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INTRODUCTION

As the wave of Restructuring hits China Telecom industry, the leading telecom companies have

started to expand and revamp their networks. “As part of the move, China Telecom has acquired the
CDMA line of China Unicom, and China Unicom has been merged with China Netcom. Another
incumbent operator, China Mobile, has acquired China Railcom”.[1] China telecom, the largest
mobile operator in the world and also one of the biggest telecom players in Chinese Telecom
business industry has decided to expand the networks in the country. As a Network Designer
Representative for China Mobile, this project is one of the designs proposed for the network.
Further, this basic network will have growth aspect and more money and designing investment
shall be done in near future.

As we go through this journey of the network design, we will have two basic type of network

considerations:

1. Opaque
2. Transparent

In the transparent mode, the transponders are present at the tributary ports of the 0XC/OADM. In
opaque mode, the transponders are present in WDM line system. The transparent systems can
transmit through thousands of kilometers. And as we are also looking forward for a cost effective
solution, this comparison would provide us option to choose.

As mentioned in the proposal/milestone, emphasize would be on:

= Failure analysis
=  Wavelength utilizations

= Utilization of the fiber pairs deployed
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CHINA MOBILE
= (Cost parameter

= QOverall performance of the network

= Optimal solution for the network design proposed

[1] Reference: http://www.cn-c114.net/576/a403467.html

THE SCENARIO

As already mentioned above, this would be my proposed solution. So, for this purpose I have
selected twelve nodes across the China country. The network is shown as below:

Plain terrain

Figure 1: The network topology
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gure 2: Network Topologies details

As seen the topology is partial mesh topology. Also there exists a ring topology also. There are total

twenty four nodes in the network.

THE ANALYSIS PROCESS
The analysis would be followed as:
OPAQUE SCENARIO TRANSPARENT SCENARIO
NETWORK PROPERTIES NETWORK PROPERTIES
TRAFFIC IN THE NETWORK TRAFFIC IN THE NETWORK
WDM PROPERTIES WDM PROPERTIES
LINK DESIGN LINK DESIGN
FIBERS LIT/USED FIBERS LIT/USED
NORMAL SCENARIO 20%GROWTH NORMAL SCENARIO 20%GROWTH
ROUTING ROUTING ROUTING ROUTING
INFORMATION INFORMATION INFORMATION INFORMATION
NETWORK COST NETWORK COST NETWORK COST NETWORK COST
UTILIZATION UTILIZATION UTILIZATION UTILIZATION
FAILURE ANALYSIS FAILURE ANALYSIS FAILURE ANALYSIS FAILURE ANALYSIS

AVAILABILITY REPORT OF THE BEST SOLUTION(ATTACHED AS APPENDIX)
FAILURE ANALYSIS REPORTS OF ALL SCENARIOS(ATTACHED AS APPENDIX)

OPAQUE SCENARIO

+ NETWORK PROPERTIES
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:—L}]Network Properties B3
— OCH layer mode

* Opague

" Transparent

[~ Regenerate via D<C

[T Use wWavelength Flane =G

— Mode model
| [~ Discrete DiC
i* OXC + 0XC

* [~ Discrete O=C
" Integrated DXCAORC [ Discrete [<C
T Use O&DKM=

[v Support SOMETASDH Ring wia Patch Panel

— WD Line System

Default for OCH link | LH 40°wDM ~1
Deefault for DCL fink | NowD =]
=l

Drefault bit rate for DCL link. I acaz2

@+ SONET i km
i SDH € miles

— TDM nomenclature —; ’7 Distance unit

Figure 3: the network properties

The network property shows that it's an opaque model and DXC and OXC are used for nodes. Also
SONET is used as TDM nomenclatures and the distances are in kilometers.

+ TRAFFIC IN THE NETWORK

The traffic matrix editor feature in OPNET provides user to enter the traffic on random or uniform
basis. The units that are followed are in terms of wavelengths. The specialty about the traffic matrix
is, once is set up it user is unable to modify, delete or reset it.
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ﬁTrafﬁc Matrix Editor
r Layer ¢ LOP  DCL & OCH ‘ Traffic: b atrix |Bit Fiate |Native |F'atc:h FPanel ;I
OC-48 Mo Mo
e | Delete |
Fandam... | Wifarm... | LI
IChagsha |Helian |Kunming |Lanzhau Laza Peking Flain Trrain |Qiqihar Seoul Shnghai Ururngi ;I
Chagzha - 2 1 3 4 2 1 4 3 2 1
Hetian 2 - 3 2 1 4 2 3 2 2
Kunming 1 3 - 4 2 1 4 2 1 4 3
Lanzhau 3 2 4 - 3 3 2 1 4 1 5
Lasa 4 1 2 3 - 2 3 3 2 2 3
Peking 2 4 1 3 2 - 1 2 1 3 2
Plain Trrain 1 2 4 2 3 1 - 1 2 1 1
Qigitiar 4 3 2 1 3 2 1 - 3 4 4
Seoul 3 2 1 4 2 1 2 3 - 2 1
Shnghai 2 3 4 1 2 3 1 4 2 4
Ururngi 1 2 3 2 3 2 1 4 1 4 .
Zhangau 4 2 3 1 4 3 2 4 2 1 3 =
4 | _>I_I
IThis traffic matrix is partially set up, hence cannot be renamed, deleted, or modified. Close |
+ WDM PROPERTIES
! :—LZ—]WDM Link Equipment =] E3
= Line System Types
| #Wavelenaths | # Bands ;l
3 AddLS Type |
1
| ILH1BwWDM 18 1 Remove LS Type |
LH 40" Tokd 40 K]
LH 20w/ Tikd an ] Edit LS Type I
ILH 40Dk 40 3
! Copy LS Type I
[ |
SR Transponder Cost I?.UU I oc-3 |
SR Frot. Transp. Cost | 10.50 joc-3 =l
DADM with Integrated T erminal Multiplexers [
] (1] .8
1

Figure 4: WDM link properties

+ LINK DESIGN

Links designs are based upon transmission characteristics of WDM line system types. This
facilitates dimensioning and other functions in the simulation to take into account the cost of
regenerators and amplifiers.

