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ABSTRACT

This thesis presents the method of alternative call routing for GSM mobility management.
The proposed method is to eliminate the unnecessary seizer time of speech channel between exchange
Jfor example, the seizer time when no answer from called number, the seizer time when called party
perform call forwarding conditional and interconnection when subscriber is international roaming.
The mobile application part or MAP has been modified to resolve the waste of speech channel
between exchange by waiting for the answer message from called subscriber before setting up the
speech connection for terminating call. The performance evaluation will be considered in 3 topics:
traffic channel load, signaling load SS7 and call setup delay.

The consequence of simulation result by traffic measurement analyzing tool and traffic
measurement from the real network are shows that the proposed method responds with the
improvement of traffic channel load and the cost saver for network expansion, but it slightly effect to
the increased of signaling load SS7 and call setup delay that should be the tropic in future for

improvement.
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— Total Attemnpts
- MTC Attempts
-- - MOC Attempts
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Call type (MOG Busy Hour Load) 19-Sep-03 | 20-Sep-03 | 21-Sep-03 | 22-Sep-03 | 23-Sep-03 Arsiios
18:15-19:15(19:15-20:15{19:00-20:00(17:00-18:00|18:00-19:00

CALL_ATTEMPTS 171624 179754 165498| 134814 158956 162129
SPEECH_CALL_WITH_ANSWER 108370 111408 102630 84988 101498 101779
BS_REL_WITH_ANSWER 982 1058| 9€0 370 648 804
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CALL_TIOUT_ALERT 2748 2654 2392 2120 2428 2468
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DUR_OF_CONV_SPEECH_SERV 7700582| 8387574| 7444338 5528128  7260210| 7264166
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No-Answer (%) 26.68 27.13 26.72 27.34 26.06 26.78
Others (%) 0.16 0.24 -0.12 0.52 -0.09 0.13]
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Average Call Setup (Sec) 1.54 1.53 1.52 1.55 1.54 1.536]
IAverage Paging Duration (Sec) 1.77 1.78 1.77 1.77 1.76 1.77

verage Call Duration (Sec) 70.42 74.58 71.86] 64.76 71.08 70.81
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19-Sep-03 | 20-Sep-03 | 21-Sep-03 | 22-Sep-03 | 23-Sep-03
Call Type (MTC Busy Hour Load) Average
18:15-19:15[19:15-20:15|19:00-20:00(17:00-18:00|18:00-19:00
GEN_TRAF_CHAN_REQ 128820 129646 116776 113418 119648 121662
CALL_ATTEMPTS 144950 149288 135654 126076 134222 138038
STARTED_PAGING_PROC 135522 136908 123080 118772 125994 128055
SPEECH_CALL_WITH_ANSWER 90386 88738 81444 79170 84098 84767
BS_REL_WITH_ANS 80| 72 36 36| 50 55
CALL_REL_BEF_A_ALERT 3538 3954 3464 2990 3234 3436
CALL_REL_ALERT 32478 35848 32004 28456 30014 31760]
UNS_MS_BUSY 6842 8256 7922 5778 6238 7007
UNS_MS_BLOCKED 304 324 268 280 284 292
RECEIVED_PAG_RESP 129566 130566 117552 114060 120366 122422
DUR_OF_CONV_SPEECH_SERV| 8617050 9195622| 8331486 71 07714 8257788 8301932
CALL_END_CALL_FORW 7818 8146 6780 6348 7404 7299
IAnswer (%) 62.41 59.49 60.06 62.82) 62.69 61.49
B-Busy (%) 4.72 5.53 5.84 4.58] 4.65) 5.06}
IA-Release (%) 244 2.65) 2.55 2,37 2.4 2.48]
No-Answer (%) 22.41 24.01 23.59 22.57 22.36| 22.99
MS-Blocked (%) 0.21 0.22 0.2 0.22] 0.21 0.21
Call Forwarding (%) 5.39 5.46) 5 5.04] 5.52 5.28|
Others (%) 2.42 2.64 2.76) 24 2.16) 2.48
/Average Call Setup (Sec) 1.54 1.53 1.52 1.55 1.54 1.536
\Average Paging Duration (Sec) 1.77, 1.78 A7 1.77 1.76] 1.77}
|Average Call Duration (Sec) 95.25) 103.54 102.25 89.74 98.13 97.78
MTC Setup Rate (%) 99.42 99.3 99.34 99.44 99.4 99.38
MTC Success Rate (%) 97.58 97.36 97.24 97.6) 97.84 97.52]

A-Release: 2.48%
MS-Blocked: 0.21%
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Location Update Type 19-Sep-03 | 20-Sep-03 | 21-Sep-03 | 22-Sep-03 | 23-Sep-03 Lorage
(Busy Hour) 18:15-19:1519:15-20:15/19:00-20:00{17:00-18:00{18:00-19:00
REQ_LUP_SAME_VLR 79176, 74718 71990 88246 78140  78454.00)
REQ_LUP_NEW_VLR 27598} 25134 22664 29488 25330  26042.80
Others 2884 2403 2337, 2772 2849  2649.00
TOTAL_LUP_REQ 109658] 102255 96991 120506/ 106319 107145.80
LUP Success Rate (%) 97.37 97.65 97.59 97.7 97.32 97.53
Others (%) 2.63 2.35) 2.41 73 2.68 78454.00
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waznszuaMsamzdoude Freanlszinu 18:00-19:00 Anfusaidoyamaadatugiunm
sinannldlumsinsan Taofisunasvesmsamadoudidoogi 97.53% uazdumauiivs

2 47% o1uiiieaINAMAY W manueiveamzidouhiiluszuugudeya ynui
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=) Y A a0 @ Ao . A @ ' a {l 9 a
amzboulfiaiesfioglufydn (Black List) B@ynuuamInaIgnunian iuau Y3nmums

amzdounnoluudaz Tuannsouaaslddnswgli 4.4

Measurement of Location update Request

B i LUP Request Same VLR
;. | —~— LUP Request New VLR
2 = Total LUP Request

H a o f o
1 4.4 umaadSnamsamziouveuaying InsAnninaunaondM

d v
4.3 ﬂ'l5?!!?1513?15]1'52,’ﬂlﬂﬂ?@ﬂiﬁuﬂu'lﬂ']ﬂdluiﬂiﬂﬁnﬂ (Traffic Channel Load)
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aumuezgnIes TavszungumeiadinvnneAun 1 Idsua MSRN  apunduanmn gy

030U (VMSC) Taunsdadayg1as IAM (Initial Address Message)
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4.3.1 MIzveNWIAUNIUNsAMaunINeInIeen (Traffic channel load for Mobile

originating call)
TumsAnnamszvesnsauninlunsdivesms Inseonszlddoyaninasisdi 4.1 uay

o 4 ' a J P - ° b oo 4
aumsi @.1) memmmszveuiatuesimeluszuuyums Tnelimsdmuamifinidos o

1Flunsarvanain aalunisian 4.3

AT % : *
>(T,*P) @4.1)

