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ThiÕt bÞ ®Çu cuèi kÕt nèi vµo m¹ng viÔn th«ng 

c«ng céng sö dông kªnh thuª riªng tèc ®é 2048 kbit/s 

Yªu cÇu kü thuËt 
(Ban hµnh kÌm theo QuyÕt ®Þnh sè 34/2002/Q§-BBCVT ngµy 31/12/2002 cña  

Bé tr­ëng Bé B­u chÝnh, ViÔn th«ng) 

1. Ph¹m vi ¸p dông 

Tiªu chuÈn nµy quy ®Þnh c¸c yªu cÇu kü thuËt, c¸c ®Æc tÝnh chøc n¨ng cÇn 

thiÕt vµ c¸c nguyªn t¾c kiÓm tra t­¬ng øng ®èi víi giao diÖn cña thiÕt bÞ ®Çu cuèi 

kÕt nèi vµo m¹ng viÔn th«ng c«ng céng (PTNs) sö dông kªnh thuª riªng ®­îc cÊu 

tróc sè 2048 kbit/s cã trë kh¸ng 120 Ω víi tèc ®é truyÒn tin 1984 kbit/s.  

Tiªu chuÈn nµy nh»m ®¶m b¶o cho giao diÖn cña thiÕt bÞ ®Çu cuèi t­¬ng thÝch 

víi kªnh thuª riªng ®­îc cÊu tróc sè 2048 kbit/s. Mét giao diÖn thiÕt bÞ ®Çu cuèi 

phï hîp víi tiªu chuÈn nµy sÏ t­¬ng thÝch víi kªnh thuª riªng ch­a ®­îc cÊu tróc 

sè 2048 kbit/s.  

Tiªu chuÈn nµy lµm së cø cho chøng nhËn hîp chuÈn vµ ®o kiÓm c¸c thiÕt bÞ 

®Çu cuèi thuª bao kÕt nèi vµo m¹ng viÔn th«ng c«ng céng sö dông kªnh thuª riªng 

®­îc cÊu tróc sè tèc ®é 2048 kbit/s. 

2. Tµi liÖu tham chiÕu chuÈn 

[1]  ITU-T Recommendation G.703 (1998): "Physical/electrical characteri- 
-stics of hierarchical digital interfaces". 

[2]  ITU-T Recommendation G.704 (1998): "Synchronous frame structures 
used at 1 544, 6 312, 2 048, 8 448 and 44 736 kbit/s hierarchical levels". 

[3]  ITU-T Recommendation O.151 (1992): "Error performance measuring 
equipment operating at the primary rate and above". 

[4]  ITU-T Recommendation O.171 (1997): "Timing jitter and wander 
measuring equipment for digital systems which are based on the 
plesiochronous digital hierarchy (PDH)". 
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[5]  ETSI EN 300 418: "Access and Terminals (AT); 2048 kbit/s digital 
unstructured and structured leased lines (D2048U and D2048S); 
Network interface presentation". 

[6]  ETSI EN 300 419: “Access and Terminals (AT); 2048 kbit/s digital 
structured leased lines (D2048S); Connection characteristics". 

[7]  TCN 68 - 140: 1995: "Chèng qu¸ ¸p, qu¸ dßng ®Ó b¶o vÖ ®­êng d©y vµ 
thiÕt bÞ th«ng tin - Yªu cÇu kü thuËt". 

[8]  TCN 68 - 190: 2000: “ThiÕt bÞ ®Çu cuèi viÔn th«ng - Yªu cÇu an toµn ®iÖn”. 

[9]  TCN 68 - 191: 2000: "T­¬ng thÝch ®iÖn tõ tr­êng - ThiÕt bÞ viÔn th«ng 
yªu cÇu chung vÒ ph¸t x¹". 

[10]  TCN 68 - 172: 1998: "Giao diÖn kÕt nèi m¹ng - Yªu cÇu kü thuËt". 

3. ThuËt ng÷, ®Þnh nghÜa vµ c¸c ch÷ viÕt t¾t 

3.1 ThuËt ng÷, ®Þnh nghÜa 

Kªnh thuª riªng: lµ 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). 