7|Page




S

CHINA MOBILE

The utilization is also set to a limit of 50%. OPNET provides the facility to threshold this limit. After
setting up the parameters, the link design process is as follows:

iﬁ-]Link Design Results | (O] %]

Performed link design on all links =
Performed link dezign on Urmgi <-> Hetian (1] [length = 991.803);
1 Regeneration zites added at A00 km;
8 04 sites added at 100, 200, 300, 400, 600, 700,
800, and 300 km;
Performed link design on Hetian <-> Lasa [1] (length = 1275.75];
2 Regeneration sites added at 500, and 1000 km;
10 04 sites added at 100, 200, 300, 400, &00, 700,
800, 300, 1100, and 1200 km;
Performed link dezign on Laza <-> Kunming [1] (length = 1270 83];
2 Regeneration sites added at 500, and 1000 km;
10 04 sites added at 100, 200, 300, 400, 500, 700, s
800, 300, 1100, and 1200 km;
' |Performed link design on Limagi <> Plain terain (1] (lenath = 348 316];
ink Design I\ 1 Regeneration sitez added at 500 km;

#  Jinchang
o

finchuan
a

i) S0/50

Plain terrain

8 04 sites added at 100, 200, 300, 400, 600, 700,
& 0TS lnks 800, and 500 krn; :
N IALL LINKS LI Performed link dezign ot Plain terrain <-> Laza [1] [length = 679.623):
" Fiber routes "an.J 1 Regeneration zitex added at 400 km;
X . 5 04 sites added at 100, 200, 300, 500, and B00 km;
Despimd  lengl @l BRmmn o BOR b/ | Paitomed link design on Ui <-> Lazhau (1) (length = 1651.96)
IN;A I Mt I 1A I 1A I [ 2 Regeneration sites added at 600, and 1200 km;
14 04 sites added at 100, 200, 300, 400, 500, 700,
800, 300, 1000, 1100, 1300, 1400, 1500, and 1600 km;
LS type Span length  Max. D24 spans - Performed link design on Ummngi <-> Peking (1] (length = 2423.62):
o 4 Fegeneration sites added at 500, 1000, 1500, and 2000 km;
| LH 404w/DH =l | 1o | £ 20 4, sites added at 100, 200, 300, 400, 500, 700,
. . - - 800, 300, 1100, 1200, 1300, 1400, 1600, 1700, 1800,
Site locations IAs_l,Jmmetncal, M awirum S pan Lengths Ll 1900 2100, 2200, 2300, and 2400 kn:
. . - Performed link dezign on Urmgi <-> Qigihar (1] [length = 2842.93):
., | egeneration locaions [Mid Span = 4 Regeneration sites added at 600, 1200, 1800, and 2400 km;
| 24 04 sites added at 100, 200, 300, 400, 500, 700,

| Design | Close | | 500, 900, 1000, 1100, 1300, 1400, 1500, 1600, 1700, -
et 1G0M 2000 # 00 9200 2200 FRAN 2800 2700 snd 2200 L

= L
ang Prabang Cloze
Fporatich, Troy, Hiw Yor ma';-t Ferdered El FL r'o$tssi ohal; B
St AR ca e T d e e RMEY o el 1ana 1] o Ol

