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kªnh thuª riªng cÊu tróc sè Tèc ®é 2048 kbit/s 

tiªu chuÈn chÊt lîng 
 

(Ban hµnh kÌm theo QuyÕt ®Þnh sè 33/2004/Q§-BBCVT ngµy 29/7/2004  
cña Bé trëng Bé Bu chÝnh, ViÔn th«ng) 

1. Ph¹m vi vµ ®èi tîng ¸p dông 

1.1 Tiªu chuÈn nµy bao gåm c¸c chØ tiªu chÊt lîng cho kªnh thuª riªng cÊu 
tróc sè tèc ®é 2048 kbit/s.  

1.2 Tiªu chuÈn nµy lµ c¬ së ®Ó C¬ quan qu¶n lý Nhµ níc thùc hiÖn viÖc qu¶n 
lý chÊt lîng kªnh thuª riªng cÊu tróc sè tèc ®é 2048 kbit/s do c¸c doanh nghiÖp 
cung cÊp kªnh thuª riªng nh ®îc ®Þnh nghÜa t¹i môc 2.2.2 cung cÊp theo c¸c quy 
®Þnh vÒ qu¶n lý chÊt lîng bu chÝnh, viÔn th«ng. 

1.3 Tiªu chuÈn nµy lµ c¬ së cho doanh nghiÖp ®¸nh gi¸ chÊt lîng kªnh thuª 
riªng cÊu tróc sè tèc ®é 2048 kbit/s.  

1.4 Tiªu chuÈn nµy lµ së cø cho c¸c yªu cÇu vÒ chÊt lîng trong viÖc kÕt nèi 
kªnh thuª riªng cÊu tróc sè tèc ®é 2048 kbit/s tríc khi ®a vµo khai th¸c vµ sö dông. 

2. C¸c ch÷ viÕt t¾t, ®Þnh nghÜa vµ kh¸i niÖm 

2.1.  Ch÷ viÕt t¾t 

BBE Lçi khèi nÒn 

CRC-4 KiÓm tra vßng d 4 bit 

D2048S Kªnh thuª riªng cÊu tróc sè tèc ®é 2048 kbit/s 

EMC T¬ng thÝch ®iÖn tõ 

ES Gi©y bÞ lçi 

HDB3 M· lìng cùc mËt ®é cao cÊp 3 

NTP §iÓm kÕt cuèi m¹ng 

ONP Cung cÊp m¹ng më 

ppm PhÇn triÖu 

PRBS Chuçi bit gi¶ ngÉu nhiªn 
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PRC §ång hå chuÈn s¬ cÊp 

RAI ChØ thÞ c¶nh b¸o ®Çu xa 

RX §Çu thu tÝn hiÖu  

SES   Gi©y bÞ lçi nghiªm träng 

SMF Nöa ®a khung 

TX §Çu ph¸t tÝn hiÖu  

UI Kho¶ng ®¬n vÞ 

2.2. §Þnh nghÜa vµ kh¸i niÖm 

2.2.1 Kªnh thuª riªng: Ph¬ng tiÖn viÔn th«ng cña m¹ng viÔn th«ng c«ng 

céng cung cÊp c¸c ®Æc tÝnh truyÒn dÉn x¸c ®Þnh gi÷a c¸c ®iÓm kÕt cuèi m¹ng vµ 
kh«ng bao gåm c¸c chøc n¨ng chuyÓn m¹ch mµ ngêi sö dông cã thÓ ®iÒu khiÓn 
®îc (vÝ dô chuyÓn m¹ch theo yªu cÇu). 

2.2.2 Doanh nghiÖp cung cÊp kªnh thuª riªng: Doanh nghiÖp cung cÊp h¹ 
tÇng m¹ng (nh quy ®Þnh t¹i môc 1.a §iÒu 38 cña Ph¸p lÖnh Bu chÝnh, ViÔn 
th«ng) ®îc phÐp cung cÊp kªnh thuª riªng.  

2.2.3 Ngêi sö dông: C¸ nh©n, tæ chøc ViÖt Nam hoÆc níc ngoµi sö dông 

kªnh thuª riªng tèc ®é 2048 kbit/s.  

2.2.4 Lçi khèi nÒn (BBE): Khèi bÞ lçi kh«ng xuÊt hiÖn trong phÇn gi©y bÞ lçi 

nghiªm träng (SES). 

2.2.5 Khèi: Chuçi 2048 bit liªn tiÕp t¬ng ®¬ng víi mét nöa ®a khung 

(SMF). Mçi khèi ®îc gi¸m s¸t b»ng ph¬ng ph¸p kiÓm tra lçi CRC- 4. §é dµi cña 
mçi khèi t¬ng øng víi kho¶ng thêi gian lµ 1 ms (xem khuyÕn nghÞ ITU-T G.826). 

2.2.6 Khèi bÞ lçi: Khèi trong ®ã cã mét hoÆc nhiÒu bit lçi (xem khuyÕn nghÞ 

ITU-T G.826). 

2.2.7 Gi©y bÞ lçi (ES): Kho¶ng thêi gian mét gi©y cã mét hoÆc nhiÒu khèi 
bÞ lçi.  

2.2.8 Gi©y bÞ lçi nghiªm träng (SES): Kho¶ng thêi gian mét gi©y trong ®ã 

cã 805 khèi bÞ lçi hoÆc cã Ýt nhÊt mét kho¶ng nhiÔu nghiªm träng (xem khuyÕn 
nghÞ ITU-T G.826). 

2.2.9 Kho¶ng nhiÔu nghiªm träng: §èi víi phÐp ®o kªnh thuª riªng ë tr¹ng 

th¸i kh«ng phôc vô, kho¶ng nhiÔu nghiªm träng lµ kho¶ng thêi gian t¬ng øng víi 
4 khèi liªn tiÕp mÊt tÝn hiÖu hoÆc bÞ ¶nh hëng bëi mËt ®é lçi bit cao ®Õn 10-2. §èi 
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víi phÐp ®o kªnh thuª riªng ®ang phôc vô, kho¶ng nhiÔu nghiªm träng ®îc tÝnh 
to¸n dùa trªn sù xuÊt hiÖn cña hiÖn tîng mÊt tÝn hiÖu hay mÊt ®ång bé khung 
(xem khuyÕn nghÞ ITU-T G.826). 

2.2.10 Trît ®iÒu khiÓn ®îc: Sù mÊt ®i hay thªm vµo mét sè bit liªn tiÕp trong 
tÝn hiÖu sè, mµ c¶ sè lîng vµ thêi ®iÓm mÊt ®i hay thªm vµo lµ ®iÒu khiÓn ®îc, ®¶m 
b¶o cho phÐp tÝn hiÖu cã thÓ truyÒn víi tèc ®é kh¸c víi tèc ®é thùc cña nã. 

2.2.11 Trît kh«ng ®iÒu khiÓn ®îc: Sù mÊt ®i hay thªm vµo mét hoÆc 
nhiÒu bit liªn tiÕp trong tÝn hiÖu sè, do sù sai lÖch vÒ xö lý ®Þnh thêi liªn quan ®Õn 
truyÒn dÉn hoÆc chuyÓn m¹ch tÝn hiÖu sè, mµ c¶ sè lîng vµ thêi ®iÓm mÊt ®i hay 
thªm vµo lµ kh«ng ®iÒu khiÓn ®îc. 

2.2.12 Khung: Mét chuçi 256 bit, trong ®ã 8 bit ®Çu tiªn dïng ®Ó x¸c ®Þnh 
cÊu tróc khung (xem phô lôc B). 

2.2.13 Trît khung: Sù trît cña mét khung ®Çy ®ñ. 

2.2.14 §a khung: Mét chuçi gåm hai SMF cã chøa tõ ®ång bé ®a khung 
(xem phô lôc B). 

2.2.15 Nöa ®a khung (SMF): Mét chuçi gåm 8 khung, mçi khung cã  
256 bit, trong ®ã tÝnh ®Õn c¶ CRC- 4 (xem phô lôc B). 

2.2.16 §iÓm kÕt cuèi m¹ng (NTP): C¸c kÕt nèi vËt lý vµ c¸c th«ng sè kü 
thuËt cña chóng t¹o thµnh mét phÇn cña m¹ng viÔn th«ng c«ng céng, gióp cho viÖc 
truy nhËp vµ truyÒn tin cã hiÖu qu¶ qua m¹ng viÔn th«ng ®ã. 

2.2.17 Kho¶ng thêi gian kh«ng kh¶ dông: Kho¶ng thêi gian kh«ng kh¶ 
dông ®îc b¾t ®Çu khi xuÊt hiÖn 10 gi©y bÞ lçi nghiªm träng liªn tiÕp. 10 gi©y nµy 
®îc coi nh lµ phÇn cña kho¶ng thêi gian kh«ng kh¶ dông. Kho¶ng thêi gian 
kh«ng kh¶ dông kÕt thóc khi trong 10 gi©y liªn tiÕp kh«ng cã gi©y bÞ lçi nghiªm 
träng. 10 gi©y nµy kh«ng ®îc coi lµ phÇn cña kho¶ng thêi gian kh«ng kh¶ dông. 

2.2.18 Tr¹ng th¸i kh«ng kh¶ dông: KÕt nèi kªnh thuª riªng ë tr¹ng th¸i 
kh«ng kh¶ dông nÕu kho¶ng thêi gian kh«ng kh¶ dông xuÊt hiÖn ë mét hoÆc hai 
híng truyÒn dÉn. 

2.2.19 PRBS (29-1): Chuçi bit nhÞ ph©n gi¶ ngÉu nhiªn (PRBS) (®îc ®Þnh 
nghÜa trong môc 2.1 cña khuyÕn nghÞ ITU-T O.153). 

2.2.20 PRBS (215-1): Chuçi bit nhÞ ph©n gi¶ ngÉu nhiªn (PRBS) (®îc ®Þnh 
nghÜa trong môc 2.1 cña khuyÕn nghÞ ITU-T O.151). 

2.2.21 C¸c bit Sa: C¸c bit tõ 4 ®Õn 8 (c¸c bit tõ Sa4 ®Õn Sa8) trong nh÷ng khung 
kh«ng chøa tÝn hiÖu liªn kÕt khung (xem phô lôc B). 
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3. Yªu cÇu kü thuËt 

3.1. Tèc ®é truyÒn  

3.1.1 §Þnh thêi cho kªnh thuª riªng 

Yªu cÇu: Kªnh thuª riªng ph¶i ®¶m b¶o 

a) T¶i ®Þnh thêi cña ngêi sö dông n»m trong d¶i 2048 kbit/s ± 50 ppm; hoÆc 

b) Cung cÊp ®Þnh thêi ®ång bé víi ®Þnh thêi cña m¹ng; hoÆc 

c) NhËn ®Þnh thêi cña ngêi sö dông trong d¶i 2048 kbit/s ± 50 ppm tõ mét 
lèi vµo vµ cung cÊp ®Þnh thêi nµy ë c¶ hai lèi ra cña kªnh thuª riªng. 

Chó ý 1: Trong trêng hîp b), ®Þnh thêi cña m¹ng lµ ®Þnh thêi lÊy tõ nguån hoÆc c¸c nguån 
®Þnh thêi dïng cho m¹ng líi. Do ®ã, ®Þnh thêi do kªnh thuª riªng cung cÊp sÏ t¬ng tù nh ®Þnh 
thêi do c¸c dÞch vô sè kh¸c cung cÊp. 

Chó ý 2: Khi ®Þnh thêi ë hai híng kh«ng ®ång bé, sè lîng c¸c bit E ®îc truyÒn ®i kh¸c 
víi sè lîng bit E mµ c¸c SMF nhËn ®îc. KÕt qu¶ lµ mét sè c¸c bit E hîp lÖ bÞ mÊt hoÆc mét sè 
bit E v« nghÜa ®îc chÌn vµo. 

Ph¬ng ph¸p ®¸nh gi¸: Doanh nghiÖp cung cÊp kªnh thuª riªng ph¶i c«ng 
bè kiÓu ®Þnh thêi mµ kªnh thuª riªng cña m×nh cung cÊp, vµ vÊn ®Ò nµy sÏ ®îc xÐt 
®Õn trong phÇn ®o kiÓm t¹i phô lôc A. 

3.1.2 Tèc ®é truyÒn t¶i th«ng tin  

Yªu cÇu: Kªnh thuª riªng ph¶i ®¶m b¶o truyÒn th«ng tin t¹i tèc ®é danh ®Þnh 
1984 kbit/s víi cÊu tróc khung x¸c ®Þnh cho kªnh thuª riªng (xem môc 3.3). 

Ph¬ng ph¸p ®¸nh gi¸: TiÕn hµnh ®¸nh gi¸ theo môc A.2.1. 

3.2. Kh¶ n¨ng truyÒn th«ng tin 

Yªu cÇu: Kªnh thuª riªng ph¶i ®¶m b¶o truyÒn nguyªn vÑn chuçi bit th«ng tin 
mµ kh«ng giíi h¹n vÒ néi dung nhÞ ph©n t¹i tèc ®é danh ®Þnh 1984 kbit/s víi cÊu 
tróc khung x¸c ®Þnh (xem môc 3.3). 

Ph¬ng ph¸p ®¸nh gi¸: TiÕn hµnh ®¸nh gi¸ theo môc A.2.1. 

3.3. CÊu tróc 

Môc ®Ých cña viÖc ®a ra yªu cÇu vÒ cÊu tróc lµ ®Ó doanh nghiÖp cung cÊp 
kªnh thuª riªng gi¸m s¸t ®Æc tÝnh lçi cña kªnh thuª riªng tõ NTP ®Õn NTP. Do ®ã, 
CRC-4 kh«ng cÇn thiÕt truyÒn mét c¸ch xuyªn suèt tõ NTP ®Õn NTP; nã cã thÓ 
®îc cËp nhËt bëi doanh nghiÖp cung cÊp kªnh thuª riªng ®Ó x¸c ®Þnh vÞ trÝ lçi. §Ó 
thiÕt bÞ ®Çu cuèi cã thÓ gi¸m s¸t toµn bé ®êng truyÒn gi÷a thiÕt bÞ ®Çu cuèi vµ 
NTP, th× NTP ph¶i cung cÊp m· CRC-4 ®óng vµ ®¸p øng chÝnh x¸c víi c¸c bit E 
trong trêng hîp nhËn ®îc CRC-4 sai. 
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Yªu cÇu: Mçi híng truyÒn dÉn cña kªnh thuª riªng ph¶i chÊp nhËn luång bit 

®Çu vµo cã cÊu tróc khung vµ ®a khung nh ®îc ®Þnh nghÜa ë phô lôc B. Khi ®Çu 
vµo cña kªnh thuª riªng cã cÊu tróc khung nh trªn vµ ®êng truyÒn kh«ng ë tr¹ng 
th¸i kh«ng kh¶ dông, ®Çu ra cña kªnh thuª riªng còng ph¶i tu©n theo cÊu tróc 
khung vµ ®a khung nh ®Þnh nghÜa ë phô lôc B, víi cÊu tróc gièng nh cÊu tróc 
th«ng tin ®· truyÒn t¹i lèi vµo, duy tr× ®îc tÝnh toµn vÑn cña cÊu tróc khung. 

Ph¬ng ph¸p ®¸nh gi¸: TiÕn hµnh ®¸nh gi¸ theo môc A.2.1 vµ A.2.5.1. 

3.3.1 CRC-4 

Yªu cÇu: T¹i mçi NTP, c¸c bit CRC-4 truyÒn trong luång bit ë lèi ra ph¶i nh 

®Þnh nghÜa t¹i b¶ng B.1 vµ B.2 cho mét ®a khung CRC-4 ®Çy ®ñ vµ ph¶i t¬ng øng 
víi d÷ liÖu truyÒn t¹i lèi ra cña giao diÖn kªnh thuª riªng (nghÜa lµ CRC-4 sÏ ®îc 
tÝnh to¸n l¹i trong thiÕt bÞ nh NTP). 

Ph¬ng ph¸p ®¸nh gi¸: TiÕn hµnh ®¸nh gi¸ theo môc A.2.5.1. 

3.3.2 ViÖc sö dông c¸c bit E: 

Yªu cÇu: T¹i mçi NTP, c¸c bit E truyÒn trong luång bit ë lèi ra ph¶i chØ thÞ 

c¸c nöa ®a khung bÞ lçi trong luång bit ë lèi vµo cña NTP ®ã. Mét bit E trong mçi 
®a khung sÏ ®îc ®a vÒ gi¸ trÞ nhÞ ph©n 0 cho mçi nöa ®a khung bÞ lçi nhËn ®îc 
trong luång bit ë lèi vµo. C¸c bit E t¬ng øng víi c¸c nöa ®a khung kh«ng bÞ lçi 
®îc ®Æt ë gi¸ trÞ nhÞ ph©n 1. BÊt kú kho¶ng trÔ nµo tõ lóc nhËn ra mét SMF bÞ lçi 
®Õn lóc thiÕt lËp bit E ®Ó chØ thÞ SMF bÞ lçi ph¶i nhá h¬n 1 gi©y. 