Load: =600
i=1

A ° @ o a (YN ~
aumsn @.1) fhugumsdmivdnnunsemasversssaunnmelugumonsdwi laoi
4 o o J @
Load, M@ mszmasveadsssaumnmelugueisInsiwn (eeuasi/nlug)
T, nunoia Fanaundovesmsaunul Guin)
=2 ' A a L <1
P, nanuiia anuieziilufifansdidngyosms Insisen
4 4

A, mangda aameie I lums InsGonnavus (a39)

a0, tia 4 o w = ) - &
Taodl 1 i soudsmumgmissiniiadudmunsdims Insoen mudeyalumsieii 4.1 ie
. =) A o
i = 1 vanod n3tinmunnelalenasuay (Answer)
. 2 el LG
i =2 nunwda nIdifmurolatensais i (B-Busy)
i = 3 maneds nsanimshemelusznNIMsFeNAD T AUNUITEH I MY (A-Release)
. =2 4‘:’ 1o/
i = 4 mnoia nsdimanuedarens 1uSuay (No-Answer)
. P Y] ] a o 9 b4
i = 5 NUwAa N3TOU 19U nauMmINLAR, gnIeiuns e ifludu (Others)
A29019MIAUIUNTLYDINITTUNUINTANT INT00N

A ' Y as o . )
mswaumma‘aiauﬂmmmﬂﬂumvlﬂ (Conventional Call Routing)

[ ] ¥

MInaumsh @.1) uazdoyalumsied 43 szaunsodnnulTinanissyesesaunuinug

¥
moluszyvagueme 188l

) [l b 4 1
15197 4.3 naaer a1 M luuA st uABUYRINITIFBUADINTAUNUINTANS INTDDN

Procedure Time Call type Seizer Time Seizer Time

(Sec.) {Conventional) (Alternative)

Average call duration (t4) 70.81 Answer (v1)+ (x2)+ (w3)+ (r4)=77.116 (t1) = 70.81
Paging procedure (t2) 1.77 B-Busy (t3) = 1.536 0
Call setup (13) 1.536 A-Release (t2)* (x3) = 3.306 0
Time before Answer (t4) 3.0 No-Answer {t2)* (ta)*+(1s)= 33.306 0
No answer (ts) 30 Other 0 0
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’ ] v L d ’
Taofinsdiau (Others) vz liifiamsvesnasaunul disanndugamsisonnouiiags
E 4 v
aunezgneesTaoszunguay dnfunsdnnaieinsaiios nstif | 4 4 uazdmuald

" t4
ammoowlunmsiSonludrluaseaau (A, TAuniy 500,000 A5

A 4
Load, =—L-*) (T,*P, 4.2
oa T 3600 ;( i 1) ( )
Load, = (A/3,600)* [(T *P )+ (T,*P,)}+ (T,*P)+ (T,*P)] (4.3)

Load, = (500,000/3600)*[(77.116*0.6372)+(1 .536*0.035)+(3.306*0.0594)+(33.306*0.2668)]  (4.4)
Load.. = 8,093.68 10ia3A/52 Tug 4.5)
A o 9 2 o = o 4 &
dofmualfssaunnniiansamnsasesiudTunisei 0.75 weuan nuudl

' & A
1u%191997 60 UIT JVTAUNUINGIIDT Qﬂnaﬂﬂuszuuqnmmflumm 45 WM ANUAINITD

A aTnesaunu esessulSnamsSunlug Tuasedula

Load
Trunk = =22 Total_ (4.6)
Load,,, ..
Trunk = 8,093.68/0.75 4.7

Trunk = 10,791.57 & 10,792 2493 tes0eTulTmmmsiSongegaludaluasau

M51FoNADITAUNUIAILITMIUAUD (Alternative Call Routing)
v ¥
Zrondnmsititauesnesaunuiszgnioanmizluganavesmsaunumniy
d' 9 A' 1 4'1 't Yo d:{ [}
ifioaninaszuumsAum, msideudersssaunuuile bifidiume, uasnsdindmememethi
y v 4 ]
9 zganIsiuutosdyanumnoauda Wiy Asduninaunsh (4.1 wwmmsedna

y y
PSmamszvensesaunummuanislussuuguaie 1adei
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A J
Load, =—2—*>» (T.*P, (4.8)
T 3600 g( i 1)
Load, = (500,000/3600)*[70.81%0.6372] (4.9)
Load. = 6,266.685 180403#/452 T (4.10)

o

o 3 4 o - J . ]
§naunsaunmuameluguans esesfumszifiatusinifinumsiond 7

500,000 A5/ T aunsadman ldsnaunsh 4.11)

L
Trunk = ﬁh&. 4.11)
Loady,,,
Trunk = 6266.685/0.7 (4.12)
Trunk = 8355.58 & 8,356 2997 i (4.13)

r—} ~S
nansifSoumsunsainis Insosn
. ] v 9 13 13
SonSsufsunanssiulsilSinamsSondan 500,000 asvFTue wuhmsivouse
=Y P o 4 =N
495 FUNUISIEI TN TN TUD A ININANNITZYBINITAUNUIIIADY 1,827 I10BUaIA TAvAa
Slusuuesauniiaisoanas iy 2,436 2995 M50 22.57% VITIUIUWITAUNUI
diodounealonanms lagna v/
a . o ° 9 =y o o v
pamsdoununlugin 4.5 Wumssasenisinude Tlsunsuaouninosdmsy
= r'd o s 4 i a
5915121 Traffic measurement 1WszvUInsAnindsun Taoduniuduasuaalsuuniszuss
4 Y [ =3 o [] :« o o
ssvsaunu ol ¥msiFouno993a03s lauina T daududsemiituidunssusenns
A'l 9 A v 9 as ‘:; [ A = 9
aununiielEnsiFoune19seu i msMinaue FaaisoanlSuiums 1FUTAUNIIN

18 Tnomwizedatalugaanansaaiu (Busy Hour) Tuiaai 20:00
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Load(Erang)
750 -7

e rron P ‘ :
700 -4 - | —==MOC:Conventional : vl . T H K

650 4-te-toimotaltad L
600
5504+
500 4 -

100 -
R
888 8
858 &
4 ¢
11 4.5 namsiBounvudaellsunsunsuiiunainsdiveens Insesn

432 NILUPWTTUNNIUNTANDUNINBS UMY (Traffic channel load for Mobile
terminating call)
Tumssnnunssvesnsaunniunitivesnsiumess ladoyannmaeh 42 uas
a R a A A |4+ Bvvs a A
aunsf @.1) usannInnsdivesmsInsesniie A1 i fimdwa 1-7 lagiunsdifimuning
(Y Ad a [ v P T ¢ a J

Umengnsziu uaznsdiidans Toudwdaluia Tavh a1 i aunsaudsanungmsauninay

o o ~t o ) a A

dmunsaimssuae mudoyalumsien 4.2 fio

. < dc{ [

i = 1 vena nsdinunuIsla1wnesuaIY (Answer)

. £ A 1
i =2 Mt nsdinaunslaismaaio 13a1a (B-Busy)

i = 3 mofls nsdinimsNeaeluseniemsIFeNABITTUNUITININGAIW (A-Release)

