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5.5

Development Scenario

5.5.1 Service Provision
(1) Basic Telecommunications Services
: Year.
Type of Services Present 1994/95 . 2000 2005 2010
Telephone/Fax '
: - Manual switching Yes Yes - - -
- Automatic switching Yes Yes Yes Yes Yes
- Various functions Yes(50%)  Yes Yes Yes Yes
Telegraph _ o
- Through P.O.Box Yes Yes Yes Yes - Yes
- Delivery to house - - . - Yes - Yes Yes
Telex : Yes Yes Yes Yes Yes
Leased circuits _ . S S
- Analog - Yes Yes  Yes Yes Yes
- Digital - Yes - - Yes Yes Yes
(for data communication) ' '
‘Note: Various functions mean the special functions on- switching system for
telephone services, such as temporary transfer and call waiting services, etc.
Q) ~ Advanced Telecommunications Services
o _ _ S - Year
Type of Services Present 1994/95 _2_O_QQ 2005 2010
ISDN '
-*Narrow band - ' Yes Yes Yes -
- Broad band - - - - ?
Mobile communication :
- Telephone ' - Yes Yes Yes Yes
- Paging ' - Yes Yes Yes Yes
- Trunk mobile radio - - Yes Yes Yes
(MCA) _
- Maritime radio comm. - - Yes Yes Yes
5-8 JICA Master Plan Study
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552  Supply Volume

(D) Telephone Service

Based on the above-mentioned policies, the fotlowing supply targéts are pfoposed for

telephone service:

(Unit:1000 subscribers)

Rehabilitation Development
_ Phase-1 Phase-2 Phase-3
Year 1993 1995 2000 2005 2010
1. Demand (5% GDP growth)
1) By ITU-model - - 87 98 126 167 224
2) By sample survey 73 - - - -
3) By Uganda-model _ 73 84 118 164 227
2. Supply _
1) On-going 25 35 - - -
2) Guideline _
a) Sub-Saharan level 53 59 78 105 142
b) 707 supply to demand. - 59 83 115 159
¢) 0.5Z investment GDP . - - 71 109 160
35 65 105 160

3) Targets ‘in Master Plan

‘For reference, the telephone service status of sub-Saharan countries in 1990 is shown

“in Figure 5-5-1.
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Figure 5-5-1 Telephone Service Status in 1990
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In each county, the:supply ratio will be increased, phase by phase. Here, the supply
ratio is the ratio of supply volume to demand.
Figure 5-5-2 shows present supply ratio of each county.

Supply Ratio
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Figure 5-5-2 Present Supply Ratio of Each County (Year 1993)

Considering the above mentioned development policy, supply policy and supply target,
the basic 5upply volume is decided as follows

Phase - 1 : Supply Ratio Counties
(1995/96 - 1999/2000) = at the phase end

90% '~ Kampala and other 13 municipalities

80% Counties havihg large demand (2,000 -)
at the phase end.

30% Counties having medium demand (800 -
2,(00) at the phase end.

- "There will be no supply for counties
- having small demand (- 800) at the
~ phase end. Supply ratio will be lower

than the present ratio, with demand
‘growth, '

JICA Master Pian Siudy o : 5-11
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(2005/06 - 2009/ IO) - as the phase end

Chapter- §
Phase -2~ ; Supply Ratio - Counties
(2060/01 - 2004/05) at the phase end

90% Kampala and other 13 municipalities

80% Counties havmg lal ge demand (2, 000 -)
at the phase end

50% Counties having medium demand (400 -

' 2,000) at the phase end.

- - There wﬂl_ be no supply for counties
having small demand (- 400) at the
phase end. Supply ratio will be lower
‘than the present ratio, with demand
growth

Phase - 3 Supply Ratio Counties

90%

80%
50%

10%

Kampala and other 13 .municipalities

_ Countles havmg large demand (2, O{}O -)

at the phase end.

Counties having medium demand (400 -

- 2,000) at the phase end.

Counties having small demand (- 400) at
the phase end.

Figure 5-5-3 shows development of these supply ratios with phase, Detdlled supply plan
by county is shown in Table 5-5-1through Table 5-3-4, and proposed actual supply ratio
at each phase end is shown in Figure 5-5-4 through Figure 5-5-6.
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Table 5-5-1 Supply Votume in Each Phase (1/4': Centrali'chinn)
Ceontral Region . ) : .

3600

ST

[BISEICT - [NOh | Gotnty Exchange . B.C.5 |WalletqE.C.% 4] : 2010
. ) . (*¢ %), Nol Work| (1893) | (1993) | Walterd Bemand| Supply {Demand] Supply | Demand] Supply
RaGngia T Bumba RaRhpla K %"‘Tﬁ L""Tg """2'%"""1'52 T 176 BTF
2 |Kyamuswa . o : 40 12 B8 17 78 23r
L NWTOTAL) : 11 20 31 L 129 39 178 &4 248 74
Karmpata JKampala C.C. |Karnpala Ceniral] 10,008 | 4.301] 14,610 18.234] 164111 26,481] 238331 360891 34.253 |
Makerere 870 92 a82 4513 4,061 6,853 5,808 9,419 8477
Kawempe (RLL) 268 112 380 240 2,242 3818 3,256 5,200 4,680
Mengo (X8} 411 70 481 a697| a2:7f 6821 6,139 9,803 8,828
Nsambya (RLU) 1,065 150 1,215 2,289 2,070 3,339 3,005 4,800 4,320
Lubowa (RLU) 117 45 162 ‘8158 734 1,184 1.066 -1,702 1,532
Kyambogo (X8) 216 20 235 2491 187 8,181 2,863 4572 4,115
) N Mbuya (RLY) 849 H“ 800 2,337 2,103 3,394 3,055 4,878 4,390
. { okl : 14,0931 4,851 18,944 37,573 33,8165 54,566 49.109] _ 78424| 70582
Kibaga 3 [Kiboga Kiboga BOT A0 03] 458 50 707 ] 3540 1,067 520 [
[TOTAL) . 50 J0 a0 458 50 707 354 1,057 52¢
Luwero 5 [Buruli Nakasongola 33 30 63 3450 a3f 50 250 [ 350
6 [Kalitamu Bombo 22 35 57 257 77 358 i79 500 400
Luwero - 42 28 68 200 87 405 - 203 565 452 ¢
Wobulenzi 291 13 42 340 102 474 237 651 o2 F
SuUb—-Tolan 93 74 167 ' 887 266 1,237 619 1,726 1,381
7 [NaKaseke Ssemuto 8 15 23 102 | 8], 142 8 T 199 eI
Nakaseke 5{ 28 43 146 5 204 5 285 143
: {Sub—Toka) * 13 43 86 249 13 346 13 483 242
8 Iwabusana (Barunanka) . B . 215 0 - 383 4 535 268
[TOTAL) L 147 286 1,770 312] 2487 882 d44¢] - 2241
Masaka G [BuKemmnsimbi |Byog (FCO) 1 20 210 257 i EEL 1)
.10 |Bukoto Bukoto : 4 7 11 487 4 &621 311 838 - 803
11 {Kalungu Lukaya 15 17 a2 209 .18 278 139 az4 187
. Kalungu . 1 .14 ~A5F: 246 1 a2y 163 440 220
: . [{Sub—Tolay 16 ‘31 - 47 454 18 604 302 814 407
12 [Lwemiyaga o : - ] 97 Of - 130 0 175 .17
13 [Masaka Municij|Masaka - 557 3556 912 3,081 2,773 4,008 3,688 5,524 4,972
14 [Mawogola . 272 4] 362 1] 488 [ 244
: {TOTAL) o 578 413 891 4,629 2794 8,156 4,302 8,299 6,373
Mpigi 15 [Enfebbe Munic[Eniebbe 1,048 85] 1,133 2,985 2686 3,898 3,446 5,014 4,513
16 {Bus¥o (Naddangira) 1,013 ] 1,200 650 1,702 851 F
17 |Bulambaia ) 194 0 - 249 -0 327 33
18 [Gomba - 258 0 La2r] 0 429 214
19 |Kyadondo Kasangti 81 15 96 - 988 296F 1,268 1,015 1,661 1,320
Namulongs ) 40 45 223 67 286 229 878 300
(Matuga) : : 530 0 630 544 291 713 ¢
{Sub~Total) 86 58 141 1,741 363) - 223¢ 1,788 2927| 2342
20 [Mawokota Mplgi ) 52 81 133 951 285 1,223 611 1,600 800 F
(Mitara Maria) . - : 76 0 08 49 128 64
{Sub—Tolal 52 81 133 1,027 285 1,321 ‘660 1,728 864
{T0TAL) 1,185 221 1,407 7.214 3,334 2250 5544 12,126 8817
Mubende 21 [Busujju 208 0 . 298 0 424 212
22 {Buwerula I'Mubende 88 88 786 236 1124 562 1,600 el
23 |Kassanda ) : 32 -0 459 222 853 326
24 fMityana Miyara 180 95 275 931 279 1,332 666 1,885 1,618
: Busimbi. 1 40 i 139 42 L1899 99 283 226
) ) {Sub—Tolaf} 187 - 135 36 1,069 ‘321 1,530 765 2178 1,742
(TOTAL) : 259 135 404 2,354 557 3411 1,556 4,855 3,080
Mukono 35 [obagake ‘ 222 o) - 33 0 500 550 |
’ 26 |Buikvre Lugazi - 75 57 132 452 22 - 687 550 1,018 814 F
Buikwe 4 12 16 244 4 37 297 550 440 F
Ngogwe - 0 17 17 116 oF- . 177 © 142 252 210 F
NKoKonjeru 4 a0 34 184 4 . R8O 224 415 332
Nyeriga 19 21 490 258 129 . 393 a5 583 466 ¥
. Ul —Tota) 102 137 239 1,254 3630 . 1,808 1,527 2828 2,262
27 |Buvumalskandg. i ' ' 102 o 156 4] 229 .23
28 |Mukono Mukono RSU) | . 2z2z[" 1o 232 738 2220 1,22 551 1,663 1,331
: . {Seta) . : 204 of . 310 155) - 459 w7 P
: {Sub—Total 222 10 232 941 2220, 1,432 [716] 2122 1,698
20 |Nakiiuma Kasawo 12 20 32 149 12 227 14 336 168 ¥
" [{Nagalama) o ‘ o 156 By ess{ 118 - 350 175 F
: {Sub—Tola) 12 20 32| 304 12| - 463 232 688 343
30 [Nlenjeru Kayurniga 7e 15 87 . 719 216 1,094 ' 847 1,620 810
- iikanguiumira) R ERE ¢ REIN 0 203) . 102 301 C151F
- {Sub=Tota)) L 72 i5 87 8531 216} . 1,287 " 649 1,921 . 961
roTAL) s - 408] " i82 (580 3,675 813 5563 3,124 8286 5,537
Rakai 3T {Kabula -~ |Lyanlonde - ) 85 ~ 85 344 [4) 511 . 985 749 372
32 [Kakuuto | {Kakuuto) . L 231 -0 343 172 500 250
33 |Kooki Ra kal 4 15 19 330 a8 489 123 713 178
34 |Kyotera Kyotera 39 30 69 232 © 39 344 72 501 250
Kalisizo 33 32 85 272 a3 4031 . 202 588 264
{8ub —Toka) 72 . 62 134 504 72 747 374 1,081 . 544
{TOTAL) .76 162 238 1,410 . . 160 2080 924 3,045 1,344
Cental Tofal 16,810 - 6,161 ] 22,971 59__@43 41,875 84,428 66,848 119,784 58,570 |
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Table 5-5-2 Supply Volome in Each Phase (2/4§ Eastern Region)