Chó ý: ViÖc kÕt hîp ph¸t c¸c bit E môc ®Ých lµ ®Ó kiÓm tra CRC-4, viÖc nµy sÏ ®îc thùc 

hiÖn t¹i thiÕt bÞ nh NTP nh»m môc ®Ých chØ thÞ c¸c lçi ®· xuÊt hiÖn gi÷a thiÕt bÞ ®Çu cuèi víi 
NTP vµ kh«ng cã c¸c lçi ®ã xuÊt hiÖn trong m¹ng. 

Ph¬ng ph¸p ®¸nh gi¸: TiÕn hµnh ®¸nh gi¸ theo môc A.2.5.2. 

3.3.3 §ång bé khung vµ kh¶ n¨ng truyÒn d÷ liÖu 

Yªu cÇu: Kªnh thuª riªng ph¶i tiÕp tôc truyÒn trong suèt d÷ liÖu trong trêng 

hîp nhËn ®îc mét hoÆc hai tÝn hiÖu ®ång bé khung sai liªn tiÕp. Trong trêng hîp 
nhËn ®îc: 

- Ba tÝn hiÖu ®ång bé khung sai liªn tiÕp; hoÆc 

- X¶y ra 915 SMF lçi trong sè 1000 SMF. 

Kªnh thuª riªng ph¶i coi nh ®ång bé khung ®· bÞ mÊt vµ b¾t ®Çu t×m kiÕm 
®ång bé khung, trong thêi gian nµy kªnh thuª riªng ®îc phÐp kh«ng truyÒn trong 
suèt d÷ liÖu. 
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Chó ý: §ång bé khung còng ®îc coi lµ ®· bÞ mÊt khi bit 2 trong c¸c khung kh«ng chøa tÝn 
hiÖu ®ång bé khung bÞ lçi 3 lÇn liªn tiÕp. Trêng hîp nµy Ýt khi x¶y ra ngo¹i trõ trêng hîp tû lÖ 
lçi bit gi÷a thiÕt bÞ ®Çu cuèi vµ NPT lµ cao. 

§ång bé khung ®îc coi nh cha kh«i phôc l¹i ®îc cho ®Õn khi: 

a) LÇn ®Çu tiªn xuÊt hiÖn tÝn hiÖu ®ång bé khung ®óng; vµ 

b) Sù mÊt tÝn hiÖu ®ång bé khung trong khung tiÕp theo ®îc ph¸t hiÖn b»ng 
c¸ch x¸c ®Þnh r»ng bit 2 cña khung c¬ b¶n cã gi¸ trÞ nhÞ ph©n lµ “1”; vµ 

c) XuÊt hiÖn tÝn hiÖu ®ång bé khung ®óng lÇn thø hai trong khung tiÕp theo. 

Trong trêng hîp nµy viÖc truyÒn trong suèt d÷ liÖu ph¶i b¾t ®Çu trong vßng 
20 ms víi ®iÒu kiÖn d÷ liÖu kh«ng chøa bÊt cø tin nµo gièng tõ ®ång bé khung. 

Ph¬ng ph¸p ®¸nh gi¸: TiÕn hµnh ®¸nh gi¸ theo môc A.2.5.3. 

3.3.4 §ång bé ®a khung 

Yªu cÇu: §ång bé ®a khung CRC-4 sÏ ®¹t ®îc nÕu x¸c ®Þnh ®îc Ýt nhÊt hai 
tÝn hiÖu ®ång bé ®a khung CRC-4 trong vßng 8 ms (kho¶ng thêi gian c¸ch biÖt gi÷a 
hai tÝn hiÖu ®ång bé ®a khung CRC-4 lµ 2 ms hoÆc béi sè cña 2 ms). NÕu ®ång bé 
®a khung kh«ng ®¹t ®îc trong vßng 8 ms th× cã thÓ cho r»ng ®ång bé khung cã tÝn 
hiÖu ®ång bé khung sai vµ ph¶i b¾t ®Çu t×m kiÕm ®ång bé khung. 

Chó ý: ViÖc t×m kiÕm ®ång bé khung ph¶i ®îc b¾t ®Çu t¹i thêi ®iÓm ngay sau khi x¸c ®Þnh 
®îc vÞ trÝ cña tÝn hiÖu ®ång bé khung bÞ cho lµ sai, ®Ó tr¸nh viÖc ®ång bé l¹i víi tÝn hiÖu ®ång bé 
khung sai. 

Ph¬ng ph¸p ®¸nh gi¸: TiÕn hµnh ®¸nh gi¸ theo môc A.2.5.4. 

3.4. ThiÕt lËp kÕt nèi 

Yªu cÇu: Ngêi sö dông kh«ng ph¶i trao ®æi bÊt kú giao thøc nµo hoÆc can 
thiÖp t¹i ®iÓm kÕt cuèi m¹ng (NTP) ®Ó thiÕt lËp hay gi¶i phãng kÕt nèi. 

Ph¬ng ph¸p ®¸nh gi¸: C¸c doanh nghiÖp cung cÊp kªnh thuª riªng (nh 
®îc ®Þnh nghÜa t¹i môc 2.2.2) ph¶i c«ng bè. 

3.5. TÝnh ®èi xøng 

Yªu cÇu: Kªnh kÕt nèi ph¶i cã tÝnh ®èi xøng, nghÜa lµ ë mçi híng truyÒn 
dÉn ph¶i cã cïng mét cÊu tróc khung vµ kh¶ n¨ng truyÒn t¶i th«ng tin. 

Ph¬ng ph¸p ®¸nh gi¸: TiÕn hµnh ®¸nh gi¸ theo môc A.2.1. 

3.6. CÊu h×nh kÕt nèi 

Yªu cÇu: CÊu h×nh kÕt nèi ®îc thùc hiÖn theo kiÓu ®iÓm nèi ®iÓm (Point-to-
Point). 
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Ph¬ng ph¸p ®¸nh gi¸: C¸c doanh nghiÖp cung cÊp kªnh thuª riªng (nh 

®îc ®Þnh nghÜa t¹i môc 2.2.2) ph¶i c«ng bè. 

3.7. TrÔ truyÒn dÉn 

Yªu cÇu: Yªu cÇu nµy phô thuéc vµo viÖc kªnh thuª riªng cã bao gåm truyÒn 

dÉn vÖ tinh hay kh«ng. 

- Víi c¸c kªnh thuª riªng kh«ng bao gåm truyÒn dÉn vÖ tinh, trÔ ®Çu-cuèi  

mét chiÒu ph¶i nhá h¬n (10 + 0,01 G) ms, trong ®ã G lµ kho¶ng c¸ch ®Þa lý tÝnh 

b»ng kilomet, nh m« t¶ trong h×nh 1; hoÆc 

- Víi c¸c kªnh thuª riªng cã bao gåm truyÒn dÉn vÖ tinh, trÔ ®Çu-cuèi mét 

chiÒu ph¶i nhá h¬n 350 ms. 

Chó ý: C¸c yªu cÇu nµy dùa trªn c¬ së c¸c phô lôc A.2 vµ A.3 cña khuyÕn nghÞ ITU-T 

G.114. 

3000 6000 9000
Kho¶ng c¸ch ®Þa lý (km)

10

100

TrÔ (ms)

 

H×nh 1: Giíi h¹n trªn cña trÔ truyÒn dÉn 

Kh«ng yªu cÇu ®èi víi nh÷ng biÕn ®æi tÇn sè thÊp (díi 20 Hz) cña trÔ  

®Çu - cuèi mét chiÒu. 

Ph¬ng ph¸p ®¸nh gi¸: TiÕn hµnh ®¸nh gi¸ theo môc A.2.2. 

3.8.  Rung pha 

3.8.1 Dung sai rung pha t¹i cæng lèi vµo 

Yªu cÇu: Kªnh thuª riªng ph¶i lµm viÖc nh yªu cÇu kü thuËt víi møc rung 

pha lèi vµo lµ tæng cña hai thµnh phÇn cã b¨ng tÇn giíi h¹n nh ë b¶ng 1. 

Chó ý: Dung sai cña rung pha lèi vµo ®èi víi kªnh thuª riªng ®îc x¸c ®Þnh theo ph¬ng 

ph¸p nµy ®Ó thay thÕ cho c¸ch x¸c ®Þnh theo c¸c tÇn sè rung pha ®¬n, v× nh÷ng lý do sau ®©y: 

- Ph¬ng ph¸p nµy ®iÓn h×nh h¬n trong viÖc tÝnh to¸n rung pha trªn thùc tÕ; 

- Chuçi c¸c bé t¸i t¹o ®Æc biÖt nh¹y c¶m víi c¸c tÇn sè rung pha ®¬n.     
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B¶ng 1: C¸c thµnh phÇn cña rung pha lèi vµo 

C¸c bé läc t¹o phæ rung pha 
(bËc 1) 

Bé läc th«ng d¶i ®Ó ®o rung 
pha lèi vµo 

Rung pha lèi vµo ®o ®îc 
b»ng bé läc th«ng d¶i 

TÇn sè c¾t díi 
(Th«ng cao) 

TÇn sè c¾t trªn 
(Th«ng thÊp) 

(TÇn sè c¾t díi 
bËc 1) 

Gi¸ trÞ UI ®Ønh -®Ønh (gi¸ trÞ 
max) 

ChØ th«ng thÊp 4 Hz 4 Hz ®Õn 100 kHz 1,1 UI 

40 Hz 100 kHz 40 Hz ®Õn 100 kHz 0,11 UI 

Chó ý: Môc ®Ých cña bé läc th«ng thÊp tuyÕn tÝnh bËc 1 víi tÇn sè c¾t trªn 4 Hz ®Ó t¹o ra ®é dèc 20 dB/decade tõ 4 
Hz ®Õn 40 Hz trong phæ rung pha ®Çu vµo. Møc rung pha (hay ®óng h¬n lµ tr«i pha) t¹o bëi ph¬ng ph¸p nµy t¹i 
c¸c tÇn sè díi 4 Hz lµ 1 UI. VÒ nguyªn t¾c, kh«ng cÇn cã yªu cÇu ®èi víi tr«i pha vµ tr«i pha nµy chØ lµ hÖ qu¶ 
cha ®îc tÝnh ®Õn cña ph¬ng ph¸p x¸c ®Þnh rung pha. Trªn thùc tÕ, tr«i pha ë møc nµy kh«ng ¶nh hëng ®Õn 
ho¹t ®éng cña m¹ng líi. 

Ph¬ng ph¸p ®¸nh gi¸: TiÕn hµnh ®¸nh gi¸ theo môc A.2.3. 

3.8.2 Rung pha cùc ®¹i t¹i cæng lèi ra 

Yªu cÇu: Rung pha cùc ®¹i lèi ra cña m¹ng kh«ng ®îc vît qu¸ c¸c giíi 
h¹n trong b¶ng 2, khi ®îc ®o b»ng c¸c bé läc tuyÕn tÝnh cã c¸c tÇn sè c¾t ®îc 
®Þnh tríc. 

ë c¸c tÇn sè thÊp h¬n tÇn sè t¹i ®iÓm 3 dB díi, suy hao cña bé läc th«ng cao 

ph¶i t¨ng víi gi¸ trÞ b»ng hoÆc lín h¬n víi 20 dB/decade. ë c¸c tÇn sè cao h¬n tÇn 
sè t¹i ®iÓm 3 dB trªn, suy hao cña bé läc th«ng thÊp ph¶i t¨ng víi gi¸ trÞ b»ng hoÆc 
lín h¬n 60 dB/decade. 

B¶ng 2: Rung pha cùc ®¹i lèi ra 
§é réng b¨ng cña bé läc ®o thö Rung pha lèi ra 

TÇn sè c¾t díi 

(Th«ng cao) 

TÇn sè c¾t trªn 
(Th«ng thÊp) 

Gi¸ trÞ UI ®Ønh-®Ønh 

(gi¸ trÞ cùc ®¹i) 

20 Hz 100 kHz 1,5 UI 

18 kHz 100 kHz 0,2 UI 

Ph¬ng ph¸p ®¸nh gi¸: TiÕn hµnh ®¸nh gi¸ theo môc A.2.3. 

3.9. Trît ®iÒu khiÓn ®îc 

Yªu cÇu: Ýt nhÊt mét trong hai chu kú ®o liªn tôc, mçi chu kú 24 giê th× sè lÇn 
trît ®iÒu khiÓn ®îc ph¶i nhá h¬n hoÆc b»ng 5. 

Chó ý 1: Yªu cÇu nµy dùa trªn c¬ së môc 2 b¶ng 1 cña khuyÕn nghÞ ITU-T G.822. 

Chó ý 2: §èi víi c¸c kªnh thuª riªng ho¹t ®éng trong trong ph¹m vi cña cïng ®ång hå chuÈn 
s¬ cÊp th× kh«ng ®îc cã trît cho ®Õn khi tÊt c¶ ®ång hå thø cÊp bÞ kho¸ víi PRC. Trît trong giíi 
h¹n x¸c ®Þnh chØ x¶y ra khi mét hoÆc c¶ hai chuçi ®Þnh thêi tõ c¸c NTP ®Õn PRC bÞ nhiÔu. 

Ph¬ng ph¸p ®¸nh gi¸: TiÕn hµnh ®¸nh gi¸ theo môc A.2.4. 
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3.10. Lçi 

Yªu cÇu: Kªnh thuª riªng ®ang ho¹t ®éng còng nh kªnh thuª riªng ®îc 
ng¾t ra ®Ó ®o kiÓm lçi, trong 24 giê ®o kiÓm ph¶i ®¸p øng yªu cÇu vÒ lçi nh  
b¶ng 3 sau. 

B¶ng 3: Møc lçi trong 24 giê kiÓm tra ®èi víi khèi cã ®é dµi 2048 bit 

Th«ng sè ®Æc tÝnh lçi MÆt ®Êt VÖ tinh 

ES < 1645 < 2592 

SES < 68 < 112 

BBE < 12732 < 19933 

Ph¬ng ph¸p ®¸nh gi¸: TiÕn hµnh ®¸nh gi¸ theo môc A.2.4. 
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Phô Lôc A 

(Quy ®Þnh) 

PHƯƠNG PHÁP ĐO KIỂM 

A.1. Giíi thiÖu chung 

Phô lôc nµy m« t¶ c¸c nguyªn t¾c ®o ®Ó x¸c ®Þnh møc ®é ®¸p øng cña kªnh 

kÕt nèi ®èi víi c¸c yªu cÇu nªu trong tiªu chuÈn. 

Phô lôc nµy kh«ng quy ®Þnh chi tiÕt ®Õn viÖc thùc hiÖn c¸c phÐp ®o kiÓm còng 

nh chi tiÕt vÒ ®é chÝnh x¸c cña thiÕt bÞ ®o vµ sai sè kü thuËt cña m¸y ®o.  

C¸c cÊu h×nh ®o kiÓm cho ë trªn kh«ng nãi vÒ viÖc thao t¸c thiÕt bÞ ®o hoÆc 

s¾p xÕp qu¸ tr×nh ®o hay viÖc sö dông c¸c thiÕt bÞ ®o cô thÓ. Tuy nhiªn, bÊt kú mét 

cÊu h×nh ®o cô thÓ nµo ®îc sö dông sÏ chØ râ c¸c ®iÒu kiÖn ®o trong môc “Tr¹ng 

th¸i kªnh thuª riªng”, “kÝch thÝch” vµ “gi¸m s¸t” cho tõng phÐp ®o ®¬n lÎ. 

ThiÕt bÞ ®o lµ mét hay nhiÒu m¸y ®o ph¶i cã kh¶ n¨ng t¹o tÝn hiÖu kÝch thÝch 

tu©n theo khuyÕn nghÞ EN 300 418 vµ kh¶ n¨ng gi¸m s¸t tÝn hiÖu thu ®îc tõ giao 

diÖn m¹ng líi. 

A.1.1. KÕt nèi thiÕt bÞ ®o 

Cã thÓ kÕt nèi víi kªnh thuª riªng qua gi¾c c¾m hoÆc ®Çu nèi kh¸c. ViÖc ®o 

kiÓm sÏ ®îc thùc hiÖn t¹i NTP x¸c ®Þnh phï hîp víi c¸c yªu cÇu quy ®Þnh trong 

Tiªu chuÈn nµy. 

A.1.2. Tr×nh tù thùc hiÖn ®o kiÓm 

§o lçi vµ trît tríc khi ®o trÔ vµ rung pha, ®o rung pha tríc khi ®o tèc ®é 

truyÒn t¶i th«ng tin, kh¶ n¨ng truyÒn t¶i th«ng tin, cÊu tróc vµ tÝnh ®èi xøng. 