§iÓm kÕt cuèi m¹ng: lµ 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. 

ThiÕt bÞ ®Çu cuèi: lµ thiÕt bÞ dïng ®Ó kÕt nèi tíi m¹ng viÔn th«ng c«ng céng ®Ó 
göi, xö lý hay thu thËp th«ng tin. 

§a khung con bÞ lçi: lµ ®a khung con mµ t¹i ®ã kiÓm tra d­ vßng 4 bit (CRC-4) 
®­îc tÝnh ra kh«ng ®óng víi CRC-4 cã trong ®a khung con tiÕp theo (xem môc 
C.2.2). 

Khung: lµ chuçi gåm 256 bit, trong ®ã 8 bit ®Çu tiªn x¸c ®Þnh cÊu tróc khung 
(xem phô lôc C). 

§a khung: lµ chuçi gåm hai ®a khung con cã chøa tõ ®ång bé ®a khung (xem 
phô lôc C). 

PRBS(215-1): lµ chuçi bit gi¶ ngÉu nhiªn (PRBS). 

C¸c bit Sa: lµ c¸c bit tõ 4 ®Õn 8 (c¸c bit tõ Sa4 ®Õn Sa8) trong nh÷ng khung 
kh«ng chøa tÝn hiÖu ®ång bé khung (xem phô lôc C). 

§a khung con (SMF): lµ chuçi gåm 8 khung, mçi khung cã 256 bit, qua ®ã 
tÝnh ra CRC-4 (xem phô lôc C). 
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3.2 C¸c ch÷ viÕt t¾t 

AIS  TÝn hiÖu chØ thÞ c¶nh b¸o 

AMI  M· ®¶o cùc lu©n phiªn 

CRC-4 KiÓm tra d­ vßng 4 bit 

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

DC  Dßng mét chiÒu 

EMC  T­¬ng thÝch ®iÖn tõ 

HDB3 M· l­ìng cùc mËt ®é cao bËc 3 

ISDN M¹ng sè liªn kÕt ®a dÞch vô 

NTP §iÓm kÕt cuèi m¹ng 

ppm PhÇn triÖu 

PRBS Chuçi bit gi¶ ngÉu nhiªn 

RAI ChØ thÞ c¶nh b¸o ®Çu xa 

r.m.s Gi¸ trÞ hiÖu dông 

RT B¶ng c¸c yªu cÇu 

SDH TruyÒn dÉn ph©n cÊp sè ®ång bé 

SMF §a khung con 

UI Kho¶ng ®¬n vÞ    

4. Yªu cÇu kü thuËt 

4.1 C¸c yªu cÇu vÒ an toµn ®iÖn vµ t­¬ng thÝch ®iÖn tõ tr­êng 

4.1.1 §¶m b¶o chèng qu¸ ¸p qu¸ dßng 

§é bÒn ®iÖn cña thiÕt bÞ ®èi víi qu¸ ¸p khÝ quyÓn, c¶m øng tøc thêi vµ tiÕp 
xóc víi ®­êng ®iÖn lùc tu©n theo tiªu chuÈn Ngµnh TCN 68 - 140: 1995 "Chèng 
qu¸ ¸p, qu¸ dßng ®Ó b¶o vÖ ®­êng d©y vµ thiÕt bÞ th«ng tin - Yªu cÇu kü thuËt", 
môc 3.2.7. 

4.1.2 §¶m b¶o an toµn cho khai th¸c viªn vµ ng­êi sö dông 

ThiÕt bÞ ph¶i ®¶m b¶o an toµn cho khai th¸c viªn vµ ng­êi sö dông theo tiªu 
chuÈn Ngµnh TCN 68 - 190: 2000 "ThiÕt bÞ ®Çu cuèi viÔn th«ng - Yªu cÇu an toµn 
®iÖn", môc 3.2. 