bl

+ FIBERS LIT/USED
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#Link Browser [_T0] ] W 1 11-]Link Browser HRE
Layer Layer
( DL f# OCH WS cors | ( oo " 0H " M8 gl ‘
[Metwork ] A| o M ‘l
Mame Default LS Type  Wavelengths  Working  Protecting  Shared  User Cost Name FherPais Feg talons 04 Stalens Lergth Dely Desgrer
: / Changsha <-> Kunming 1] LH 40w DM 10/48 1 o o 1.00 / Chanasha ¢ Kunmina 1 50 1 3 1947kn 547 "
o Halian <> Lasa (1] LH4pwDM 5% 5 0 0 100 s < Kunming 1) LRk Mo Tes
+/ Kunming <> Lazhau [1) LH 40°WDM 504 5 I I 100 ] / Hetian < Lasa[1) 0 2 10 1257km B38ms  Yes
o Kunming <> Zenghoun (1] [unming <-> Lazhau (1) LH 40-%OM 5/24 500 100 0 1.00 AT 2 10 1256 7kn B2B4ns  Yes
- Lasa < Kunming (1] [H 40°WDHM 17732 17 1] 0 1.00 < Kuming > Zerghoun (1) 50 2 13 18200kn  7805ms  Yes
B Lasa < Lazhau[l) LH4DWDM 11740 1 0 0 1.00 | = Lasscs Kunning 1) 0 2 0 12Z08km B354ms e
+/ Lazhau <-» Changsha [1] LH 40°wDM 16416 16 0 0 1.00 i / Lasa ¢-» Lazhau (1) 1] 2 1 154 8km B77dms  Yes
+ o Lazhau ¢-> Peking[1) LH 40°wDM 2448 24 1] 1] 1.00 | / Lazhau ¢> Changsha [1) L1} L] 0 1999 8l L1117 Yes
+ o Peking <> Qighar (1) LH 40°WDM 1440 14 0 0 100 v Lathiy ¢ Peking 1] 5 ‘Lasa - Lazhau (1) B0 211 L3548 Hm 6.7 P ms o D00} vy,
B o Peking ¢ Zenghoun [1) LH 40°wDM 24724 24 0 0 1.00 / Peking ¢ Qigha (1] 5 i g 1060kn 5280ms  Yes
*5 E:am :E"a‘m*rﬁﬂa?] l]‘l t: :mm gﬁg g g g }gg ~f Feking¢s Zenghaunl1] 50 1 5 E53kn  31%ms  Yes
g ain terain <-> Lasa 2 -
+/ Plainterain<s Lazha (1] LH 40WDM 5 15 p p 100 / Plain tenain <-» Hetian 1)~ 50 1 k] 10M32km B0BEms  Yes
g Digihar <> Seoul 1) LH 40°WDM 924 9 0 0 100 / Plain terain <-» Lasa (1] 1] 1 a Ef96km  33%ms  Yes
+ A Secul ¢ Peking 1) LH 40wDM 1724 7 0 0 100 / P\.a\.n tenain <-» Laghau (1) 50 1 10 11042km B52ms  Yes
#-# Seoul <> Shanghai (1) LH 404WDM 1524 1§ I I 100 / Qligihar <> Seaul 1] 0 1 10 11625km  B812ms  Yes
#f Shanghai <> Changshall)  LH 40WDM 25432 25 0 0 1.00 ' Seaul <5 Peking ) il 1 B Fhkm  47R2ms  Yes
wo  Limai <> Hetian [1] LH 40w 13140 13 i i 100 | - Send ¢ Shanghill) 50 1 7 1.2km 4l06me Y
o Uimg <> Lazhau (1) LH4DWDM 102 10 0 0 100 ~f Shanghai ¢ Changeha f) 50 1 7 WBEkn  44%Ims  Yas
o Ui ¢ Peking [1) LH4DWDM  16/32 15 0 0 100 = mgi <> Heten (1) ] 1 8 Whkn  4%0ms  Yas
£ Urqi¢> Plainterain(l] L 40WDM 46 4 0 0 1.00 - U< Lazhau (1) 50 i it} 1ER0kn  B2Oms  Yes
& Umg < Digha [1) LH40WDM 816 8 0 0 100 8 Umgics Peking[1] 5 4 n 2426kn 12118ms Yas
+7/, Zeghoun <> Changsia (1) LH40WDH 8140 g o o 100 ~f Umic> Pliteranf1) 50 1 8 u3km  47MEms Ves
b Zonghom > Sedll]  LHABWDM 38 : v v I -7 umie Gghal m ¢ U 2809kn MA5ms Ve
= : / Zenghoun <> Changsha (1) 50 1 6 TEIkm  36Bms  Yes
ﬂ L'J ! / Zenghoun <> Seoul 1) 1] 2 10 1282km Bl4Ims  Yes
[~ Show designations [~ Show wavelengths [~ Shaw indine sites Close lj
Filal | »

Figure 5: the fiber pair details in OCH and OTS layers

+ THE GROOMING AND DIMENSIONING

As we move ahead, you will notice that the routed traffic value in opaque layer is 100% hence,

dimensioning and grooming is not required. However in the transparent layer, it is required
and hence performed.

INITIAL SCENARIO
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<+ AFTER ROUTING

<

Plain terrain

&

Figure 6: The topology view after routing

« ROUTING INFORMATION AND LINK UTILIZATION

—#|Routing Results B e L I

— Layer

 LOF Lirk. Litilization - %
MNode Utilization I NA& %

i DCL -
Reagen. Utilization I MAs x
& OcH Trib, Utiizstion [ N/ %

— Layer

o

Link. Utilization

Made Utilization I M 2

" DCL
Fiegen. Utilization I Mid
4

{* OCH Trib. Utization [ N/&

" LOP

Wiorking Frotecting
Total Hops - HAA
tean Hops - HAA

— Traffic Matrix — Traffic b atrix
OCH_D =] [ocH_o |
Protection Type _ Protection Type _
Routed Capacity _ - % Fouted Capacity 4

“Working Frotecting
Total Hops - IN-"'-"—‘«
tean Hops - I HaAd

Split off unrouted connectionsl

Split off warouted connections |

Figure 7: The routing and link utilization

#+ NETWORK COST
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Overview Total Cost

| Category ‘ Cost | Total
|Cable | 0.00
|Fiber | 43,375.00

Link Cost 87,295 00
| Channel | 43,920.00
|SDH Equipraent | 0.00
|Electrical 121,580.00

Node Cost 255,360.00
|Optical 133,780.00

| Total Network Cost |342,655.00

Figure 8: Total cost of the network

<+ FAILURE ANALYSIS

Figure 9: The failure analysis scenario

—+-|Scenario Comparison

jFailure Analysis B

i Owerview of Failures

Clear Fa

i Overview of Affected Traffic

I Generate 'web Report

Evaluate I Options... I Clag
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Lost
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Yes
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Mesh
Mesh
Mesh
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Protection
Unpratected
N
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Unprotected
Unpratected
Unprotected
Unpratected
M
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Hops

1
il
1

L = o s

[ Show designations [~ Show fber configuration

A

Length
10947 km
Wi
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7251 km
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9918 km
i
12567 km
1510k
13548 km
P96 km

11756k
Close

= =

= L=

Figure 10: The failure analysis details in different layers

The failure analysis enables user to check the performance of the network under link failure
conditions. In the above scenario, [ have failed three fiber links in order to check the performance.
The small box in the figure 9 shows the overview of affected traffic. And the connection browser
windows below show the details.