22 £n

R < d’ tor
1=4 9UWN NI ma*\mmuﬂmumﬂnmmu (No-Answer)

. =5 dd’ ‘49 a ar aray .
i = 5 Mwas nsanmurnueyatenalduims Teuauda luid (Call Forwarding)
)

a.

i = 6 MWD nsdiNmINNILY 1NN LIV (MS-Blocked)

i =7 MUDa NIADU IFU NABVNNITAA, gﬂsﬁumﬂ‘x’f'am (Hudu (Others)
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F1B19N IS ATHIUNITSUDINITAUNUINTAUMT T VAW

M5euAD2995aUNUIA23T 1Auna 11 (Conventional Call Routing)

»InTuMsh @.1) uazdeyalumsied 4.3 sraunsadnnaiinanszvenesaunn

14
Yo

1 4
Aanuamolussuuguay Taded

] ] 4 )
m‘naﬁ 4.4 uﬁm‘mmmm‘i’f"luLmawuﬂau‘ummSt‘%uﬂmaﬂsﬁuwmﬂs{ﬁmsmmu

Procedure Time Call type Seizer Time Seizer Time
(Sec.) (Conventional) (Alternative)

Average call duration(r1) | 97.78 Answer (T )+ (t2)+ (v3)+ (14)= 104.086 (t1) = 97.78
Paging procedure (t2) 1.77 B-Busy (ta) = 1.536 0
Call setup (13) 1.536 | A-Release (t2)+ (13) = 3.306 0
Time before Answer (t4) 3.0 No-Answer (12)+ (t3)+{ts)= 33.306 0

No answer (t5) 30 Forward 2*[(z1)+ (t2)* (1a)+ (14)]= 208.172 | (11)=97.78
MS-Blocked 0 0
Other 0 0

[ 9/ =1 n.l U U ~ 1 1 o z
fmualdanuweoulunsisonud Tuasaaiu (A) IAuMAY 500,000 AT

Load ; =

A; P U
T *P 4.14
%70 Z( ) (4.14)

) A o Al 1ot '
U.ﬂluE)Qﬂ’]ﬂﬂiﬂn’]la‘u‘nlnﬂﬂa‘w‘?’nqaﬂi3\11] HAZNITUOU ﬂzvlllilfni“8@‘\]6\1')\1“7?’““”153”11\1

¥ ¥
PUAWATIU TINI50IAT § A3 (1)-5)
Load, = (A/3,600)[(T,*B )+ (T,*P )+ (T, )+ (TP )+ (T,*P)]  (4.15)

Load, = (500,000/3,600)*[(104.086*0.6241)+(1.536*0.0472)+(3.306*0.0244)+(33.306*0.224 1)+
(208.172*0.0539)] (4.16)

7 o
Load, = 11,638.55 100La3a/42 134 (4.17)
A o 3 4 [y a ~ 4 < ]
L?JE)f’I'l‘YIuﬂtiﬁ’Nﬂ5’CT'N'V]‘N']H‘N\TN%iﬁ'llJ'ﬁﬂiﬂ\ﬁ‘Uﬂill’lmﬂ’lix‘ﬂ 0.75 DOUONR YUY “1u=m

1971 60 U WITAUNUIMNUINDG Qﬂ%ﬂﬁiﬂﬂﬁ&’ﬁﬁ‘]{ﬁﬁ'wlﬂunﬁ'\ 45 WM AIUUTINIGD

AU LIRS TUNUY essdulSnamsiSonluda Tuas e 1& iy
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Load
Trunk = ———Total_ (4.18)
LoadTrunk
Trunk = (11,638.55/0.75) (4.19)

Trunk = 15518.07 & 15,519 2393 iesssiutfunamsiSongegalud luuseu

MIFoUADIDTAUNUIAITMINAUD (Alternative Call Routing)
] b4
FoMANMININTUBNITAUNUINZGNIDAR NI TUF NN BIMTAUNUUNIUY
é 9 4’ 1 4" et Yo dd' 1]
Hosmnnszuiumsdum, madeudersesaununile lifidfume, uasnsdifimomame’hi
¥y ¥ ¥y []
11 szgansvihunseadygamnunudandy dniunnluaumsi @.1) ssamnsoiu

¥ } 4
Phnumszversesaunuiimuanieussuugumy Tadsil

7/ i(T. APy (4.20)

Load, = 27T
i=1

usiiieaninasesaunul gnesalasszuuguanumwiz lunsainmumingdaeneivay

14 ¥ v
uaensalveents Touaesa Tuld mniu suiusinaunisf 4.20) szunum laminy
Load, = (500,000/3,600)*((97.78*0.6241)+(97.78*0.0539)] (4.21)
Load, = 9,207.62 (081a35/52 Tna (4.22)

o i § v {a & a
Fnnuassaunmuimuanieluguas iesssfumse AifatunnSinumsisendh

# 500,000 A5/ Tus ensofa ldnnaunIsh (4.23)

Trunk = ——Teral (4.23)

Trunk = (9,207.62/0.75) (4.24)
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Trunk = 12,276.82 & 12,277 1393 (4.25)

nansufSouhivunssimsivay

Lﬁanﬁumﬁuuwamiﬁmamﬁﬂ?mmmsfs‘unn’hﬁ 500,000 afydaTie numsifouse
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Load(Erdang)
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4.4 M3zvevsFanamalulnsav (Signaling Channel Load)
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Founeresaunut uaz11s Tnasa MAP: Mobile Application Part 15 lun1seroumudoyaay
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snedatema Iy fsssuugmideyauimsnais HLR) sawvaguaied1daudiosdu (VLR) Tao
Tuduvesns sz lys Tansasgninssuuguas wazszuunuguamilgiu (Bsc) swli
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A999NNMUUDNYUAY mmuaqmﬂ‘lu1mnsnmmsxsunauqﬂmmu'lmgumu WU ns@Rdns
SondnduavmnoTnsiwinegneluguaoes  3elufimsdedaanueenlumovenguee
v 1 4
Taommasnnlumsansass  selifludoyadedeadmivdmnunSouiion  mszvenes
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Meaasurement of Signaling Unit (Full day)

$0,000,000 1|~

45,000,000 -
40,000,000 - e terbend eevbedendicid
35,000,000 1
gao,mo,ooo- -
25,000,000 -4
20,000,000

15,000,000 F - £o-ee oot cboddond s

1000000 | ket N -d- b

TvnuUia

Gi b o o/ d‘d LY 1 ) Q
31.]‘" 4.7 1Jimmmszaﬂgiymmaamunumssu-m YUYBIAY

2

H 3 J [y o [ o o
mnafi 4.5 uansmgegalutraz fuvesdyapuniumolussuugumsInsim

Date/Time | Busy Hour | MSU Rx Bytes Rx | Bytes/MSU Rx | Load Rx
19Sep03 18:15-19:15 5969155 213000617 35 7399
20Sep03 19:15-20:15 6083252 216060449 35 7501
21Sep03 19:00-20:00 5598939 197402708 35 6854
22Sep03 17:00-18:00 5972555 211664925 35 7347
23Sep03 18:00-19:00 5580163 198992703 35 6918