4.1.3 B¶o vÖ ng­êi sö dông khái qu¸ ¸p trªn m¹ng viÔn th«ng 

ThiÕt bÞ ph¶i ®¶m b¶o yªu cÇu c¸ch ly b¶o vÖ ng­êi sö dông khái qu¸ ¸p trªn 
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m¹ng viÔn th«ng theo tiªu chuÈn Ngµnh TCN 68 - 190: 2000 "ThiÕt bÞ ®Çu cuèi 
viÔn th«ng - Yªu cÇu an toµn ®iÖn". 

4.1.4 Yªu cÇu vÒ t­¬ng thÝch ®iÖn tõ tr­êng 

ThiÕt bÞ ph¶i ®¶m b¶o t­¬ng thÝch ®iÖn tõ tr­êng theo tiªu chuÈn Ngµnh  
TCN 68 - 191: 2000 "T­¬ng thÝch ®iÖn tõ tr­êng - ThiÕt bÞ viÔn th«ng yªu cÇu 
chung vÒ ph¸t x¹". 

4.2 C¸c yªu cÇu vÒ ®iÖn cña giao diÖn 

§«i d©y truyÒn lµ lèi ra tõ giao diÖn thiÕt bÞ ®Çu cuèi. §«i d©y nhËn lµ lèi vµo 
giao diÖn thiÕt bÞ ®Çu cuèi, nh­ ®­îc minh häa trong h×nh 1. 

Giao diÖn
m¹ng

TX

RX

RX

TX

ThiÕt bÞ
®Çu cuèi

Lèi ra

Lèi vµo Lèi ra

Lèi vµo

 

H×nh 1 

4.2.1 Cæng lèi ra 

4.2.1.1 M· ho¸ tÝn hiÖu 

Yªu cÇu: tÝn hiÖu truyÒn ®i ë cæng lèi ra ph¶i phï hîp víi luËt m· ho¸ l­ìng 

cùc mËt ®é cao bËc 3 (HDB3) (xem phô lôc B). 

KiÓm tra: tiÕn hµnh kiÓm tra theo môc A.1. 

4.2.1.2 D¹ng xung 

Yªu cÇu: xung ë cæng lèi ra ph¶i phï hîp víi c¸c yªu cÇu nªu trong b¶ng 1 vµ 
h×nh 2 (®­îc dùa trªn KhuyÕn nghÞ G.703 cña ITU-T [1]). 

B¶ng 1: D¹ng xung ë cæng lèi ra 
D¹ng xung (d¹ng danh ®Þnh lµ h×nh ch÷ 
nhËt) 

TÊt c¶ c¸c xung cña tÝn hiÖu hîp lÖ ph¶i tu©n theo mÆt 
n¹ xung nh­ quy ®Þnh trong h×nh 2 (®èi víi mäi cùc tÝnh). 
Gi¸ trÞ V t­¬ng øng víi gi¸ trÞ ®Ønh danh ®Þnh. 

Trë kh¸ng t¶i thö 120 Ω thuÇn trë 
§iÖn ¸p ®Ønh danh ®Þnh khi cã xung V  3V 
§iÖn ¸p ®Ønh khi kh«ng cã xung 0 ± 0,3 V 
§é réng xung danh ®Þnh  244 ns 
Tû sè biªn ®é cña xung d­¬ng vµ xung ©m 
t¹i ®iÓm gi÷a cña kho¶ng xung 

0,95 ®Õn 1,05 

Tû sè ®é réng cña xung d­¬ng vµ xung ©m 
t¹i mét nöa biªn ®é danh ®Þnh 

0,95 ®Õn 1,05 



  TCN 68 - 217: 2002 

 9 

488 ns
(244 + 244)

20
%10

%
10

%

10
%

10
%

(244 - 25)
219 ns

244 ns

50%

0%

(244 - 50)
194 nsV = 100%

Xung danh ®Þnh

10
%

10
%

(244 + 25)
269 ns

20
%

20
%

 
 

 

H×nh 2: MÆt n¹ xung 2048 kbit/s 

KiÓm tra: tiÕn hµnh kiÓm tra theo môc A.2. 