A.2. C¸c ph¬ng ph¸p ®o 

 Mét lÇn ®o cã thÓ ®o ®îc nhiÒu th«ng sè. Ph¹m vi cña mçi phÐp ®o ®îc 

x¸c ®Þnh trong phÇn “Môc ®Ých”. 

A.2.1. §o tèc ®é truyÒn t¶i th«ng tin, kh¶ n¨ng truyÒn t¶i th«ng tin vµ tÝnh ®èi xøng 

Môc ®Ých: §Ó ®¸nh gi¸ sù phï hîp c¸c yªu cÇu vÒ tèc ®é truyÒn t¶i th«ng tin 

(môc 3.1.2), kh¶ n¨ng truyÒn t¶i th«ng tin (môc 3.2) vµ tÝnh ®èi xøng (môc 3.5). 
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CÊu h×nh ®o: ThiÕt bÞ ®o kÕt nèi víi kªnh thuª riªng vµ ®Çu xa kªnh thuª 

riªng ®îc ®Êu vßng b»ng mét thiÕt bÞ ®o cã kh¶ n¨ng lµm gi¶m ®é rung pha xuèng 
c¸c møc ®· ®îc x¸c ®Þnh trong Tiªu chuÈn nµy (Xem h×nh A.1). 

TX

RX

ThiÕt bÞ ®o

RX

TX

ThiÕt bÞ ®o
(®Êu vßng)

Kªnh thuª riªng

RX TX

TX RX

 

H×nh A.1: CÊu h×nh ®o tèc ®é truyÒn t¶i th«ng tin, kh¶ n¨ng truyÒn t¶i  
th«ng tin vµ tÝnh ®èi xøng 

Tr¹ng th¸i kªnh thuª riªng: Kh¶ dông. 

KÝch thÝch: ThiÕt bÞ ®o sÏ t¹o ra luång bit HDB3 phï hîp víi d¹ng sãng ®îc 

®Þnh nghÜa trong EN 300 418 vµ cã cÊu tróc theo nh phô lôc B, chøa trong c¸c bit 
tõ bit 9 ®Õn bit 256 cña khung c¸c chuçi bit x¸c ®Þnh trong môc a, b, c díi ®©y; 
luång bit nµy sÏ ®îc ®a vµo ®Çu vµo cña kªnh thuª riªng. Khi kªnh thuª riªng cã 
cung cÊp ®Þnh thêi m¹ng th× viÖc ®o kiÓm ph¶i thùc hiÖn víi ®iÒu kiÖn thiÕt bÞ ®o 
®ång bé víi ®Þnh thêi cung cÊp t¹i ®Çu ra cña kªnh thuª riªng. Khi kªnh thuª riªng 
cã kh¶ n¨ng t¶i ®Þnh thêi cña ngêi sö dông th× viÖc ®o kiÓm ph¶i ®îc thùc hiÖn 
t¹i tèc ®é giíi h¹n trong kho¶ng 2048 kbit/s + 50 ppm vµ 2048 kbit/s – 50 ppm. 

a) Chuçi PRBS (215 – 1). 

b) Chuçi bit “0” nhÞ ph©n liªn tiÕp. 

c) Chuçi bit “1” nhÞ ph©n liªn tiÕp. 

Gi¸m s¸t: Luång bit t¹i ®Çu ra cña kªnh thuª riªng. 

KÕt qu¶: §èi víi tõng kÝch thÝch a), b) vµ c), víi mét chu kú liªn tôc cã ®é 

dµi Ýt nhÊt 01 gi©y kh«ng ®îc cã sù thay ®æi nµo vÒ néi dung nhÞ ph©n. 

§èi víi chuçi kÝch thÝch a) chuçi PRBS (215 – 1), sù toµn vÑn cña cÊu tróc 
khung ph¶i ®îc duy tr×, (nghÜa lµ thø tù c¸c bit tõ bit 9 ®Õn bit 256 t¹i ®Çu vµo cña 
kªnh thuª riªng nh thÕ nµo th× c¸c bit tõ bit 9 ®Õn bit 256 t¹i ®Çu ra cña kªnh thuª 
riªng còng nh vËy). 

A.2.2. TrÔ 

Môc ®Ých: §Ó ®¸nh gi¸ sù phï hîp c¸c yªu cÇu vÒ trÔ truyÒn dÉn mét chiÒu 

nh ®· quy ®Þnh trong phÇn 3.7. 
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CÊu h×nh ®o: ThiÕt bÞ ®o kÕt nèi víi kªnh thuª riªng vµ ®Çu xa kªnh thuª 

riªng ®îc ®Êu vßng b»ng mét thiÕt bÞ ®o cã kh¶ n¨ng lµm gi¶m ®é rung pha xuèng 

c¸c møc ®· ®îc x¸c ®Þnh trong tiªu chuÈn nµy (Xem h×nh A.2). 

TX

RX

ThiÕt bÞ ®o

RX

TX

ThiÕt bÞ ®o
(®Êu vßng)

Kªnh thuª riªng

RX TX

TX RX

 

H×nh A.2: CÊu h×nh ®o trÔ 

Tr¹ng th¸i kªnh thuª riªng: Kh¶ dông. 

KÝch thÝch: ThiÕt bÞ ®o sÏ t¹o ra luång bit HDB3 phï hîp víi d¹ng sãng ®îc 

®Þnh nghÜa trong EN 300 418 vµ cã cÊu tróc theo nh phô lôc B, chøa trong c¸c bit 

tõ bit 9 ®Õn bit 256 cña khung gåm mét chuçi bit cã tr×nh tù lÆp l¹i víi chu kú lÆp Ýt 

nhÊt lµ 01 gi©y; chuçi bit nµy sÏ ®îc ®a vµo ®Çu vµo cña kªnh thuª riªng. Khi 

kªnh thuª riªng cã cung cÊp ®Þnh thêi m¹ng th× viÖc ®o kiÓm ph¶i thùc hiÖn víi 

®iÒu kiÖn thiÕt bÞ ®o ®ång bé víi ®Þnh thêi ®îc cung cÊp t¹i ®Çu ra cña kªnh thuª 

riªng. Khi kªnh thuª riªng cã kh¶ n¨ng t¶i ®Þnh thêi ngêi sö dông th× viÖc ®o kiÓm 

ph¶i ®îc thùc hiÖn t¹i tèc ®é giíi h¹n trong kho¶ng 2048 kbit/s + 50 ppm vµ  

2048 kbit/s - 50ppm. 

Gi¸m s¸t: TrÔ vßng gi÷a ph¸t vµ thu chuçi bit, tõ bit 9 ®Õn bit 256. 

KÕt qu¶: TrÔ vßng sau khi ®· trõ trÔ t¹i thiÕt bÞ ®o ®Êu vßng ph¶i nhá h¬n hai 

lÇn ®é trÔ quy ®Þnh trong môc 3.7. 

Chó ý: Trªn thùc tÕ kh«ng thùc hiÖn phÐp ®o trÔ truyÒn dÉn theo tõng híng riªng biÖt. 

A.2.3. Rung pha 

Môc ®Ých: §Ó ®¸nh gi¸ sù phï hîp c¸c yªu cÇu vÒ dung sai cña rung pha ®Çu 

vµo m¹ng nh ®· quy ®Þnh trong môc 3.8.1 vµ rung pha cùc ®¹i cho phÐp t¹i cæng 

ra m¹ng nh ®· quy ®Þnh trong môc 3.8.2. 

Chó ý: Th«ng tin thªm vÒ ®o rung pha cã thÓ tham kh¶o phô ch¬ng cña ITU-T, sè 3.8, tËp 

IV.4 (1988). 

CÊu h×nh ®o: ThiÕt bÞ ®o ph¶i ®îc ®Êu nèi t¹i hai ®Çu cña kªnh thuª riªng 

(h×nh A.3). Mçi híng ph¶i ®îc ®o kiÓm ®éc lËp. 
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TX

RX

ThiÕt bÞ ®o

RX

TX

ThiÕt bÞ ®oKªnh thuª riªng

RX TX

TX RX

§o kiÓmTÝn hiÖu vµo

 

H×nh A.3 §o rung pha 

Tr¹ng th¸i kªnh thuª riªng: Kh¶ dông. 

KÝch thÝch: ThiÕt bÞ ®o sÏ t¹o ra luång bit HDB3 phï hîp víi d¹ng sãng ®îc 

®Þnh nghÜa trong EN 300 418 vµ luång bit nµy sÏ ®îc ®a vµo ®Çu vµo cña ®êng 

truyÒn. Khi kªnh thuª riªng cã cung cÊp ®Þnh thêi m¹ng th× viÖc ®o kiÓm ph¶i thùc 

hiÖn víi ®iÒu kiÖn thiÕt bÞ ®o ®ång bé víi ®Þnh thêi cung cÊp t¹i ®Çu ra cña kªnh 

thuª riªng. Khi kªnh thuª riªng cã kh¶ n¨ng t¶i ®Þnh thêi ngêi sö dông th× viÖc ®o 

kiÓm ph¶i ®îc thùc hiÖn t¹i tèc ®é giíi h¹n trong kho¶ng 2048 kbit/s + 50 ppm vµ 

2048 kbit/s - 50ppm. 

Rung pha ®îc ®a vµo luång bit ®Çu vµo, t¹i ®ã rung pha ®îc t¹o ra b»ng 

mét bé ®iÒu chÕ rung pha ®iÒu khiÓn b»ng ®iÖn ¸p (xem h×nh A.4), ®îc ®iÒu chÕ 

bëi mét tÝn hiÖu chøa hai tÝn hiÖu díi ®©y céng víi nhau: 

PRBS (29 - 1)
100 bit/s

HÖ sè
khuÕch ®¹i

A

Bé läc th«ng
thÊp 4 Hz

PRBS (215 - 1)
200 kbit/s

HÖ sè
khuÕch ®¹i

B

Bé läc th«ng d¶i
40Hz - 100 kHz

Nguån ®iÒu chÕ

Bé ®iÒu
chÕ rung

pha

PRBS (215 - 1)
2048 kbit/s

  50ppm+-

Bé läc
th«ng d¶i (FA)
4 Hz - 100 kHz

Bé läc
th«ng d¶i (FB)

40 Hz - 100 kHz

1,1 UI

0,11 UI

§o rung pha ®Ó thiÕt
lËp rung pha lèi vµo

§Õn ®Çu vµo
kªnh thuª riªng

 
Chó ý: C¸c hÖ sè khuÕch ®¹i cña bé läc dïng ®Ó x¸c ®Þnh c¸c møc rung pha ®îc thiÕt lËp mét c¸ch riªng rÏ. 

Bé läc FA dïng ®Ó thiÕt lËp gi¸ trÞ cña A khi tÝn hiÖu B ®îc ng¾t ra. Bé läc FB dïng ®Ó thiÕt lËp gi¸ trÞ cña B khi tÝn 

hiÖu A ®îc ng¾t ra. 

H×nh A.4. S¬ ®å t¹o rung pha lèi vµo 
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a. TÝn hiÖu xung vu«ng ®îc t¹o ra bëi mét luång bit PRBS (29 – 1) ph¸t ra víi 
tÇn sè 100 Hz. TÝn hiÖu xung vu«ng nµy sÏ ®i qua bé läc th«ng thÊp tuyÕn tÝnh bËc 
1 cã tÇn sè c¾t lµ 4 Hz. Biªn ®é ®iÖn ¸p cña xung vu«ng lµ h»ng sè víi trÞ sè ®¶m 
b¶o kÕt qu¶ rung pha ®o ®îc lµ 1,1 UI trong d¶i tÇn tõ 4 Hz ®Õn 100 kHz. 

b. TÝn hiÖu xung vu«ng ®îc t¹o bëi luång bit PRBS (215 – 1) ph¸t ra víi tÇn 
sè 200 kHz. TÝn hiÖu xung vu«ng ®i qua bé läc th«ng d¶i tuyÕn tÝnh bËc 1 víi tÇn 
sè c¾t lµ 40 Hz vµ 100 kHz. Biªn ®é ®iÖn ¸p cña xung vu«ng lµ h»ng sè víi trÞ sè 
®¶m b¶o kÕt qu¶ rung pha ®o ®îc lµ 0,11 UI trong d¶i tÇn tõ 40 Hz ®Õn 100 kHz. 

Gi¸m s¸t:  

- Rung pha lÊy tõ tÝn hiÖu t¹i cæng ra cña m¹ng, sö dông thiÕt bÞ ®o phï 
hîp víi khuyÕn nghÞ ITU-T O.171; vµ 

- Luång bit lÊy tõ tÝn hiÖu t¹i cæng ra cña m¹ng. 

KÕt qu¶:  

- Rung pha ®Ønh - ®Ønh t¹i cæng ra cña ®êng truyÒn ph¶i phï hîp víi yªu 
cÇu trong b¶ng 2;  

- Ýt nhÊt mét trong 10 chu kú, mçi chu kú lµ 10 gi©y, kh«ng x¶y ra sù thay 
®æi néi dung nhÞ ph©n. 

A.2.4. Lçi vµ trît 

Môc ®Ých: §Ó ®¸nh gi¸ sù phï hîp c¸c yªu cÇu vÒ lçi nh ®· quy ®Þnh trong 
môc 3.10 vµ trît nh quy ®Þnh trong môc 3.9. 

CÊu h×nh ®o: ThiÕt bÞ ®o ph¶i ®îc ®Êu nèi t¹i c¶ hai ®Çu cña kªnh thuª riªng 
(h×nh A.5). Mçi híng ph¶i ®îc ®o kiÓm ®éc lËp. 

TX

RX

ThiÕt bÞ ®o

RX

TX

ThiÕt bÞ ®oKªnh thuª riªng

RX TX

TX RX

§o kiÓmTÝn hiÖu vµo

 

H×nh A.5 §o lçi vµ trît 

Tr¹ng th¸i kªnh thuª riªng: Kh¶ dông. 

KÝch thÝch: Mét luång bit m· HDB3 phï hîp víi d¹ng sãng ®îc ®Þnh nghÜa 
trong EN 300 418, cã cÊu tróc theo nh phô lôc B, chøa mét chuçi bit PRBS  
(215 – 1) trong c¸c bit tõ bit 9 ®Õn bit 256 cña khung, sÏ ®îc ®a vµo ®Çu vµo cña 
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kªnh thuª riªng vµ ®îc truyÒn ®i trong 02 kho¶ng thêi gian liªn tiÕp, mçi kho¶ng 
thêi gian lµ 24 giê, víi rung pha ®îc ®iÒu chÕ vµ ®îc läc ra nh m« t¶ trong 
b¶ng 1. 

Khi kªnh thuª riªng cã cung cÊp ®Þnh thêi m¹ng, viÖc ®o kiÓm ph¶i thùc hiÖn 
víi ®iÒu kiÖn thiÕt bÞ ®o ®ång bé víi ®Þnh thêi cung cÊp t¹i ®Çu ra cña kªnh thuª 
riªng. Khi kªnh thuª riªng cã kh¶ n¨ng t¶i ®Þnh thêi ngêi sö dông th× viÖc ®o kiÓm 
ph¶i ®îc thùc hiÖn trong kho¶ng 12 giê liªn tôc t¹i tèc ®é giíi h¹n trong kho¶ng 
2048 kbit/s + 50 ppm vµ 2048 kbit/s – 50ppm. 

Gi¸m s¸t:  

- Sè gi©y bÞ lçi ES; 

- Sè gi©y lçi nghiªm träng SES; 

- Sè BBE; 

- Sè khung trît. 

ViÖc ®o kiÓm lçi kh«ng ®îc thùc hiÖn khi kªnh thuª riªng ®ang trong tr¹ng 
th¸i kh«ng kh¶ dông. NÕu trong thêi gian ®o kiÓm xuÊt hiÖn kho¶ng thêi gian kh«ng 
kh¶ dông kÐo dµi h¬n 01 giê th× thêi gian ®o kiÓm còng ph¶i kÐo dµi t¬ng øng. 

KÕt qu¶: Khi gi¸m s¸t ®êng truyÒn ®ang ho¹t ®éng hoÆc gi¸m s¸t ®êng 
truyÒn ®· ®îc ng¾t ra ®Ó thùc hiÖn ®o kiÓm th× sè lçi SES vµ BBE ph¶i nhá h¬n 
møc trong môc 3.10 vµ sè lçi trît ph¶i nhá h¬n hoÆc b»ng gi¸ trÞ giíi h¹n trong  
môc 3.9. 

Chó ý: NÕu trong lÇn ®o 24 giê liªn tôc ®Çu tiªn mµ c¸c yªu cÇu ®Òu ®îc tháa m·n th× 
kh«ng cÇn ph¶i tiÕp tôc ®o 24 giê lÇn thø 2. 