Eastern Region

Oistict . |NO. Golnty Exchange E.C.8 [Waller§ C.G.5 1F 5000 - 2005 Z010
- (xe¥),. Not Work| [ 1993) (199% Walters! Demand SuEBa;E |Damand]_Supply | Demand] Supply
loange 35 [Bugwen Busesa 15 2 43 317 1 448 - 224 824 312
36 |Bukeoli - Bugiri 485 40 86 531 46 751 . 376 1,045 523
37 (Bunya |Mayuge ‘15 13 28 454 ) 15 642 161 883 224
38 |Busiki _|Busembatya 20]: 18 38 303 20 429 214 - 897 208
39 IKigulu Iganga 207 120 327 1,258 378 1,781 890 2478 1,983
(Namungatwe) . 104 3 148 .74 206 164
- iSub—Tokal 207 120 g7l 1869 409 1,928 ' 9841 2684 2,147
40 |Lulka Kiyunga 4 a0 34 310 4y a30 218 610 305
{TOTAL) . : . 307 249 558 3277 509 . 4,637 2158 . 65,453 3,808
Jinja 41 [Bulembe Kakira 44 34 78 693 . 44 1,022 511 " 1.461 731
42 [inla Municipali] Jinfa 1,305 02| 15807 5754 5,178 8,488] - 7,639 12,37 10,083
43 [Kagoma Buwenge 9 25 35 427 9 631 [ 158 502 P76 |*
| {TOTAL) ‘ 1,358 a5l 1710y _6874] 5231} 10,140] 5308} 14500| 11880
Rarmuli 44 |Budiope - . ] ) - 354 ] [ 7551 1261
45 |Bugabuk - Buiopa 4 it 15 75 4 112 56 161 &0
: Kamuli 34 45 79 395 119} - 887 294 843 a1
Namwendwa 1 7 8 31 1 46 23 1] a3
i o {Sub—Toiap 39 63 102 502 39 745 373 1,070 535
46 [Bulamogt Halfo 35 25 60 337 35 500 250 717 359 |
47 [Buzaaya 300 1] 445 74 539 106
— [{TOTAL) 74| 88 162 7,492 74 2215 785] 3181 7,126
RapChowa | 48 [Rongasis 119 T 0 160 0 216 20|t
. 49 [Kween 136 0 1831 0 247 20
50 | Tingey Kapchorwa 36 13 49 282 276 381 305 513 410"
. |(TOTAL) - ) i 36 i3 49 538 226 725 305 976 450
Kumi 51 [Bukedea (Buke dea) ) 206 [ 276 [ 370 37
’ 52 |Kumi Kumi’ 45 30 75 475 143 637 318 853 427
53 [Ngora (MNgora) i79 0 240 [i] 321 a2
_ [TOTAL) 45 30 75 860 ~143 1,153 318)___1,544 395
Mbale 54 [BubUio Myenze 50 5] 45 302 20 EL] 20 507 264
55 |Budadsl Budadrl 13 10 73 263 13 348 174 460 230
) Sronko . 13 10 23 263 13 348 174 460 230
T {Sub=Tokl 26 20 48] 527 25 595| . 348 920 460
56 |Bularnbuli i 184 0 243 [} 37 33
57 |Bungokhe Nakaloke 5 21 26 227 5 . 300 150 a97 198
- Manatwa 3 8 1 103 3 135]- 68 179 . 8o
{Sub—Tota)) 8 29 a7 330 8 435 218 576 288
58 [Manjiya Budugda 1| 15 26 202 11 267 133 353 177
) . Bulucheke 5 12 17 149 5 197 99 261 130
| (Sub-Totalh 16 27 43 352 i6 464 232 614 307
59 |Mbale Municipd Mbals (2 Unils) 685 70 755 1,926 1,733 3541 5,287 3363 3,087
N {fToTAL) - - 755 771 926 3619 1,803 47771 3105] 6,322 4,378
allisa " 60 | Budaka Kamonkoll 1 7 g 306 i 453 227 548 323
&1 [Bulebo : 235 0 348 o 408 249
62 |KIbuku - ] 291 0 436 216 615 308
63 |Palfiza . Pallisa B 15 3 350 105 518 250 741 371
: - {TOTAL) _ 17 22 30y 1.152 1061749 701 2502 1.252 |
Boxoli 64 JAmura [ATIUME) 282 1) 366 0 476 298 |*
65 |[Kaberamaidp | (Kaberamaida}- 312 0 402 261 524 262 |*
66 |Kakki - (Otsuboi) 266 Q 344 0 448 224 |*
67 |Kapelebyong : 182 ] 234 [ 304 30 |*
68 |Kasilo j 212 0 274 0 358 36 |*
69 |Serere - |(Serere) 340 [ 438 219 572 286 |*
70 [Soroli - ‘ 380 0 490 Fa5 6538 310 ]r
71 {Soroti Munikcipal Sor oli 207 120 327 846 . 7681 1,094 984 1,424 1,282
72 |Usuk__ (Katakwi) 745 0 318 . 0 412 206
[TOTAL} 207 120 3278 3,065 761 3,958 1,648 5158 2,883
Tororo 73 |Bunyole . 232 [ 201 0 368 37
74 [Kisoko [W. Budhrmna) 263 [+] 329 0 417 209 3*
75 ISaimia—Bugwe]|Busia 62 30 92 840 267 1,113 557 1,411 705
Lumino . 3 15 18 343 103 429 2i4 543 272
(Sub—Total) 65 45 110 1,232 370 1,541 771 1,854 977
76 | Torore Malaba 30 25 55f 347 104 434 217 550 440
77 [ Tororo Municipd forore 331 7G 401 1,446 1,301 1,809 1,628 2,203 2.064
(TOTAL) 426 740 566 3521 1,775 4404]  2616] 5583 3727
Easiern Tolal 3225 1.185) 4410) 24,406 10,657  B3.750] 19945 46217 ] 40,000
. JICA Master Plan Study 5. 15
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Table 5-5-3 Supply Volume in Each Phase (3/4: Northern Region)

Northern Region

[Bistiol NO.[County Exchange E.C.5 |WallersE.C.5 H . 2000 2005 | : 2010
: - {rev). Not Work| £1993) | ( 1993) § Waiterd] Demand| _Supply |Demand| Supply | Demand] Supply
Apac 78 |Roe : - 'L'—”‘SL-"ia {n oy 464] . %““‘%‘50 325
79 |Kwanh Aduku .3 i1 14 274 §2 . 396 198 5551 277
80 |Maruzi - |Apac : 23 15 38 48] 125 606 303 248 424
81 |Oyam : ) ) 385] - 0 557 139 el - - 195
JTOTAL) 26 76 52 1,398 - 208 2023 - 872 ‘2832 1,221
Aria [ BE]AnnGa : - : 2387 0 <P2] N a3 B8
83 [Arua Munkipali arua . 98} - 27 123]: 1,066 95%{ 1426 1,283 3,891 1,702
84 |Ayivu 259 0 347 0 461 230
85 |[Koboko .- [{Koboko) 287|. 8§ 384 115 510 255
86 |Madi—CKollo |{Rhino Camp) L . ; . 204 ;0 P 273 -0 _.362] . 36
87 [Maracha : B . - - 256 0 343 R ) 455 228
- 88 fTetego . : i 246 . [1] 329 of 4368 218
89 |Vurra . e ~193 [i] 258 .. 0 343 34
. (TOTAL) . : : 9% 27 123 27571 - 1,045 3,688 1,398 4,892 2,921
Gulu 80 JAswa B . - - 180 -0 T P2% ) 217 78
’ H [Guly Mmic-i;n!-é'-G'_'!L . 2501 - 75 326 1,460 1,314 . 2,190 1,971 3,285 2,957
92 |Kilak : i : ; : + 189 [1] 2470 . © 308 31
93 [Nwoya ' ~ . : " : 0 118 L) ©. 146 of 183 18
944 jOmoro N N ' 811 0 262 -0 . 2827 33
CrorA) - . C 259 75 325 2,169 1,314 3,067 1,97, 4,380 3,067
Kilgum 95TAgago - . i e - . i LI 0 368l - - O 493 246
; 96 [Aruu” - . T g - ] NG B 400 40
97 |Chua . Kilgum . 55 . 35 20 877 . 203] . H2 458 1,216 €08
88 [Lamwo ) i - i 207 - [1] 279 0 372 37
; JOTAL) . - 55| 33 ol 1,381 203} 1.860f 4568  24E0 031
Kotido G0 [Dodoth i 1 AT1831 o - 217f 0 267 144
100 [Jie 1{Ketido) . D - 25| 25 281 a4l . 374 112 495 247
101 [Labwor - - b 157 0 2i0 o 277 28
{TOTAL) : : 1] 25 25 i Y] 801 112'i 1,058 . 412
LFra 162 [Dokofo “J{Dokdla) - - 235 0] . a20] - . 0 330 215
. 103 {Ente AbOke - : 2 20 22 320 2 436 - 218 585 293
104 |Kioga - ) - : - : 207 0 282 a 380 38
105 [Lira Munl¢ipalityLira . ) 117 150 267} - 7azi . §49 o83} - 885 1,321 1,189
106 |Morolo - [(Al0) S 1~ o1z ) 6] g7 4
107 |Cluke . . 168 0 22 O 285 29
o] ] 119 170 2850 1,911 6511 2603 1,103]|. 3,498 2013
Maorold 108 [Bokora : : i 119 [4] 145 [1] 3871 iE)
’ 109 |Kadam {Chekwl) ) L : : 143 -0 © 179 0 226 23
110 |Matheniko __ |(Nakapirmirt) . 41 of 476 ) I 23
111 [Moroto MunkipiMototo : 98 45 143 ' 338 304 . 423} 380 532 479
112 [Pian ) : b 92 L 0f 1B 0 145 14
113 {Upe : . : ' it ’ o 72 0y 80 1] 113 1
Fro7Al ) " 28 45 143 205 30, A.131| . 38 1,424 . &68
ay0 114 |Easl Moyo . I ‘ ; . es2f . . ol . -aag| Y L AL
’ 116 [Chongi : ’ ) B ] - . 93 0 22 4] 160 16
116 [Wesl Moyo '"'Moyo : 51 30 81 370 11 487| . - 244f - 633 319
~lfioian) L 87 20 81 715 il e41 244 1,234 5531
6bDi 117 [Jonam (Pakwach) : 314 o4 47 203 552 276
" [118]0koro ) . j ) : 577 1] 767 102 1,015 254
119 [Padyere | (Nebbi " 395 19 -528 263 694 347
(TOTAL) [ 25 25 1,285 213 1.710 - 664 2261 877
orihern Tolal 605 458F 1,153 13,122 4,133 17,824 7,201 24,061 12570
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Table 5-5-4 Supply Volume in Each Phasc (4/4: Western Region)

Westem Region

Ex’('fhange

Oiskict  (NHO.JCounty C.C.5 |Walters G5 H : 2000 2008 2010 |
(i ey, Not Work! {1993 | ( 1003) | walters] Demand] Supply jDemand! Supply ¥ Bemand] Supply
mi:ugyo 120 | Brampa : 371 11 284 E4é L 6]~
) 121 [Ntoroko . 156 [+] 204 3] 266 27
: (TOTAL) ] 25 25 527 111 688 242 898 343
Bushenyi 122 | Buhweju 209 1] 301 0 419 2190
123 [Bunyaruguru ) 252 ] £ 0 504 252
124 [Igara Bushenyl 87 154 251 788 394 1,132 566 1,579 1,263 [*
125 [Ruhinda ] 338 -0 485 243 877 339
126 |Sheema .|Kabwohe {(PCO) -1 35 38 356 107 512 256 714 357
[7OTAL) ; .. 88 189 287 1,943 501 2,791 1,065 3,803 2421
Hoima 127 [Bugahya Hoima - 168 21 190 986 493 1,214 607 1,610 1,208 |*
: 128 |Buhaguzi 178 0 219 0 273 27
TOTAL) 169 21 190 1,164 493 1,433 807 1,783 1,235
Kabale 126 [Kabale Municip]Kabak 850 &7 745 2476 2520 24023 2,631 3,504 3157 ]
130 |Ndotwa : 239" 0 282 Q0 338 34
131 {Rubanda- 235 0 278 []] 333 . 33
132 |Rukiga 182 Q 215 0 258 26
{TOTAL) 659 87 746 3,133 2,229 3,608 2,631 4,433 3,246
Rabarole | 193 |Bunyangaou 258 0 388 (] 513 257
134 [Burahya - 289 0 388 ) 516 258
135 |FfPorlal MunicidFori Porlal 446 109 565 1,515 1,364 2,033 1,820 2,705 2,435
136 [Kibale 280 0 375 [1] 499 250
137 |[Kitagwenda 222 0 298 [} 397 40
138 [Kyaka 191 0 256 [4 341 34
130 [Mwenge {Bulill Kyenpk) 0 42 42 326 164 440 220 585 203 |*
[TOTAL) . 446 157 - 597, 3,113 1,528 4,176 2,049 5558 3,567
Kasese 140 [Bukonic 480 0 &8 156 796 169 |*
’ 141 [Busongora Kasese 236 120 3556 1,562 781 2,080 1,664 2,498 1,998 |*
Kilembe 19 25 44 136 41 175 140 225 180
(Hiirna) 0 i5 15 100 30 129 103 166 133
L. Kalwe) o 30 30 177 53 228 182 204 235
Busongora {5ub—Tokal) 255 790 445 1,975 905 2,612 2,089 3,183 2,546
- HTQTAL} 255 {80 445 2,455 905 2.230 2,244 3.979 2,745
Kibalke 142 [Bugangaizi Kakumiro 11 30 41 186 11 267 11 372 37
143 Buyaga Kagadi [§] 25 25 3b8 107 513 257 715 357 |
144 [Buyan 170 51 244 122 339 170 ;¢
{(TOTAL) 11 55 66 714 169 1,024 390 1,426 564
Kisoro 145 [Bufurmbira Kig6to 63 40 108 546 164 862 401 1,134 567 1%
[TOTAL) - 40 108 546 164 802 401 7,134 567
Masindi 146 [Mijenje " [Bulindi [ 5 14 a6 29 126 38 166 5ol
(Budongo) 200 80 250 75 330 991+
Mujshje {Sub—-Tola) 2 1N 14 206 89 376 113 496 149
147 [Buliisa Buliisa 5 25| 30 153 5 201 5 263 26
148 [BUrli Masindi . 207 80 287 1,040 520 1,364 582 1,787 1,430 {*
149 [Kibanda Kigutnba i1 25 ' 36 239 11 314 11 411 205
: {TOTAL) 232 135 367 1,728 625 2,255 a1 2957 1,809
Mbarara T80 [Bukanga : 205 ] 67 0 347 | 35
151 |Ibanda Ihanda (PCO) 1 1 306 92 208 199 518 250 |*
152 [Isingro ) 279 4] 364 [1] 473l 237
153 |Kashati 257 o] 335 Q 436 218
154 |Kazo L 183 4] 238 0 310 1
155 |Mbarara Municiiibarara 894 854 2,139 1,925 2,786 2,507 3,626 3,264
156 |Nyabushozi Rushere (PCO) 1 1 202 61 263 79 © 342 103 |*
157 |Rwampara Kinoni (FCQ) 1 1 256 77 333 100 434 217 |*
[TOTAL) 897 aQ 897 3,827 2,154 4,983 2,885 8,487 4,364
Niingamo | 158 [Kajra (Rwashamake) 406 [ 573 286 790 395
158 [Rushenyl 380 ] 537 268 740 370
160 [Ruhaama Niungamo 17 17 555 167 783 392 1,080 840 |*
: JTOTAL) 17 Q 17 1,341 167 1,893 246 2,610 1,305
AukusgT | 161 [Kmkizi 758 0 375 0 528 754
162 {Hubabo E 192 of 280 : 0 394 .39
163 {Rujunbura Rukungiri 84 a4 463 232 674 337 249 474 [*
(TOTAL) a4 [4] 84 a12 232 1,329 337 1,871 777
Western Total 2936 893{ 3829 21,403 9277 28,302 14,607 37,028 22,943
I(Gmnd Total) 23,666 | 8697 132,363 }118,195 | 65.912 | 164,812 | 108,601 } 227,091 | 164,090
NOTE: Indicator {*) shows Ihe suppiy volume has been modilied through the Tearn—UPTEC discussion.
JICA Faster Plan. Study 5- 17
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(2) | Telegraph Service