The report is attached at the end as Appendix -1.
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SAME SCENARIO WITH 20% TRAFFIC GROWTH

+ ROUTING INFORMATION AND LINK UTILIZATION

-|Routing Results

—#|Routing Results

I — Layer

- Link Utlization | B5.4 %
Node Utization [ N7A 2 Node Utiization | N/& %

Regen. Utiization Iw & L Fegen. tlization Iw =

© o Tib, Utieaton [ W/ % | | & o Trib. Utiization [ N/& %

| 1 Traffic Matrix

— Laver

Link Utlization | B5.4 %

" LOP

i~ DCL

— Traffic batrix
|| |ocH_o =l [acAo =
Protection Type I Ll aizetizd Pratection Type I Unpratected
Routed Capacity | 2247224 | 1000 % || | g \oypoo [ zeasze4 [ 1000 #
Wwiorking Fratecting “wWrking Pratecting
Tatal Hops 423 M4

Total Hops 429

IN.-".-'l'-.
tean Hops |1'9 NZA Mean Hops IT IW

Split off unrouted connections

St off unrauted cunnectiunsl

T L s —

Overview utilization links per layer

| Link Utilization
L Number of Used Total Utilization Uni
ayer Links Between 100.0 and | Between90.0 and | Between75.0 and | Capacity Capacity %) nit
90.0 % 75.0 % 0.0 %
| oT8 | 24 | 24 | 0 | 0 | 1,200 ‘ 1,200 | 100.00 ‘PiberPaJrs
| OMS | 24 | 0 | 0 | 24 | 37 ‘ 1,200 | 3.08 ‘PiberPaJrs
| OCH | 24 | 5 | 6 | 13 | 429 ‘ 656 | 65.40 ‘Wavelengths
| DCL | 66 | 0 | 0 | 66 | 0 ‘ 10,752 | 0.00 ‘STS—I Usits

Figure 11: the utilization and routing details
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<+ NETWORK COST

Overview Total Cost

Category Cost Total
Cable 0.00
Fiker 42,565.00

Link Cost 108,%85.00
Channel 66,420.00
=DH Equipment 0.00
Electrical 12224000

Node Cost 262,020.00
Optical 13972000

Total Network Cost 271,005.00

Figure 12: Total cost of the network

+ FAILURE ANALYSIS

-¥-|Scenario Comparison

W Modes
M Links
450,000
400,000
350,000

300,000 -

250,000

200,000

130,000 4

100,000 -

50,000

n-

scenarial © Growthin1

— Overview of Failures

1) Cable Urugi <-> Peking (11
2) Cable Langhau <-» Changsha (1]
3) Cable Kunming <-» Lasa [1]

Clear Fai

— Dverview of Affected Traffic

Layer ‘Lost |F\ecoveled Unaftected |Tota| |Unit

OCH EO0 O 164 224 Wavelengths
DCL O 0 ] 0 STS Connections
LOF 0 0 ] 0 ¥T Connections

[~ Generate 'Web Report
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+]{Connection Browser IS E3 |-l connection Browser [_[o[x]
- Traffic Layout Order - Trafi Layout it
£ LOP (" DCL (" OCH (+ 0TS (F Bynade " Bylink " Byring (¥ Al (G Tiafficmetx € End paivls | | | ¢ LOP " DCL & OCH ¢ 075 ‘ ((‘ Bynode (* Blink ¢ Byring & Al L’o‘ Traffcmaiix  End peints
=~ [FberFlouting 0TS N = [OCHO OCH OC49 4|
- EndPoints Capacty  Routed  Camier  Pratection  Hops  Length b End Paints Capacity Fouted Camer  Protection  Hops  Length
- Charigsha < furming 30 es Mesh  Unprotected 1 10723km || -4 Changsha ¢ Hefian 3 Lot N W& NAL N
-4 Changsha <> Langhay 50 Lot WA N NAA N/ I - Changsha < Kuming 2 Yes  Mesh Unprotected 1 10725k
" Changsha <> Sharghai 50 |FiberRouting 073 f 4 Changsha <> Langhay 4 Lost Mg N/ NAL N
Changsha <> Zanghau 50 | Changsha <-» Langhau 50 Last NJA NjA NjA A NfA No / e Changsha <> Lasa 5 Lot N N/A NAE N
Hetian ¢-» Lasa a0 Yes Mesh  Unpiotected 1 13287 km #-f" Changsha <> Peking 1 Yes Mesh  Unpratected 3 2704 B km
Hetian <-» Plainterrain -~ 50 ey Mesh  Unprotected 1 5470 km #-f Changsha < Peking 2 Yes Mesh  Urprotected 3 2704 B km
Hetian ¢-» Ugi a0 g Mesh  Unprotected 1 1007 2km _| 4 Changsha <> Plaintenain 2 Lost Nib N/A NAE WA
= Kunming <-» Langhau 50 Yes Mesh  Unpiotected 1 1285k #f Changsha <-» Qighari § Yes Mesh  Urprotected 3 2847 5km
-4 Kunming <> Lasa a0 Lost N N NN #-f" Changsha < Seol 4 Yes Mesh  Unprotected 2 1,743, km
- Kurming <-» Zanghau i0 Yes Mesh  Unpiotected 1 1493 9km " Changsha <> Shanghal 3 Yes Mesh  Unprotected 1 887 3 km
Langhau ¢+ Lasa 50 Yes Mesh  Unpotected 1 1,368 9km #+f" Changsha < Ungi i Yes Mesh  Unprotected 3 3933.3km
Langhau ¢- Peking a0 Tes Mesh  Unpiotected 1 1.2109km #+f" Changsha < Ungi i Yes Mesh  Urprotected 3 3933 3km
Langhau < Flaintenain 50 ey Mesh  Unprotected 1 1174km #-f Changsha<+ Zanghau B es Mesh  Unprotected 2 25728k
1 L - ) S LH q ' ' ;lJ
[~ Show designations [~ Show fiber configuration Clos : [ Show designations [~ Show wavelength configuration Close