A.2.5. CÊu tróc 

A.2.5.1 CÊu tróc lèi ra vµ viÖc t¹o m· CRC-4 

Môc ®Ých: §Ó x¸c ®Þnh xem cÊu tróc khung vµ viÖc t¹o m· CRC-4 t¹i ®Çu ra 
cña kªnh thuª riªng cã ®¸p øng ®îc yªu cÇu trong phÇn 3.3 vµ 3.3.1. 

CÊu h×nh ®o: h×nh A.6 

TX

RX

ThiÕt bÞ ®o

RX

TX

ThiÕt bÞ ®oKªnh thuª riªng

RX TX

TX RX

§o kiÓmTÝn hiÖu vµo

§Çu xa §Çu gÇn

TÝn hiÖu vµo  

H×nh A.6 §o cÊu tróc khung 
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Tr¹ng th¸i kªnh thuª riªng: Kh¶ dông. 

KÝch thÝch: Luång bit m· HDB3 phï hîp víi d¹ng sãng ®îc ®Þnh nghÜa 
trong EN 300 418 vµ cã cÊu tróc theo nh phô lôc B, chøa mét chuçi bit PRBS  
(215 - 1) trong c¸c bit tõ bit 9 ®Õn bit 256 cña khung ®îc ®a vµo ®Çu vµo cña kªnh 
thuª riªng. Khi kªnh thuª riªng cã cung cÊp ®Þnh thêi m¹ng th× viÖc ®o kiÓm ph¶i 
thùc hiÖn víi ®iÒu kiÖn thiÕt bÞ ®o ®ång bé víi ®Þnh thêi cung cÊp t¹i ®Çu ra cña 
kªnh thuª riªng. Khi kªnh thuª riªng cã kh¶ n¨ng t¶i ®Þnh thêi cña ngêi sö dông 
th× viÖc ®o kiÓm ph¶i ®îc thùc hiÖn t¹i tèc ®é giíi h¹n trong kho¶ng 2048 kbit/s + 
50 ppm vµ 2048 kbit/s – 50 ppm. 

Gi¸m s¸t: M· CRC-4 trong luång bit t¹i ®Çu ra cña kªnh thuª riªng. 

KÕt qu¶: Víi kho¶ng thêi gian Ýt nhÊt lµ 100 lÇn lÆp l¹i cña m· PRBS (215 - 1) 
(kho¶ng 1,6 gi©y), m· CRC-4 ph¶i ®óng víi d÷ liÖu trong SMF tríc ®ã, nh yªu 
cÇu trong môc B.2.1 

A.2.5.2 Sö dông c¸c bit E 

Môc ®Ých: §Ó x¸c ®Þnh xem c¸c bit E cã ®îc thiÕt lËp ®óng hay kh«ng ®Ó 
chØ thÞ c¸c SMF bÞ lçi trong luång bit nhËn ®îc tõ thiÕt bÞ ®Çu cuèi t¹i NTP, nh 
yªu cÇu trong môc 3.3.2. 

CÊu h×nh ®o: Nh h×nh A.6 

Tr¹ng th¸i kªnh thuª riªng: Kh¶ dông. 

KÝch thÝch: Luång bit m· HDB3 phï hîp víi d¹ng sãng ®îc ®Þnh nghÜa trong 
EN 300 418 vµ cã cÊu tróc theo nh phô lôc B, chøa mét chuçi bit PRBS (215 - 1) 
trong c¸c bit tõ bit 9 ®Õn bit 256 cña khung, sÏ ®îc ®a vµo ®Çu vµo cña kªnh thuª 
riªng. Luång bit ë ®Çu vµo t¹i ®iÓm ®o kiÓm (®Çu gÇn) ph¶i cã c¸c bit CRC-4 thay 
®æi lu©n phiªn nh trong b¶ng A.1. Khi kªnh thuª riªng cã cung cÊp ®Þnh thêi m¹ng 
th× viÖc ®o kiÓm ph¶i thùc hiÖn víi ®iÒu kiÖn thiÕt bÞ ®o ®ång bé víi ®Þnh thêi cña 
cung cÊp t¹i ®Çu ra cña kªnh thuª riªng. Khi kªnh thuª riªng cã kh¶ n¨ng t¶i ®Þnh 
thêi cña ngêi sö dông th× viÖc ®o kiÓm ph¶i ®îc thùc hiÖn t¹i tèc ®é giíi h¹n trong 
kho¶ng 2048 kbit/s + 50 ppm vµ 2048 kbit/s – 50 ppm víi c¶ hai híng truyÒn dÉn 
cã cïng tèc ®é (nghÜa lµ dïng mét thiÕt bÞ ®o sö dông vßng lÆp xung nhÞp). 

B¶ng A.1 C¸c SMF bÞ lçi 
KÝch thÝch tõ thiÕt bÞ ®o KÕt qu¶ 

Mét SMF cã 1 CRC-4 sai n»m trong 1 luång SMF cã 
c¸c CRC-4 ®óng. 

Mét bit E cã E = 0 ®îc göi ®i trong vßng 1 gi©y cña 
SMF lçi, c¸c bit E kh¸c cã E = 1 

Hai SMF liªn tôc cã c¸c CRC-4 sai n»m trong luång 
SMF cã c¸c CRC-4 ®óng. 

Hai bit E liªn tôc cã E = 0, ®îc göi ®i trong vßng 1 gi©y 
cña SMF lçi, c¸c bit E kh¸c cã E = 1 

Chó ý: cã thÓ cã hai bit E liªn tôc trong c¸c ®a khung liªn tiÕp. 
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Gi¸m s¸t: C¸c E-bit trong luång bit t¹i ®Çu ra cña kªnh thuª riªng. 

KÕt qu¶: E-bit ph¶i nh trong b¶ng A.1. 

A.2.5.3 §ång bé khung vµ kh¶ n¨ng truyÒn d÷ liÖu 

Môc ®Ých: §Ó ®¸nh gi¸ kh¶ n¨ng truyÒn d÷ liÖu cã ®îc duy tr× hay phôc håi 

hay kh«ng theo c¸c lçi trong tÝn hiÖu ®ång bé khung cña luång bit nhËn ®îc tõ 
thiÕt bÞ ®Çu cuèi t¹i NTP, nh m« t¶ trong phÇn 3.3.3. 

CÊu h×nh ®o: Nh h×nh A.5. 

Tr¹ng th¸i kªnh thuª riªng: Kh¶ dông. 

KÝch thÝch: Luång bit m· HDB3 phï hîp víi d¹ng sãng ®îc ®Þnh nghÜa 

trong EN 300 418, cã cÊu tróc theo nh phô lôc B, chøa mét mÉu d÷ liÖu cè ®Þnh 
trong c¸c bit tõ bit 9 ®Õn bit 256 cña khung, sÏ ®îc ®a vµo ®Çu vµo cña kªnh thuª 
riªng; mÉu d÷ liÖu cè ®Þnh nµy kh«ng ®îc chøa d÷ liÖu gièng nh tÝn hiÖu ®ång bé 
khung. Khi kªnh thuª riªng cã cung cÊp ®Þnh thêi cña m¹ng th× viÖc ®o kiÓm ph¶i 
thùc hiÖn víi ®iÒu kiÖn thiÕt bÞ ®o ®ång bé víi ®Þnh thêi cung cÊp t¹i ®Çu ra cña 
kªnh thuª riªng. Khi kªnh thuª riªng cã kh¶ n¨ng t¶i ®Þnh thêi cña ngêi sö dông 
th× viÖc ®o kiÓm ph¶i ®îc thùc hiÖn t¹i tèc ®é giíi h¹n trong kho¶ng 2048 kbit/s + 
50 ppm vµ 2048 kbit/s - 50ppm. 

B¶ng A.2. Kh¶ n¨ng truyÒn dÉn 

 KÝch thÝch tõ thiÕt bÞ ®o (xem chó ý 1, 2 vµ 3) KÕt qu¶ 

1. Chuçi khung liªn tiÕp chøa 1 tÝn hiÖu ®ång bé khung kh«ng ®óng. 

(…2 F 2 F 2 /F 2 F 2 F …) 

Kh«ng gi¸n ®o¹n truyÒn dÉn 

2. Chuçi c¸c khung liªn tiÕp chøa 2 tÝn hiÖu ®ång bé khung kh«ng 
®óng. 

(…2 F 2 F 2 /F 2 /F 2 F 2 F …) 

Kh«ng gi¸n ®o¹n truyÒn dÉn 

3. Chuçi khung liªn tiÕp chøa 3 tÝn hiÖu ®ång bé khung kh«ng ®óng. 

(…2 F 2 F 2 /F  2/ F 2 /F 2 F 2 F …) 

BÊt kú gi¸n ®o¹n truyÒn dÉn nµo ®Òu 
ph¶i nhá h¬n 20,5 ms 

4. C¸c khung liªn tôc víi 3 tÝn hiÖu ®ång bé khung kh«ng ®óng liªn 
tiÕp, sau ®ã ®Õn N chuçi khung cã tÝn hiÖu ®ång bé khung ®óng 
vµ kh«ng ®óng (4N khung) xen kÏ nhau, sau ®ã ®Õn 1 khung 
®óng, sau ®ã ®Õn M chuçi khung cã tÝn hiÖu ®ång bé khung ®óng 
nhng c¸c khung kh«ng chøa tÝn hiÖu ®ång bé khung cã bit thø 2 
= “0” (2M khung), tiÕp theo lµ c¸c khung ®óng liªn tôc. 

(…2 F 2 F 2 /F  2/ F 2 /F N x (2 F 2 /F) 2 F M x (2 F) 2 F 2 F …) 

BÊt kú gi¸n ®o¹n truyÒn dÉn nµo 
còng ph¶i nhá h¬n  

20,75 + 0,5 x (N + M/2) ms 

 

Gi¸ trÞ M vµ N nªn n»m trong kho¶ng 
40 vµ 100. 

5. Chuçi khung liªn tôc víi 2 khung liªn tiÕp kh«ng chøa tÝn hiÖu 
®ång bé khung cã bit 2 = “0” 

(…2 F 2 F / 2 F /2 F 2 F 2 F …) 

Kh«ng gi¸n ®o¹n truyÒn dÉn 
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 KÝch thÝch tõ thiÕt bÞ ®o (xem chó ý 1, 2 vµ 3) KÕt qu¶ 

6. C¸c khung liªn tôc cã 3 khung liªn tiÕp kh«ng chøa tÝn hiÖu ®ång 
bé khung cã bit 2 = “0” 

(…2 F 2 F / 2 F /2 F/ 2 F 2 F 2 F …) 

Cã thÓ x¶y ra gi¸n ®o¹n truyÒn dÉn 
nhng thêi gian gi¸n ®o¹n truyÒn dÉn 
ph¶i nhá h¬n  20,5 ms 

7. C¸c khung liªn tôc víi 914 SMF bÞ lçi liªn tiÕp, tiÕp theo lµ 86 
SMF liªn tôc kh«ng lçi, tiÕp theo lµ 914 SMF lçi liªn tiÕp, råi ®Õn 
c¸c SMF liªn tiÕp kh«ng lçi. 

(…SMF SMF 914x/SMF 86x SMF 914x/SMF SMF) 

Kh«ng gi¸n ®o¹n truyÒn dÉn 

8. C¸c khung liªn tôc víi 915 SMF bÞ lçi liªn tiÕp, tiÕp theo lµ 85 
SMF liªn tôc kh«ng lçi, tiÕp theo lµ 915 SMF lçi liªn tiÕp, tiÕp ®Õn 
lµ  c¸c SMF liªn tôc kh«ng lçi. 

(…SMF SMF 915x/SMF 85x SMF 915x/SMF SMF) 

BÊt kú gi¸n ®o¹n truyÒn dÉn nµo ®Òu 
ph¶i nhá h¬n 1020,5 gi©y 

Chó ý 1: Tríc mçi phÐp ®o cho trong b¶ng trªn ph¶i thùc hiÖn ®ång bé khung vµ ®a khung b»ng c¸ch truyÒn ®ñ 
sè khung ®Õn bªn nhËn. 

Chó ý 2: F lµ mét khung cã tÝn hiÖu ®ång bé khung ®óng; 

/F lµ khung cã tÝn hiÖu ®ång bé khung sai; 

2 lµ khung kh«ng chøa tÝn hiÖu ®ång bé khung cã bit 2 ®îc thiÕt lËp lµ “1”; 

/2 lµ khung kh«ng chøa tÝn hiÖu ®ång bé khung cã bit 2 ®îc thiÕt lËp lµ “0”; 

SMF lµ nöa ®a khung cã ®ång bé khung ®óng vµ c¸c bit CRC-4 ®óng; 

/ SMF lµ nöa ®a khung cã ®ång bé khung ®óng vµ c¸c bit CRC-4 sai; 

Chó ý 3: C¸c kÕt qu¶ ®îc x¸c ®Þnh trªn c¬ së kh«ng cã lçi ph¸t sinh trong ®êng truyÒn trong toµn bé thêi gian ®o. 

Gi¸m s¸t: Gi¸n ®o¹n truyÒn dÉn t¹i ®Çu xa cña kªnh thuª riªng. 

KÕt qu¶: C¸c gi¸n ®o¹n truyÒn dÉn t¹i ®Çu xa ph¶i ®¶m b¶o yªu cÇu trong 

b¶ng A.2. 

A.2.5.4. §ång bé ®a khung 

Môc ®Ých: §Ó x¸c ®Þnh yªu cÇu vÒ ®ång bé ®a khung cã ®¶m b¶o nh trong 

phÇn 3.3.4. 

CÊu h×nh ®o: nh h×nh A.6 

Tr¹ng th¸i kªnh thuª riªng: Kh¶ dông. 

KÝch thÝch: Luång bit m· HDB3 phï hîp víi d¹ng sãng ®îc ®Þnh nghÜa 

trong EN 300 418, cã cÊu tróc theo nh phô lôc B, chøa mét mÉu d÷ liÖu cè ®Þnh 
trong c¸c bit tõ bit 9 ®Õn bit 256 cña khung, sÏ ®îc ®a vµo ®Çu vµo cña kªnh thuª 
riªng; mÉu d÷ liÖu cè ®Þnh nµy kh«ng ®îc chøa d÷ liÖu gièng nh tÝn hiÖu ®ång bé 
khung. Khi kªnh thuª riªng cã cung cÊp ®Þnh thêi cña m¹ng th× viÖc ®o kiÓm ph¶i 
thùc hiÖn víi ®iÒu kiÖn thiÕt bÞ ®o ®ång bé víi ®Þnh thêi cung cÊp t¹i ®Çu ra cña 
kªnh thuª riªng. Khi kªnh thuª riªng cã kh¶ n¨ng t¶i ®Þnh thêi cña ngêi sö dông 
th× viÖc ®o kiÓm ph¶i ®îc thùc hiÖn t¹i tèc ®é giíi h¹n trong kho¶ng 2048 kbit/s + 

50 ppm vµ 2048 kbit/s - 50ppm. 
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B¶ng A.3: §ång bé ®a khung 

 KÝch thÝch tõ thiÕt bÞ ®o (xem chó ý 1 vµ 2) KÕt qu¶ 

1 10∗MF                        C¸c ®a khung ®óng ®Ó  

                                    thiÕt lËp ®iÒu kiÖn ®Çu. 

/F 2 /F 2 /F 2 /F 2        T¸c ®éng lµm mÊt ®ång  

/F 2 /F 2                       bé khung vµ ®a khung. 

F 2 F 2                         LÊy l¹i ®ång bé khung. 

/MF /MF /MF /MF         Hai tÝn hiÖu ®a khung 

                                     trong 8 ms. 

 

 

 

 

 

 

§ång bé ®a khung 

Chó ý 1: tríc mçi phÐp ®o cho trong b¶ng trªn ph¶i thùc hiÖn truyÒn ®Ó bªn nhËn nhËn ®îc ®ñ sè khung ®óng 
®Ó ®¶m b¶o ®ång bé khung vµ ®a khung. 

Chó ý 2: F lµ mét khung cã tÝn hiÖu ®ång bé khung ®óng; 

/F lµ khung cã tÝn hiÖu ®ång bé khung sai; 

2 lµ khung kh«ng chøa tÝn hiÖu ®ång bé khung cã bit 2 ®îc thiÕt lËp lµ “1”; 

/ SMF lµ nöa ®a khung cã ®ång bé khung ®óng vµ c¸c bit CRC-4 sai; 

MF lµ mét ®a khung cã tÝn hiÖu ®ång bé khung ®óng, bit 2 = “1”, tÝn hiÖu ®ång bé ®a khung ®óng vµ c¸c 
bit CRC-4 ®óng; 

/MF lµ mét ®a khung cã tÝn hiÖu ®ång bé khung ®óng, bit 2 = “1”, tÝn hiÖu ®ång bé ®a khung sai vµ c¸c bit 
CRC-4 ®óng. 