Average 5840813 207424280 35 7204

H 1 J ) o ' @ o
M319n 4.6 uansmgagaluudaz fuvesdygnaidemolussuugumo Insing

Date/Time | Busy Hour | MSU Tx Bytes Tx | Bytes/MSU Tx Load Tx
19Sep03 18:15-19:15 5594406 204377946 36 7093
20Sep03 19:15-20:15 5716240 208143253 36 7224
21Sep03 19:00-20:00 5239550 189884732 36 6595
22Sep03 17:00-18:00 5518024 198995798 36 6908
23Sep03 18:00-19:00 5223162 190666475 36 6617

Average 5458276 198413641 36 6887
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ﬁuwmﬁ'wﬁ%’miﬁﬂuﬁua%zé’faaﬁms%"u-daﬁ'aujiymﬁxﬁn%um fio donIn  Resume Call
Handling 1930-d9581719 GMSC uaz VMSC iodald s:umgumuﬁ'm?iu (VMSC) 131
N3EUANNTSAUMT (Paging Procedure) ABuTiszimsiFounnIsaumIInse Felumsasundu
mﬂqgumuﬁ’mﬁmfunmavm Location Area, Cell ID tazdoyavesms Tesoldaynnafiany
aduds GMsc lunsdiiimslduimsTeumesauid wu Touaiwdaluild lduayming
Tﬂsﬁwﬁﬁumu dedaremalisume dhudu ﬁa&wmmmﬁmmwmifuaéﬁuﬂ?mmi’hqam
A Tnsdwiindoufiudaziauming

b

3197 4.7 1WSsuilsuanuguesdyanaisu-dessnimsiyeuno e TTUNN

v

Message type CO?;;{::;M' Al(tgryr;:;i;/e
MAP protocol
SRI 48 48
SRI_ACK 35 35
PRN 52 52
PRN_ACK 18 18
RESUME_CALL_HANDLING 0 10
RESUME_CALL_HANDLING_ACK 0 40-60
ISUP protocol
1AM 42 42
ACM 14 14
ANM 21 21
REL 16 16
RLC 12 12
Total (Exclude the BSS messages) 258 308-328

asad 4.8 WulSinadyaansu-dusrhaumedunaiezgumeuinsiesauly
- v .
ms InsSonudaznsdi saunamssenudnouldane’s (Location Update) iveudadauzung
Fumisiogilagtivveanumng Insiw lluenduszuugudeyauimsnai (HLR) 910A151
J ~ U4 = Y Y a o o 9y 9 @ [

sewuhins InsSonmuysal uazmsiSunduinad A3t msiminauszdsslsmsiu-adymn
1 1 aa o ° s A 9 a [Y 1w A4 o
sgnguaegandItms Taeiald S 50 Tud ssnnezdeslimsfu-aedyanm e
IszuuguaoRosdusudunszuiumsdum (Paging procedure) tazaoundunioudoyams

a o Ll ' o dy a e 4’ @
TuSms TeumesaTudd drumsSoaidumarlumsisiiounyd Iufadumendanngumody
4 4 o TRE " o . 4 o
masumsieunedsesaunut ludalaoms ud hitimsaeunduaunseiasgraraiiae 1 v

o ' o ' i o’: :§ o o 4
Tguamedumehmsldesesaumnldndumegluaouzhednaimiis dmsumsiGonile



77

hifigsvane, msBuniia litinmsaeuiunmsaum wazmssonistaomeaisliing sxamnse

» 1 4
ann1szueImsTu-dedgyanuszniguawadld  issnms nsSondnuaisting hiimsfu-
da dyoiuuTus Tanon ISUP mevessssaumin dledundnmsvesids lavia

d' = o IS X9 ' ' I}
3197 4.8 (WS suifivuanuyuesdygruniu-ae lumsinsudaznsdl

Scenario Conventional Alternative ) Delta )
(Bytes) (Bytes) Alternative-Conventional
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A-Release 195 245 +50

Called no answer 237 203 -34

Called busy 258 203 -55

No paging response 223 203 -20

Early call forwarding 278 328 +50

Late call forwarding 516 511 -5
MS-Blocked 83 a3
Others 75 75

LOCUPD same VLR 45 48 +3

LOCUPD new VLR 105 108 +3

LOCUPD Reject 20 23 +3
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° y P
mmm"lmmwaﬂwmﬁumsw (4.3)

Srowr = Suoc + Sure +S1up (4.26)

k
S, =4, *Y (P*S,)) 4.27)

i=1

s, nunuda mazvesdagnaniu-deszninguae (lud)
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A, v g lumsisenlugunaming il @s9)

P, manuda anuinzifluvesmsifansdiseguesms InsiSon
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s, munoils Minavesdygnaiisu-daluudoznsdivesnts Insisun (lud)
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Tagd i1 i usandsamgmssindaiudmiunsdims Insesn mudeyalumsidi 4.1 fo

. =S - s
i=1AUWN nsmmawmuﬂmumasumu (Answer)

. P At Ve
i=2 HUUN ﬂi'iu“mﬁ‘lmll'lU‘l]ﬁ’lUYl'Nﬁwth’J'N (B-Busy) -

A '

i =3 mnoae psdingmsIeaeluszniemsFouns s AUNUITENINGAIY (A-Release)
. =2 aAd ‘os
1=4 YW nsmmawmuﬂmuma"luwmu (No-Answer)
i = 5 MR nfiou 15U namumneRn, gaseTums o dudu (Others)
a . s a -3 ) o = ar 8 o -~
Tao#t i i aansoudsaumgmssindatudmivnsdimsiume mudoyaluasni 4.2 e

. = ad o
=1 NUYNY ﬂsiumawmuﬂmumammu (Answer)

]
=t

. =& = (N}

i =2 mnwaa nsdinmunuedateneaelidng (B-Busy)

i = 3 puwEe NfiRTMsealNIZNIINISIFBNAB IS AUNUITSHING MY (A-Release)
i = 4 Muwaa nIdiRmunnedaiene 1S uae (No-Answer)

. = s y a [ ay A

i = 5 nuwaa psdinmunanedaenial¥uims Touauon i@ (Call Forwarding)

. & A (Y
i = 6 Muuda nsdiNmnInela1emagni sy (MS-Blocked)

i =7 M psdioUT 195U namannufa, gnsetums e ifludu (Others)
faegemsiuIsMszvesdyauNTu-aaseninguay
mMydeuAl99saUNUIA1095015 1A 11 (Conventional call routing)
o L] A a‘l 1 1 e g n'l
Smuald anumenulumsion luganamiter Tus Sy 500,000 asvaTue

[ 1 o) -} C: ] A =4
nnavesdana lundaznsdiveans InsGonlumsnin 4.8 nazanuiztiuluudaznsdivea
M3 InsBonlumsa 4.1 unuiasluaunsi 4.3)

MITYINATTUIUATANTINTBON

S
S, =4 *D(B*S,) (4.28)