Figure 13: The failure analysis scenario

The report is attached at the end as Appendix -2.
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TRANPARENT SCENARIO

4+ NETWORK PROPERTIES

Metwork Properties

— OCH layer mode

" Opague

{* Transparent

I~ RBegenerate via DT

[ Uszewavelength Plane 0:=C

— MNode model
[~ Discrete Di<C
[ Discrete 0:C
™ |ntegrated DHECAORC [ Dizcrete [XC
I~ lUze O4LKME

v Support SOMETASDH Ring via Patch Panel

f* D=0 + 00

— "Dk Line Spstemn

Default for OCH link |LH 40°w/DM |
D efault for DEL link | NoswD |
Default bit rate for DCL link I oc-12 R |
— TOM nomenclature — — Distance unit
= SOMET =" km

i SDH T miles

Figure 14: Network properties
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+ WDM PROPERTIES

i—]WDM Link Equipment M= E3
— Line System Types
| # Wavelengths | # Bands ;I
1M 1 Add LS Type
LH 8-w/Dkd a 1
LH 1640 1B 1 Remave LS Tupe |
LH 40408 40 3
LH g0-wDmM 80 3 Edit L5 Type |
ULH 404Dk 40 3
Copy LS Tupe |
SF Transponder Ciost I?.UU IDC-S =l
SR Prot. Transp. Cost | 10.50 |ocs |
0ADM with Integrated Teminal Muliplexers [

Qancel oK
Figure 15: the link equipment details
+ FIBERS DETAILS
. . — . — .
ﬁ“"k Browser M= E ﬁLink Browser (O] x]
Layer Layer
Dol + OCH £ OM5 075 ‘ ’7 " DCL  OCH " OMS 078 ‘
= [Network | ‘I =P | Network ‘|
y Name Defaul L3 Type  ‘Wavelenghs  Working  Protecting  Shaied  User Cost e Name FiberPars  Reg. Stations D& Stations  Length Delay Desiged
#ff Chagsha ¢ Kunming (1) LH 40WDM 1740 1 0 0 1.00 - Chagsha ¢ Kurming 1] 50 1 k] 10856km  G4%8ms  Yes
+/ Hetian <> Plain Treain (1) LH 40-w/DM 240 2 0 0 1.00 o Helian ¢ Flain Tnain (1)~ 50 1 9 10047km  B023ms  Ves
+/ Hetian <> Urumai[1] LH 4044/0M 240 2 i i 1.00 o Helian <> Unimgi[1) ] 1 ] WE4km 4%Tme Ve
+/ Kunming ¢-> Lasa 1) LH 40°W/DM 5440 h i I 1.00 o Kunming ¢ Lasa [1] 50 2 10 12294km  B14Tms  Yes
+/ Kurming <> Zhangau (1] LH 40-W/DM 340 K] I I 1.00 o Kuning ¢ Zhangau (1) 50 2 12 14372km  7486ms  Yes
+/ Lanzhau ¢-» Chagsha 1) LH 40°WDM 340 3 0 0 1.00 o Larzhau ¢> Chagsha (] 50 2 10 1237 2km B18Ems  Yes
+/ Lanzhau ¢-5 Kunming (1]~ LH 404W/DM 4440 4 i i 1.00 - Larahau <> Kunming (1) 50 1 10 1196.9km 5984 ms  Yes
+/ Lanzhau ¢-» Peking (1) LH 404Dk 340 3 0 0 1.00 / Lanzhau ¢-» Peking [1) a0 2 10 12008km  B009ms  Yes
+/ Lasa <-» Helian 1] LH 40°W/DM 4440 4 i I 1.00 o Lasa ¢ Helian 1) 50 2 il 1357 7km  B788me  Ves
+/ Lasa -+ Lanzhau (1] LH 404 DM 340 3 0 0 1.00 / Lasa ¢-» Lanzhau 1) il 2 1 13916km  E958Bms  Yes
+/ Peking <+ Qighar 1) LH 40°W/DM 2440 2 i i 1.00 5 Peking < Qighar (1) it 1 E 10208km  51%ms  Yes
+/ Peking <-» Seoul (1] LH 40°w/DM 1440 1 i i 1.00 - Peking <> Seoul 1) il 1 8 8km  48Ems Yes
s Flain Tran ¢ Lanchau (1] LH40WDM 2040 2 0 0 1m -/ Plai Triain ¢ Lanzhau1) - 50 1 10 1H33km 577ms Vs
o PlanTran<s Lasall]  LH4IWOM 3040 3 0 0 1.0 -/ Plan Tnan ¢» Lasa(1] 50 1 6 F2kn - 3E%Ems Ve
+/ Dligihat <> Seoul (1] LH 404/0M 340 1 i i 1.00 - Tighar <3 Secul (1] 5 1 0 11320k GBEOms  Yes
+/ Dighar <+ Unmag [1) LH 40:WDM 140 4 i} i} 1.00 o Tighar ¢ Urumq! 1 a0 4 2 20%5kn  1418ms  Yes
+/ Seoul <5 Shighai[1) LH 40/ 0M 2440 2 i i 100 o Seoul <> Shighai (1] 50 1 7 6 Akm  432me Yes
+/ Shrghiai <+ Chagsha (1] LH 40/ 0M 2440 2 i i 100 / Shnghfa\ 4 Chagsha (1) 0 1 7 9926km  4463ms  Yes
+/ Unamng <-» Lanzhau (1] LH 404/DM 240 2 ] ] 1.00 / Urumq? <+ Lanzhau 1) a0 2 it 1E276km  B1%8ms  Yes
+/ g <-+ Peking [1] LH 40-% DM 2440 2 ] ] 1.0 / Urumq! <> Peking [1] 50 4 2 2413 km 12057 ms Yes
+/ Unamgi <> Plain Train (1) LH 40-WDM 140 1 i i 100 / Unumngi <= Plain Tnain[1] 50 1 8 180k 45%0ms  Yes
+/ Zhangau PR Chagsha m LH 404/DM 440 4 i} i} 1.00 / Zhangau {r Ehagsha ﬂ] a0 1 b 0.5 km 3702ms  Yes
+/ Zhangau <> Peking 1) LH 404/DM 340 3 0 0 100 / Zhangau < Peking (1) a0 1 h BbTkm  3183Ims  Yes
s Zhangau < Sea 1) LH 40w 2540 3 0 0 1m woff Zhangau ¢ Seoul 1) 50 2 10 12583 km  B2%me  Yes
ﬂ } 1 I | _'IJ
[~ Show designations [~ Show wavelengths [~ Show indine sites Close | s | M Sty i oo ﬂl

