﬁi&ﬁj&%‘;— P é\fgi | g T R gl;ﬁ,‘,,‘m}g, F] f A K R

A REA LS LG F R L R TR E AR Z > TR 2 AP

EERE LS T s sseudo code -

Parameter

Main:
Phase
Recover
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Phasel algorithm
While(can allocate channel)
® Choose Node v have min interference value
® if(min interference equal)
- Choose Node v have min saturation degree
- if(min saturation degree equal)
» Choose Node v cause min satisfaction ratio variance
> if(min satisfaction ratio variance equal)
e Random choose Node v
® AllocateResource Phasel (Node v)

AllocateResourcePhasel(Node v)
® Choose available channel CH of v which has min interference
® Allocate CH to Node v
® [f(R(v)==number of allocated channel of v)
- tempBlock Node v
® For(all Node) // Block neighbor’s CH
® if(Node u are Node v neighbor)
- block Node u CH

Phase2 algorithm
While(can allocate channel)
® Choose Node v have min interference value
® if(min interference equal)
- Choose Node v have min saturation degree
- if(min saturation degree equal)
»  Random choose Node v
® AllocateResource Phase2 (Node v)

AllocateResourcePhase2(Node v)
® Choose available channel CH of v which has min interference
® Allocate CH to Node v
® For(all Node) // Block neighbor’s CH
® if(Node u are Node v neighbor)
- block Node u CH
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3.2.2.3 AR A ¥

AP RFHE TR b G R A AP RR A TR 45
ST E T RA e R 0 LA P T A R kg AT AR o F AR AP
3N BB E BT P AT RS Cp, Gy Cy 0 30 F B BLA P IRE BT ¥ A e
Tt g R A power set #20g 1 K GRH TR LT G 20T i Flut R AR SR -

N
38201 %202 5 5 208 = 2Zi=1Gi

ﬁﬁ%§3$}/ g : \§ e o B B IR

FiE (XN y/ SEER S SRk i AR AR 5
O((Z%\I:l i N) ©

/

T
Bomra
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e d WERERLEEA

s

bip— &P APEL A BNGTRAPORHE AF - N4 € s HITE 2

~

2 if J BhAE B TRAFRFE DR G R EEFNRE O R B IS R
A EET - A R RBRBREE AT R TR B - R APk SRR

#

41752 iR

AYERABS ¢ 5 BRSESTRRE AR 0 AEEHT AT AR 06 5 B RS
&Pf—‘&xﬁ#i o KT nE FEE AT 1~4 B> 2 é‘j\"ﬂ{iﬁgfﬁ%%%ﬂ}'ﬁé%ﬁt&m
17 100 % BT e @ Bl e 0 @ & B IR R A LK AT .

1. VM# . 2275 2o denst 2#icd - B+ + Fp

mIEBE -

2. Handled loading(mean, standard deviation) » # e 4 %% i 58 18 B 47 g2 en-T 351 (%

T

F e 4Rl E o
3. Total Penalty » 2 F &+ # & < penalty & o
4. Avg.Penalty » Fia& g+ 2} 7 > penalty o
5. Avg. Allocated Channel(Boundary AP) » #4308 BE3 (7 = /7 & 2 {8 T 5= B F ghak

A e eHE S F R EE o

L, @y min Gl
6. Fairnessindex » f[::%% |M |
BYP,(min (G 1))2
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AP:9 Max VM loading is 50(loading constrain) ,
VM# Handled Total Avg. Avg. Allocated Fairness index
(cluster#) | loading(mean, | Penalty | Penalty Channel
standard (Boundary AP)
deviation) OPT | Heuristic OPT Heuristic
coloring coloring
OPT 2.52 (32.83,5.999) 11.15 4.42 241 2.278 0.784 0.935
Heuristic 2.23 (33.21, 12.74 571 2.36 2.233 0.666 0.907
clustering 12.578)
AP:16 Max VM loading is 50(loading constrain),
VM# Handled Total Avg. Avg. Allocated Fairness index
(cluster#) | loading(mean, | Penalty | Penalty Channel
standard (Boundary AP)
deviation) OPT | Heuristic OPT Heuristic
coloring coloring
OPT 3.48 (41.28, 16.67 4.41 1.89 1.712 0.608 0.796
5.2426)
Heuristic 3.94 (33.17, 23.51 5.96 1.73 1.644 0.583 0.741
clustering 13.106)
For o~ B EEF N HE R
dAE Vg b AFFEEY Gt E 2 BE 2 16 B penal ty
#r L3 penalty 38 & Bl BITECE R R R R I TA G i W B 2 chig s
RABHAEMLE L By KF bt RaTRA g Y o