4.2.1.3 §Þnh thêi lèi ra 

Yªu cÇu: thiÕt bÞ ®Çu cuèi ph¶i cã: 

a) Mét ®ång hå néi t¹o ra mét tèc ®é bit ë cæng lèi ra n»m trong giíi h¹n 

2048 kbit/s ± 50 phÇn triÖu; vµ  

b) Kh¶ n¨ng cung cÊp mét m¹ch vßng tÝn hiÖu ®ång hå sao cho ®Þnh thêi tÝn 
hiÖu ë cæng lèi ra ®­îc cÊp tõ ®Þnh thêi ë cæng lèi vµo.  

KiÓm tra: ®èi víi tr­êng hîp a), cÇn tiÕn hµnh kiÓm tra theo môc A.3. Tr­êng 

hîp b), kh¶ n¨ng cung cÊp mét m¹ch vßng tÝn hiÖu ®ång hå, ®­îc kiÓm tra theo 
môc A.8. 

4.2.1.4 Trë kh¸ng so víi ®Êt 

Yªu cÇu: khi thiÕt bÞ ®Çu cuèi tiÕp ®Êt th× trë kh¸ng so víi ®Êt cña cæng lèi ra 

ph¶i lín h¬n 1000 Ω trong d¶i tÇn tõ 10 Hz ®Õn 1 MHz khi ®­îc ®o b»ng mét ®iÖn 

Chó ý: V t­¬ng øng víi gi¸ trÞ ®Ønh danh ®Þnh 
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¸p kiÓm tra h×nh sin cã gi¸ trÞ hiÖu dông lµ 2 V. §Ó tho¶ m·n yªu cÇu nµy, ®Êt ph¶i 

lµ ®iÓm chung cña thiÕt bÞ ®Çu cuèi hoÆc lµ ®iÓm chuÈn kiÓm tra. 

KiÓm tra: tiÕn hµnh kiÓm tra theo môc A.7. 

4.2.1.5 Rung pha lèi ra 

Yªu cÇu: rung pha lèi ra ®Ønh - ®Ønh kh«ng ®­îc v­ît qu¸ giíi h¹n cña b¶ng 2 

khi ®­îc ®o b»ng mét bé läc th«ng d¶i cã ®­êng c¾t víi 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 t­¬ng ®­¬ng lµ 20 dB/ 10 ®é chia. 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 lín h¬n 

hoÆc t­¬ng ®­¬ng 60 dB/ 10 ®é chia. 

§Ó kiÓm tra, bÊt kú tÝn hiÖu lèi vµo nµo cÊp ®Þnh thêi lèi ra ®Òu ph¶i ®­îc 

cung cÊp rung pha lèi vµo vµ ®é lÖch tÇn sè lèi vµo víi dung sai lín nhÊt theo nh­ 

chØ ®Þnh cña nhµ s¶n xuÊt. 

Khi ®Þnh thêi lèi ra cña thiÕt bÞ ®Çu cuèi ®­îc cÊp tõ kªnh thuª riªng, lèi vµo 

cña thiÕt bÞ ®Çu cuèi ph¶i ®­îc cung cÊp c¸c thµnh phÇn cña rung pha h×nh sin trªn 

®­êng cong cña h×nh 3 vµ b¶ng 2. 

B¶ng 2: Rung pha lèi ra cùc ®¹i  

B¨ng tÇn bé läc ®o Rung pha lèi ra 

B¨ng cao B¨ng thÊp 
Kho¶ng ®¬n vÞ (UI) ®Ønh - ®Ønh 

(cùc ®¹i) 

40 Hz 100 kHz 0,11 UI 

 

KiÓm tra: tiÕn hµnh kiÓm tra theo môc A.8. 

4.2.1.6 CÊu tróc lèi ra 

Yªu cÇu: chuçi bit ®­îc truyÒn ®i t¹i lèi ra cña thiÕt bÞ ®Çu cuèi sÏ ®­îc cÊu 

tróc nh­ ®­îc ®Þnh râ trong môc C.1. 

KiÓm tra: tiÕn hµnh kiÓm tra theo môc A.9.1. 