= 500,000*[(0.6372*258)+(0.035*258)+(0.0594* 195)+(0.2668*237)+(0.016*75)] (4.29)

SL:MOC

= 500,000*[249.4422] (4.30)

SL:MOC

SLuoc = 124,721,100 T/ Tus @.31)
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7
S, =4 * D (B*S,)

i=l
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(4.32)

S = 500,000*[(0.6241*258)+(0.0472*258)+(0.0244*195)+(0.2241*237)+(0.0539*516)

LiMTC —

+(0.0021*83)+(0.0242*75)]

= 500,000*[260.8668]

S L:MTC

S =130433,400 lud/FaTus
L:MTC s B

MITVBINATTYYIUNTAMIaIMITOY

+S

SL:LUP ¥ SL:NchLR+SL:SachLR L:Rcject

= (26042.8*105)+(78454*45)+(2649*20)

SL:LUP

S,10p = 6,317,904 Tud/#aTus

¥
o

NATIUNTTEVDINDT "tynpmmﬂsiﬁmﬂmaan JuMY uaxmsam:n‘iuu‘uaamwmu

St omt = StmoctStmretSpiue

S = 124,721,100 +130,433,400 +6,317,904

L:Total

S, =261,472,404 Tud/32Tuq

L:Total

(4.33)

(4.34)

(4.35)

(4.36)

(4.37)

(4.38)

(4.39)

(4.40)

(4.41)
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FOITYQIUMIIBAUIATDINTI) annsasoeyumssu-daduano 1Ay 0.2 weuned duiu

é ] o . (4 ' Qs [ .
Ni19%09T Y IUVBITSUY Pulse Code Modulation: PCM awsafu-dedayau ldniiy

64,000(bit / sec)* 3600(sec/ hour) *0.2(Erlang)

=5,760Kbyte/ hour (4.42)
8(bit / byte)

1 4
o

whidnugesdyarammoaudafisuiiulunssesfumszvesdygnuseningume io
SS7,., = (261,472,404%0.5)/(5,760,000) (4.43)
SS7,,, =227~ 23 993 (4.44)

) ] Yy  ad 0 ) .
MSIEDUAD NI AUNUIALITAIINTUAUD (Alternative call routing)
° 9 = ' A o a9 @ A Y
Smuald anumoioylumsisen lugranamitey Tue Taumdy 500,000 A543 Tus
) 1 P <y - * o 1 <
ynavesdyana uudaznssiveamsInsiSenlumsad 4.8 wazarunitzihulundasnsaives
s nsisonlumsn 4.1 unuiasluaunisi @.3)

MILYOINATAYYIUNTUNIT INTDON

5
SN (Bes, ) (4.45)

i=1

= 500,000*[(0.6372*308)+(0.035*203)+(0.0594*245)+(0.2668*203)+(0.016*75)] (4.46)

SL:MOC

Siuoc = 500,000%[273.276] (4.47)

= 136,638,000 lud/aa Taa (4.48)

SL:MOC
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7
S, =4r *Z(Pi*Si)

i=1

= 500,000*[(0.6241*308)+(0.0472*203)+(0.0244*245)+(0.2241*203)+(0.0539*51 1)

SL:M’I’C

+(0.0021*83)+(0.0242*75)]

S,ame = 500,000*[282.8069]

S, = 141,403,450 Tus/Taa

L:MTC ~
msz‘uanaﬁsﬁmngmnsﬁmsmmtﬁuu

+S

Stivr= SeNewvirTStsamevintSirejeat

= (26042.8*108)+(78454*48)+(2649*23)

SL:LUP

S, 1up = 6:639,341.4 lug/da Tus

14
o <

HAINATLUBINATFYIUNINTAIMS Inseen Sumey uazmsasnzidouveuaunuy
St o = StmoctSemrctSLuue

= 136,638,000 +141,403,450 +6,639,341.4

SL:TomI -

= 284,680,791 Tus/2 114

SL:Toml

v
& & o
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(4.49)

(4.50)

4.51)

(4.52)

(4.53)

(4.54)

(4.55)

(4.56)

(4.57)

(4.58)
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SS7,., = (284,680,791*0.5)/(5,760,000) (4.59)
SS7,,, =24.71 & 25 2993 (4.60)
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4.5 NMT1IUNMIFONNDI95 (Call setup delay)

Juvidefariins ity iumsdeunsrsesdadimsfiiuaue Wioudfouty
Sinsdeusoresaumndaiinslaoialy  lavdszneudsaesieondnivhfifluaung
wpanE A IuMISoURD993 Aav33n1sinaue (Altemative Call Routing) D Seasdi
ﬁmma%zﬁms%”v-daﬁmiymﬁxﬁ'u%u fie danm RESUME CALL HANDLING Hadavin
guaw GMSC 1Uffa vMscC tﬁﬂé’ﬂﬁ‘qumuﬂmumaﬁnnszmumsf’fum (Paging procedure)
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gudoyanolussuuvesyuay Fe3smsfiduauessisausevlumssmdoyannssuy
quenoannnd 35msTaoia Sufiumnmalinnuadilunsifeuseesdruiiiiuaueiin

' 1 a 'd o 9 o dy.s
PN Tﬂummimmamnmﬂznaamﬂu 3 'H’dﬂblﬂﬂﬂu 19

1 o 1

4.5.1 nanlylumssu-aa TUIUITNINYNTIY (Message Transceiver)
° Yt 1 1w 4 A :l Y A ' =
smualdfiawiny x udenSoufsusugiuuumadendenssaunnlunsdinig
a ! ad o = o P oo [ 3 & ra <
Tnseonuuudnd  wuhdsms Tasia liimssu-dadggpadiuan sx - @ hifinsansud
v 1 ] 1 4
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7% (Avsa0nms msSonauysel)  Fedgyaufiiuiuan Aedeyes RESULE CALL

HANDLING N5U-a4521719 GMSC 1lag VMSC

4.5.2 nanlumsdum uazeudeyaoingmdieyanitlussuy (Database Query)
Y o o Yy a Y A oA Yy A
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4.5.3 ¥I9IMVBINTTUIUMIAUN (Paging Time)
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Call Setup Time (Conventional Routing) = 5x+y+T, 4.61)
Call Setup Time (Alternative Routing) = 7x+2y+T, (4.62)

uAisanamiumsfunazsdeyavessziuguany () umifidunniie

o ] o v ) L) A \ 4 o'
WRufisufudanalunisiu-dedeyaseneguane e Uszina 50 i TuFnd Fadtusid
nienSeufsusugrnmilflumsiu-dedoyaseninszsuuguaie $w5zUy Pulse Code

L4 [
Modulation: PCM #a1iusetseanmsininaumsi (4.61) uag (4.62) 1éh
Call Setup Time (Conventional Routing) = 5x+T, (4.63)