'——é i ’é’ﬁF‘ FH‘

B BLeNF R A fe 540

LF G 0 A AR R R Y

ERESC AR L 7 TR B

AT

AR ]

‘ /),%I /4;\ ﬁo L’ﬂbl‘ ﬁ{

s ¥ J‘j—ﬁ ;fl

, /

}?} /ﬁ—n /; ’ ,__ B é—_é}i’:t’i_’;w

5 e

BLfFIR o
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42 % = R 4 LRI

421 32 BRRK T

APEE AT NERRAAE AT BRSPS 2S5 E RS o

8

TN

Loasrg s B s R R L B pidad ¢ S (AB) s @ AP ¢ ¥ Flahe B

28 % (AL ~ A3)11 2 1z B (A2 - Ad) o

@
Avrea: 119.1898 km?

Population: 533745 . )
# of CR User: 93354 [] Population density < 6000

8] 6000 < Population density < 15000

1 [ 15000 < Population density

&

Area: 67.6798 km?
Population: 1438452
# of CR User: 251590

2

Area; 31.5787 km?
Population: 270245
# of CR User: 47267

(©)

Area: 21.8424km?
Population: 114023
#0of CR User: 19943

()]

Area: 31.509 km?
Population: 262307
# of CR User: 45879

Bl= =~ s w R e

d W Ed P RPPADACBREIIAR TE AL DTREES T4 o AP AT
FREPN EHRREY FHRAREFETF BEROERE RS O i 4 el ek |
F %&{;ﬂ, BT EEMAR TREAE S TER AT R B R DERR T
PRAE SFETRFHE T PSRBT > d MU SR RRKRE 0 NP OERY

KEED Pt EAFIF G Ao R E S B R 0 F BARR TR AN

38



c AR MU P S R P AL - o BAZ HAREY R TAET Pt EAF

Fenfhicl 20 KK 0 fbusy hour R e L Ak DT R RIENR T H B
BokfE e 42 3 56 IR B (dok 1) A RT G - @R riept s Sanf e APk Al
IASRBEGHALE A HE O RBAAHE R PRI P AR TS 28 pE

> 16 B & S

R AR & P - LR AR RE AR G g o

Al
A2
A3
Ad
A5

119.1898 1908 46.47
31.5787 506*2 44.46%2
21.8424 350 54.07

31.509 505*2 42.57*2
67.6798 1083*4 56.0775*4

AT~ b RfisdEcE o

AW R - K5 2718 T2 28 5 T %E{Q 9635(A /% 3 22)> Riyx 5

A FORpA  EJ12] s 1 61.2% AT B @ H b ) o @ & P i) R S 216

TR S I S N S S I R o

e [18]Ehie T > LRBB A E X ol pEL A oo BN FS L.

average users per hour

Number of Users in NTU Wireless Network

12000

10000

8000

6000

4000

2000 -

0 -

1 2 3 45 6 7 8 9 10111213 141516 17 18 19 20 21 22 23 24

Blo Ltz v Aa- 29 2 k@2 akpl el
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e ,;Myu?,uﬁ%ﬂ v B S K Jf%rf]é y T & ,g‘b?,gfa Agt&,mp%
2 5 P BBARS R o AT hRHAYTY o BET EZ B X 6] @
50T OBEGHE PR B o 1 5 A RIS T R ST A SRR 0 R