Gi¸m s¸t: Gi¸m s¸t ®ång bé ®a khung t¹i giao diÖn cña m¹ng, nhµ cung cÊp 
dÞch vô ph¶i c«ng bè c¸ch thùc hiÖn viÖc nµy nh thÕ nµo. C¸c kªnh thuª riªng ®ã 
sö dông bit A ®îc phÐp göi chØ thÞ c¶nh b¸o tõ xa (RAI) khi kh«ng nhËn ®îc 
®ång bé ®a khung. 

KÕt qu¶: Ph¶i ®¹t ®îc ®ång bé ®a khung sau khi thùc hiÖn viÖc ®o kiÓm theo 
tr×nh tù trong b¶ng A.3. 
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Phô Lôc B 

(Quy ®Þnh) 

ĐỊNH NGHĨA CẤU TRÚC KHUNG 
 

B.1. CÊu tróc khung 

Luång bit sÏ ®îc cÊu tróc thµnh mét khung dµi 256 bit, ®îc ®¸nh sè tõ 1 
®Õn 256. Tèc ®é lÆp l¹i khung danh ®Þnh lµ 8000 Hz. VÞ trÝ cña c¸c bit tõ 1 ®Õn 8 
cña khung nh ®îc tr×nh bµy trong b¶ng B.1. 

B¶ng B.1: Ph©n bæ cña c¸c bit tõ 1 ®Õn 8 

Sè thø tù bit 
Khung cã chøa tÝn 
hiÖu liªn kÕt khung 

Khung kh«ng chøa tÝn hiÖu 
liªn kÕt khung 

1 CRC-4 (xem môc B.2) CRC-4 (xem môc B.2) 

2 0 1 

3 0 A (xem chó thÝch 1) 

4 1 Sa4 (xem chó thÝch 2) 

5 1 Sa5 (xem chó thÝch 2) 

6 0 Sa6 (xem chó thÝch 2) 

7 1 Sa7 (xem chó thÝch 2) 

8 1 Sa8 (xem chó thÝch 2) 

Chó thÝch: 

1. Bit A: RAI  

2. C¸c bit tõ Sa4 ®Õn Sa8 ®îc sö dông cho ngêi ®iÒu khiÓn kªnh thuª riªng. 
Gi¸ trÞ cña chóng t¹i cæng ra cña  kªnh thuª riªng lµ kh«ng x¸c ®Þnh. 

B.2. CRC-4 

VÞ trÝ c¸c bit CRC-4 nh ®îc ®a ra trong b¶ng B.2 ®èi víi mét ®a khung 
CRC-4 hoµn chØnh. Mçi ®a khung CRC-4, ®îc t¹o thµnh tõ 16 khung ®¸nh sè tõ 0 
®Õn 15, ®îc chia thµnh hai nöa ®a khung SMF, mçi nöa 8 khung, ®îc ®¸nh sè 
thµnh SMF I vµ SMF II, ®iÒu nµy sÏ cã ý nghÜa trong cÊu tróc ®a khung CRC-4. 
SMF lµ mét khèi (gåm 2048 bit) cho CRC-4. 

Trong c¸c khung cã chøa tÝn hiÖu ®ång bé khung, bit 1 sÏ ®îc dïng ®Ó 
truyÒn ®i c¸c bit CRC-4. C¸c bit nµy sÏ lµ 4 bit ®îc ®¸nh sè C1, C2, C3 vµ C4 
trong mçi nöa ®a khung. Trong c¸c khung kh«ng chøa tÝn hiÖu ®ång bé khung,  
bit 1 sÏ ®îc dïng ®Ó truyÒn ®i 6 bit tÝn hiÖu ®ång bé ®a khung CRC-4 vµ 2 bit chØ 
thÞ lçi CRC-4(bit E). TÝn hiÖu ®ång bé ®a khung CRC-4 sÏ cã d¹ng 001011. 
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B¶ng B.2: VÞ trÝ c¸c bit CRC-4 cña mét ®a khung 
 SMF Khung Bit 1 

SMF I 

0 
1 
2 
3 
4 
5 
6 
7 

C1 
0 

C2 
0 

C3 
1 

C4 
0 

Mét ®a khung 

SMF II 

8 
9 

10 
11 
12 
13 
14 
15 

C1 
1 

C2 
1 

C3 
E 

C4 
E 

B.2.1. T¹o CRC-4 

Mét tõ CRC-4 nhÊt ®Þnh, ®Æt trong SMF thø N lµ sè d cho phÐp nh©n víi x4 
cña ®a thøc ®¹i diÖn cho SMF thø (N-1) chia cho ®a thøc x4 + x + 1 theo modulo 2. 
Khi thÓ hiÖn néi dung cña khèi gi¸ trÞ kiÓm tra nh lµ mét ®a thøc, bit ®Çu tiªn cña 
nã sÏ lµ bit quan träng nhÊt, vÝ dô khung 0 bit 1 vµ khung 8 bit 1. T¬ng tù, C1 sÏ 
lµ bit quan träng nhÊt cña sè d vµ C4 lµ bit kÐm quan träng nhÊt cña sè d. 

Qu¸ tr×nh m· hãa CRC-4 ®îc m« t¶ díi ®©y: 

a. C¸c bit CRC-4 ®îc thay thÕ b»ng gi¸ trÞ 0; 

b. SMF ®îc x¸c ®Þnh theo tiÕn tr×nh nh©n/chia ®îc ®Þnh nghÜa ë trªn; 

c. KÕt qu¶ sè d cña tiÕn tr×nh nh©n/chia trªn ®îc lu tr÷, s½n sµng ®a vµo 
c¸c vÞ trÝ cña SMF tiÕp theo. 

Chó ý: C¸c bit CRC-4 võa ®îc t¹o ra sÏ kh«ng g©y ¶nh hëng ®Õn c¸c SMF tiÕp theo v× 
theo môc a) ë trªn th× c¸c vÞ trÝ cña c¸c bit CRC-4 cña SMF ban ®Çu ®îc ®Æt = 0 trong qu¸ tr×nh 
nh©n chia. 

B.2.2. Gi¸m s¸t CRC-4 

Qu¸ tr×nh gi¸m s¸t CRC-4 ®Ó ph¸t hiÖn lçi cña SMF ®îc m« t¶ nh sau: 

a. SMF võa nhËn sÏ ®îc nh©n vµ chia theo môc B.2.1 sau khi lÊy ra c¸c bit 
CRC-4 vµ ®a vÒ gi¸ trÞ 0. 

b. KÕt qu¶ sè d tõ qu¸ tr×nh nh©n/chia sÏ ®îc lu gi÷ vµ sau ®ã so s¸nh víi 
c¸c bit CRC-4  cña SMF tiÕp theo. 

c. NÕu gi¸ trÞ sè d sau khi tÝnh to¸n kh«ng t¬ng øng víi c¸c bit CRC-4 nhËn 
®îc trong SMF kÕ tiÕp th× SMF ®ã ®îc gäi lµ SMF lçi. 
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Phô Lôc C 

(Tham kh¶o) 

CÁC GIỚI HẠN CỦA LỖI 

C.1. Giíi thiÖu 

C¸c lçi sinh ra bëi mét sè nguyªn nh©n sau: 

- Do can thiÖp cña con ngêi; 

- NhiÔu nhiÖt; 

- C¸c ®iÖn ¸p c¶m øng trong thiÕt bÞ vµ c¸p do sÐt, chíp, sãng v« tuyÕn vµ c¸c 

hiÖu øng ®iÖn tõ trêng kh¸c; 

- MÊt ®ång bé sau khi bÞ trît kh«ng ®iÒu khiÓn ®îc; 

- C¸c ®iÓm tiÕp xóc vµ kÕt nèi. 

Nguyªn nh©n chÝnh g©y ra lçi lµ c¸c ®iÖn ¸p c¶m øng vµ c¸c lçi nµy thêng 

x¶y ra víi mËt ®é lín do c¸c hiÖn tîng ®Æc biÖt nµo ®ã xuÊt hiÖn. Sù ph¸t triÓn cña 

c«ng nghÖ kh«ng nh÷ng gióp con ngêi cã sù hiÓu biÕt s©u s¾c h¬n vÒ c¸c hiÖu øng 

®iÖn tõ trêng mµ cßn cã ph¬ng híng l©u dµi trong viÖc gi¶m c¸c tû lÖ vÒ lçi. 

C¸c nghiªn cøu cña ITU-T ®· chøng minh r»ng tû lÖ lçi ®èi víi ®êng truyÒn 

Ýt phô thuéc vµo kho¶ng c¸ch. 

C.2. C¸c tµi liÖu tham kh¶o 

KhuyÕn nghÞ G.826 cña ITU-T vÒ giíi h¹n lçi ®èi víi ®êng truyÒn chuÈn lý 

thuyÕt lµ 27500 km. §Ó cã thÓ ¸p dông c¸c sè liÖu nµy cho kªnh thuª riªng th× cÇn 

ph¶i ®Þnh nghÜa c¸c ®êng truyÒn chuÈn ®Ó ®¹i diÖn cho c¸c kªnh thuª riªng ®îc 

®Ò cËp tíi trong tiªu chuÈn nµy. §êng truyÒn chuÈn trªn mÆt ®Êt vµ ®êng truyÒn 

chuÈn qua vÖ tinh ®îc ®Þnh nghÜa trong môc C.2.1 vµ C.2.2 dùa trªn c¬ së khuyÕn 

nghÞ G.826 cña ITU-T. 

C.2.1 §êng truyÒn trªn mÆt ®Êt 

H×nh C.1 m« t¶ ®êng truyÒn chuÈn trªn mÆt ®Êt qua viÖc tÝnh to¸n giíi h¹n 

lçi nh ®· chØ ra trong tiªu chuÈn nµy. 
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Cæng
quèc tÕ

Cæng
quèc tÕ

Cæng
quèc tÕ

NTP NTP

Quèc gia 1, kho¶ng c¸ch
tèi ®a lµ 1000 km

Quèc gia trung gian,
kho¶ng c¸ch tèi ®a lµ

3500 km

Quèc gia 2, kho¶ng c¸ch
tèi ®a lµ 1000 km

PhÇn quèc gia PhÇn quèc tÕ PhÇn quèc gia  

H×nh C.1. §êng truyÒn chuÈn cho kªnh thuª riªng trªn mÆt ®Êt tèc ®é 2048 kbit/s. 

§êng truyÒn chuÈn trong h×nh C.1 gåm cã 2 níc t¹i 2 ®Çu cuèi vµ mét níc 
trung gian. T¹i níc cã ®iÓm ®Çu cuèi th× kho¶ng c¸ch tÝnh tõ ®iÓm NTP ®Õn cæng 
®i quèc tÕ tèi ®a lµ 1000 km. §èi víi níc trung gian th× kho¶ng c¸ch tèi ®a lµ 
3500 km nÕu chØ cã mét cæng quèc tÕ. Kho¶ng c¸ch trªn ®îc tÝnh b»ng 1,5 lÇn 
kho¶ng c¸ch theo ®êng th¼ng trõ trêng hîp nÕu lµ c¸p ngÇm díi biÓn th× 
kho¶ng c¸ch sÏ lµ kho¶ng c¸ch thùc tÕ. 

Chó ý: m« h×nh nµy cho phÐp kho¶ng c¸ch tæng céng lªn ®Õn 5500 km. MÆc dï ®êng 
truyÒn chuÈn nµy biÓu diÔn c¸c phÇn cña c¸c quèc gia riªng biÖt, nhng trong tiªu chuÈn nµy 
kh«ng t¸ch lçi riªng t¹i tõng quèc gia vµ c¸c lçi cã thÓ ®îc ph©n t¸ch theo c¸ch kh¸c. 

C.2.2. §êng truyÒn qua vÖ tinh 

Cæng
quèc tÕ

Tr¹m vÖ
tinh

Tr¹m
vÖ tinh

NTP NTP

Quèc gia 1, kho¶ng c¸ch
tèi ®a lµ 1000 km

TuyÕn vÖ tinh
Quèc gia 2, kho¶ng c¸ch

tèi ®a lµ 1000 km

PhÇn quèc gia

Cæng
quèc tÕ

PhÇn quèc giaPhÇn quèc gia  

H×nh C.2. §êng truyÒn chuÈn cho kªnh thuª riªng qua vÖ tinh tèc ®é 2048 kbit/s. 

§êng truyÒn chuÈn trong h×nh C.2 gåm cã ®êng truyÒn vÖ tinh kÕt nèi hai 
quèc gia cã ®iÓm ®Çu cuèi. §èi víi mçi níc cã ®iÓm ®Çu cuèi th× kho¶ng c¸ch lµ 
kho¶ng 1000 km. 

C.3. Tiªu chÝ víi lçi 

Trong b¶ng C.1 vµ C.2 thÓ hiÖn ph©n bè theo tû lÖ phÇn tr¨m vÒ lçi tæng céng 
trong khuyÕn nghÞ G.826 cña ITU-T ®èi víi c¸c phÇn kh¸c nhau cña kªnh thuª 
riªng dùa theo ®êng truyÒn chuÈn (®êng truyÒn mÆt ®Êt vµ ®êng truyÒn vÖ tinh) 
nh ®Þnh nghÜa trong môc C.2. C¸c b¶ng díi ®©y bao gåm ph©n bè cè ®Þnh vµ 
ph©n bè theo kho¶ng c¸ch víi 1% cho chiÒu dµi 500 km. 
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B¶ng C.1 Ph©n bè nguyªn nh©n lçi theo khuyÕn nghÞ G.826 - §êng truyÒn mÆt ®Êt 
PhÇn ®êng truyÒn (®êng truyÒn mÆt ®Êt) Ph©n bè lçi 

Quèc gia 1 (ph©n bè cè ®Þnh) 17,5% 

Quèc gia 1 (tèi ®a 1000 km) 2,0% 

§iÓm qu¸ giang quèc tÕ 1,0% 

Qu¸ giang quèc tÕ (ph©n bè cè ®Þnh) 2,0% 

Qu¸ giang quèc tÕ (tèi ®a 3500 km) 7,0% 

§iÓm qu¸ giang quèc tÕ 1,0% 

Quèc gia 2 (tèi ®a 1000 km) 2,0% 

Quèc gia 2 (ph©n bè cè ®Þnh) 17,5% 

Tæng céng 50,0% 

B¶ng C.2 Ph©n bè lçi theo khuyÕn nghÞ G.826 - §êng truyÒn vÖ tinh. 
PhÇn ®êng truyÒn (®êng truyÒn mÆt ®Êt) Ph©n bè lçi 

Quèc gia 1 (ph©n bè cè ®Þnh) 17,5% 

Quèc gia 1 (tèi ®a 1000 km) 2,0% 

§iÓm kÕt nèi quèc tÕ 2,0% 

§êng truyÒn vÖ tinh 35,0% 

§iÓm kÕt nèi quèc tÕ 2,0% 

Quèc gia 2 (tèi ®a 1000 km) 2,0% 

Quèc gia 2 (ph©n bè cè ®Þnh) 17,5% 

Tæng céng 78,0% 

Chó ý: NÕu cã thªm c¸c quèc gia qu¸ giang vµo ®êng truyÒn mÆt ®Êt th× sÏ ph¶i bæ sung 
thªm tû lÖ ph©n bè cè ®Þnh (2%), ®iÓm kÕt cuèi qu¸ giang (1%) vµ kho¶ng c¸ch ®êng truyÒn 
(1% cho 500 km). Th«ng tin thªm vÒ vÊn ®Ò nµy cã trong khuyÕn nghÞ G.826 cña ITU-T. 

KhuyÕn nghÞ G.826 cña ITU-T ®Þnh nghÜa vÒ c¸c lçi theo c¸c côm tõ gi©y bÞ 
lçi ES, gi©y bÞ lçi nghiªm träng SES vµ lçi khèi nÒn BBE cho ®êng truyÒn chuÈn 
lý thuyÕt cã chiÒu dµi 27500 km, c¸c tû lÖ nµy cho trong cét 2 cña b¶ng C.3. 

ViÖc ¸p dông c¸c tû lÖ trong b¶ng C.1 vµ C.2 vµo vÊn ®Ò lçi trong khuyÕn nghÞ 
G.826 cña ITU-T ®a ra c¸c tû lÖ vÒ lçi ®èi víi kªnh thuª riªng cÊu tróc sè  
2048 kbit/s nh trong cét 3 vµ 4 cña b¶ng C.3 t¬ng øng víi ®êng truyÒn mÆt ®Êt 
vµ ®êng truyÒn vÖ tinh. 