Telegraph offices are to be provided "in all county centers" by the year 2010 to provide
the basic telecommunication service to the people.

(3) ISDN Services

The data communication services can be effectively provided by ISDN. These services
are to be supplied in major towns considering demand as shown in Table 5-5-5.

. Table 5-5-5 Supply Plan for ISDN Services

Year o - o 2000 2005 2010
Demand (Datd Comm.) 910 | 1446 2,268
" Supply (N-ISDN lines) 800 1,300 ' 2,000
Towns Kampaia Kampala Kampala Entebbe
' Entebbe Entebbe Jinja Masaka
: Jinja -] Mbala Mbarara
Masaka Gulu Fort Portal
Soroti Moroto :
Lira Arua
Masindi = Kabale

(4) Mobile Communication Services

The mobile communication services will be provided by private companies. These
services are to be supplied in major towns considering demand as shown in Table 5-5-6.

Table 5-5-6 Supply Plan for Mobile Comm. Services

Year ] 2000 0 | 2008 2010
Demand (Mobile Tel) | 999 18100 | 2,958
Supply (Mobile Tel.) 80 | 1,600 2,700
Towns Kampala Kampala Kampala Entebbe
Eniebbe Entebbe | Jinja Masaka
Jinja Mbala®  Mbarara
Masaka Gulu Fort Portal
Soroti Moroto
Lira Arua
Masindi  Kabale

JICA Master Pian Siudy ' 5-19
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5.5.3

)

@

554

M

Network Expansion
Priority

To solve the current problems in the telecommunications services, the network must be
rehabilitated and expanded giving priority to the following subjects:

a)  Replacement of old equipment:
b)  Network éxpansion to remote corners (Jsoiated dibtrlcts)

c) Network expansion to semi-urban (mlddlc size towns)

For item a), the old _swit'chirig and transmission Systems in major towns, for example in
Kampala, Jinja and Entebbe, must be urgently replaced by new systems.

For item b), a new- transmission link to the isolated district centers, especially to Arua
town, must be cons_tructed in Phase-1 (1995«2000). .

For item c), the network must be expanded to the middle size towns like county centers
in Phase-2. (2000-2005)

Rural Telecommumcatlons

To impro_vé telecommunications services in rural areas, telephone exchanges or public
call offices (PCOs) be provided in "all county centers”" in the year 2010. By this

provision, everybody can get access to teiephones wnhm 20 km (about 1.5 hour by
'blcycle) : : :

.According to the ITU guideline for rural teieéommunicati()ns, 'tele;:)hones should be

accessible by everybody within one hour by walk (about 5-km). To realize this
gmde]me the huge costs (about US$ 125 mllllon) will be required for UPTC to
construct a total of 2,500 locations of DMARS for all sub-counties. Thls plan is not so
feasible in Uganda

Fmancnal Projection-

Fund for Iﬁv:estment'

The mvestment costs must be cuv.ered by the foﬁowmg funds

a) Grant aid - For priority or un- profltable projects.

b) Foreignloan For large scale profitable projects.
¢}y  Own budget : For small scale projects.

JICA -Ma_srér Plan Study



Final Report _ Chapler - 5

(2)

()

5.5.5

Government Contribution

To provide the basic telecommunications services for the people. in the whole nation,
UPTC must expand the telecommunications network to rural areas even though the
revenue from subscribers will not be large enough: For the realization of normal
financial management with such conditions, UPTC may require the following
contributions from the Government: :

a) Financial assistance to cover unexpected foreign exchange loss.

b) Tax exemption for imported equipment. :

Operation Revenue

To solve current fimméiai problems, the fﬂlli)\ving actions must be taken:
a) - Urgent introduction of a new billing system.
b)  Special actions for cash collection.

Privatization of UPTC

"The basic telecommunication services, such as telephone, telegraph and telex, are to be
provided by UPTC until the network will be expanded to rural areas. If UPTC is
privatized now, the telecommunication services will not be provided in such un-
profitable areas.

The- spemflc te]ecommumcatmn services, such as data communication and mobile
communication services, can be provided by the private investors under the control of
the Ministry or UPTC.

JICA Master Plan Study | 5-21
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6.1

6.1.1

n

CHAPTER 6 National Network Expansion Plan

Fundameﬁ:tal Technical Plan

The development objective of this master plan covers the 'period 1995/1996 to
2009/2010. A considerable expansion of the Uganda telephone network is foreseen
over the next 15 years. However, it is necessary to update it to match the digital
technology innovation which is changing fast.

The ultimate object of the future telephone network in Uganda is the establishment of
an integrated digital network (IDN). Analog and digital technologies in the network
will, however, continue to co-exist for the time being. Analogue and digital networks
will first be integrated at the group switching center (GSC) level interface points where
analogue to digital conversion will take place for long distance switching and
transmission. L

To improve the present network efficiently, it is imperative to balance the factors
among the various technical plans, such as traffic, routing, signalling, transmission, -
synchronization, numbering and charging plans. This chapter gives the present technical
plans in use and the proposal for medifications to be applied for the future telecommu-
nications network in Uganda. '

Routing Plan

Netxﬁ_ork Hierarchy

- The basic network structure consists of seven switching areas. All switching points are

ranked from the viewpoint of the star network and shall have trunks to upper and lower
ranked switching points and, further, high usage routes are allowed where necessary.
Figure 6-1-1 shows the present hierarchical network configuration of Uganda.

In consequence of the realization of national digitalization, the current 3-step hierarchy
of the telephone switching network is to be modified to the 2-step hierarchy, eliminating
group switching centers. Figure 6-1-2 shows the network configuration in future.

‘ JIGA Magter Plan Siudy ' ' . 6-1
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(2)

Routing Details

a)

b)

d)

e)

- International Transit Exchanges (ITE)

- trunking international traffic to NSC

National Switching Center (NSC)

- trunking traffic from/to all ASCs
- trunking mternatlonal traffic from/to all ASCs
- trunking by operator assistance

Area Switching Center (ASC)

- trunking traffic in own local area

- trunking traffic between EOs under ASC

- trunking by operator.assistance

- opcrating center for exchanges in own area

End Office (EO) _

- procesmng trdfflc, from/to local subscnbers
- trunking by operator assistance -

- controlling RSUs under EO

Remote Switching Unit

- processing traffic from/to local subscribers

Figure 6-1-3 shows ASC boundaries.

' JICA Master Plan Study
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6.1.2 Signalling Plan
(1) Current Signalling System in STD Network

In the national network of Uganda, Group Switching Centers are eqmpped with
national MFC R2 registers and senders, and for bearers, out-band carrier systems or
digital systems are ddopted MFC R2 (East Alfrica) are still used for cross bar
exchanges. :

a)

b)

- d)

Line Slgnallmg
The line signalling in the STD network is of the out-band low level continuous

type with tone-on-idle signalling, based on a link-by-link system Various types of

signalling are available: E+M (DP), E+M (MF), ‘generator signalling (ring-down)
for the e:vustmg Manual Board without automatlc dialling facility.’

Line Conditions _
Signalling conditions correspond to six operating conditions of lines shown in the

Table 6-1-1.

Table 6-1-1 Line ngna]lmg Condltlons

. Operatmg Condition - ' _Slgnallmg Condition
of C1rc_u1t _ Forward B_ackward_ :
1. Idle Tone.on Tone on
2. Seized : Tone off Tone on
3. Answered . Tone off Tone.off
4, Clear-forward Tone on | Tone off
%ackward) . b
elease - Tone on Tone off
6 Biock Tone on ¢ Tone off

. Register Signalling

Inter-register Signalling System R2 (IRSS-MFC—RZ) in Uganda is a compelled
multi-frequency signalling system and has been standardized for use in STD-
network. Operation of MFC-R2 in Uganda complies with the Recemmenddtlons

by ITU-T (former CCITT).

Frequenc1es :
Multi-frequency signals used in Uganda are of frequency combmatlons ina 2-out-
of-6 code using six frequencies in. the forward direction and six different
frequenmes in- the backward direction. S

JICA Master Plan Study
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2)

6.1.3

(1

)

New Signalling System in STD Network

In the course of telephone network digitalization, a new signalling systém shall be
applied in Uganda. It is proposed to apply the common signalling system between
digital switching units.

Transmission Plan

Transmission Systems

At present, the following transmission systems are used in Uganda:

- Voice-frequency transmission on open-wire lines

- Carrier systems on open-wire lines {3ch and 12ch)
- Coaxial cable (Analog)

- Cable PCM (Digital)

- Fiber optic transmission system (Dlgatal)

- VHF radio system (Analog)

- UHF radio system (Analog)

- Microwave system (Analog and Digital)

In future, 'analog transmission systems will be replaced by digital systems.
Hierarchical Structure

a) FDM System

‘Table 6-1-2 shows the hierarchical structure of FDM system.

Table 6-1-2 Hierarchical Structure of FDM System

Level | Group name Cdmposition Basic Frequency No. of
Range Telephone
Channels
1 Group - 60-108 kHz i2
(48 kHz band)
2 Supergroup 5G 312-552 kHz 60
(8G)y (240 kHz band)
3 Mastergroup 58G 812-2,044 kHz 300
(MG) . (1,232 kHz band)

JICA Master Plan Study ' - 6-7
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b) TDM System

Table 6-1-3 shows the hierarchical structure of TDM system.

Table 6-1-3 Hierarchical Structure of TDM System

Level | Bit Rate Nominal Rate | No. of :'I'elephone
(kbps) - (Mbps) Channels '
1 2,048 2 30
2 8,448 8 120
3 34,368 34 480
4 139,264 140 1,920

The Synchronous Digital Hierarchy (SDH) has been recommended by ITU-T (former
CCITT) for spreading B-ISDN services over the world. In this hierarchy, the bit rate
of 155,520 kbps is considered to be the first level (STM-1) of the hierarchy.

Radio Frequency Plan

Radio-_fréquehcy channel arrangements are provided in ITU-R (former CCIR)
recommendations Section 9B1. Table 6-1-4 shows the existing and available frequency

allocation plans for Uganda.