Call Setup Time (Alternative Routing) = 7x+T, (4.64)

v ! & aa ] 4
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1 4 ] [ v
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o o 7 [ 3 J J 4 )
guano InsAnsinazgunsainuguaniigm aafusransndsznamnaiaidnusinmsiyouns
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Wouno39suuunseda  (Optimal Routing) uazansunismiaufimiudyinivemdannish
0 4 4 d o qy Ay S : o
Suaue  dadusewinfissildlasshodeuthuiamelunazdnlssmaansoseasums
° ldy sl::
oy Inidldnanue
9 Jy-: o ﬂ A 1 a Y ¢ dv o 4 9/
gamoiifioumTuiiuetetviinniinusaiuiiszihunlszlom HazaWs 0 IMLUI
1 y:.-.l o Py ] o ¢ A a P g a
mmevg‘nﬁu‘h'lumswmmsznumsvmmmqﬂiﬁuwuwmimﬁwmﬂaauw oaANaTIuAY

1 a J o ] y ° a " '
Firatunandnms Inifiuazmusmineunaiindnn Thlszgndldandedramnzan



89

Y A
NI

[1] J.Walker, November “Advances in Mobile information systems” Artech House Publishers Boston
London, 1944.
[2] W.C.Y. Lee, “Mobile communication Engineering Theory and Applications (Second edition)”,
Mc Graw Hill, 1998.
[3] W.C.Y.Lee, “Mobile Cellular Telecommunications Systems”, Mc Graw Hill, 1989.
[4] Yi-Bing Lin, Reducing Location Update Cost in PCS network, IEEE ACM Trans. Networking,
vol.5 No.1, 1997.
[5} C.-Lin, PCS Mobility management using the Reverse virtual call setup algorithm, IEEE/ACM
Trans. on netw. vol. 5 No.1, 1997.
[6] GSM 02.79, Digital cellular telecommunications system (Phase 2+), Support of Optimal Routing.
[7]1 GSM 09.02 version 5.9.0, Digital cellular telecommunications system (Phase 2+), Mobile
Application Part (MAP).
[8] GSM 04.08 version 5.9.0, Digital cellular telecommunications system (Phase 2+); Mobile radio
interface layer 3.
[9] Z. Mao, “An intra-LA location update strategy for reducing paging cost,” IEEE Commun. Lett.,
vol. 6, no. 8, 2002,
[10] Y.-B. Lin, S. Mohan, N. Sollenberger and H. Sherry, “Adaptive algorithms for reducing PCS
network traffic,” IEEE Trans. Veh. Technol., vol. 46, pp. 588-596, Aug 1997.
[11] R. Rezaiifar and A. M. Makowski, From optimal search theory to sequential paging in cellular
networks, IEEE J. Select. Areas Commun.,vol. 15, pp. 1253-1264, Sep 1997.
[12] J.Li, Y. Pan and X. Jia, Analysis of Dynamic Location Management for PCS Networks, IEEE
Trans. Vehicular Technology vol 51, pp.1109-1119, Sep 2002.
[13] Y. Cui, D. Lam, J. Widom and D. Cox, Efficient PCS Call setup protocols, Computer Science &
Electrical Engineering Depts Standford University.
[14] J. Biesterfeld and K. Jobmann, Evaluating different Mobility Management Methods, Institute of

communications University of Hanover.



90

[15] T.Brown and S. Mohan, “Mobility management for personal communications systems,” IEEE
Trans. Veh. Technol., vol. 46, pp. 269-278, May 1997.

[16] D. Cox, “Personal communications a viewpoint,” IEEE Commun. Mag., vol. 28, pp. 8-20,
Nov. 1990.

[17] J. Pliancharoen, P. Thaibunterng and S. Noppanakeepong, Optimum Traffic Channel in GSM
Network by using Alternative call routing, Proceeding of the 4th of Intech03, Intelligent

Application Vol.4,2003 pp.12-16, Chiang Mai Thailand, Dec 2003.

[18] J. Pliancharoen, M. Pengnoo and S. Noppanakeepong, Optimum Traffic Channel in GSM
Network by using Alternative call routing (IN routing analytical), Proceeding of the
CODEC04, P-70, Calcutta India, Jan 2004.

[19] UsziaSy 93¢ Twi uae warlind qéuius Inyad, “Soniluned nsaunnry3in §
Bagiadu $180 (), 2543,

120] IwTsof laniiafia, «ia Taniiedleo GSM g UMTS” u3¥m SSagiadu $18n nwn), 2545.

[21] dyans @dnTnans, wydnnsszuy Insfmiindeudt, dnfnfiuiuvspnasnsel

UNTINUIAY, 2542.



MANUIN

1
= O/ =4 </

4' Y =3 =, J \J d' °
AU ﬂmﬂtj’wmﬂ‘u‘mmuwuﬁuaﬂuizﬂ’nmmms

=2 b Yar =Y d
ARYIT 1aS VNS ANNN

i ey e

91



\{%

lﬂt‘ u p ~\- .V,
. « ”

wbuw ot 2

e T

CHIANG MAI, THAILAND
DECEMBER 17 - 19, 2003

=
=
O
&
Q.
i
Q
i,

CONFER




93

Optimum traffic channel in GSM network by using
Alternative call routing (Call forward analytic)

Jatuporn Pliancharoen, Palapol Thaibunterng and Suthichai Noppanakeepong
Department of Electrical Engineering, Faculty of Engineering,
King Mongkut’s Institute of Technology Ladkrabang, Bangkok, Thailand, 10520
E-mail: jatupornp@siemens.com, s3061045@kmitl.ac.th and knsuthic@kmitl.ac.th

Abstract: The increased demand of wireless mobile communications in
circuit switching, and the finite resource lead to the resource expansion to
satisfy the demand supply for subscribers. This research proposed the
alternative routing to optimize the traffic channel in case of late call
forwarding. From the conventional routing in GSM network traffic channel
have to be setup via redirecting exchange through the terminating exchange,
although the second party is not involve conversation between the first and
third party. Effect to the inefficiency routing and waste of traffic channel
between the redirecting exchange and terminating exchange. We are
assumption the alternative routing to setup direct connection from originating

exchange to terminating exchange.

The propose method could be

implemented in addition from the existing GSM network, and the relative

performances for each scenario are investigated.
Keywords: Call forwarding, GSM network, Optimal routing, Traffic channel

1. Introduction

From the conventional routing in GSM network
(circuit switching network) the speech trunk is
seized since the calling exchange start 1AM
message to called exchange, neither before the
called subscriber is reached (before Paging
response) nor answer. Leads to loss of efficiency
for traffic channel, we are propose the alternative
routing which speech channel seized after paging
response and called answered over the MAP
protocol. Furthermore in case of late call
forwarding in the conventional routing the traffic
channel have to be setup crossing the exchange
from A through B and C. This improper connection
will be resolved by alternative routing as well.
There are 3 points, which motivate to the
improvement of conventional routing.

1.1 Optimum the traffic channel between calling
through called exchange to seized only the mean
while of conversation time by eliminated the seizer
time of un-necessary procedure in conventional
routing e.g. during the call setup, paging time,
seizer before answer.