PE e h- P AR SER AT BRI AT AR

ER SR S MUs (&g ) MUSs (= *£)
L 271.7997 2618772 45588.34914 458032.0375
>l 9.2878 208434 3628.480053 36455.80818
E 11.2077 225092 3918.467391 39369.34845
s X R 11.3614 311565 5423.814674 54493.76722
Pl 13.6821 220126 3832.01781 38500.77834
¢ 7.6071 159536 2777.249363 27903.38339
% 5.6815 124600 2169.073254 21792.9594
=% 8.8522 189099 3291.890716 33074.0516
L Fe 31.509 262307 4566.316999 45878.37722
Bk T 21.8424 114023 1984.945743 19943.0065
NP 31.5787 270245 4704.504025 47266.76014
2w 62.3682 284539 4953.338159 49766.82885
K TF 56.8216 249206 4338.250958 43586.96822

F Ao o H BB %‘(Mobile Users » MUs)#c & = iRl

BT 0 AP RGR I e A T ST R Rt 5(0612) 0 i E A i
pr i (3.416 hour/day) > % 3| s (e (user*hour/day) & ¥x & F Frfc et e A v 27 ik 248

4 v gl ) (peak hour: 0.836, off-peak hour: 0.0832) > 3+ & %4 % MU # £ -

AP AR WPRFF DT 2 B3 RenF R E A S 4 > T ik Cisco NPI#7 iz
#2016 e it £ A 47 [14](B = L =) 1% 5 AP G R PRI hikd 0 3 B Rahid S i
Fo = o BB (T A g enEAZY > Mobile Web/Datassg & g2 4 fie F| 28 7 3K ensg ] o 9712

$s - L enF e £ 4 fe 1 Data Transmission » - &+ 4 e 3 Web Browsing.
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12

B Mobile VolP (0.3%)
Mobile Gaming (1.1%)

M Mobile File Sharing (3.3%)

M Mobile M2M (4.7%)
Mobile Web/Data (20.0%)

—_—
B Mobile Video (70.5%)
I
e

2011 2012 2013 2014 2015 2016

Figures in legend refer to traffic share in 20186,
Source: Cisco VNI Mobile, 2012

Bl=- += - Cisco NPI

AR GERE - T R P L (MUME o SE S T IR Y F B R S A A
4 {8 M4 x BEE B T @ MR TR e 0 0 4 TR RenBaE i F U R Arhen
Sector o #4305 — B M oL AR L BEFAIRBHOMU L E H T R T A A -
T sector ¥ 3+ & 3% sector ® #75 MU #7 3 fe® Ex 1 i% 342 £ (request rate * number of
request*0.4s » 0.4s = — & subframe =) » &1 & T 8 4 fz 3| % 19 i (physical
channel'or SU » {3,9,18,27}Mbps) » £ # » d >+ MAC K k3t - = B § Bl 5F > 57 5
150ms ¥ 5 °F ;MQ@J v FJptE ~ 9 BB i - i subframe ® o i f HEF AL E 5 {0.45,

1.35, 2.7, 4.05}Mb

Defined service Web Application | % of data | Required rate | % of MUs

Video Streaming | Video 69.1% 4500Kbps 34.07%
(RT, High Rate)

Data Transmission | Data, File Sharing | 13.1% 2000Kbps 14.53%
(nRT, High Rate)

Web Browsing Audio Service, 15.5% 1000Kbps 34.39%
(nRT, Low Rate ) | M2M, Gaming
VolIP - RT Service | VoIP 2.3% 300Kbps 17.01%

(RT, Low Rate) Voice Call

2= S RHMURY chT IR R REF
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AR AIRIRE SR R A A3 BRI (MUY A 4 hFR R e b
Aot R R RAR TR R R R M R e BT - B W
i (SU)ehg Fo BI(S - )5 55 B RSP R AR 5 orE IRIEHE K(SU)MKE -

PRy e AP0 R AL N i AR S EE K TR AP ER
- BASR TEEAF LG - Control Channel » &+ 12 ¥ 12 36 1 7 f o Data
Channel(6 layers, 6 channels per layer) - % £ 3 F i~ 3 fodfsp e B 2 # SR B g8 2

g Fe R 0 2P 6 iF Data Channels 1% 5 #55# F i A 3 frdp g fe ¥ 2108 e i@ B

i fLiv5 - Blayer. e mdE o

12 - 0.045
0.04
1
0.035
08 0.03
0.025
0.6 1 W CDF
0.02
® PDF
04 0.015
0.01
0.2 -
| 0.005
0 | 0

1 4 7101316192225283134374043464952555861646770737679

Bl= Lo & - B AP F i ¥ (SU) T fikd

F 3 panrtE o 7 2~ Control channel #76k % e 17 2 & SRS o il A
PAoRFE s TEKT ARMEF R ERFOTET R AR S E
8612 B & AR i B AL % #v 39 & = 8367Gpbs((4351+2093+1082*2)*36*27Mbps)