JICA Master Pian Study
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Table 6-1-4" Existing and Available Frequency Plans
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ITU-R Rec, No. 283

... existing/available system

* kK

283...
The telephone circuits will cause undesirable phenomena, such as singing, near-singing

and echo, in case transmission loss is too low.
should be so designed that they have the minimum necessary transmission loss.

Transmission Performance

LEGEND:

r
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)

Factors which dominate transmission performance are as follows:

‘Analog System:

- transmission loss (Loudness Ratmg)
- stability _

- attenuation distortion

- circuit noise |

- singing, near-singing

- echo

- crosstalk

- propagation time

Digital System:

- error (bit error rate)
- slip-

- jitter, wander

- propagation time

- qﬂantizing. distortion
- quantizing noise

--  echo

Translation 6f RE into LR

The maximum normal Reference Eqmvalent (RE) for Uganda is translated into
- Loudness Rating (LR) values as follows:
SLR = CSRE -5 = 21-5 = 16 (dB)
RLR = CRRE-5=12-5 = 7(dB)
(ITU-T Rec. G.111) ;
ITU-T recommends LR values for international ahd national networks as bellows:

Table 6—1 5 LR values for Network

- SLR CLR . RLR OLR -
. (Send LR) (Circuit LR) | . (Receive, | (Overall .
: _ LR) - LR) -
Traffic-weighted mean values: cL . S . S
long term 7-9 - 005 ) 13 8-12
short term 7-15 0-0.5 ' 1-6 8-21
Maximum values for an average-sized 16.5 13
country : :
Minimum value _ -1.5

(Source: ITU-T Rec. G.111)

JICA Master Plan Study
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N

6.1.4

Bit Error Ratio (BER)

Error performance on an ISDN network and a digital international network is arranged
according to ITU-T Rec. G.821. The following BERs and mtervals are referred to the
recommendation as the objectives to be achieved. :

(a) a BER of less than 1 x 10° for T, = 1 minute;

(b) a BER of less than 1 x 10 for Ty = 1 second; .

(c) zero errors for T = 1 second (equivalent to the concept of error free

- seconds EFS). -
(T time interval)

Other Impairments of Transmission

Group-delay distortion and circuit noise should be considered as other transmission
lmpalrments Limits to these 1mpa1rments are recommended in ITU-T Rec. G.133 and

- G123,

Synchromzatlon Plan

Synchronization in bit timing is required of switching systems and transmission systems,
The nietwork synchronization system should be so designed that slip rates encountered
can be negligible for transmission quality of the telephone traffic. The switching system
proposed should be capable of acting as a node in the synchronization system of the
digital network, and if rcqunred acting as the primary source (master) for timing and

synchronization.

:Since the digital network will develop and a number of separated digital arcas will be

integrated into a complete digital network, it can be said that the master slave method

~will be the most convenient synchronization method for the network in Uganda. The

national master clock with an extremely high accuracy and stability is to be used as the

reference for network synchronization at the ISC.

Presently, the highest level - NSC - is being equipped with cesium clock. Its freqﬁency
will not be affected by surrounding exchanges. For example, NSC is synchronized
according to the pre-synchronous concept.

On the next lower hierarchical level, all transit exchanges such as ASC should be
mutually synchronized with the single-ended control, connected to the NSC with
unilateral link. In the case of failure of the master clock or the link from it, the ASC’s

level remains mutually synchronized. In the areas where there is a meshed network, it

should be possible to introduce mutual synchronization with the single-ended control.

-JICA Master Plan Study ' 6-11
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6.1.5

(1)

Numbering Plan

In any numbering system for a telecommunications network, each subscriber line must

- be given a number which is unique to that line. This subscriber nuniber usually consists

of a limited number of digits for practical reasons, e.g,; a long number is not easily
remembered and, thercfore, often results in dialling error.

Basically a complete'national telephone number consists bf two parts.

- an individual number which identities a subscriber in a numbering plan area
(NPA) and

- a national code number which identifies the partlcular NPA in which a subscriber
is located.

-Present Numbering Plan

By the present numbering plan in Uganda, national numbers are composed of trunk

prefix "0" + trunk code + subscriber number, and is of 6, 7 or 8 digits form dependmg

on area.

- Trunk prefix: ~ The digit requircd_ to be dialled by a calling subscriber, when

making 'a trunk call from outside of his number plan area.
This provides access to the automatic trunk equipment. Digit
"0" is used. -

- Trunk code: The digits which identify the called number plan area within
a country composed of 2 or 3 digits. First digit "4" indicates
Uganda within East Afrlcan countries and second dlglt g
- indicate ASC area.

- - Subscriber number: The' number rf_:quirc'd to be dialled to reach a subscrib-

er in the same NPA.

Present numbering pla_né for the existing automatic exchahgc's' are lis_ted in Table -
6-1-6, and special service numbers in Kampala, Jinja and Mbale exchanges are
listed in Table 6-1-7. :

JICA Master Plan Study
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Table 6-1-6 Present Trunk Codes and Local Numbers in Uganda
(As of October 1993)

. o ! : mﬂ‘*

At [ E}éﬁgirlilqe NidShbr _Capacity l’%?gl&d
Kampala 41 Kampala Central -~ 23XXXX-25XXXX 15,000 8

(E10B) '
~Kampala - 41  Kampala Central 330X XX-334XXX 5,000 8
| (C400)** | ' -

Kampala 41 Lubowa 200XXX 600 8
Kampala 41  Mbuya. 22XXXX 3,000 8
Kampala 41 Nsambya 26XXXX 3,000 8
Kampala 41 -~ Mukono L 290XXX 600 8
Kampala 41 Mengo 27XXXX 3,600 8
Kampala 41 Makerere | SAXXXX-S5XXXX 5,000 8
Kampala 41 Kawempe 56XXXX 1,500 8
Kampala 41 Kymbogo 2BXXXX 1,000 8
Kampala 44 Lugarzi- DABXXXX 100 7
Kampala 46 ,Mityana 2XAXX L0000 6
'Kampala 464  Mubende 4XXX 1,000 7
Kampala 42 Entcbbe 20XXX-21XXX 1,200 7

Jinja 43 Jinja 20XXX-22XXX 2,400 7
Jinja 43 Kakira 4IXXX 160 7
Jinja - 495 Iganga 2XXX - 800 7.
Mbala 45  Mbale (SXS) 2XXX 800 6
Mbala 45 Mbale (C23) - 3XXX 780 6
Mbala 45  Tororo 4XXX 1,000 6
Mbala 45 Nakaloke 82XXX 100 7
Masaka 481 Masaka 20XXX-21XXX 2,000 8
Mbarara - 485" Mbarara 20XXX-21XXX © 2,000 8
‘Mbarara 485 Bushenyi 2XXX 1,000 8
Mbtarara . 486 Kabale 22X XX-24XXX 3,000 8
‘Mbarara 486 Rukungiri 42XXX 1,000 8
F.Porial 493 F.Portal 2XXX 600 7
Kasese 4XXX 1,000 7

F.Portat

493

JICA Master Plan Study
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Table 6-1-7 Present Special Service Numbers in Uganda -

Kampala

Service City Jinja Mbale
- Directory Enquiry 901 991 91
Time - English 903 e o
Time - Swahili . 904 --- —
- Telegram 990 990 90
Enquiries about Telephone Call 932 992 92
Fauit . : 997 997 97
Enquiries about Post Office Service. 256151 992 92
Fire, Police, Ambulance L 997 we
900 900 0

Enquiries about STD Dialling Code

(2)  Modified Numbering Plan
I'he UPTC has modified 1ta national numbering plan since 1986 w1thout (,onsuienng the
plans adopted in neighboring countnes (East African countries). The modified plan has
omitted the digit "4" between the area code and the ‘national access code. This plan
was to be introduced by the end of 1992, but not yet realized due to the regulation of
neighboring countries. :
An outline of the moditied plan is as follows:
- The national number is composed of Access Code "{]" + Area Code + Subscriber
Number(mclude Exchange Code).
- The Area Code appears in Table 6-1-8.
- The Subscrlber Number is composed of 6 d}glts 111c1udmg Exchange Code of 2
- digits. : .
- Special Service Codes are composed of 3 digits as "9XX" and mternat}onal service
cades are "09XX". The specml service code appears in Tab]e 6-1- 9.
Table 6-1-8 Modified Area Codes in Uganda (in future)
' Area Code ASC
1 Kampaia
2 L
3 Jinja
4 Masaka, Mbarara
s Mbale
6 Fort Portal
7 Gulu
3 Neighboring Country
9 International Operator
6- 14 JICA_ Mastor Plan srﬂdy
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Table 6-1-9 Modified Special Service Numbers (in future) -

Service Codes = Charge
National;' _ . . '
~ Assistance Operator ' 900 Free
Directory Enquiry 901 Free
Enquiries about Telephone call 902 Free
— 991
—aun S 992

“Time (English) _ 993 Local
Time (Swahili) - 994 Local
Announcement (General) _ 995 - Local
Faultman’s Test Desk 996 Free
Fault Report 997 ©  Free
Faultman’s Ring Back 998 Free .
Emergency (Fire, Police, Ambulance) =~ 999 Free
Telegram -~ 990 Local

. International: -

- Booking ISD Call 0900 Free
Operator for Call Progress or Enquiry 0901 STD
Directory Enquiry 0902 Free

0903
: 0904
.~ Booking Not ISD Call ‘ - 0905 Frec

(3)  TELEX Numbering Plan

The present TELEX numbering plan in Uganda is based on 5 digits form. First digit
"6" indicates Uganda within East African countries and second digit "0"--"9" indicates

- ASC area or Region. Present TELEX numbering plan appears in Table 6-1-10.

Table 6-1-10: TELEX Numbering Plan

"AB" Code* Area
61 Kampala, TASS**
62
‘63 R
64 Jinja
65 —iee
66 Mbaie
67 |-
68 Masaka _
69 North Region
60 West Region

* National Numbering: "ABXXX"
** TASS: Telegraph Automatic Switching System

JICA Master Plan Study
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6.1.6

M

Charging Plan

The called 'number and the duration of a call are indi%pensalile information to
determine the relevant charge to be applied. A sxmple relatlonshlp between the
numbering schemc and the charging system to be employed is required.

STD Call Charging

‘The periodic pulse metermg System is employed throughout the Uganda Telecommuni-

cations Network for both local and trunk calls. This will also apply to the calls to
neighboring countries, except ortgmatmg call from manual boards. . To all international
destinations, other than the specified neighboring countries, detalled billing will be
apphed :

: The duratiOn system is employed dei)endiﬁg on the distance between two exchanges

concerned; each metering unit fee is Shs 50 and unit fee for a coin box call is Shs 100,

' effecﬁvé' from June 1992 to-date. The STD calls charge appears in Table 6-1-11.

Table 6-1-11 'STD Call Charge (as of December 1993)

Period for Unit Fee .

Distance ‘Charge
Between Exchange Letter Full ‘ Chcap

Up t0.30 km L* 6 Mins. 12 Mins.
30 --60 km 30 Secs. - 60 Secs.
60 150 Km - 15Secs. | - 30 Secs.

150 - 230 km 10 Secs:’ +20 Secs.. -
230 - 350 km 7.5Seécs. | 15 Sces.
350 -510 km 6 Secs. 12 Secs.
510 - 700 km 5 Secs, 10 Secs.
Over 700 km 4.28 Secs. - 8.56 Secs.
Semi- Internatlonal 3 Secs | 6 Secs.

TQUEEHO oW

* 1 Including Loeal Calls _ ‘ ;
Note : - Full Rate Period .. Monday to Fnday 7 00 10 18.00
_ . Saturday 7.00 to 14.00
- Cheap Rate Period ... Exclusive of Full Rate Period

- Unit Fee of Ordmary Lme -Shs 50
- Unit Fee of Coin Box .. Shs 100

JICA Master Plan Stidy
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(3)

Operator Controlled Call Charging:

Table 6-1-12 Operator Controlled Call Chérgé

- {as of December 1993)

_ 3 Minutes Additional 1 Minutes
Distance Charge ' - -
Between Exchange Leiter Full Rate Cheap Fuli Rate Cheap
Up to 30 km L* 3
30 - 60 km A 300 150 160 .50
60 - 150 km - B 600 300 200 100
150 - 230 km C C90 450 300 150
230 - 350 km D 1,200 600 400 200
350 - 510 kin E 1,560 750 500 250
510 - 700 km F 1,300 900 600 300
Over 700 km . G 2,100 1,050 700 350
Semi- International | I 2,400 1,200 800 400

Note

-~ Cheap Rate Period

- Fuli Rate Period

Monday to Friday 7.00 1o 13.00

Saturday 7.00 to 13.00
Exclusive of Full Rate Period

- Charge for Local Call (include up to 30 km) is Shs 50 for cach 6 minutes.
- Coin Box Call is Shs 100 for cach 6 minutes.