4.2.1.6.1 CRC-4 

Yªu cÇu: c¸c bit CRC-4 ®­îc truyÒn ®i t¹i lèi ra cña thiÕt bÞ ®Çu cuèi ®­îc 

quy ®Þnh nh­ trong b¶ng C.1, b¶ng C.2 vµ môc C.2.1 thuéc phô lôc C vµ ph¶i phï 

hîp víi c¸c d÷ liÖu ®­îc truyÒn ®i t¹i lèi ra cña thiÕt bÞ ®Çu cuèi. 

KiÓm tra: tiÕn hµnh kiÓm tra theo môc A.9.1. 
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4.2.1.6.2 Sö dông c¸c bit E 

4.2.1.6.2.1 ThiÕt bÞ ®Çu cuèi kh«ng sö dông c¸c bit E 

Yªu cÇu: trong mäi tr­êng hîp, c¸c bit E ®­îc truyÒn ®i t¹i lèi ra cña thiÕt bÞ 

®Çu cuèi ®Òu ®­îc ®­a vÒ gi¸ trÞ nhÞ ph©n mét. 

KiÓm tra: CÇn tiÕn hµnh kiÓm tra theo môc A.9.2. 

4.2.1.6.2.2 ThiÕt bÞ ®Çu cuèi sö dông bit E ®Ó chØ thÞ c¸c SMF lçi 

Yªu cÇu: c¸c bit E ®­îc truyÒn ®i t¹i lèi ra cña thiÕt bÞ ®Çu cuèi ph¶i chØ thÞ 
c¸c SMF bÞ lçi trong chuçi bit lèi vµo. Mét bit E trong ®a khung sÏ ®­îc ®­a vÒ gi¸ 
trÞ nhÞ ph©n KH¤NG ®èi víi mçi SMF bÞ lçi nhËn ®­îc trong chuçi bit lèi vµo. C¸c 

bit E t­¬ng øng víi c¸c SMF kh«ng bÞ lçi sÏ ®­îc ®­a vÒ gi¸ trÞ nhÞ ph©n mét. 
Kho¶ng thêi gian tõ lóc nhËn ra mét SMF bÞ lçi ®Õn lóc ®­a bit E chØ thÞ SMF bÞ lçi 
®ã vÒ gi¸ trÞ KH¤NG ph¶i nhá h¬n 1 gi©y. 

KiÓm tra: tiÕn hµnh kiÓm tra theo môc A.9.3. 

4.2.1.6.3 Sö dông bit A 

4.2.1.6.3.1 ThiÕt bÞ ®Çu cuèi kh«ng sö dông bit A 

Yªu cÇu: trong mäi tr­êng hîp bit A ®­îc truyÒn ®i t¹i lèi ra cña thiÕt bÞ ®Çu 
cuèi ph¶i ®­îc ®­a vÒ gi¸ trÞ nhÞ ph©n KH¤NG. 

KiÓm tra: tiÕn hµnh kiÓm tra theo môc A.9.4. 

4.2.1.6.3.2 ThiÕt bÞ ®Çu cuèi sö dông bit A 

Yªu cÇu: bit A ®­îc truyÒn ®i t¹i lèi ra cña thiÕt bÞ ®Çu cuèi ph¶i ®­îc ®­a vÒ 
gi¸ trÞ KH¤NG trong ho¹t ®éng th­êng nh­ng cã thÓ bÞ thay ®æi tõ gi¸ trÞ nhÞ ph©n 

KH¤NG thµnh gi¸ trÞ nhÞ ph©n mét trong vßng 30 ms nÕu bÊt cø mét ®iÒu kiÖn 
nµo trong nh÷ng ®iÒu kiÖn sau ®©y x¶y ra ë chuçi bit lèi vµo: 

a) Ba tÝn hiÖu ®ång bé khung sai liªn tiÕp nhau (tÝn hiÖu ®ång bé khung ®óng 
®­îc ®Þnh nghÜa trong b¶ng C.1); 

b) Cã 915 SMF lçi trong sè 1000 SMF. 