1.2 Resolve the traffic channel over inter-PLMN in
case international roaming. As shown in Fig.(1) for
the conventional routing of international roaming B
is roaming in country A, and terminating call from
A in the same country the traffic channel have to
setup over inter-PLMN from country A to country
B. This is loss the gain of traffic channel. By the
alternative routing and new functional of MAP V.3
(optimal routing) capable MAP interrogation over

the inter-PLMN that not require traffic channel
setup over the country A to B any more in this call
scenario.

Country A Country B

T
3

Figure 1: International roaming MTC
(Conventional routing)
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Figure 2: Chain connection in late call
forwarding
1.3 The problem of traffic channel setup crossing
the redirecting exchange (Chain connection



problem) in case of late calls forwarding. This case
subscriber B who setup call forward to C is charged
for the traffic connection from B location to C
location. The procedures of call forwarding see in
GSM 09.02 [7]

2. Alternative routing

In this section will present the different aspect of
the alternative routing as well as the prerequisite to
enable this functional in the existing GSM network.
2.1 Functional requirement

The alternative routing could be supported for all
circuit switched in GSM network, except
emergency calls, and Dedicated Packet Access
(GPRS and UMTS are for further study).

2.1.1 Require network feature optimal routing
before implement the alternative routing. Afterward
the functional could be applied automatically
(without modify the subscriber profile in their
HPLMN) for all calls except those calls, which the
HPLMN of the called party denies the optimal
routing.

2.1.2 The VPLMN of caller and called, as well as
the HPLMN of called must have the capable of
alternative routing and MAP version 3 to support
the resume call handling message between GMSC
and VMSC.

2.1.3 If the interrogation PLMN detects that the
alternative routing are not support, the interrogate
PLMN will routes the call according to the dialed
number by normal routing.

2.1.4 The serving network of alternative routing
could be recognition - the destination for
conventional routing or alternative routing by own
database in the interrogation PLMN.

2.2 Propose scheme for alternative routing

2.2.1 Alternative routing for early call forwarding,
In the Fig.(3) A is a mobile subscriber who may
benefit from the alternative routing. If A sets up a
call to B, then the originating PLMN shall
interrogate the HPLMN of the mobile subscriber B
in order to know how to route the call. This case
HLR will known by their database that B has setup
the call forwarding (Unconditional) to subscriber C
and assume that C also same HPLMN of B. Then
HLR is queried again for the address of VMSC
where C is located. And send MAP message to
VMSC to invoke MSRN of C number (3). When
GMSC get the MSRN of C subscriber (5), the
message Call control transfer (Application context
number 6) will be sent to VMSC directly to force
VMSC to start paging to C subscriber. After C
response the paging and answer the call, VMSC
will notify to GMSC with call control transfer
whether called party answer or not. This message
alert calling that called party has reached (9) and
trig GMSC to setup traffic channel to VMSC. Now
the call is terminated to C subscriber.
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Figure 3: Early call forwarding
(Alternative routing)

2.2.2 Alternative routing for late call forwarding.

In any other cases, the call shall be routed to the
mobile subscriber B via HPLMN(B). If the call
cannot be completed, the originating PLMN shall
receive an indication of the reason of the failure of
the call completion. Thereafter, if the mobile
subscriber B has activated a conditional call
forward to a destination located in her home
country or to a destination in the country where A is
registered and this leads to the invocation of Late
Call Forwarding, then the originating PLMN shall
route the call directly to the forwarded-to-party.
The remaining leg of the call from the intermediate
point to the ultimate destination may be optimally
routed. The subscriber who have the service of
alternative routing will be recorded in HLR
database and transfer to VLR when perform
location update. The Fig.(4) demonstrate the call
flow of late call forward when C is roaming in same
country as A the message no.(1)-(5) as same as the
normal MTC. The message no.(6) is call control
transfer contain the forwarding data to GMSC such
as no-reply, busy or no-paging respond. Then
GMSC start interrogation again to HLR by the
received data from MSC B. Eventually the call flow
will routed as same as normal MTC for message
no.(10)-(19).
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Figure 4: Late Call forwarding
(Alternative routing)

3. Analytical results

3.1 Traffic channel load

This section discusses the cost of traffic channel in
network, which cause from the successful call and
unsuccessful call. The successful call concluded
from the number of call which reached to called
party (paging response and calling alert) although
called number answer the call or not such as called



busy, called not answer, completed call, calling
party release before answer. In ideal we assumption
that the traffic channel should be seized only while
the conversation time exclude the time before
called answer to optimum the efficiency of traffic
channel in GSM network.

Call type P T, C | | T,Alternative
ICOMPLETED_CALLS 0.52 | 110,00 1442 = 140
[B_NO_ANSWER 030 1.0.5= 6.9 0

BUSY 0.03 . 1=3.9 0
IDROP_CALL 0.07 u=14 0
[IUNSUCCESSFUL_CALLS 0.08 0 0

Average duration
IMEAN_HOLDING TIME (v 140

PAGING_TIME ) 25

AVERAGE_CALL_SETUP | 14

[HOLDING_BEF_ANSWER | 3.0

Table 1: Probability for each call type and the
average duration time.

With the alternative routing traffic channel will not
seized at all before called answered and notify the
calling exchange over the MAP message to start
setup ISUP for conversation. That means the seizer
duration is shorter than the conventional routing
because excluded the paging time, B no answer, B
busy, B out of service area.

TPt A M, 1
Cpm Dy i—t— 4 ) Q)
Where Cy is the relative traffic channel cost, 7;
average duration per call type, #, Probability per
call type, Ay total call attempt in network (All day),
M; MSC crossing per call type

Cr =(Compieiecit )+ (Ch-natnswer)+ (Ca-tusy)* (Corpcan) (P
From Eq. (2) we consider per call type by
Conventional routing

Cr = M—;%[(m.raszh (6.9°03)+(3.9*0.03)+ (1.4* 0.07)] (€)
Cp=(0.0215)* M, * 47 4)
From Eq. (2) we consider per call type by
Alternative routing

Cr= M3'6;(ff [140 * 0.52] )
Cr =(0.0202)* M, * 4r (6)

Traffic load per late call forwarding
Assume that late call forwarding probability = 0.01
Conventional routing

Cr =M]‘—s;o’i[m‘z-o.m]:(o.oomru,u, Q)

This case M, is number of call forwarding
(Concluded of traffic channel crossing the MSC)
Alternative routing

Gy = M A
3600

M, of alternative routing always = 2 because not

require the traffic channel crossing redirecting
exchange.

®)

[140 *0.01]= (0.00078 )* A,
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Figure 5: All day traffic load of complete call
crossing per MSC
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Figure 6: Traffic load of late call forward
crossing per MSC

From the Fig.(6) alternative routing cause the traffic
load very low than the conventional routing,
because not require the traffic channel crossing
redirecting exchange, always setup traffic channel
directly from originating exchange to terminating
exchange.

3.2 Signaling channel load

The section discusses the signaling load associated
with alternative routing; we define the signaling
messaged on the GSM ISUP and MAP protocol.
The messages sent locally between BSS and SSS
part are not considered since they are the same as
conventional routing. The message size could be
different than the Table(2). Which depend on the
optional parameter for each network, but this
research we are particularly focus on how different
between the conventional and alternative routing.