Figure 16: Fibers details

17| Page




| e

CHINA MOBILE

INITIAL SCENARIO

+ ROUTING INFORMATION AND LINK UTILIZATION

“routiogResuts B3| HRoutingResuts K|
— Laper | — Layer |
~ Lop Link LItilizaticn I 248 = ||  LOP Link Utilization I 848 % |
Made Ltilization I AL 2 Made Ltilization I M 2
~ DCL - i DCL o
Regen. Utilization I 00 Regen. Ltilization I 0o =
f OCH Trib. Utlization | 1000 % | | | @ OCH Trib. Utlization [ 1000 % | |
— Traffic b atrix — Traffic b atris
OCH_0 x| |||ocHoo [
Pratection Type I Unprotected Frotection Type I Unprotected
Fouted Capacity I 574158 I 361 % | §| Routed Capacity I A7/158 I 31 % | f
Wwiorking Frotecting Wworking Frotecting
Tatal Hops IE? INM Total Hops IE? INa’-'“-"-
tean Hops |1.|:| [ A, b | Mean Hops |'|.|:| IN.-".&'. |

Split off unrouted cunnectiunsl

Split off unrouted n:u:unneu:tiu:unsl

Overview utilization links per layer

Number of ‘ Link Utlization Used Total Utilization
Layer | " yiks | Between100.0 | Between90.0 | Between 75.0 | Capacity | Capacity (%) iz
and900% | and750% | and0.0%
| OTS ‘ 24 ‘ 24 | 0 | 0 | 1,200 | 1,200 | 100.00 ‘Fiber etz
| s | 24 | 0 0 24 | w1200 3.17 | Fiber Pairs
| ocH | 24 | 0 0 24 | 57| 672 | 8.48 | Wavelengths
| DCL ‘ 24 ‘ 0 | 0 | 24 | 0 | 2736 | 0.00 ‘STS-l Wi

Figure 17: the routing and link utilization details
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+ NETWORK COST

The noticeable cost factor in transparent layer is the transponder cost. This cost is specially added
for reference.

r] Scenario Comparison

Overview Total Cost M Hodes

W Links
430,000

Category Cost Total 400,000

Cable 0.00 ss0.000

Fiber 42.565.00 00,0007
Link Cost 108 585,00
Channel 66.420.00

SDH Equipment 0.00
Electrical 122,240.00

Node Cost 262,020.00 100,000
Optical 135780.00

250,000 4

200,000 4

150,000 4

50,0004

Total Network Cost 371,005.00 ol
scenario’ Tranparent = Growthin 1 Gr
Transponder
0C-48 | Total | Cost
SE Transponder - Trib (pagque Modes 0 ] 0.00
SE Protection Transponder - Tribh Opague OXC/OADNMPP 0 ] 0.00
LR Transponder - Trib Transparent + Trunk Opagque 120 (120 | 3,600.00
LR Protection Transponder - Trib OXC/OADNMTPP 0 ] 0.00
Total 120 | 120 |3,600.00

Figure 18: Cost information and simultaneous comparison with previous scenarios
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<+ FAILURE ANALYSIS