ThiÕt bÞ ®Çu cuèi còng cã thÓ thay ®æi bit A tõ gi¸ trÞ nhÞ ph©n KH¤NG thµnh 

gi¸ trÞ nhÞ ph©n mét trong vßng 30 ms nÕu: 

c) Bit 2 thuéc c¸c khung kh«ng chøa tÝn hiÖu ®ång bé khung bÞ lçi (tøc lµ bit 2 
cã gi¸ trÞ nhÞ ph©n KH¤NG) trong ba lÇn liªn tiÕp.  

§èi víi mét thiÕt bÞ ®Çu cuèi ®ang kh«i phôc viÖc mÊt ®ång bé khung (tøc lµ 

bit A ®­îc ®­a vÒ gi¸ trÞ nhÞ ph©n mét) th× bit A ®­îc truyÒn qua lèi ra cña thiÕt 
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bÞ ®Çu cuèi sÏ ®­îc chuyÓn tõ gi¸ trÞ nhÞ ph©n mét vÒ gi¸ trÞ nhÞ ph©n KH¤NG 
trong vßng 30 ms nÕu bÊt kú ®iÒu kiÖn nµo trong nh÷ng ®iÒu kiÖn sau ®©y x¶y ra 
trong chuçi bit lèi vµo: 

d) Sù xuÊt hiÖn lÇn ®Çu tiªn cña tÝn hiÖu ®ång bé khung ®óng (nh­ ®­îc ®Þnh 
nghÜa trong b¶ng C.1); vµ 

e) 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 mét; vµ 

f) Sù xuÊt hiÖn lÇn thø hai tÝn hiÖu ®ång bé khung ®óng trong khung tiÕp theo.  

KiÓm tra: CÇn tiÕn hµnh kiÓm tra theo môc A.9.4. 

4.2.2 Cæng lèi vµo 

4.2.2.1 M· ho¸ tÝn hiÖu 

Yªu cÇu: cæng lèi vµo ph¶i gi¶i m· c¸c tÝn hiÖu ®· ®­îc m· ho¸ HDB3 theo 
c¸c quy t¾c m· ho¸ HDB3 (xem phô lôc B) mµ kh«ng bÞ lçi. 

KiÓm tra: tiÕn hµnh kiÓm tra theo môc A.6. 

4.2.2.2 Suy hao ph¶n x¹ lèi vµo 

Yªu cÇu: suy hao ph¶n x¹ lèi vµo víi ®iÖn trë 120 Ω t¹i giao diÖn ph¶i lín 
h¬n hoÆc b»ng c¸c gi¸ trÞ ghi trong b¶ng 3. C¸c gi¸ trÞ nµy ®­îc trÝch tõ môc 9.3 
thuéc KhuyÕn nghÞ ITU-T G.703 [1]. 

B¶ng 3: Suy hao ph¶n x¹ lèi vµo nhá nhÊt 
D¶i tÇn sè Suy hao ph¶n x¹ 

51 kHz - 102 kHz 12 dB 

102 kHz - 2048 kHz 18 dB 

2048 kHz - 3072 kHz 14 dB 
 

KiÓm tra: TiÕn hµnh kiÓm tra theo môc A.4. 

4.2.2.3 Giíi h¹n suy hao lèi vµo 

Yªu cÇu: lèi vµo ph¶i gi¶i m· mµ kh«ng bÞ lçi mét tÝn hiÖu 2048 kbit/s nh­ 
®­îc ®Þnh nghÜa trong c¸c môc 4.2.1.1 vµ 4.2.1.2 ë trªn nh­ng ®· ®­îc thay ®æi bëi 
mét d©y c¸p hoÆc d©y c¸p nh©n t¹o cã c¸c ®Æc tÝnh sau: 

a) Suy hao tu©n theo luËt f víi c¸c gi¸ trÞ n»m trong d¶i tõ 0 tíi 6 dB t¹i tÇn sè 
1024 kHz; vµ 

b) Trë kh¸ng ®Æc tÝnh b»ng 120 Ω víi dung sai ± 20% trong d¶i tÇn sè tõ  

200 kHz tíi (nh­ng kh«ng bao gåm) 1 MHz vµ dung sai ± 10% t¹i tÇn sè 1 MHz. 