B¶ng C.3. Tû lÖ lçi dµi h¹n ¸p dông cho kªnh thuª riªng cÊu tróc sè 2048 kbit/s 
Tham sè G.826 §êng truyÒn mÆt ®Êt §êng truyÒn vÖ tinh 

Tû lÖ ES 

Tû lÖ SES 

Tû lÖ BBE 

4,00% 

0,20% 

0,03% 

2,000 % 

0,100% 

0,015% 

3,120% 

0,156% 

0,023% 

Chó ý: c¸c sè liÖu trong b¶ng nµy ®· ®îc lµm trßn, c¸c sè liÖu chÝnh x¸c ®îc sö 
dông ®Ó tÝnh to¸n c¸c giíi h¹n trong c¸c môc tiÕp theo. 
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C.4. Lçi dµi h¹n 

C¸c tû lÖ lçi trong môc C.3 ¸p dông cho ®êng truyÒn chuÈn cã thÓ sö dông ®Ó 
tÝnh to¸n c¸c yªu cÇu ®èi víi lçi dµi h¹n, biÓu diÔn b»ng mét sè tuyÖt ®èi trong 
kho¶ng thêi gian 24 giê; c¸c con sè nµy ®îc cho trong hµng 1 cña b¶ng C.4 vµ C.5 
t¬ng øng víi ®êng truyÒn mÆt ®Êt vµ ®êng truyÒn vÖ tinh. 

Tuy nhiªn c¸c yªu cÇu vÒ lçi ®· ®îc chØ ra lµ c¸c sè liÖu thèng kª dùa trªn 
viÖc ®o kiÓm dµi h¹n (h¬n mét th¸ng), kh«ng sö dông sè liÖu thèng kª trong vßng 
24 giê. Do ®ã, khuyÕn nghÞ M.2100 cña ITU-T ®a ra mét ph¬ng ph¸p ®o cã thÓ 
gi¶m thêi gian ®o xuèng lµ 24 giê víi c¸c gi¸ trÞ giíi h¹n S1 vµ S2. S1 lµ giíi h¹n 
mµ thÊp h¬n møc nµy ®êng truyÒn ho¹t ®éng tèt ®¸p øng yªu cÇu, S2 lµ giíi h¹n 
mµ trªn møc nµy ®êng truyÒn kh«ng cßn ®¸p øng ®îc yªu cÇu. C¸c gi¸ trÞ n»m 
trong kho¶ng S1 vµ S2 lµ kh«ng x¸c ®Þnh ®îc tr¹ng th¸i ho¹t ®éng cña ®êng 
truyÒn. Do ®ã ®Ó cã thÓ kÕt luËn lµ ®êng truyÒn ho¹t ®éng tèt ®¸p øng yªu cÇu dµi 
h¹n th× kÕt qu¶ ®o trong kho¶ng thêi gian 24 giê ph¶i tèt h¬n gi¸ trÞ giíi h¹n S1. 

S1 vµ S2 ®îc tÝnh nh sau: 

S1 = (yªu cÇu) cÇu) u(Yª2 ×−  

S2 = (yªu cÇu) cÇu) u(Yª2 ×+  

B¶ng C.4 C¸c gi¸ trÞ giíi h¹n ®èi víi ®é dµi khèi lµ 2048 bit - §êng truyÒn mÆt ®Êt 

Th«ng sè ES SES BBE 

Lçi dµi h¹n 1728 / 24h 86 / 24h 12960 / 24h 

Thêi gian ®o 24 giê 

Gi¸ trÞ giíi h¹n S1 

Gi¸ trÞ giíi h¹n S2 

 

1645 / 24h 

1811 / 24h 

 

68 / 24h 

105 / 24h 

 

12732 / 24h 

13188 / 24h 

 B¶ng C.5 C¸c gi¸ trÞ giíi h¹n ®èi víi ®é dµi khèi lµ 2048 bit - §êng truyÒn vÖ tinh 

Th«ng sè ES SES BBE 

Lçi dµi h¹n 2696 / 24h 135 / 24h 20218 / 24h 

Thêi gian ®o 24 giê 

Gi¸ trÞ giíi h¹n S1 

Gi¸ trÞ giíi h¹n S2 

 

2592 / 24h 

2800 / 24h 

 

112 / 24h 

158 / 24h 

 

19933 / 24h 

20502 / 24h 
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Tµi liÖu tham kh¶o 

 

1. Tµi liÖu cña ETSI: 

- ETSI EN 300 419 (2001- 02) Acceess and Terminals(AT); 2048 kbit/s 
digital structured leased lines (D2048S); Connection characteristics. 

- ETSI EN 300 418 Business Telecommunications (BTC); 2048 kbit/s 
digital unstructured and structured leased lines (2048U and D2048S); 
Network interface presentation. 

- ETSI EN 300 766 Business Telecommunications (BTC); Multiple  
64 kbit/s digital unrestricted leased lines with octet integrity presented at 
structured 2048 kbit/s interface at either or both ends (D64M); Connection 
characteristics and network interface presentation. 

2. Tµi liÖu cña ITU: 

- ITU-T G703 Physical/ electrical characteristics of hierachical digital 
interfaces. 

- ITU-T G704 Synchronous frame structures used at 1544, 6312, 2048, 
8488 and 44 736 kbit/s hierarchical levels. 

- ITU-T G 821 Error performance of an international digital connection 
operating at a bit rate below the primary rate and forming part of an 
integrated services digital network. 

- ITU-T G 823 The control of jitter and wander within digital networks 
which are based on the 2048 kbit/s hierarchy. 

- ITU-T G 826 Error performance parameters anr objectives for 
international constant bit rate digital paths at or above the primary rate. 

3. C¸c tµi liÖu kh¸c: 

- 2.048 Mbps Technology Basics and Testing Fundamentals. 

- MICE _ Esprit Project 7602 – Project was to pilot inter-working between 
researchers using multimedia conferencing (audio, video and shared 
workspace facilities) over the emerging European 2Mb research network 
infrastructure.



  TCN 68 - 226: 2004 

 31 

 
 

Foreword 

The technical standard TCN 68-226: 2004 “2048 kbit/s Digital Structured 
Leased Lines - Quality Standard” is based on the standard ETSI EN 300 419 V1.2.1 
(02-2001) of European Telecommunications Standards Institute. 

The technical standard TCN 68-226: 2004 is drafted by the Posts and Telematics 
Quality Control Directorate at the proposal of the Department of Science & Technology. 
The technical standard is adopted by the Decision No. 33/2004/Q§-BBCVT dated 
29/7/2004 of the Minister of Posts and Telematics. 

The technical standard TCN 68-226: 2004 is issued in a bilingual document 
(Vietnamese version and English version). In cases of interpretation disputes, Vietnamese 
version is applied.  
 

 DEPARTMENT OF SCIENCE & TECHNOLOGY 
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2048 kbit/s DIGITAL structured leased lines  

quality standard 
 

(Issued together with the Decision No.33/2004/QD-BBCVT dated 29/7/2004  
of the Minister of Posts and Telematics) 

1. Scope 

1.1 This technical standard includes quality indicators for 2048 kbit/s digital 
structured leased lines.  

1.2 This standard is a base for Government Authority to regulate quality of 
2048 kbit/s digital structured leased lines provided by providers which are defined 
in  subclause 2.2.2, under regulations of Posts and Telecommunications quality 
management. 

1.3 This standard is a base for providers to test the quality of 2048 kbit/s 
digital structured leased lines. 

1.4 This standard is a foundation for connection quality requirements of  
2048 kbit/s digital structured leased lines before bringing into service. 

2. Abbreviations, definitions and concepts 

2.1. Abbreviations  
BBE Background Block Error 

CRC-4 Cyclic Redundancy Check-4 bit 

D2048S 2048 kbit/s digital structured ONP leased line 

EMC Electro Magnetic Compatibility 

ES Errored Second                       

HDB3 High Density Bipolar code of order 3 

NTP Network Termination Point  

ONP Open Network Provision 

ppm Parts per million 

PRBS Pseudo Random Bit Sequence 

PRC Primary Reference Clock 

RAI Remote Alarm Indication 



  TCN 68 - 226: 2004 

 33 

RX Signal input 

SES   Severely Errored  Second  

SMF Sub-MultiFrame 

TX Signal output 

UI Unit Interval 

2.2. Definitions and concepts 
2.2.1 Leased lines: telecommunications facilities provided by a public 

telecommunications network that provide defined transmission characteristics 
between NTPs and that do not include switching functions that the user can control 
(e.g. on demand switching). 

2.2.2 Leased line provider: a network infrastructure provider (see clause 1.a,  

Article 38, Ordinance on Post and Telecommunications) that is permitted to leased 
lines. 

2.2.3 User: Vietnamese or foreign organization or private user who uses 2048 

kbit/s digital structured leased lines.  

2.2.4 Background Block Error (BBE): errored block not occurring as part of 

a Severely Errored Second (SES). 

2.2.5 Block: set of 2048 consecutive bits equivalent to one Sub-MultiFrame 

(SMF). Each block is monitored by means of a Cyclic Redundancy Check-4 bit 
(CRC-4) error check. The length of each block corresponds to a period of 1 ms. 

Note: This definition is relevant only to the present document and is more specific than the 
generic definition given in ITU-T Recommendation G.826. 

2.2.6 Errored block: block in which one or more bits are in error (see ITU-T 

Recommendation G.826). 

2.2.7 Errored Second (ES): one-second period with one or more errored 

blocks (see ITU-T Recommendation G.826). 

2.2.8 Severely Errored Second (SES): one-second period which contains = 

805 errored blocks or at least one AIS (see ITU-T Recommendation G.826). 

2.2.9 Severely disturbed period: for out-of-service measurements, a severely 

disturbed period occurs when, over a period of time equivalent to four contiguous 

blocks, either all the contiguous blocks are affected by a high bit error density of = 
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10-2, or a loss of signal is observed. For in-service monitoring purposes, a severely 

disturbed period is estimated by the occurrence of loss of signal or loss of frame 

alignment (see ITU-T Recommendation G.826). 

2.2.10 Controlled slip: irretrievable loss or gain of a set of consecutive digit 

positions in a digital signal, in which both the magnitude and instant of that loss or 
gain are controlled, to enable the signal to accord with a rate different from its own. 

2.2.11 Uncontrolled slip: loss or gain of a digit position or a set of 

consecutive digit positions in a digital signal, resulting from an aberration of the 
timing processes associated with transmission or switching of a digital signal, and 

in which either the magnitude or the instant of that loss or gain is not controlled. 

2.2.12 Frame: sequence of 256 bits of which the first 8 bits define the frame 

structure (see annex B). 

2.2.13 Frame slip: slip of one complete frame. 

2.2.14 Multiframe: sequence of two SMFs containing the multiframe 

alignment word (see annex B). 

2.2.15 Sub-MultiFrame (SMF): sequence of 8 frames, each of 256 bits, over  

which the CRC-4 is calculated (see annex B). 

2.2.16 Network Termination Point (NTP): all physical connections and 

their technical access specifications which form part of the public 

telecommunications network and are necessary for access to, and efficient 
communication through, that public network. 

2.2.17 Unavailability period: unavailability period begins at the onset of 10 

consecutive SES. These 10 s are considered to be part of the unavailability period. 
The unavailability period ends at the onset of 10 consecutive non-SES. These 10 s 

are not considered part of the unavailability period. 

2.2.18 Unavailable state: leased line connection is in the unavailable state if 

an unavailability period is occurring in one or both directions of transmission. 

2.2.19 PRBS(29-1): Pseudo Random Bit Sequence (PRBS) (as defined in 

subclause 2.1 of ITU-T Recommendation O.153). 

2.2.20 PRBS(215-1): PRBS (as defined in subclause 2.1 of ITU-T 
Recommendation O.151). 

2.2.21 Sa bits: bits 4 to 8 (bits Sa4 to Sa8) in frames not containing the frame 
alignment signal (see annex B). 
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3. Requirements 

3.1. Transfer rate 

3.1.1 Leased line timing 
Requirement: The leased line shall either: 

a) Carry user timing within the range 2048 kbit/s ± 50 parts per million 
(ppm); or 

b) Provide timing that is synchronous to the network timing; or 

c) Take user timing within the range 2048 kbit/s ± 50 ppm from one input 
and provide this timing at both outputs of the leased line. 

Note 1: In case b), network timing is timing that is derived from the source or sources of 
timing that are used for the network. Thus the timing provided by the leased line will be similar 
to that provided by other digital services. 

Note 2: When the timing in both directions is not synchronous, the number of transmitted 
E-bits differs from the number of received SMFs. As a consequence, either some valid E-bits are 
lost or meaningless E-bits are inserted. 

Test: There is no specific test; the leased line provider shall declare which 
type of timing the leased line provides and this shall be taken into account during 
the subsequent tests defined in annex A. 

3.1.2 Information transfer rate 
Requirement: The connection shall be capable of transferring a nominal 

information rate of 1984 kbit/s which is contained within the frame structure 
defined for the leased line (see subclause 3.3). 

Test: The test shall be conducted according to subclause A.2.1. 

3.2. Information transfer susceptance 
Requirement: The connection shall be capable of transferring digital 

information with bit sequence integrity, and without restriction on binary content, at 
the nominal rate of 1984 kbit/s within the defined frame structure (see subclause 3.3). 

Test: The test shall be conducted according to subclause A.2.1. 

3.3. Structure 
The purpose of the structure is to allow the leased line provider to monitor the 

error performance of the leased lines from NTP to NTP. The CRC-4 is, therefore, 
not necessarily transmitted transparently from NTP to NTP; it may be updated by 
the leased line provider to determine the location of errors. In order to allow the 
terminal equipment to monitor the integrity of the path between the terminal 
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equipment and the NTP, the NTP is required to provide a correct CRC-4, and to 
respond correctly with the E-bits in the event of an incorrectly received CRC-4. 

Requirement: For each direction of transmission, the leased line shall accept 
an input bit stream with a frame and multiframe structure as defined in annex B. 
When the leased line input has the above frame structure and the connection is not 
in the unavailable state, the output of the leased line shall also conform to the frame 
and multiframe structure defined in annex B, with the structure having the same 
relationship to the information transferred as at the input, maintaining the frame 
structure integrity. 

Test: The test shall be conducted according to subclauses A.2.1 and A.2.5.1. 

3.3.1 CRC-4 
Requirement: At each NTP, the CRC-4 bits transmitted in the output bit 

stream shall be as defined in tables B.1 and B.2 for a complete CRC-4 multiframe 
and shall correspond to the data transmitted at the output of the leased line interface, 
(i.e. the CRC-4 shall be recalculated in the equipment providing the NTP). 

Test: The test shall be conducted according to subclause A.2.5.1. 

3.3.2 Use of the E-bits 
Requirement: At each NTP, the E-bits transmitted in the output bit stream 

shall indicate errored SMFs in the input bit stream at that NTP. One E-bit in each 
multiframe shall be set to binary ZERO for each errored SMF received in the input 
bit stream. The E-bits corresponding to non-errored SMFs shall be set to binary 
ONE. Any delay between the detection of an errored SMF and the setting of the  
E-bit that indicates the errored SMF shall be less than 1 s. 

Note: The intention is that the CRC-4 verification, and the associated generation of the  
E-bits, will be performed in the equipment that provides the NTP in order to indicate only those 
errors that have occurred between the terminal equipment and the NTP and not those errors that 
have occurred within the network. 

Test: The test shall be conducted according to subclause A.2.5.2. 

3.3.3 Frame synchronization and data transmission capability 
Requirement: The leased line shall continue to transparently transmit data in 

the event of receiving one or two consecutive incorrect frame alignment signals. On 
receipt of: 

- Three consecutive incorrect frame alignment signals; or 

- There being = 915 errored SMFs out of 1000 SMFs, 
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The leased line shall consider frame alignment to have been lost and initiate a 
search for frame alignment during which time the leased line may cease transparent 
transmission of data. 

Note: Some implementations may also consider frame alignment to have been lost in the 
event that bit 2 in frames not containing the frame alignment signal is in error on three 
consecutive occasions. This situation is unlikely to occur except in the event of high error rates 
between the terminal equipment and the NTP. 

Frame alignment shall not be considered as having been regained until: 

a) For the first time, the presence of the correct frame alignment signal; and 

b) The absence of the frame alignment signal in the following frame detected 
by verifying that bit 2 of the basic frame is a binary ONE; and 

c) For the second time, the presence of the correct frame alignment signal in 
the next frame, in which case transparent transmission of the data shall 
commence within 20 ms provided that the data does not contain any 
simulated frame alignment words. 

Test: The test shall be conducted according to subclause A.2.5.3. 

3.3.4 Multiframe alignment 
Requirement: CRC-4 multiframe alignment shall be achieved if at least two 

valid CRC-4 multiframe alignment signals can be located within 8 ms (the time 
separating two CRC-4 multiframe alignment signals being 2 ms or a multiple of  
2 ms). If multiframe alignment cannot be achieved within 8 ms it shall be assumed 
that frame alignment is due to a spurious frame alignment signal and a research for 
frame alignment shall be initiated. 