ﬂFaiIure Analysis

i Overview of Failuies

Clear Failures

— Overview of Affected Traffic

[~ Generate Weh Report

Options.. | Close

Figure 19: The failure analysis details

The report is attached at the end as Appendix -3.
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" Daghacifmrg 5 - |-o [hapha s ek ] Mo MM MM K N
~ Daghacolwdtas 5 Los i Usgmiecd 1 10886k |
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S Fumegorlaedes 51 Ye Meh Urpteoed e Dapeciled 3 M WM MM T T
el TR | Lt MM MM H hagtacs Segha 2 e Mah Upolsted 1 BREkm
jm::xw g -r‘h Math  Lrprtacies] 4 Dapacslnng 1 Ma HE MK e M
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SAME SCENARIO WITH 20% TRAFFIC GROWTH

+= ROUTING INFORMATION AND LINK UTILIZATION

[Srowmgresuts B3| SRowongresuts K3

I — Laver ! — Layer
 LOP Link Utization | 654 % STE Link Utlization | B5.4 %
Made Utilization I P AL 2 Made Utilization I P AL 2
" DCL - ~ DCL o
Regen. Utilization I MA % Regen. Utilization I MA %
f+ OCH Trib. Utiization [ NA& % f+ OCH Trib. Utiization [ NA& %
| 1 Traffic: Matrix | 1 Traffic Matrix
|| {ocH o >l |]ocHoo |
Fratection Type | Unprotected Pratection Type | Unprotected
Routed Capacity | 224/224 | 1000 % Routed Capacity | 224/224 | 1000 %
Working Praotecting Working Praotecting
Tatal Hops I 429 I P4 Tatal Hops I 429 I P4
Mean Hops |1.E| fl A kMean Hops I'I.El P A

Split off unrauted cunnectinnsl

Split off unrnauted cunnectinnsl

T P e y— S S e — T P e y— S S e —
Overview utilization links per layer
| Link Utilization
L Number of Used Total Ttilization Uni
ayer Links Between 100.0 and | Between90.0 and | Between75.0 and | Capacity Capacity %) nit
90.0 % 75.0 % 0.0 %

| OTs | 24 | 24 | 0 | 0 | 1,200 ‘ 1,200 | 100.00 ‘PiberPaJrs

| OMS | 24 | 0 | 0 | 24 | 37 ‘ 1,200 | 3.08 ‘PiberPaJrs

| OCH | 24 | 5 | 6 | 13 | 429 ‘ 556 | £5.40 ‘Wavelengths
| DCL | 66 | 0 | 0 | 56 | 0 ‘ 10,752 | 0.00 ‘STSfl Units

Figure 20: The routing and utilization details
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<+ NETWORK COST

_!_E'u ENaErn LULIRTEN g LR T
Overview Total Cost
Category Cost Total
Cable 0.00
Fiber 42,565.00
Link Cost 49,765.00
Chanrel 7.200.00

SDH Equiptment 0.00

Electrical 120,680.00
Node Cost 247 480.00
Optical 126,800.00

Total Network Cost 297,245.00

Figure 21: Total cost information and simultaneous cost comparison with all scenarios

+ FAILURE ANALYSIS

‘
— Dwverview of Failures
1] Cable Urugi <-» Peking [1)

2] Cable Langhau <-» Changsha [1)
3] Cable Kunming <-» Laza[1]

Clear Fz

— Overview of Affected Traffic

Layer |LﬂSl |Hecnverad Unaffected ‘Tﬂla\ |Uml

OCH & o B2 B8 “Wavelengths
DCL 0 1] 1} 1} 5T5 Connect tions
LoP 0 0 0 ] %T Connections

[~ Generate Web Report Evaluate I Options... I Clot
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. f
#Jcomecion Browser W
- Traffic Lapaut Dider - Traffic Layout Order
1P M OEL ¢ OCH @ 075 ‘ Bynode (* Bylink ¢ By fing ¥ Al ‘ ((-‘ Traffic mativ  Erdpoints | || | ©LOP " DCL & OCH 0TS || " Bynode © Bylnk  Byrng & Al || @ Tralfc matriv " End points
=~ (Fhefouing 018 =) A [
- Erd Points Capacly FRoued Camier Protection  Hops  Lengh Capacty  Fouted Carier  Prolection  Hops  Lengh -
Changsha < Kunming &0 Yer Mesh  Unprotected 1 10729 km | 3 No M N N N7
Changsha <> Langhau 50 Lost N& N NI NA [ 2 Yes Mesh  Unprotected 1 1,072.3km ||
Changsha s Shanghai 50 ey Mesh  Unpiotected 1 537 Ikm -8 4 No M N N N
Changsha <5 Zanghau 50 Yes Mesh  Unprotected 1 7307 km | - § Mo Wi N (L
Hetian <+ Lasa 50 Yes Mesh  Unpratected 1 1357 km ol 3 No Wi N N N/ F
Hetian ¢-» Plain terrain 50 Yes Mesh  Unprotected 1 947 Uk ] 2 No Mg N Wi WA
Hetian -+ Urugi 50 Yes Mesh  Unprotected 1 1.007.2 km ol ] No Méd M N N/ L
Kurming <> Langhau 0 Yes Mesh  Unpiotected 1 12285 km = 4 No Mid M N N/
Kurming <> Lasa 50 Lost NA& N N N 3 Yes Mesh  Unprotected 1 887 3km
Kurming <> Zanghay 50 Yes Mesh  Unprotected 1 14999 km =) 2 No Mid M N N/
Langhau ¢ Lasa 1] Yeg Mesh  Unprotected 1 1,368.9km =] b o Het N Wit M/
Langhau <+ Peking 1] Yes Mesh  Unprotected 1 1.2109km = ] 4 Na [TF - Ned o M/
Langhau <-» Plain terain - 50 Tes Mesh  Unprotected 1 11744km ol K]
] -