Message type I Conventional l Alternative
MAP protocol

SRI 48 48
SRI_ACK 35 35

PRN 52 52
PRN_ACK 18 %
RESUME_CALL_HANDLING 0 10
RESUME_CALL_HANDLING_ACK | 0 40-607
ISUP protocol

1AM 42 42
ACM 14 14
ANM 21 21

REL 16 16
RLC 12 12
Total (Exclude the BSS messages) 258 308-328

Table 2: Message size of conventional and
alternative routing

The message MAP_RESUME_CALLHANDLING
is especially for alternative routing (which is not
require in the conventional routing) for trigger
VMSC to start paging to called subscriber. This
message demonstrates in Fig.(3) message (9)-(10)
the application context number 6 this message
available only in MAP version 3.This message will
return the forwarding data to GMSC including the
cause value of call control® to the calling
exchange.

M Message volume varies on the cause value, which contain
forwarding data in case call forwarding.

@ The application context for MAP are defined in GSM 09.02
) The cause value of call control are defined in GSM 04.08

Scenario Conventional | Alternative Delta
Complete call 258 308 +50
Drop call 195 245 +50
Called no answer 237 203 -34
Called busy 258 203 -55
No paging response 223 203 -20
Early call forwarding | 278 328 +50
Late call forwarding | 516 Sl -5
LOCUPD same VLR 45 48 +3
LOCUPD new VLR 105 108 +3
Table 3: Compare signaling load per call

scenario

In the Table(3) shown the signaling traffic for each
call scenario between conventional routing and
alternative routing, in case of location update either
same or new VLR the subscriber service flag for
alternative routing have to be transferred from HLR
to VLR which cost 3 bytes.

3.2.1 Complete call: Alternative routing worse than
conventional routing 50 bytes because require the
message MAP RESUME CALL HANDLING for
trigger VMSC to start paging to called subscriber in
their location area. After called subscriber answer
the call. This message will alert GMSC to setup
speech channel to VMSC for terminating call.

3.2.2 Drop call: Mean the scenario, which drop
before VMSC respond the ACM message during
ISUP connection. Might come from the several
reason such as Transmission problem, A release
before call alert etc. Alternative routing cost 50
bytes more than conventional routing.
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3.3.3 Called no answer is better signaling load 34
bytes by alternative routing, because not require the
ISUP message sending to VMSC. Called busy and
no paging response are also better signaling load
than conventional routing for 55 and 20 bytes
respectively. Because of MAP RESUME CALL
HANDLING could return the called state from
VMSC to GMSC after paging procedure, whether
called subscriber is idle or busy state. Therefore
GMSC could be foreseen to not setup ISUP
message to VMSC.

33.4 Call forwarding: the signaling load of
alternative routing worse than conventional routing
in case late call forwarding about 50 bytes, but for
early call forwarding about 5 bytes. Because require
MAP RESUME CALL HANDLING return to
calling GMSC before start the second interrogation
to C number.
SonaTpbeg 0 T EPC TCH ET' 2] (€)
Where E is the average traffic load of a speech
channel (Erlang), C is the volume of signaling load
for complete call (Bytes), CH is the total of speech
channel in the exchange (Channel), T is the average
call duration (Second)

Conventional routing

C=258 bytes for each complete call and assume that
speech channels carry a traffic load 0.75 Erlang
(75%) from the Eq.(9) we get

SignalingLoad = 360 '0'75; i (10)
*
SignalingLoad = éﬂ_oro.ﬂ (1)
Alternative routing

C=308 bytes for each complete call and assume that
speech channels carry a traffic load 0.75 Erlang
(75%) from the Eq.(9) we get

- * *
BighRaL ot = 3600 0‘757' 308 *CH (12)
*
SignalingLoad = w (13)

Number of speech channel per signaling link
Assuming that: Maximum load for each CCS7 link
0.2 Erl (20%), Speech channels carry a traffic load
of 0.75 Erl, The average call duration is 140 Sec.
Complete call by conventional routing:
Per hour each speech channel carries
3600 sec* 0.75 Erl =19 28 call

140 sec
Each call setup and call released involves the
transmit of 258 bytes, per hour = 19.28*258 =
4974.24 bytes of information must be transmitted.
Signaling traffic per hour for each
direction=4974.24*0.5=2487.12
A CCS7 sends max per each direction
64,000(bit/sec)* 3600(sec/ hour) * 0.2(Er!

000 )B(bil;xbyle) ) (Er) = 5,760,000(byte/ hour)
Therefore per signaling link could be support:
5,760,000 Speech channel.

2487.12

=231593=2316



Complete call by alternative routing:

Signaling traffic per hour = 19.28*308 = 5938.24
bytes of information must be transmitted therefore
signaling traffic per hour for each direction is
2969.12 bytes.

Therefore a signaling link could be support:

5760.000 _, 939 97 x 1,940 Speech channel.
2969.12

x10'

g
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s Alternative routing T=100 sec. |-
—«— Conventional routing T=140 sec.
- Alternative routing T=140 sec. |

@
T

~

o

o0

-

w

N

Slgnaling load per complete call (Erang)

“

0 H H . H HEE R
10° Total of traffic channel in network (Channel) 10
Figure 7: Signaling load per completed call

3.3 Call setup delay

In this section will consider the call setup delay,
which result from the alternative routing in case of
complete call setup. There are three main variables
in this consideration (Time for transmit the
signaling message, Time for database query for
each network element, Time used for paging
procedure). We will not concern the actual time for
call setup but mention especially for the different
value of call setup delay between the conventional
routing and alternative routing.

3.3.1 Time for transmit the signaling message
between network element is denoted as x. from the
Fig.(1) of MTC call require 5x for the complete call
(Exclude the message transmit to_the BSS part
because no different procedure from the alternative
routing in the BSS part). In vice versa of alternative
routing in Fig.(3) require 7x for each complete call.
The extra message is call control transfer as no.(6)
and no.(9) between VMSC and GMSC.

3.3.2 Time for database query for each network
element, due to the alternative routing require
double database inquiry (for normal inquiry and
alternative service subscription) therefore the
Alternative routing require 2y, where y is denote as
normal database inquiry.

3.3.3 Time for paging procedure, both routing
method not modify the procedure of paging in BSS
part. Therefore the paging time would be equal at
all denote as p. Therefore

Call setup time (Conventional routing) = 5x+y+p
Call setup time (Alternative routing) = 7x+2y+p
When the time for transmit message is much greater
than the time for database query (x >>y), in this
case the total delay using alternative routing is
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roughly greater 40% of the total delay of
conventional routing. Call setup delay would be the
topic of improvement in future to decrease the call
setup delay.

4. Conclusion

The alternative routing was propose in this letter to
resolve the problem of chain connection crossing
the redirecting exchange when subscriber setup the
conditional call forwarding. By setup the direct
connection from calling exchange to called
exchange. Traffic channel load was improved by
alternative routing but lead to the greater call setup
delay approximately 40% and worse of signaling
load than the conventional method about 50 bytes
for each complete call. The improvement of call
setup delay and signaling load could be the tropic in
future.
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