Note: The research for frame alignment should be started at a point just after the location 
of the assumed spurious frame alignment signal. This will usually avoid realignment onto the 
spurious frame alignment signal. 

Test: The test shall be conducted according to subclause A.2.5.4. 

3.4. Establishment of connection 
Requirement: Establishment or release of the connection shall not require 

any protocol exchange or other intervention at the NTP by the user. 

Test: By declaration. 

3.5. Symmetry 
Requirement: The connection shall be symmetrical, i.e. each direction of 

transmission shall have the same frame structure and information transfer 
capability. 
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Test: The test shall be conducted according to subclause A.2.1. 

3.6. Connection configuration 
Requirement: The connection configuration shall be point-to-point. 

Test: By declaration. 

3.7. Transmission delay 
Requirement: The requirement depends upon whether satellite transmission 

is involved in the connection or not: 

- For connections where satellite transmission is not involved, the one way 
end-to-end delay shall be less than (10 + 0.01 G) ms, where G is the geographical 
distance in kilometres, as shown in figure 1; or 

- For connections where satellite transmission is involved, the one way end-to-
end delay shall be less than 350 ms. 

Note: These requirements are based on subclauses annex A.2 and A.3 of ITU-T 
Recommendation G.114. 

3000 6000 9000
Geographical distance (km)

10

100

Delay (ms)

 

Figure 1: Upper limit of delay 

There are no requirements for low frequency (below 20 Hz) variation of one 

way end-to-end delay under the present document. 

Test: The test shall be conducted according to subclause A.2.2. 

3.8. Jitter 
3.8.1 Jitter tolerance at the network input port 

Requirement: The leased line shall function as specified with input jitter 

being the sum of two band limited components as defined in table 1. 

Note: The jitter tolerance for the connection is defined in this way instead of specifying 

single jitter frequencies, for the following reasons: 
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- This method is more representative of the jitter encountered in practice; and 

- Long regenerator chains may be especially sensitive to single jitter frequencies. 

Table 1: Components of input jitter 

Filters for generation of jitter spectrum 
(first order) 

Bandpass filter for 
measurement of input jitter 

Input jitter measured by 
bandpass filter 

Lower cut-off 
(high pass) 

Upper cut-off (low 
pass) 

(lower cut-off first order) 
Unit Interval (UI) 

peak-to-peak (maximum) 

Only low pass 4 Hz 4 Hz to 100 kHz 1.1 UI 

40 Hz 100 kHz 40 Hz to 100 kHz 0.11 UI 

Note: The purpose of the first order low pass linear filter with an upper cut-off of 4 Hz is to generate a slope of 20 
dB per decade from 4 Hz to 40 Hz on the input jitter spectrum. The level of jitter (or more correctly wander) 
generated by this method at frequencies below 4 Hz is of the order of 1 UI. In principle, there is no requirement 
for wander and this wander is an unintended by-product of the method of specifying the jitter. In practice, wander 
of this level should not cause any problems for the network. 

Test: The test shall be conducted according to subclause A.2.3. 

3.8.2 Maximum jitter at the network output port 

Requirement: The maximum jitter at the output port of the network shall not 

exceed the limits specified in table 2, when measured with linear filters with the 

defined cut-off frequencies. 

At frequencies below the lower 3 dB point, the attenuation of the high pass 
filter shall rise with a value greater than, or equal to, 20 dB per decade. At 

frequencies above the upper 3 dB point, the attenuation of the low pass filtration 

shall rise with a value greater than, or equal to, 60 dB per decade. 

Note: This requirement is taken from ITU-T Recommendation G.823. 

Table 2: Maximum network output jitter 
Measurement filter bandwidth Output jitter 

Lower cut-off 
(high pass) 

Upper cut-off 
(low pass) 

UI peak-to-peak 
(maximum) 

20 Hz 100 kHz 1.5 UI 

18 kHz 100 kHz 0.2 UI 

Test: The test shall be conducted according to subclause A.2.3. 
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3.9. Controlled slip 
Requirement: For at least one of two consecutive periods of 24 hours the 

number of controlled slips shall be less than or equal to 5. 

Note 1: This requirement is based on clause 2 and table 1 of ITU-T Recommendation 
G.822. 

Note 2: For leased lines operating within the same Primary Reference Clock (PRC) 
domain, there should be no slips as long as all secondary clocks are locked to the PRC. Slips 
within the specified limit occur only when one or both timing chains from the NTPs to the PRC 
are disturbed. 

Test: The test shall be conducted according to subclause A.2.4. 

3.10. Error 
Requirement: The performance of a leased line either in service or taken out 

of service in order to perform an error measurement, shall meet the requirements of 
table 3. 

Table 3: Performance levels over a 24 hour test period  
for a block length of 2048 bits 

Performance parameter Terrestrial Satellite 

ES < 1645 < 2592 

SES < 68 < 112 

BBE < 12732 < 19933 

Test: The test shall be conducted according to subclause A.2.4. 
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annex a 
 

(Normative) 

TEST METHODS 

A.1. General 

This annex describes the test principles to determine the compliance of a 
connection against the requirements of the present document. 

Details of test equipment accuracy and the specification tolerance of the test 
devices are not included in all cases.  

The test configurations given do not imply a specific realization of the test 
equipment or test arrangement, or the use of specific test devices. However, any 
test configuration used shall provide those test conditions specified under 
"connection state", "stimulus" and "monitor" for each individual test. 

The test equipment shall be a device, or group of devices that is capable of 
generating a stimulus signal conforming to EN 300 418 and capable of monitoring 
the signal received from the network interface. 

A.1.1. Equipment connection 
The leased line may be supplied with either a socket or a hardwired 

connection. Testing shall be performed at the defined NTP as this is the point at 
which compliance with the present document is required. 

A.1.2. Sequence of performing the tests 
Error and slip should be tested before jitter and delay; jitter should be tested 

before information transfer rate, susceptance, structure and symmetry. 

A.2. Test methods 

One test may cover more than one requirement. The scope of each test is 
defined under the heading "purpose". 

A.2.1. Information transfer rate, susceptance and symmetry 
Purpose: To verify compliance with the requirements for information transfer 

rate (subclause 3.1.2), information transfer susceptance (subclause 3.2) and 
symmetry (subclause 3.5). 
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Test configuration: Test equipment shall be connected to the leased line and 
the leased line shall be looped back at the far end by a test equipment capable of 
reducing jitter to the levels specified in the present document (see figure A.1). 

TX

RX

Test
Equipment

RX

TX

Test
Equipment

(Loop-Back)
Connection

RX TX

TX RX

 

Figure A.1: Information transfer rate, susceptance and symmetry 

Connection State: Available. 

Stimulus: The test equipment shall generate a High Density Bipolar code of 
order 3 (HDB3) encoded bit stream complying with a waveform shape as defined in 
EN 300 418, structured according to annex B, containing in bits 9 to 256 of the 
frame the bit sequences defined in a, b and c below; this shall be applied to the 
input of the leased line. Where the leased line provides network timing, the test 
shall be performed with the test equipment synchronous with the timing provided at 
the connection output. Where the leased line is capable of carrying user timing, the 
tests shall be performed at the bit rate limits of 2048 kbit/s + 50 ppm and  
2048 kbit/s - 50 ppm. 

a) A PRBS (215 -1). 

b) A sequence of successive binary ZEROs. 

c) A sequence of successive binary ONEs. 

Monitor: The bit stream at the output of the leased line. 

Results: For each stimulus a), b) and c), for a continuous period of at least 
one second no alterations to the binary content shall occur. 

For stimulus a), i.e. the PRBS (215 -1), the integrity of the frame structure shall 
be maintained, (i.e. where bits 9 to 256 contain a given sequence at the input of the 
leased line, the identical sequence shall be contained in bits 9 to 256 at the output 
of the leased line). 

A.2.2. Delay 
Purpose: To verify compliance with the requirements for the one way 

transmission delay as specified in subclause 3.7. 
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Test configuration: Test equipment shall be connected to the leased line and 

the leased line shall be looped back at the far end by a test equipment capable of 
reducing jitter to the levels specified in the present document (see figure A.2). 

TX
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Connection
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TX RX

 

Figure A.2: Delay 

Connection State: Available. 

Stimulus: The test equipment shall generate a HDB3 encoded bit stream 

complying with a waveform shape as defined in EN 300 418, structured according 
to annex B, containing in bits 9 to 256 of the frame a bit stream with a bit sequence 
whose repetition period is at least one second; this signal shall be applied to the 
input of the leased line. Where the leased line provides network timing, the test 
shall be performed with the test equipment synchronous with the timing provided at 
the connection output. Where the leased line is capable of carrying user timing, the 
tests shall be performed at a bit rate within the limits of 2048 kbit/s + 50 ppm and 
2048 kbit/s - 50 ppm. 

Monitor: The round trip delay between transmission and reception of the bit 

sequence in bits 9 to 256. 

Results: The round trip delay after deduction of the delay introduced by the 

loop-back test equipment, shall be less than twice the delay specified in the 
requirement of subclause 3.7. 

Note: It is not practicable to provide a test of the transmission delay in each individual 

direction. 

A.2.3. Jitter 
Purpose: To verify compliance with the requirements for jitter tolerance at 

the network input port as specified in subclause 3.8.1 and for the maximum jitter 
allowed at the network output port as specified in subclause 3.8.2. 

Note: Further information on the measurement of jitter can be found in ITU-T Supplement 

number 3.8, Fascicle IV.4 (1988). 
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Test configuration: Test equipment shall be connected to both ends of the 

leased line (see figure A.3). Each direction shall be tested separately. 
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Figure A.3: Jitter 

Connection State: Available. 

Stimulus: The test equipment shall generate a HDB3 encoded bit stream 

complying with a waveform shape as defined in EN 300 418, structured according 

to annex B, and this bit stream shall be applied to the input of the connection. 

Where the leased line provides network timing, the test shall be performed with the 

test equipment synchronous with the timing provided at the connection output. 

Where the leased line is capable of carrying user timing, the tests shall be 

performed at the bit rate limits of 2048 kbit/s + 50 ppm and 2048 kbit/s - 50 ppm. 

Jitter is applied to the input bit stream, where jitter is produced by a voltage 

controlled jitter modulator, (see figure A.4), modulated by a signal which consists 

of the following two signals added together: 

a. A square wave signal produced by a PRBS (29-1) bit stream generated at a 

frequency of 100 Hz. The square wave signal shall be filtered by a first order linear 

low pass filter with the cut off frequency of 4 Hz. The voltage amplitude of the 

square wave pulses shall be constant and of a value that results in measured jitter of 

1.1 UI in the bandwidth of 4 Hz to 100 kHz; 

b. A square wave signal produced by a PRBS (215-1) bit stream generated at a 

frequency of 200 kHz. The square wave signal shall be filtered by a first order 

linear band pass filter with the cut off frequencies of 40 Hz and 100 kHz. The 

voltage amplitude of the square wave pulses shall be constant and of a value that 

results in measured jitter of 0.11 UI in the bandwidth of 40 Hz to 100 kHz. 
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PRBS (29 - 1)
100 bit/s Gain A

Low pass filter
4 Hz

PRBS (215 - 1)
200 kbit/s Gain B

Band pass filter
40Hz - 100 kHz

Modulation source
Jitter

Modulator

PRBS (215 - 1)
2048 kbit/s

  50ppm+-

Band pass
filter (FA)

4Hz - 100 kHz

Band pass
filter (FB)

40 Hz - 100 kHz

1.1 UI

0.11 UI

Jitter Measurement
for setting input jitter

To leasead line Input

 
Note: The filter gains to determine the jitter levels are set individually. Filter FA is used when setting the value 

of A, with signal B disconnected. Filter FB is used when setting the value of B, with signal A disconnected. 

Figure A.4: Input jitter generation 

Monitor:  
- The jitter extracted from the signal at the network output port, using 

equipment complying with ITU-T Recommendation O.171; and 
- The bit stream extracted from the signal at the network output port. 

Results: 
- The peak to peak jitter at the connection output port shall comply with 

table 2; and 
- At least one out of 10 periods of 10 s no alterations to the binary content 

shall occur. 

A.2.4. Error and slip 
Purpose: To verify compliance with the requirements for error as specified in 

subclause 3.10 and slip as specified in subclause 3.9. 

Test configuration: Test equipment shall be connected to both ends of the 
leased line (see figure A.5). Each direction shall be tested separately. 
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Figure A.5: Error and slip 
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Connection State: Available. 

Stimulus: A HDB3 encoded bit stream complying with a waveform shape as 

defined in EN 300 418, structured according to annex B, containing a PRBS (215-1) 

in bits 9 to 256 of the frame, shall be applied to the input of the connection and 

shall be transmitted for two consecutive periods of 24 hours, with jitter modulated 

and filtered as described by table 1. Where the leased line provides network timing, 

the test shall be performed with the test equipment synchronous with the timing 

provided at the connection output. Where the leased line is capable of carrying user 

timing, the tests shall be performed at the bit rate limits of 2048 kbit/s + 50 ppm 

and 2048 kbit/s - 50 ppm for alternate 12 hour periods. 

Monitor: 

- The number of ESs; 

- The number of SESs; 

- The number of BBEs; 

- The number of frame slips. 

Error measurement shall not be performed when the leased line is in the 

unavailable state. If an unavailability period of more than one hour occurs during 

the measuring period, the measuring period shall be extended accordingly. 

Results: When monitoring a line that is in service, or when monitoring a line 

that has been taken out of service to perform a measurement, the number or errors, 

SESs and BBEs shall be less than the performance levels given in subclause 3.10 and 

the number of slips shall be less than or equal to the limit given in subclause 3.9. 

Note: If the requirements are met during the first continuous period of 24 hours, the test 

need not be continued for the second period of 24 hours. 

A.2.5. Structure 

A.2.5.1 Output structure and CRC-4 generation 

Purpose: To verify the correct frame structure and correct generation of CRC-

4 at the leased line output port as specified in subclauses 3.3 and 3.3.1. 

Test configuration: Figure A.6. 
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Figure A.6: Frame structure 

Connection State: Available. 

Stimulus: A HDB3 encoded bit stream complying with a waveform shape as 
defined in EN 300 418, structured according to annex B, containing a PRBS (215-1) 
in bits 9 to 256 of the frame, shall be applied to each input of the connection. 
Where the leased line provides network timing, the test shall be performed with the 
test equipment synchronous with the timing provided at the connection output. 
Where the leased line is capable of carrying user timing, the test shall be performed 
at a bit rate within the limits of 2048 kbit/s + 50 ppm and 2048 kbit/s - 50 ppm. 

Monitor: The CRC-4 in the output bit stream from the leased line. 

Results: For a period of at least 100 iterations of the PRBS (215-1) 
(approximately 1.6 s), the CRC-4 shall correspond with the data in the previous 
SMF, as defined in subclause B.2.1. 

A.2.5.2 Use of the E-bits 
Purpose: To verify that the E-bits are set correctly to indicate errored SMFs 

in the bit stream received from the terminal equipment at the NTP, as specified in 
subclause 3.3.2. 

Test configuration: Figure A.6. 

Connection State: Available. 

Stimulus: A HDB3 encoded bit stream complying with a waveform shape as 
defined in EN 300 418, structured according to annex B, containing a PRBS (215-1) 
in bits 9 to 256 of the frame, shall be applied to each input of the connection. The 
bit stream at the input at which the measurement is to be performed (the near end) 
shall have the CRC-4 bits altered as shown in table A.1. Where the leased line 
provides network timing, the test shall be performed with the test equipment 
synchronous with the timing provided at the connection output. Where the leased 
line is capable of carrying user timing, the test shall be performed at a bit rate 
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within the limits of 2048 kbit/s + 50 ppm and 2048 kbit/s - 50 ppm, with both 
directions of transmission having the same rate (i.e. with one test equipment 
applying a clock loop). 

Table A.1: Errored SMFs 

Stimulus from test equipment Result 

One SMF with an incorrect CRC-4 within a stream 
of SMFs with correct CRC-4s. 

One E-bit of E = 0, sent within 1 s of the errored SMF, 
the other E-bits being E = 1. 

Two consecutive SMFs with incorrect CRC-4s 
within a stream of SMFs with correct CRC-4s. 

Two consecutive E-bits of E = 0, sent within 1 s of the 
errored SMF, the other E-bits being E = 1. 

Note: Two consecutive E-bits may be in consecutive multiframes. 

Monitor: The E-bits in the output bit stream from the leased line. 

Results: The E-bits shall be as defined in table A.1. 

A.2.5.3 Frame synchronization and data transmission capability 

Purpose: To verify that data transmission capability is maintained or regained 

following errors in the frame alignment signal in the bit stream received from the 

terminal equipment at the NTP, as specified in subclause 3.3.3. 

Test configuration: Figure A.5. 

Connection State: Available. 