4

[~ Show designations [~ Show fiber configuration

Figure 22: The failure analysis details

The report is attached at the end as Appendix -4.
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COMPARISON BETWEEN ALL SENARIOS

i—]Scenario Comparison _ O] i—]Scenario Comparison
M Modles ’—L | zcenanol | Tranparent S | Growth in 1 | Growth in Trang ;I
B Link= Minimize
450,000 Modes 25536000 24666000 262020000 24742000
Links 8729500 40,860.00 108,985.00 49.765.00
400,000 M2EE5.00 28752000 37100600 297.245.00
350,000
300,000
250,000 4
200,000 4
150,000 4
100,000 4
50,000+
o -
scenariol Tranparent & Growthin 1 Growthin Trans LI r
Cloze |

= T = = = L2 T

Figure 23: Comparison of all scenarios

The cost varies from scenario to scenario. As we increase the traffic, the cost changes. The reasons
for specific growth in specific scenario in explained in the conclusion part which follows the next.

+ AVAILABILTY REPORT

The availability reports are long. So, for the demonstration purpose, only the availability of the best
solution scenario that is the transparent scenario is attached as Appendix. The availability settings
allow us to set the Mean Time between Failures and MTBF to be set which is highly important in a
real time scenario.

These reports are in a web format and are very simple to understand. Only one example of
availability report is given as it would occupy more space in the report. The report consists of
overall availability of links, nodes and also details for the same.

24 |Page




S

CHINA MOBILE

ii-lEvaIuate Avalability
~ bnalyar Method —

l & Anahtica Aalably Sengs
" Sinulgicn

= Simulation ptions

i b O Sitznecs P |1 ﬁ

Wesmum Humber Of Simulineous Falues To Restore

Shited Pt Potesion ! ﬁ
Lk o Pah Restrafion 0 ﬁl
|
Cannection OroerFor Piestolion | ShertestFt j
n
| Evalugte | Close |

= Trelfc T dnalyze

i

=

Y

- - Falure Elements o Andlze

i

Selected Faiure Elements

Figure 24: the availability settings for the detailed availability report

EXTRA MILE

]vailability Settings
— Link Avalabiity

)
Shnghai <-» Chagsha (1]

u (% Cable Length Per Cut Perear | 300.0
J Mean Time To Repar (howrs) {120

(OXC Availabilty IW
Patch Panel vaiabity [1.00000000
DADM avalebiy  [1.00000000
[%C Awailabilty IW
DXC Availabilty IW
SDH TM Avalabity [1.00000000
ADM Availability IM
LOP T Avalabily  [1.00000000 |

Chagsha ¢-> Kunming [1] " Awalshilty 0199463085
Kunming <-> Lasa (1)
Lasa <-» Hetian [1) j Apply to Selected | Apply ta Al |
Line System Availabiity

[+| € FTSMTTR " MTBF/MTTR {+ Avalabiliy
LH 84DM

1.00000000

LHAEWOM Optical Amplifier &vailbility
LH 40-w/DM Regenerator Avalabilty 1.00000000
LH 804WDM
ULH 40°WDM Transponder Avalabiity  |1.00000000

j Applyto Selected | Apply laAll

— Node Avalabiity

0718 Node Availabiity |1.00000000 CFTSMITR € MTBEMTTR & Avalabity

Apply toAll

Some information about the China Mobile restructuring in China:

Being the monopolist in telecom industry in China, it has the largest coverage area. In this
restructuring mainly they are planning to cover the rural part of the country. “As part of its industry
restructuring, China Mobile was asked to take over minor fixed line operator China Tietong
including its US$5.8 billion dollar debt, US$1.5 billion of which is due this year. Meanwhile, China
Mobile is essentially forced to adopt the country’s homegrown 3G technology, TD-SCDMA, which
lags WCDMA and EV-DO in terms of technology maturity and handset development.”[2]

By this expansion, their revenue will increase up to $20.1 billion this year.

[2] Reference: http://www.commsday.com/node/259
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CONCLUSION

After performing all the above operations I could draw following conclusions:

+ Undoubtedly, OPNET is a wonderful tool for a network designer and it truly accomplishes
the analyzing of holistic nature of the network.

«+ Also, the utilization depends on how effectively the fiber pairs are equipped.
4+ The performance of the network definitely depends on

e The topology of the network

e The link design

e The amount of traffic in the network

e The failure protection it can provide
4+ The dimensioning and grooming are certainly one of the best features by OPNET. They
facilitate 100 % routed traffic with our specified type of network by increasing the node
capacity and still keeping the link utilization factor stable.
Specific to the above project, we see that as the traffic was increased by 20 % the cost also
increased which was obvious. But the highlighting point is that when traffic was grown
by 20 % in opaque layer, the growth in cost is more than the cost of 20% growth in
transparent layer. The reason for this is in opaque layer the link cost is high due to
the fact that the transponders are present in WDM terminals. Also, due to this, when
traffic is increased, the regeneration occurs and the cost increases.

U

However in case of transparent layer, the transponders are at the tributary end hence
they result in low link cost but comparative high node cost. Also, due to this the cost
in the 20 % growth scenario doesn’t increase much.

So, for China mobile network which would definitely have a strong growth factor, the
transparent layer design solution is definitely effective for now and also for the lon
run in terms of cost and future growth of network.
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