Other Charges :

The Local Call charge is Shs 50 for each 6 minutes. The charge of a manual trunk call
excluding Charge Letter "L" (distance is up to 30 Km) is based on the 3 minutes
duration and is also dependent on the distance between exchanges. The operator toll
ticketing system is employed for operator controlled calls. Table 6-1-12 presents the
existing manual call charging per each period of 3 minutes and every additional 1
minute. The charges of coin box calls are twice these values.

The telephone cohnecﬁoﬁ éharges, telephone rental charges and special facilities
charges are shown in Table 6-1-13 and Table 6-1-14.

JICA Master Plan Study
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Table 6-1-13 Te!ephone Connection and Rental Charges
(as of December 1993)

%

(Unit : Shs)
Distance from Conncection Charge ‘Rental Charge (per month)
the Exchange - _ ) T ) -
(km) Automatic Manual Exclusive A(tditio_nal Shared &

: Exchange Exchange Line ‘and ‘Auxi. | Two Party
Basic Charge 21,250 11,050 800 665 400
(less than 5.2) ‘

5.2-56 21,765 13,725 865 865 505
56-60 25,490 16,300 845 845 525
6.0 - 6.4 29,245 18,870 975 . 975 540
6.4 - 68 33,315 21,445 1,025 1,025 560
6.8-172 - 37,405 24,020 1,070 1,070 575
72-16 41,855 26,595 1,135 1,135 595
7.6 - 8.0 45,985 29,165 - 1,190 “L,190 620
80-84 - 50,095 31,740 1,245, 1,245 635
8488 54,225 34,315 1,300 1,300 : 658

- 88-92 58,335 36,885 1,350 + 1,350 670
92 -96 62,445 38,460 1,410 1410 | 685
9.6+ 10.0 66,575 . 42,035 ‘1,465 1,465 705
Over 10.0 (cach |’ 7,720 4,805 185 185 | 95
400 m) ' ‘ :

Table 6-1-14 Spec:al Famhﬂes Charge by Exchanges :
(as of December 1993)..
- (per Month)
Service Charge Applied
: (equivalent of USS) Exchanges *
Hotline 400 DI
Detailed Biiling- 4.00 pi
Temporary Transfer Free D1
. Abbreviated Dialting 6.00 Di1
Alarm Call Charge 1.00 DI1
Conference Call 6.00. Di1
Registered Call 4,00 Di1
Do Not Disturb Free Di
Malicious Call Tracing 200 Dl
Home Location Meter 1.00 DIH1, DI2
Priority Line Rental 4.00 DI1 _ :
Qut-going Calis 2.00 DI1, DI2, XB1
In-coming Calis _ 2.00 D, D2, XB1
Restriction on Trunk and IDD Calls Free DI, DI2

DI1... Kampala central, Makerere, Mukono Mbuya, Nsambya, Lubowa, Kawempe : and Kabale
DI2... Masaka and Mbarara

. XBl... All Cross Bar (C400 and C23)

JICA Master Plan Study
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(4)  TELEX Charging:

Table 6-1-15 TELEX Service Charge (as of December 1993)

Kampala.

The present T_ELEX Service charge is shown in
Table 6-1-15. Operator position for TELEX Service is

Type Unit. Charge (Shs)
Automalic Cali Within 3 minutes 120
| Additional 1 minute 40
Operator Controlled 0-60 km from Kampata | Each 1 minute 80
Call Central =~ . (Charge Letter A)
61-230 km from Kam- | Each 1 minute E 160
pala Central (Charge Letter B)
231-530 km from Kam- | Each 1 minutc 230
pala Central (Charge Letter ©)
" Connection Charge Within 5.2 km ' 75,000
Extra charge for each 2,500
400 m exceeding 5.2
km :
Rental Charge per Per month 15,000
Month '
Deposit for Teleprinter Ordinary 00,000
Model T1200 BS 750,000
Maodel T1200 SD 500,000
() ‘Telegraph Charging: ‘The telegraph charge is shown in Table 6-1-16.
Table 6-1-16 .Telégraph Services Charge
Class of Telegram Unit Charge (Shs)
Ordinary Telegram Word 20
~ Urgent telegram Word 40
. Deluxe Service Sheet . 140
 Press (Ordinary I) 40 Words _ 40
" Press (Ordinary I} “Extra 10 Words 20
Press (Urgent) First 10 Words 80
Radio Telegram (1) First 10 Words 240
Radio Telegram (11) Extra 1 Word 40
JICA -Maérer' Plan Study 6- 19
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6.2

Telephone Traffic Forccast
6.2.1 Traffic Forecast Method
A traffic forecasting is one of the most esseﬁtial'processes in'the.network p'lanning.
Accurate estimates of traffic are required to dimension the optimum capacity of
switching and transmission systems. The traffic forecast methods vary depending on
requirements of accuracy on planning stages.
(1) General Method for Detail Design
The most accurate estimate is required in the detail design for project implementation.
The popular method for this purpose is founded in the GAS 10 Handbook "Planning
Data and Forecasting Methods” by ITU-T The basu: flow of this forecasting method
is shown in Figure 6- 2-1 below.
.ENPUT.DA'I.‘A '
- Ka )
© = Network topology
— Distances
~ IN and QUT teaftic
Get e'xi.sting measured
- traffic matrix
Is: N :
exisling . Use 2-D gravity model
measured traffic matrix 10 get best estimate .
complete? . of missing elemems
Yes .
| TG100560-87
sTOP
Figure 6-2-1 Traffic Forecast Flow in D’etaiI:Design
For the trafflc forecast by this method, the comphcate process is reqmred using the
actual trdfflc data in each town. The estlmated results will not be so useful in the long
term plannmg because traffic characterlsilcs may change thh the network expansion
in future. :
8- 20 JICA Master Plan Study .
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(2) Specific Method for Master Plan

In this Master Plan Study, the mmphf:ed traffic forecast method was applied. This

specific method consists of the following:

a) - Estimate of traffic between GSAs {group sw:tchmg arcas) by the ' regrcv.slon
model" based on the traffic data between ma_]or cxchanges

b) Estimate of traffic within GSAs by the “classified calling rate" based on UPTC

standard.

This method will present the telephone traffic on a sufficient level to plan the capacity
of trunk/junction transmission links in future. The general flow of this method is shown

in Figure 6-2-2.

Measured Traffic
in Major Exchanges

/

R

Traffic Estimation
between GSAs

!

STD Traffic Estimation
within GSAs

!

STD Traffic Inte@ration
by Routing Plan

Figure 6-2-2 Traffic Forecast Flow for Master Plan

: JIC_A Master Plan Study
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6.2.2 Ein'sting Telephonc Traffic
(1) 24-hour Tratfic Profiles

Hourly Traffic Yolume (%)
. o
T

The average evolution of a’ traftic ldad,dépendix;g'on the time of a day is called "24-
hour traffic profile", For national traffic, the traffic profile depends on characteristics
of the subscribers' (business/residential) and the exchanges (size of a town, etc.).
International traffic profile is different from national traffic profile. Figure 6-2-3 shows
the traffic profile at Kampala TSU (national/international) in 1992.

24—hour Trafiic Profile in Kampala TSU
‘(Measured on 5-6/2/1982y

10°

1 _\\T_'b 3 Z | | . :
(o J I ; A TUR Yk TN TR S TR S T ST S S T R R e
01 223 4586 78 910111218 1415161718192021 22 23

Time
Note: Value at eachtime (0, 1, ... ) represents the wraffic volume during the following one hour.

Figure 6-2-3 24-hour.Tr"affic Profile at Kampala TSU
(Total of National and International)

The busy hour is at around 11 o’clock in the morning and 3 o’clock in the afternoon.
The traffic volume in each busy hour is 9.5% of the daily total. This profile is similar
to other countries where telecommunications network is underway.

 JICA Master Plan Study
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(2) Busy Hour Traffic

- The originating and incoming traffic per subscriber in the busy hour at 10 existing

automatic exchanges is shown in Table 6-2-1.

Table 6-2-1 Traffic (OG+IC) per Subscriber at Existing Exchanges

o : . Type Switch Working | Traific/sub
Exchange Name of Capacity Subs. {OG+IC)
o Switch | (liries) (lines) (Exl)
Kampala GSC E10B 15000 | 9225 0.080
‘Makerete GSC | E10B | 5,000 87 | ooss
‘Masaka GSC HDXI10 2,000 553 - 0.084
Mbarara GSC HDX10 2,000 885 0.050
Mbale GSC 23 780 417 0.054

- SxS 800 261 0.060
Kasese 3 1,000 230 0.070
Fort-Portal c23 600 443 0.060
Mityana 3 1,000 178 0.030
Iganga c22 800 202 0.076
Tororo 23 1,000 331 0.050

Dépending on the grthh of economic activities in Uganda, the traffic per subscriber
will increase during the master plan period. It is proposed to adopt the figures shown
in Table 6-2-2 for the network design .

Table 6-2-2 Traffic per Subscriber for Planning

Traffic (OG+1C)

Traffic (OG+I1C)

‘E'.xchangc at Present in Future
_ (Erl/Sub)- (Eri/Sub)
Kampala 0.08 0.14
Others 0.06

0.12
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(3)  STD Traffic Share

The STD traffic share at the existi.ng automatic exchanges is listed in Table 6-2-3 below.

Table 6-2-3 STD Traffic Share at Existing Exchanges

Exchange .  Local Call STD Call
- . (%) (%)
Kampala EIOBGSC = | 669 33,1
Makerére E10B 823 177
Entebbe C400 = . 438 562
Mbarara HDX10. 393 60.7
Masaka HDX10 - 263 | 737
Fort Portal C23 481 | . 519
Mbale C23 . - 1 245 | . 755
Kabale FETEX 150 412 58.8
Tororo €23 | 441 55.9
Kasese €23 | 274 | 726
Iganga C22 - 245 | 755
Mityana C23 =~ 458 54.2

Considering growth of subscribers in each ekchaﬁge,' the traffic mix will change during
the master plan period. It is proposed to adopt un1f0rm f}gures for network design as
shown in Table 6-2-4. : : | '

Table 6-2-4 Traffic Mix for Planning

Traffic Mix (%)
Area . ._I.,qcal _Cal;: "STD Call |
' Current | Future | Current | Future
Kampala Area o0 | 80 30 . 20
Major 16 Ex. Area 40 65 60 35
(6 ASC & 10 EO) N I B
Other Local Exchange 35 40 65 60

8- 24 : . | R . JICA Master Plan Study
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623  Traffic Estimation for Master Plan
(1) - Traffic between Major' Exéhanges

The long distance telephone traffic volume between major exchanges (all MSUs
excluded Mukono and . Luwero) is basically related to three factors, such as, the
numbers of subscribers in both areas and the distance between both areas as shown.
below.

Tij = kx SF x S}° x Dif°

Tij: Traffic between area-i and area-j (Erl)
k: Constant

Si: Number of subscribers in area-i

Si: Number of subscribers in area-j

Dij: Distance between area-i and area-j (km)
a, b, ¢: Coefficient for each factor

‘Based on the traffic data between major automatic exchanges, the followmg regression
models were obtamed

Tij = k x $i**2 x 10485 X Dlj‘”z“ + Adj
R square = 0.75
ki 0.0372 for Kampala infout

0.003  for other areas
_Adj: Adjustmenti for specific sections

This regression is illustrated in Figure 6-2-4. Example of the estimated results is shown
in Table 6-2-5 for year 2009/2010. The result for each development phase is presented
‘in the SUPPORTING DOCUMENT.

JICA Master Plan Study | ' ' : 8- 25
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STD Traffic from/to Lower H_ierafc':hy'Ekcha'n‘ge :

@)
Traffic Estimations of RSU - MSU and some MSU (Mukono Luwem) ASC are -
calculated using basic data (Traffic per Subscriber for plannmg, mix for planning) shown
in Paragraph 6.2.2.