Stimulus: A HDB3 encoded bit stream complying with a waveform shape as 

defined in EN 300 418, structured according to annex B, containing a fixed data 

pattern in bits 9 to 256 of the frame, shall be applied to each input of the 

connection; this fixed data pattern shall not contain a simulated frame alignment 

signal. The bit stream at the input opposite to that at which the measurement is to 

be performed (the far end) shall be altered as shown in table A.2. Where the leased 

line provides network timing, the test shall be performed with the test equipment 

synchronous with the timing provided at the connection output. Where the leased 

line is capable of carrying user timing, the test shall be performed at a bit rate 

within the limits of 2048 kbit/s + 50 ppm and 2048 kbit/s - 50 ppm. 
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Table A.2: Transmission capability 
 Stimulus from test equipment (see notes 1, 2 and 3) Result 

1. Continuous frame sequence containing one incorrect frame 
alignment signal. 
(..2 F 2 F 2 /F 2 F 2 F..) 

No break in transmission. 

2. Continuous frame sequence containing two consecutive incorrect 
frame alignment signals. 
(..2 F 2 F 2 /F 2 /F 2 F 2 F..) 

No break in transmission.  

3. Continuous frames sequence containing three consecutive incorrect 
frame alignment signals.  
(..2 F 2 F 2 /F 2 /F 2 /F 2 F 2 F..) 

Any break in transmission shall be less 
than 20.5 ms. 

4. Continuous frames with three consecutive incorrect frame  
alignment signals, then N x frame sequences alternating correct 
and incorrect frame alignment signals (4N frames), a correct frame, 
then M x frame sequences with the correct frame alignment signal 
but with the frames not containing the frame alignment signal with 
bit 2 = 0 (2M frames), followed by continuous correct frames. 
(..2 F 2 F 2 /F 2 /F 2 /F Nx(2 F 2 /F) 2 F Mx(/2 F) 2 F 2 F..) 

Any break in transmission shall be less 
than 20.75 + 0.5 x (N + M/2) ms. 
It is recommended that M and N be 
between 40 and 100.  

5. Continuous frame sequence with two consecutive frames not 
containing the frame alignment signal having bit 2 = 0. 
(..2 F 2 F /2 F /2 F 2 F 2 F..) 

No break in transmission. 

6. Continuous frames with three consecutive frames not  containing 
the frame alignment signal having bit 2 = 0.  
(..2 F 2 F /2 F /2 F /2 F 2 F 2 F..)  

A break in transmission may occur in 
some implementations. 
Any break in transmission shall be less 
than 20.5 ms. 

7. Continuous frames with 914 consecutive errored SMFs,  
followed by 86 consecutive non-errored SMFs, 
followed by 914 consecutive errored SMFs, 
followed by continuous non-errored SMFs. 
(..SMF SMF 914x/SMF 86xSMF 914x/SMF SMF) 

No break in transmission. 

8. Continuous frames with 915 consecutive errored SMFs  
followed by 85 consecutive non-errored SMFs,  
followed by 915 consecutive errored SMFs, 
followed by continuous non-errored SMFs. 
(..SMF SMF 915x/SMF 85xSMF 915x/SMF SMF) 

Any break in transmission shall be less 
than 1020.5 ms. 

Note 1: Each test defined within the table shall be preceded by sufficient correct frames to ensure frame and 
multiframe alignment. 

Note 2: F is a frame with a correct frame alignment signal; 
/F is a frame with an incorrect frame alignment signal; 
2 is the frame not containing the frame alignment signal having bit 2 set to 1; 
/2 is the frame not containing the frame alignment signal having bit 2 set to 0; 
SMF is a Sub-MultiFrame having correct frame alignment and correct CRC-4 bits; 
/SMF is a Sub-MultiFrame having correct frame alignment and incorrect CRC-4 bits. 

Note 3: The results are defined on the basis that there are no errors generated within the connection for the 
duration of the test. 
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Monitor: Breaks in transmission at the far end of the leased line. 

Results: The breaks in transmission at the far end of the leased line shall be as 
defined in table A.2. 

A.2.5.4 Multiframe alignment 
Purpose: To verify that multiframe alignment can be achieved, as specified in 

subclause 3.3.4. 

Test configuration: Figure A.6. 

Connection State: Available. 

Stimulus: A HDB3 encoded bit stream complying with a waveform shape as 
defined in EN 300 418, structured according to annex B, containing a fixed data 
pattern in bits 9 to 256 of the frame, shall be applied to each input of the 
connection; this fixed data pattern shall not contain a simulated frame alignment 
signal.. Where the leased line provides network timing, the test shall be performed 
with the test equipment synchronous with the timing provided at the connection 
output. Where the leased line is capable of carrying user timing, the test shall be 
performed at a bit rate within the limits of 2048 kbit/s + 50 ppm and 2048 kbit/s - 
50 ppm. 

Table A.3: Multiframe alignment 
 Stimulus from test equipment (see notes 1 and 2) Result 

1 10∗MF                               Correct multiframes to  
                                          set initial condition. 
/F 2 /F 2 /F 2 /F 2              Force loss of frame and 
/F 2 /F 2                            multiframe alignment. 
F 2 F 2                              Regain frame alignment. 
/MF MF /MF MF               Two multiframe signals 
                                         in 8 ms. 

 
 
 
 
 
 
Multiframe alignment. 

Note 1: Each test defined within the table shall be preceded by sufficient correct frames to ensure frame and 
multiframe alignment. 

Note 2: F is a frame with a correct frame alignment signal; 
/F is a frame with an incorrect frame alignment signal; 
2 is the frame not containing the frame alignment signal having bit 2 set to 1; 
/SMF is a SMF having correct frame alignment and incorrect CRC-4 bits; 
MF is a multiframe having correct frame alignment signal, bit 2 = 1, correct multiframe alignment signal 
and correct CRC-4 bits; 
/MF is a multiframe having correct frame alignment signal, bit 2 = 1, incorrect multiframe alignment 
signal and correct CRC-4 bits. 
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Monitor: Monitor for multiframe alignment at the network interface; the 
leased line provider shall declare how this is done. Those leased lines using the  
A-bit may send Remote Alarm Indication (RAI) when multiframe alignment is not 
found. 

Results: Multiframe alignment shall be achieved following the test sequence 
of table A.3. 
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annex B 
(Normative) 

DEFINITION OF FRAME STRUCTURE 
 

B.1. Frame structure 

The bit stream shall be structured into a frame of length 256 bits, numbered 1 
to 256. The frame repetition rate shall be nominally 8000 Hz. The allocation of bits 
1 to 8 within the frame shall be as shown in table B.1. 

Table B.1: Allocation of bits 1 to 8 

Bit no Frame containing the frame alignment 
signal 

Frame not containing the frame 
alignment signal 

 CRC-4 (see clause B.2) CRC-4 (see clause B.2) 

 0 1 

 0 A (see note 1) 

 1 Sa4 (see note 2) 

 1 Sa5 (see note 2) 

 0 Sa6 (see note 2) 

 1 Sa7 (see note 2) 

 1 Sa8 (see note 2) 

Note 1: Bit A: RAI  
Note 2: Bits Sa4 to Sa8 are for the use of the leased line operator. Their value at the output port 
of a leased line is undefined. 

B.2. CRC-4 

The allocation of the CRC-4 bits shall be as given in table B.2 for a complete 
CRC-4 multiframe. Each CRC-4 multiframe, which is composed of 16 frames 
numbered 0 to 15, shall be divided into two 8-frame SMFs, designated SMF I and 
SMF II which shall signify their respective order within the CRC-4 multiframe 
structure. The SMF is the block (size 2048 bits) for the CRC-4. 

In those frames containing the frame alignment signal, bit 1 shall be used to 
transmit the CRC-4 bits. These shall be the 4 bits designated C1, C2, C3 and C4 in 
each SMF. In those frames not containing the frame alignment signal, bit 1 shall be 
used to transmit the six bit CRC-4 multiframe alignment signal and two CRC-4 
error indication bits (E-bits). The CRC-4 multiframe alignment signal shall have 
the form 001011. 



  TCN 68 - 226: 2004 

 53 

Table B.2: Allocation of CRC-4 bits with a multiframe 
 SMF Frame Bit 1 

SMF I 

0 
1 
2 
3 
4 
5 
6 
7 

C1 
0 

C2 
0 

C3 
1 

C4 
0 

Multiframe 

SMF II 

8 
9 

10 
11 
12 
13 
14 
15 

C1 
1 

C2 
1 

C3 
E 

C4 
E 

B.2.1. CRC-4 generation 
A particular CRC-4 word, located in SMF N shall be the remainder after 

multiplication by x4 and then division (modulo 2) by the generator polynomial  
x4 + x + 1, of the polynomial representation of SMF (N-1). When representing the 
contents of the check block as a polynomial, the first bit in the block, i.e. frame 0 
bit 1 or frame 8 bit 1, shall be taken as the most significant bit. Similarly, C1 is 
defined to be the most significant bit of the remainder and C4 the least significant 
bit of the remainder. 

The CRC-4 encoding process is described below: 

a. The CRC-4 bits in the SMF are replaced by binary ZEROs; 

b. The SMF is then acted upon by the multiplication/division process defined 
above; 

c. The remainder resulting from the multiplication/division process is stored, 
ready for insertion into the respective CRC-4 locations of the next SMF. 

Note: The CRC-4 bits thus generated do not affect the result of the multiplication/division 
process in the next SMF because, as indicated in a) above, the CRC-4 bit positions in a SMF are 
initially set to binary ZERO during the multiplication/division process. 

B.2.2. CRC-4 monitoring 
The CRC-4 monitoring process used to detect errored SMFs shall be as 

described below: 
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- A received SMF is acted upon by the multiplication/division process defined 
in subclause B.2.1 after having its CRC-4 bits extracted and replaced by ZEROs; 

- The remainder resulting from the multiplication/division process is stored 
and subsequently compared on a bit by bit basis with the CRC-4 bits received in 
the next SMF; 

- If the remainder calculated in the decoder does not exactly correspond to the 
CRC-4 bits received in the next SMF, the SMF is defined as being an errored SMF. 
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annex C 

(Informative) 

DERIVATION OF ERROR PERFORMANCE LIMITS 

 

C.1. Introduction 

Errors are caused by various influences such as: 

- Human intervention; 

- Thermal noise; 

- Induced voltages in equipment and cables due to lightning, radio 
transmissions and other electromagnetic effects; 

- Loss of Synchronization following uncontrolled slips; 

- Joints and connections. 

The main cause of errors is induced voltages and such errors frequently occur 
in dense bursts due to particular phenomena. Due to improvements in technology 
resulting in part from a greater understanding of electromagnetic effects, there is a 
long-term trend for error rates to reduce. 

Studies in ITU-T have concluded that error rates for lines have a low 
dependence on distance. 

C.2. Reference connections 

ITU-T Recommendation G.826 contains error performance limits for a 
hypothetical reference connection of 27500 km. 

In order to apply these figures to a leased line, it is necessary to define 
reference connections to represent the leased lines covered by the present 
document. A terrestrial reference connection and a satellite reference connection 
are defined in subclauses C.2.1 and C.2.2 based on ITU-T Recommendation G.826. 

C.2.1. Terrestrial connection 
Figure C.1 shows the reference connection for a terrestrial connection used in 

the derivation of error performance limits specified in the present document. 
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International
Digital

Gateway
NTP NTP

Terminating Country
1 Up to 1000 km
routed distance

Transit Country < 3500 km
routed distance

Terminating Country 2
Up to 1000 km routed

distance

National Portion

International
Digital

Gateway

International
Digital

Gateway

International
Portion

National Portion
 

Figure C.1: Reference connection for terrestrial 2048 kbit/s digital leased line 

The reference connection given in figure C.1 comprises two terminating 
countries and a single transit country. For each terminating country, there is a 
routed distance of up to 1000 km between the NTP and the international digital 
gateway. 

For the transit country there is a single international gateway and a routed 
distance up to 3500 km. The routed distance is given by 1.5 x straight line distance, 
except that for undersea cable the actual routed length should be used. 

Note: This model allows for a total routed distance of up to 5500 km. Although this 
reference connection shows separate national portions, the present document does not apportion 
errors between different countries and the errors may be apportioned differently. 

C.2.2. Satellite connection 

Satellite
Base

Station

Satellite
Base

Station
NTP NTP

Terminating Country
1 Up to 1000 km
routed distance Satellite hop

Terminating Country 2
Up to 1000 km routed

distance

International
Digital

Gateway

International
Digital

Gateway

National PortionNational Portion International
Portion  

Figure C.2: Reference connection for satellite 2048 kbit/s digital leased line 

The reference connection in figure C.2 contains a satellite link connecting the 
two terminating countries. For each terminating country a routed distances of  
1000 km is assumed. 

C.3. Error performance objectives 

Tables C.1 and C.2 show the percentage allocation of the overall error 
performance objectives specified in ITU-T Recommendation G.826 to the various 
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portions of the leased lines specified in the reference connections (terrestrial and 
satellite) defined in clause C.2. The tables include both fixed allocations and 
distance dependent allocations of 1% per 500 km routed distance. 

Table C.1: Allocation of error performance objectives derived from  
G.826 - terrestrial connection 

Path portion (terrestrial link) Allocation Allocation 

Terminating country 1 (fixed allocation)  17.5% 

Terminating country 1 (routed 1000 km)  2.0% 

International transit termination  1.0% 

International transit (fixed allocation)  2.0% 

International transit (routed 3500 km)  7.0% 

International transit termination  1.0% 

Terminating country 2 (routed 1000 km)  2.0% 

Terminating country 2 (fixed allocation)  17.5% 

TOTAL  50.0% 

Table C.2: Allocation of error performance objectives derived  
from G.826 –satellite connection 

Path portion (satellite link) Allocation 

Terminating country 1 (fixed allocation)  17.5% 

Terminating country 1 (routed 1000 km)  2.0% 

International termination  2.0% 

Satellite connection  35.0% 

International termination  2.0% 

Terminating country 2 (routed 1000 km)  2.0% 

Terminating country 2 (fixed allocation)  17.5% 

TOTAL  78.0% 

Note: The inclusion of additional transit countries to the terrestrial connection would 

require an additional fixed allocation (2 %), transit termination (1%) and a routed portion (1% 
per 500 km). Further information is given in ITU-T Recommendation G.826. 

ITU-T Recommendation G.826 defines error performance objectives in terms 
of ESs, SESs and BBEs for a hypothetical reference path of 27500 km; these rates 
are given in table C.3, column 2. 

The application of the percentage figures given in tables C.1 and C.2 to the 
error performance objectives given in ITU-T Recommendation G.826 gives error 
rates for the D2048S leased line shown in table C.3 columns 3 and 4 for terrestrial 
and satellite connections. 
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Table C.3: Long-term error performance objectives for D2048S leased line 
Performance parameter G.826 Terrestrial Satellite 

ES ratio 
SES ratio 
BBE ratio 

4.00% 
0.20% 
0.03% 

2.000 % 
0.100% 
0.015% 

3.120% 
0.156% 
0.023% 

Note: The figures in this table have been rounded; exact figures have been used in 
the calculation of the limits in the following subclauses. 

C.4. Long-term error performance 

The error performance ratios derived in clause C.3 for the specific reference 
connections can be used to calculate the long-term error performance requirements, 
expressed as an absolute figure over a 24 hour period; these are given in row 1 of 
table C.4 and table C.5 for the terrestrial and satellite connections. 

The error performance requirements specified are, however, statistical figures 
based on long-term measurements (greater than one month) which are not 
statistically valid over a 24-hour measurement period. Therefore ITU-T 
Recommendation M.2100 presents a method of reducing these limits to 24-hour test 
limits S1 and S2. S1 is the limit below which the line meets the requirement, S2 is the 
limit above which the line fails to meet the requirement. Between S1 and S2 the 
results are inconclusive. Therefore, in order for the line to be assumed to meet the 
long-term requirement, the 24-hour test result should be better than the limit S1. 

S1 and S2 are derived from: 

)trequiremen(2)trequiremen(1S ×−=  

)trequiremen(2)trequiremen(2S ×+=  

Table C.4: Derivation of test limits for a block length  
of 2048 bits – terrestrial connection 

Parameter ES SES BBE 
Long-term error performance 1728 / 24h 86 / 24h 12960 / 24h 

24 hour test limits 
Accept (S1) 
Reject (S2) 

 
1645 / 24h 
1811 / 24h 

 
68 / 24h 
105 / 24h 

 
12732 / 24h 
13188 / 24h 

Table C.5: Derivation of test limits for a block length  
of 2048 bits – satellite connection 

Parameter ES SES BBE 

Reference performance objective 2696 / 24h 135 / 24h 20218 / 24h 
24 hour test limits 

Accept (S1) 
Reject (S2) 

 
2592 / 24h 
2800 / 24h 

 
112 / 24h 
158 / 24h 

 
19933 / 24h 
20502 / 24h 
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