LR
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422 * HHHIRES

TR HTRA 3 S5 2 F R T ALY AR RKPRER RS TR A 0 R L

BE- 221821 SARKE > A RE PR R 340 S ARBEL Y AT RA S

M

BERFBAPRASADPEN IR A VAR TERR RS S LR - BAR

Al

HERAZAE o AY - 2o 3 E B layer cnE AR TR AR 5 LW 6 EEH A
SAEARH T RA R 208 ek R BraE A wlw r 4 3] 341 & 3.84 AR TR 0 Tl 4§t
WEEER L E AR AR S Bira el 2 AR E R LT R Aot - k¥

SEC D WL VAN UE ch-u B SO

BEY R IIN PR iFa sy B & et i o A e HSPA(High Speed Packet
Access) F & 4 i et gi & %6 > #4230 HPSA &k sesk & » 28 7 25 3 Nokia Siemens v
# % ” Mobile broadband with HSPA and LTE — capacity and cost aspects” - {248 A £ ¥
K AL > 30— B HPSA e 2k 5L > - Bk 5 = B sector » =& [ sector 7
2R R F X SPRIESMHzZ e B TR 59 & i 6MHz 5 throughput o & pF 5 24
95 UMTS a3 4t » i & 3G (WCDMA) 3 % uéﬁﬁ_‘f = Ak S mf%,:*:.%;l%]] EY

23 L3 o8 o

50 S B A Suari st 5 A Nokia Siemens £ Universal Base Station
(UBS)i% 5 3= thikdy » @ SUS Sr et A oo 422 F b > i * g 3 b eh
Wifi i3 5 F L ERP T RBEAY SAH#HS FhET AE > ¥4 b 4258 CPUE S #f

Z R S GRS AL o 3 ‘mmgxﬂgj\u bt 4 o

HWERoAD AT 0 - R 1T0MHZ SR TR Y 0 36 et i 3 » JRAGRT
" 452,880Mbps chF AL R o H i P onS 5 2664 0 @ A A0 0k B BT

" 5 758,754Mbps s g R 0 A 7 e L 35120 9 5 356G kL5 R .
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# of Channel per AP
after SRS
#HomaAgent

#HregionServer
#SRS
#CPA

Peak
3.41

2091

Off-Peak
3.84

22
16
4
383

B~ SHBHHFT RS 2T RRS F

# of AP(BS) in Taipei City
#of VM
Channel bandwidth
Used spectrum bandwidth
throughtput (Peak time)
throughput / BTS (Peak
time)
Max Bit/s

Transmission power
Coverage range
Computing power

15 MHz per BTS
8 Gbps (15 MHz)

3.5 G (HSPA) CRCN
148 BTSs 8612 CR APs
2133/425 (Peak/Off)
5 MHz 6 MHz

180 MHz per AP (max)
758.8 Gbps (216 MHz)

54 Mbps 88.1 Mbps
(6*3*3Mbps)
21.1 Mbps (R.7) 27 Mbps
4.22 bps/Hz 4.5 bps/Hz
180 (W) 0.97 (27mW*36) (W)
2.3 (Km? 0.12 (Km?)
6310W per BTS 10W per core
28.5W per AP

24 40 3.56 % st
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ke

- BREE B S o VT RS BEL AERE A R o A SRR
WP 7R AT APT A2 T RA N B RAR R AR LR

BEMERT o LFRISH AT RS TR

RTT

HBase access

e - _— N
6 s 11890ms 18542ms 696Ms’ T 9.42ms*2
Hospragent HBAse'1s o5BAs  odRAE'2 HomgAgent )b’ 3oms*2.
‘ y ) P Y s
R-tfime . HomeAgent HBase*l5 CPA E e Agent  R-t time*2
ﬁ e

i2 3
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