STD (Subscriber Trunk Dialling) traffic from/to Iower hlerarchy exchcmge all flow
to/from the closest higher rankmg exchange, so the tollowmg formula leads the traffic
estimation. -

Traffic = Traffic per subs. x STD call ratio x subs. No. of'.lowe‘r exchanges

The result of estimation is shown in Table 6-2-6. |

(3) Junction Traffic in Kam'p_a_l_a Multi-Exch‘an_ge 'Are_a
Junction traffxc in Kampala multi- exchange area is calculated by dlstrlbutmg out-going
and in-coming traffic ‘with subscribers ratlo as-below:. '

Tl —Ttxlg_ 'I?cleszx.‘ij.
: _ AN _ 38
- where,
i - Traffic between area-i to area-J (OG + IC) (Erlang)
Si :  Number of Subscribers in area-j
Sj : - Number of Subscribers in area-j
AN Whole Number of Subscribers in Kampala MEA
Ti Whole Trafflc fromfto area-i
Tk Traffic per Subscriber for p]annmg (OG + IC) (Er]ang)
Ml :  Local call ratm
- The result of estimation is shown in Table 6-2-7.
* JICA Master Plan Study _
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Table 6-2-6 STD Tl‘affic from/to MSUs and RSUs

OG/IC Year 2000 Year 2006 - Year 2010

ASGC No.i Major 17 | Other MSU/ [ Traffic Coveraed | QGAC § Covered [ OG/IC §Coverad [OG/IC
MSU HSL Per Sub. Subs._!:l_g Traffic Bubse. No. |Traffic BBubs. No. jTraffic
IKampaia 7 [Rampaia C. |Lubowa A 734|208y 1,066 298 1,552 429
Kyambogo A 1,971 552 2,863 802 4,415 115.2
Mbuya A 2,103 589 3,055 855 4,330 122.9
Nsambya A  2070f 580 3,005 84.1 4,320| 121.0
Mengo A 4,227 1184 6,139] 1719 8,823| 247.0
Makerers A 4,061 113.7 5,883| 165.1 8.477| 2374
Kawempe - A 2,242 628 38256 912 4,680|. 131.0
Kasangati c 363| 264 1,244} 896 1,629 1173
Matuga C. 0 0.0 544| 382 7131 B13]:
Naddangira C 0} 00 650] 468 851 613
Mukono o] 222 160 8341 600 1,873 1349
Kayunga G 228| - 164 763| 549 1,379 993
Luwsro C -87 6.3 203 146 7201 518
Bombo C -85 6.1 187) 1356 4991 359
Nakasongola C 33 24 - 250 180 350 25.2
. - |Wobulenzi C 107 7.7 242 174 672| 484
2 | Mityesna Kiboga C 50 3.6 354 255 5289 381
S ‘| Mubende LG 236) 17.0 562| 405§ . BOO[ 576
3| Entebbe Mpigl c 2851 205 . B11] 440 800} 576
Jinja 41Jinja Bulkwe C 4 0.3 4381 316 673 485
‘ . . Kakira - -G 44 3.2 511f 368 731| 5286
Kamuli c . 1241 89 535F 385 766| 5521
Lugazi C 226 163 550| 396 - B14| 5886
Nikokonjeru C 4 0.3 224| 164 332 239
: ) Nysnga -G 129 9.3 315] =227 °  468| 335
5 lganga Bugiri . C 46 33| arel 271 523| 37.7
: Kaliro c 35 2.5 250 180 359| 258
Mbele 6 [Mbale Kapchorwa C 226] 163 05[] 220 450 324
Kumi C 1437 103 318] 229 49€| 357
Pallisa C 105 76 259| 1886 37| 2867
7 |Tororo -{Busia C. .370{ 266 771 555 a77| 703
B o Malaba G 104) . 7.5( 217| . 1686 440| 31.7
8 |Moroto~ (Kotido .G 84 6.0 12 81" 419 30.2
9 {Soroti : . :
Masaka 10 |Masaka Kalisizo C 33 24 202] 145 204 212
: Kyotera o] . ag| - 28 344| 248 500 360
(Lukeaya c 15 1.1 139} 100 i87| 135
Lyantonde c 0 0.0 2551 184 372 268
Nabusanke - c of 00 (48| 35 311 224
g o Rakai - C 88] 63 123 8.9 178 128
Mbarara 11 |Mbarara Bushsanyi C 3] 284 809] 582 2064 1486
. Kabwohs C 107 7.7 256 184 357 257
Ntungamo C 167 120 392 28.2 540 389
Rubaare G ol 00 68| 1983 370 266
: Rwashamaire C 0 0.0 286 208 395] 284
12 | Kabale Kisoro G 164 118 401 289 567| 408
Rukungir c - 232| 187 337| 243 777 559
Fort Portal | 13 [Fort Portal  [Kagadi C 169 122 3901 284 564 406
‘ ) Kasese C 905| 652 2,244 1616 2,745| 197.6
14 | Masindi Hoima e 493| 355 607| 437 1,235 889
Gulu 15 [Gulu .
16 {Arua Moyo 5] 111 8.0 2441 178 553| 398
Nebbi c 213} 153 664 478 877 63.1
17 [Lira Aboke c 2 0.1 BBOL 424 8i3] 585
Apsc c 207 148 501| 36.1 “701| BOS
Kitgum C 2031 1486 456] 328 931| 870
Total L
Note | GGG Tralfic per Stb. . A : 0.028 Er/Sub.,

B : 0.042 Eri/Subs.
C; 0.072 ErliSubs.

JICA Master Plan Study o - 6-29
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Table 6-2-7 Junction Traffic in Kampala Multi Exchange Area
(0.056 e11./Sub)
{2000} : : : .y : S -
Subs. [. 18411 . 734 1,97 2,103 4,227 2,070 . 2242 4,061 33,819
= Kampala®.  Lubowa Kyambogo Mbuya Mengo Nsambya ‘Kewempe Makerera{ = Totd
Kampala C. T 446.0 19.9 538 . 671 1149 583 60.9 110.4 919.0
Lubowa S 109 o4 2.4 2.6 . B 25 2.7 4.9 4
Kyambogo | - 53,6 © 24 6.4 B9 138 88 7.3 13.3 1164
Mbuya | . 874 C 28 69 73 147 T2 B . 144 178
-Mango |, 1149 5.1 138 - 147 20.6 14.5 16.7 28.4 236.7
_Nsambya | - 56.3 25 . 88 . T2 - 145 A 7.7 - 159 115.9
.Kawempe | = . 609 - 27 78 7.8 15.7 T 8.3 15.1 125.6
Makerere - - 1104 4.9 138 - . 144 . 28.4 139 - 15.1 27.3 227.4
. Total 915.0 411 -~ 1104 . 117.8 236.7 116.9 125.8 2274 1893.9
(2005) L i . : . - ) S . o .
‘Bubs. 17 23,833 | 4,066 2,863 - 3,055 6,139 3,005 3,266 . 5808] 49,115
.. | KampalaC. .Lubowa Kyambogo - - Mbuya Mengo -Nsambyn Kawempe - Makerers|  :© Towa
KempalaG.| 6476 290 ° 77.8 83.0 166.8 81.7 885 1803} 13246
Lubowa | - 29.0 -8 85 - 37 7.5 a7 - 40 7.2 §9.7
Kyambogo | 77.8. 8.5 83 100 200 298 16 . 19.3 160.3
Mbuya | . 83.0 .37 10.0 10.6 21.4 105 .3 .20.5 711
Mengo 1668 . .. 75 200 24 . 430 C 2.0 228 . 413] 3438
Nsambya | . 81.7 < 4 0.8 105 at.0 103 - 112 202 168.3
Hawempe | - 88.5 4.0 10.6 1.3 228 12z . 12,1 219 1823
Makerera | _160.3 7.2 19.3 206 413 20.2. 21.9 39.7] 3303
Total | - 13346 = 507 160.3 1719 3438 188.3 1823 : 3303 2750.4
(2010) o - L : e : : .
Subs.” |7 84,253 1,832 41167 4360 B8 4,350 . 4,880 8,477, 7500
. |'KempelaC. Lubowa Kyambogo Mbuya Mengo Msambya Kewempe Makerere| - Told
‘KampalaC.| 930.8 - 41.6 1118 1193 239.8 1174 1272 2303 19182
Lubowa | -~ 418 18 50 53 107 63 87 103 858
Kyambogo{ . 1118 . X 13.4 143 . 288 141 . 83 277 2304
Mbuya - 1183 5.3 14.3 15.3 | 30.7 5.0 163 205 245.3 ]
Merigo . 239.8 10.7 28.8 30.7 618 - 302 "32.8 59.3 4841 |
Nsambya | = 117.4 ¥ 141 150 302 148 18.0 20.1 241.9
Kawempa | 127.2 C 87 . 153 163 32.8 16.0 17.4 31.5 2624 [
Makerere .230.3 103 277 20.5 59.5 281 31.5 57.0 474.7
~ Total 1918.2 85.8 230.4 245.8 494.1 - 2419 262.1 4747 3053.0

JICA Master Pian Study
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(4)

Regional Traffic from/to Neighboring Countries

Estimation of region.al' traffic from/to neighboring countries (Kenya, Tanzania) has been

‘done using regresSion method.

It is assumed that regional traffic is represented by

Kampala-Nalrobl and Kampala-Dar es Salam traffic. The following formula have been
obtained based on recent traffic data, the number of subscribers and- the distance

between respective. areas.
DOCUMENTS.

= 0.000198 x Si + 0.000329 x §f - 0.00851 x Dij

(R square = 0.997)

where,
Ty Trafﬁc Between area-i and atea-j (Frlang)
S Number. of subscribers in area-i

S Number. of subscribers in area-j

Dij Distance between area-i and area-j (km)

“The re_sul:t' of estimation is shown in Table 6-2-8.

Table 6-2-8 Regional Telephone Call Traffic Estimation

Subs
{in)
SJ

Section Estimated

1993 Kampala
2000 Kampala.
2005 Kampala
2010 Kampala

1993 Kampala =

2000 Kampala
2005 Kampala
2010 Kampala

- 2000 Nairobi -

2005 Nairobi
2010 Nairobi

KPL Mairobi

KPL Nairobi

KPL Nairobi
KPL Nairobi 70,590
12,782
33,819
49,115
70,590

118,383
307,79
361,694

KPL D'Salaam DAR
KPL- D'Salaam DAR
KPL 0'Salaam DAR
KPL D'Salaam DAR

NAR Kampala KPL
NAR Kampala® KPL
NAR Kampala KPL
NAR Kampala KPL 646,371

. 1993 D'Salaam DAR. Kampa]a
2000 D'Salaam DAR Kampala
2005 'D'Salaam DAR Kampala

1
1

1

1

2

?

2

2

g' 1993 Wairobi
3

3

4

4

4

4 2010 D'Salaam DAR Kampala

KPL- 40,915
KPL 106,379
KPL 159,569
KPL 223,396

118,383
307,796

461,694

646,371

40,915
106,379
159,569
223,396

12,782
+33,819

49,115

70,590

12,782
33,819
49,115
70,590

Distance Tij

Dij(km) (Frl)
500 37.18
500 103.60
500 157,21
500 222,16
1,100 6.61
1,100 32.29
1,100 52.80
1,100 78.02
500 23.35
500 67.70
500  103.15
500 146.72
1,100 2.93
1,100 : 22.78
1,100 38.32
1,100 58.00

Basic data for the calculation is shown in SUPPORTING

JlCA-Masfer Pian Study
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6.3

6.3.1

Trunk Circuit Calculation
Cir(_:uit Calculation Method

Calculation of the necessary number of trunk circuits is based on the estimated traffic
in-Chapter 6.2. ‘The whole country area is divided into 17 exchange areas (present
GSAs and some EO areas), and the number of circuits between respective exchange
areas is calculated. The calculation procedure is as follows:

a)  A'direct route is established for each route of which estimated traffic volume
exceeds 20 erlang.

b)  90% of the whole traffic over such route is allotted to the said route itself, while
10% is allotted to the final route.

¢)  The necessary number of channels of each direct route is calculated, based on the
' traffic volume thus allotied, by applying Erlang-B formula (G.O.S. B=0.01).

d) A unit for the digital transmission line is 30 cﬁzinriels (2M bpsx 1) and; therefore,

the odd number of channels are rounded off. Then the traffic correspondmg to
the’ number of channelq rounded off is allotted LY the fmal route.

e)  Traffic for the final route, i.c., 10% of the whele traffic and the traffic mentioned
in d) above is combined at seven ASCs (Area Switching Centérs). |

f)  For the traffic matrix among the seven ASCs the above procedures a) through

e) are taken again. Then traffic of:. ASCS for the final route is allotted via
Kampala NSC (National Switching Center)

For exchanges which are lo‘wer-_m ‘hlerarc_hy‘ than the above 1_7' exchanges, no direct
route to connect them with each other is considered. All the traffic of these exchanges
is allotted to the final routes and the odd’ number of channels are rounded up to 30

- channels (ZM bp’»‘, x 1).

For the routes between exchanges in the Kampala multi exchange area, the number of
channels is calculated, based on STD traffic and Ioca] trafflc from/to other exchanges,
by applying Erlang—B formula.

JICA Master Plan Study
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632  Circuit Calculation for 17 Exchange Areas

‘The number of circuits between each two exchanges in :yerlr 2009/2010 is calculated,
:adoptmg the above mentioned procedures based on the estimated traffic volume in
Chapter 6.2. The calculated result is shown in Table 6-3-1.

Contenis of each cell is as below: :

)

®)
© |
. The number of circuits correspondmg to (B) tralfic {Erlang-B formula) (Channels)
‘' The number of circuits rounded by 30 Channels unit (Channels) -

D)

(E) .

©

Legend: | | 4
MSK
8,102

(A)159.5
| | (B)1.43.6 (C)15.9
1. Kampala f | (D)163 |
| . (B)150
(F)130.6 8 (G)28.9

Whole traffic (OG + IC) belween Kampala MSU and Masaka MSU (Erlang)

90% volume of above (A) (Erlang) -
10% volume of abiove (B) (Erlang)

Traffic volume corresponding to above (B) Channels (Erlang) ... Direct route traffic
(A) - (F) traffic volume (Erlang) ... Final route traffic

Figure 6-3-1 Legend for Table 6-3-1 and Table 6-3-2

Then, above final routé traffic (G) is combined at ASCs and traffic matrix between

ASC areas is shown in Table 6-3-2. Contents in each cell is the same as above.

Figure 6-3-2 shows proposal of transmission network configuration based on the above
" calculation in year 2(_)10,

JICA Master Plan Study S 6-33
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6.3.3 Circuit Calculation for Lower -Hierarchy Exchanges

Trunk circuits from/to lower hierarchy exchanges than 17 exchanges are all via final
" routes, and the routes ‘are all toffrom higher hierarchy exchanges. Number of the
circuits are summarized in Table 6-3-3.

There will be three (3) main switching units in the Kampala multi exchange area:
Kampala central, Makerere and Mengo. Eight (8) exchanges (3 MSUs and 5 RSUs)
be connected by star type network configuration basically. The required number of
circuits is shown in Table 6-3-4 and Figure 6-3-3.

JICA Master Plan Study 6- 37
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Table 6-3-3 STD Traffic and the Number of Circuits in Méjor 17 MSU areas

Year2010

] OGAC CH No. 2Mbps
ASC Mo.| Majori7 |OtherMSLY |Traific Govered |OGAIC [f(Er—B: (30CH)
MSU RSU Por Sub ) Subs. No.| Traffic B—-0.01) | System No.
kﬁampala 1 |Kampala C. [Lubowa A 1,632 428 :
Kyambogo A 4,115 115.2| Conslder
Mbuya - A 4,300 | 1229 in
Nsambya A 4,320 121.0f| another
Mengo A - 8,823 2470 table-
Makerere A 8,477 | 2374
Kawempe A 4,680 131.0 -
[ Kasangati .G 16291 1172.3|. 140 -5
Matuga C - 713] 513 65 3
Naddangira G 851 613 76 3
Mukono c 1,873 231.99 254 9
Kayunga - C -1,379| 993 120 5
Luwero ¢ 720 | 18874 180 6
Bombo C 493 3569 - 48 2
Nakasongola| - C ©3%0| 252 36 2
Wobulerzi o] 672 48.4 62 3
2 [Mityana Kiboga C 529 | 381 51 2}
' Mubende - C 800 576 72 3
- 3 |Entebbs Mplgi [o 800( 576 72 3
Jinja 4 |Jinja Bulkwe (] 673] 4850 62 3
Kakira -G 731| 826 67 3
Kamull Cc 766| 552§ 70 3
Lugazi C 814 586 73 3
Nikokenjem C asz2|" 239 35 2
: Nyenga c 466| 336 46 2
5 | lganga Bugin c 523 377 50 2
Kaliro~ C 368| 258 37 2
[Mbaie 6 [Mbale Kapchorwa C 4501 324 44 2
Kumi & 495 357 48 2
Pallisa C 371 267 38 2
7 {Tororo | Busta C 977 703 86 3
Malaba C: 440 37 44 2
8 [Moroto Kotido C 4191 3021 42 2
9 | Soroti . : :
fMasaka 10 [Masaka Kalisizo C 284 2 a2 2
Kyotera .C 800 | 380 48 2
Lukaya o 187| 135 22 1
Lyantonde C 3721 268 38 2
Nabusanke C 311 224 - 33 2
' Rakai c i78] 128 21 1
Mbarara’ 11 {Mbarara Bushenyi C 20647 1486 170 6
Kabwohe C 357 257 37 2
Ntungamo C 540 389 52 2
Rubaare . C 370 266 38 2
‘ Awashamaire C 395 284 40 2}
12 |Kabale Kisorp C 567 408 54 2
Rukundiri C 777 559 70 3
Fort Poital | 13 [Fort Pottal |Kagadi [ 564 | 406 53 2
Kasese C 2,745| 1976 219 8
14 |Masind Hoima C 1,235| 889 110 4
CGulu 15 [Gulu - .
16 |Arua Moyo C 5531 . 398 53 2
Nebbi C 877 63.1 78 .3
17 |Lira Aboke o 813 585 73 3
Apac c 701| 505 64 3
| Kitgum c 931] 670 82 3
Total ) L -
10,028 EN/SuD.

Note : OG/IC Traffic per Sub. ..

. B : 0.042 Er/Subs.
_ C; 0.072 Er/Subs.
() ... STO Traffic romfto RSU 1s Combfned.
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Table 6-3-4 STD/Laocal Traffic and the Number of Circuits in Kampala Multi Exchange Area

STD/3 Wb |LocalSul ) Y-2010 Local + STD | Y—20i0| 2Mups
Exchange Name {OG+IC}| {(OG+IC) Number of Subs STD Tralfic (OG+iG Local Tralllo (OG+1C) OGAC Tralle {Er} {30CH)
. {Erl) (Erp i) Crcult | Systom
MSU RSU (Eri) (€d) | 2000f 005! 20t0] 2000| 2005{ 20100 2000] 2005)  2010KiA C.-MSUIMSU-RSU | Numbar | Numbar
Kanpala C. ) ooza}  0.412] 18.411] 23,803] 34,253) 4s0.5] gara| e50.1] 1,838.0f 2,680.3) 3,838.5
{Kyambogo]  0.028) at2]’ noTi) 2ee3] 4115]  s5.2|  -eop| ‘uis2] 2z0sfi s207). 4s0.9 - 549.2 576 20
fLuoowa 0028] ot12| 734} 1088 1532] o0s|  208| 4d2o} B2 i104f ivi6 - 210.8 233 8
{Mbuya Cooesl 001z 2,103] 8055 ‘a900] sew| ess| 1zzef 2355| sa23| 4017 - 584.0 612 21
INsarbye ooz8f o.12|, zor0] sovos| 45200 sso)  sdi] . 1210f 2318| s356| 4838] - © 57532 603 21
Makérese | ‘ ‘0028 oiiz| 4061| ss08| Bar7] 1137 185.4] zaraf asas] esus| vsea] 1,667.3 - 1598 64
Iowarpe [ -0.02a] . o012 2.242| "3.256] [aeso] ¢ e28| 913 1a1.0] ss1.4] asar| seasd - o B20.4 648 2
Mango 0.028 0112|4227 6150 seds] 118.4] 716) 2470] 473.4]  €87.6] o887 1.311.7 — 1141 30
Tolal 23.289] 33.802] 70.500) 6522| ©46.0] 1,361.1] 2608.3; 5.768.2| 6.444.3
<KLA-TRE.WK3>
NOTE : Local = 0.14(E)xB0% = 0.112 E/Subs)
_STD = 0.14(E)x20% = 0.028 (E/Subs) B
(*1) These traffic exclude localtraffic within own exchanges.
STD Traffic
Figure 6-3-3 - Required Number of 2M bps Systems in Kampala Multi
' Exchange Area in Year 2010. '
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6.4

6.4.1

W

(2)

National Network Expansion
Teléphonc Network
Whole Network '

To improve lhe ielephone service in Uganda, many dutomdtu, exchanges must bc
constructed throughout the whole country by year 2010. - However, in rural areas, the

‘number of subscribers will not be so large. If the MSU: (Main Sw1tchmg Unit) is
“installed in such small towns, it will prove to be overinvestment in view of its installation

and mamtenance costs. Therefore MSU and’ RSU locatlons have been determined

w1th the fol]owmg concept

(a) The whole nation has been divided into 163 sections (Municipa!ities and counties),
and the supply volumes for each section in 2000, 2005 and 2010 have been
determined.

(b) The 163 sections are grouped into 64 areas, centering round relevant district
centers and major towns, each to be covered by an exchange or remote unit. -

(¢) The type of exchanges to be installed in each covering area is determined, in
principle, as follows:

a) For each covermg area Whl(.h has more than 2,000 subscrlbers an MSLJ will
be installed.
b) . For each covering area which has more than 1 00{) subscribers and is more
than 50 Km distant from the nearby MSU, an MSU will be installed. In
~ case the distance from the nearby MSU is jess than 50 Km, an RSU will be
installed. : :
¢) ~ For each covering area which has more than 350 subscribers and is more
than 100 Km distant from the nearby MSU, an MSU will be installed. In
case the distance from the nearby MSU is less than 100 Km, an RSU will
be installed.

Figure 6-4-1 presents location of 39 district centers and coverage by MSUs in 2010
under the above concept.

Area Network

Details of the proposed telephone network are presented by district in the SUPPORT-

ING DOCUMENTS.

JICA Master Plan Study
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CHAPIER 7 NATIONAIL NETYWORK FACILITIES PLLAN

7.1 Switching system

A switching system expansion plan is outlined in Figure 7-1-1. Basic concept underlying
this expansion plan is that telephone demand which will remain at a level of 84,204 in
1994/1995 will grow to the forecasted 226,841 nearly 2.7 tlmes in 2010 and that the
objective fulfillment rate will attain 72% in that year.

At present five types of automatic switches, i.e., EIOB C400, C23, HDX10 and SxS are

operated. -

Existing manual exchanges (70 exchanges) will be complete]y withdrawn and replaced

or absorbed by digital switches. Automatization progress in each work phase is shown
" in Tables 7-1-1 and 7-1-2.

For expansion in the future, it is advisab_lé the same type of switches should be installed
in the same area from the viewpoint of spare parts and measuring equipment

" interchangeability, as well as easy maintenance and standardization.

The expansion plan is presented in the Table 7-1-3.

JICA Master Plan Study 7.1
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Supply - Volume (line)

250

200
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- 100 -
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Switching Supp!y' Subs. Cab!e'SuppIy DMARS Su:p_ply"

1995 2000 2005 2010

- Fig. 7-1-1 Outline of SW syst'e'm Expansion
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Table 7-1-1 Automatized Exchange in Bach Phase

: I.’ha'sell ~ Phase I Phase 111
ASC: Auto Manual | Auto | Manual | Auto Manual
(ESS,RSU) | (BSS,RSU) (ESS,RSU)

Kampala 12 12 ® of 2| 0
Jinja 3 .9 13 () ‘ 13 0
Masaka s 2| 40 4 0
Mbarara 5 1] 9 0 9 0
qut Portal 3 0 . 41 0 | 4 0
Guw 10 3 wl el 14 0
Mbale g 2 10 ol 10 0
'Total T 29. 77 0 | 78 0

Table 7-1-2 No. of Exchanges to be automatized and newly established

Phase 1 | Phase II _ Phase 111
ASC Automati- ‘Newl.y Automati- | Newly Automati- Newly
zation Estab- | zation Estab- zation Estab-
lished . lished - lished
'Kampala ' .1 1 11 1
Jinja K - 9 1 |
Masaka : : _ 2 ' 1
Mbararé 1 ' 1 3
Fort Portal 1 _ : 1
Gulu 3 4 2 2
Mbale 2 | 2
Ti;tal' : 9 1 .27 : ‘8 1

JICA Master Plan Study 7-3
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72 Traonsmission System
72.1  Planning Criteria

Transmission systems are generally classified as follows:

Transmission system

—- Radio -———p— Microwave T Analog MUX
Digital MUX
L UHF/VHF Single CH
Multiple CH
Analog MUX
Digital MUX
—— HF
—— Satellite
L Cable'/Wire-———-— Open-wire Carrier

—— Pair Cable system

—— Coaxial Cable Carrier system
— Optical Fiber Cable system
— Cable PCM system

Of thé above, microwave radio systems, UHF radio systems and Fiber Optfc
transmission systems are regarded as suitable for trunk transmission links and junction
transmission links in view of the transmission capacity, route length and stability.

At present, ‘many analog transmission systems are used. But the future systems should
be digital systems which can meet the future demand for ISDN. Existing analog systems
will be replaced with digital systems one by one.
For subscribers lines, the foHoWing three systems are considered suitable.

1)  Pair cable systems for urban areas,

2) RSU and pair cable systems for the concentrated demand areas, and

3) DMARS systems for the dotted demand areas.

An outline of these three systems is shown in Figure 7-2-1.

JICA Master Plan Study ' = - 7-5
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722

723

724

The development target for the transmission system up to year 2009/2010 is as follows:
- Establishment of a national trunk loop 1ietw0rk. '

- Realization of a complete digital transmission network.
- Provision of a rural telecommunications network.

Radio system

Radio relay transmission systems are adopted for the national trunk network and the
junction network.

Microwave radio relay transmission systems which have 140 Mbps, 34 Mbps, 17 Mbps
and 8 Mbps capacities are available for backbone links, spur links and junction links.

UHF digital radio transmission systems (6CH/ 12CH) are avallable for the small capacity
point-to- pomt radio sections.

Digital Multiple Access Radio Systems (DMARS) are a solution to rural telecommuni-
cations problems. The system using the demand assigned -multiple access method is
suitable to realize telecommunications networks in dotted and few demand areas with
the lowest investment cost. '

These radio transmission systems are advantageous because they can utilize the existing
radio stations and antenna towers.

Cable System

140 Mbps/34 Mbps Fiber Optic Transmission Systems (FOTS) and cable PCM systems

_have been employed for junction links in Kampala. Like this, cable systems should be

used for large capacity, short distance transmission links.
Trunk Network

A trunk network expansion plan is formulated in consideration of the exchanges

-pr0v1310r1 pldn The studied items are as foliows

a) Calculatibn of the rcquired number of trunk circuits in future,
b)  Study of the trunk network structure, and
¢)  Study of the suitable transmission systems.

JICA Master Plan Study a7
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(1)

Consi:c'leri'ng the calculated circuit number, on-going pro;ects and operat;on and
maintenance simplicity, the small- to medium-size capacity microwave radio systems are
decided to be employed for the trunk networks in principle. :

Backbone Links

The following six backbone links will be reqmred in the near future.  These are
considered based on the existing transmission routes, future traffic trend and a rough -
map study.

a)  Kampala - Jinja - Mbale link

b) - Kampala - Masaka - Mbarara link

c) Mbarara - Kabale - Kigali(Rwanda) link -

d) Kampala - Masindi - Gulu - Lira - Mbale link

e)  Kampala - Mityana - Fort- Portal - Kasesc Mbarara link
f)  Masindi - Fort Portal link . : :

-Of the above six links, three links of a) b) and ¢) are existing’ lmks The link a) has
. been operated for over 20 years and must be replaced urgently ()nly the link c) is
- already digitalized. -

Result of the circuit distribution which is calculated in Chapter 6-3 for these six
backbone route conflguratlons are shown in Flgure 7-2-2 and Tdb]e 7-2-1 through Table
7-2-4.

Route diversity will be épplied for final route transmission links between Kampala NSC

‘and each ASC. This adds circuit redundancy and in case a transmission link be.
obstructed, provide a alternative route. '

~ For realizing this network form, at least one of 2 Mbps system (30CH) of transmission

links between Kampala NSC and -each ASC should be provided with an alternatlve
route.

But, two ASC exchanges of Jinja and Gulu will be linked to the backbone network via
spur links as shown in Figure 7-2-2, so they will not-be able to set alternative transmis-
sion routes like other ASCs. Furthermore, both of Kampala - Mbale link and Kampala

~ - Gulu link will be set through Kololo rcpcater and therefore Kampala will also be a

bottleneck in Kampala - Mbale - Lira - Gulu - Kampala great loop.

JICA Master Plan Study
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3

Rwanda

Note : This chart'indicates onI\}r fransmission link between major 17 exchanges.
== FO Li_hk _
—— Microwave Link O asc

Figure 7-2-2 Transmission Rdut_cs and Required Number of 2 Mbps
Systems between 17 Major Exchanges in Year 2010.
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Table 7-2-1 Transmission Route and Reqhired Number of 2 Mbps System (1/4)

(1} KtA—JJA—MBL Route

NSC/ASC

Final Route KLA-NRB

ABC/ASC

KLA-DAR
KLA-&JA
KLA-JA*
KLA—MBL

KLA-GLU *

KUA— LA

Direct Rowke

ASCJIED
Final &

MSK—JJA
ME!ﬂ—J\.JA.
GLU-JJA |
FPL-JJA
JIA-MBL
KLA-MBL
MEK—MEL
MBR-MBL

FPL—MBL

JJA-IGA

iNrect Route TOR-MBL

Note:

" KLA-JJA

EBB- LA
MSK-JJA
FPL—JUA
MBR-.1LJA
JIA-IOA

JJA-MEL

“WJA-TOR

KLA-IGA
KLA—-MBL
K1A—TOR
KLA-SRI

KLA-MOT

Total Sys. No.

FiInal Route

Direct Route

" FPRL

MBR

MsK
MBR

G

MSK
MBR

FPL

EBB

fomm e ©)1GA
=~ (B) JJA

D)~ Bugii~(EJTOR —(FyMBL
#

Gl

MSK

FPL

SR

MOT

*... ARemative foute

(A)... KLA—Mwid Rep.
®)...
©)...
{0)...
(B)...

38 12 51 M 34

{F}... FTOR—MBL
Mwri Rep. —JJA

Mwin Bep.—1GA

Mwirt Rap. - Bugiri Rep.

Bugfi Hep.-TOR -

JICA Master Plan Study
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Table 7-2-2 Transmission Route and Required Number of 2 Mbps System (2/4)

(2) KLA-MSK—MBR—KBL Route

Kyebe
Rep. ~(C)~|

EBB ~(8) ~|

— ===~ M8K ~{0} ~~——-Dunduff) -KLA

Rep.

NSC/ASC
Fimat fouta KGL-KLA

BKB-KLA

MSK—KLA
MSIK—KLA *
MBR-KLA
FPL-KLA *
ASC/ASC  MSK-KLA

Ditect Rotte )
MSK~-JJA

MSK - MBL

MSK-GLY
MBR-KLA
MBA- LA

MBRE-MBL

FPL-MSIC -

ASCEQ EBB-KLA
Fina! & )
Direct Houte KBL-MBR

EBB-KLA
EBB—JJA
MEBR-MSK
MSK-ILA
MSK—JJA
MBR-KLA

MBR-JJA

KBA—KLA

Total Sys. No.
 Note: Final Route
Diect Route

*... Alternative Route

11

C{A)..
{B)..
{C}.n

« MBK—Dundu Rep.

{E)...

27 oz,
KBA-MBR
MBR-MSK
Kyabe Rep. - MSK

E8B-Dundu Rep.

13 54

{F}... Dundu Rep.~KLA

- JICA Master Plan Study
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Table 7-2-3 Transmission Route and Required Number of 2 Mbps System (3/4)

{3) KLA—-GLU—MBL Route _

@M -|'-_—_(r'))—' LU (- AUA = (H)-MOT

KA -~ giguwa —»———(c)~n$imkulu~,— ————————— (F) LRA -—(®) SRl ~— - —~==-- () -MBL
&P, ) : ep. | : : . R

NSG/ASC .
Final Route KLA-GLU
KLA—-GLU *
. KLA~JJA *
KLA-MBL *

ASC/ASG  KLA-GLU
Direct Route
MSK-GLU

JJA-GLU

GLU-MBL

MBR-GLU

FPL-GLU

- ABCIEQ AUA-GLU-
Final &
Direct Roika GLU-LRA

FPL-MDI

SRI-MBL

MOT-MBL

 KLA-MDI

KLA—AUA

KLA-GLU

KLA-LRA

SRI-KLA

MOT—KLA

Total Sys. No. 20 8 23 LY o 16 7 s 20

Note: ) Final Howte " (A)... KLA-Kigulya Rep.  (F}... Mnakulu Rep.—LRA
] (B}... Kigulya Rep.—MDI (G)... LRA—SRI
Girect Route (C)... Kiguhe: Rep.~Mmakulu Bep.  {H)... SHI-MOT
{0)-.. Minskelu Rep.— GLU @)... SAI-MBL
*... Altemative Route {F)... GLU~AUA : :
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Table 7-2-4 Transmission Route and Required Number of 2 Mbps System (4/4)

{4) KLA-FPL—-MBR Route
. Klgulya
. {——~-(C) Hep. :
MBR —{&) FPL~(B)— Otuha—— -— ——{D)— MTA —(E} KLA
' ; Haj :

NSG/ASG
Final Routs FPL-KLA

FPL-KIA*  KLA

MBR-KLA*

MSK~HLA®* MSK

ASCIASC  FPL-KLA
Biroct Rouie

FRL-MBL MEL

RLALY

FPL-JJA

MBR-GLU .

FPL-GLU

MBR-FPL

MSK-FPL

ASCG/EO EPL—-MDI
Final & :
Direct Route MTA-KLA

MBR-FPL

FPL=KLA

FPL-WA JIA

MTA-KLA

Tott Sys. No. - 10 28 11 L 28

Mota: Flnal Routa A)... MBR-FPL
A B)... FPL~Cruha Rep.
Direct Route (C)... Oruha Rep. —Kigutya Bep.
(D)... Oruha Rep. — MTA
*... Atemative Route ({E)... MFTA-KLA

JICA Bastor Plan Study | 7. 13
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Here, we study the case of Kampala - Jinja link. To find better solution for this link
having the highest trunk call traffic, the following route plans are considered:

(A) New microwave route under planning: _
Kampala - Kololo rep. - Luyanzi rep. - Mwiri rep. -(spur)- Jinja

(B) Existing microwave route: -
Kampala - Konge rep. - Ngogwe rep. - Jinja - Mwiri rep. -

(C) New fiber optic cable route:
Kampala - Mukono - Lugazi - Jinja

(D) Adoption of above (A) and (C): (traffic allocation to these two routes)

A comparison study was made for _‘thé above four plans from the Viewj)oints of c:dsts,
reliability and problems involved. These plans are ranked in the order of (C), (B), (A)
-and’ (D) as summarized in Table 7-2-5. Details of cost estimation are given in the

SUPPORTING DOCUMENTS.

The solution for linking to Gulu also be studied in the projéct implémentation stage.

I Table 7-2-5 Comparison of the Applications for Kampala-Jinja Transmission Link

Plan-A Plan-B Plan-C Plan-D
Microwave
New route _ ® ‘ o
Exist. route * .
Fiber Optic * *
Invest cost 3,752 3,238 2,850 5,930
{x 1,000 Us$) . '
Haint. cost 50 50 10 50
(x 1,000 US$) . :
Notes KLA-Kololo F.O. KLA-Konge F.0. in- 4 Miero - 2 Sys.
excluded. cluded. ' F.0. - 3 Sys.
Reliability Poor? Good Good Excellent
Problems involved No alternative Accéés roads to Cable maint. is Ex:pensive in total
routa for Kampala Konge and Ngogwe difficult at a Kile cost.
and Jinja. .are poor. : River crossing
point.
Evaluation " 3rd Znd lst 4th
7-14 JICA Master Plan Study
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(2)

()

(4)

Spur Links

Microwave radio systems with the capacity of 2, 4 or 8 Mbps and UHF systems with the
capacity of 6, 12CH are applied to the spur links.

The route _and _cépacity of major spur links are also shown in Figure 7-2-2 and Table
7-2-1 through Table 7-2-4.

Junction Links

Junction links in Kampala m_ul'ti exchange area are all FO and cable PCM transmission

systems installed recently. Considering the existing numbers of systems and future

traffic trend, the number of systems for the existing cable PCM link shall be increased

-after year _200(}. Existing number of systems is illustrated in DATA BOOK, and the

required number of systems in year 2010 is shown in Figure 7-2-3.
Other Trunk Links

Other trunk links inside each RTM region should be realized with small capacity radio
systems. Trunk link of each MSU-RSU and some MSU-MSU fall under this category.
Required link configurations and the numbers of systems are shown in Figure 7-2-3

“through Figure 7-2-5. The numbers of systems shown correspond to telephone circuits
only and do not include circuits for MSU-RSU control.

Links mentioned in (1) through (4) above are the trunk network links to be required
in year 2010. ' '

J!CA Mésrer Plar Study : 7- 15
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[Kampala Centraf]
_ Kampala Rural

= Ny
©

=== FO Link
——— MW Link -

Figure 7-2-3 Required Number bf 2 Mbps Systems in Each RTM Area
in Year 2010 (1/3) - '
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[ Jinja Area ]

[ Masaka Areal|

Figure 7-2-4

Required Number of 2 Mbps Systems in Each RTM Area

in Year 2010 (2/3)
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[ Mbarara Area ]

[ Fort Portal Area |

[ Gulu Area ]

Figure 7-2-5 Requlred Number of 2 Mbps Systemq in Each RTM Area

~in Year 2010 (3/3)

7- 18
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