KiÓm tra: TiÕn hµnh kiÓm tra theo môc A.5. 
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4.2.2.4 MiÔn nhiÔm víi c¸c ph¶n x¹ 

Yªu cÇu: khi mét tÝn hiÖu lµ kÕt hîp cña mét tÝn hiÖu b×nh th­êng vµ mét tÝn 
hiÖu nhiÔu ®­îc ®­a vµo lèi vµo, th«ng qua mét d©y c¸p nh©n t¹o cã suy hao n»m 
trong d¶i tõ 0 tíi 6 dB t¹i 1 MHz, th× tÝn hiÖu nhiÔu kh«ng ®­îc g©y ra lçi. 

TÝn hiÖu b×nh th­êng lµ mét tÝn hiÖu ®­îc m· ho¸ theo HDB3, cã d¹ng xung 
nh­ h×nh 2, cã néi dung lµ chuçi bit gi¶ ngÉu nhiªn PRBS(215-1). 

TÝn hiÖu nhiÔu lµ mét tÝn hiÖu gièng nh­ tÝn hiÖu b×nh th­êng ngo¹i trõ møc 

tÝn hiÖu bÞ suy hao ®i 18 dB, tèc ®é bÝt trong kho¶ng 2048 kbit/s ± 50 phÇn triÖu vµ 
®Þnh thêi kh«ng ®ång bé víi tÝn hiÖu b×nh th­êng.  

KiÓm tra: tiÕn hµnh kiÓm tra theo môc A.5. 

4.2.2.5 Kh¶ n¨ng chÞu ®iÖn ¸p däc 

Yªu cÇu: bé thu tÝn hiÖu ph¶i ho¹t ®éng mµ kh«ng bÞ lçi víi bÊt cø tÝn hiÖu lèi 
vµo nµo nÕu cã ®iÖn ¸p däc cã gi¸ trÞ hiÖu dông lµ 2 V trong d¶i tÇn sè tõ 10 Hz ®Õn 
30 MHz. 

KiÓm tra: tiÕn hµnh kiÓm tra theo môc A.6. 

4.2.2.6 Trë kh¸ng so víi ®Êt 

Yªu cÇu: khi thiÕt bÞ ®Çu cuèi tiÕp ®Êt th× trë kh¸ng so víi ®Êt cña lèi vµo ph¶i 

lín h¬n 1000 Ω trong d¶i tÇn tõ 10 Hz ®Õn 1 MHz khi ®­îc ®o b»ng mét ®iÖn ¸p 
kiÓm tra h×nh sin cã gi¸ trÞ hiÖu dông lµ 2 V. §Ó tho¶ m·n yªu cÇu nµy, ®Êt ph¶i lµ 
®iÓm chung cña thiÕt bÞ ®Çu cuèi hoÆc lµ ®iÓm chuÈn kiÓm tra. 

KiÓm tra: tiÕn hµnh kiÓm tra theo môc A.7. 

4.2.2.7 Giíi h¹n rung pha lèi vµo 

Yªu cÇu: thiÕt bÞ ®Çu cuèi ph¶i chÞu ®­îc rung pha lèi vµo lín nhÊt nh­ ®­îc 
ghi ë b¶ng 4 vµ h×nh 3 t¹i lèi vµo. 

B¶ng 4: Giíi h¹n rung pha lèi vµo 

Biªn ®é ®Ønh - ®Ønh (UI) TÇn sè (Hz) 
A1 A2 f1 f2 f3 f4 

1,5 0,2 20 2 400 18 000 100 000 

 

KiÓm tra: tiÕn hµnh kiÓm tra theo môc A.8. 

4.2.2.8 Giíi h¹n xung nhÞp lèi vµo 

Yªu cÇu: thiÕt bÞ ®Çu cuèi ph¶i gi¶i m· c¸c tÝn hiÖu ®· ®­îc m· ho¸ HDB3 mµ 

kh«ng bÞ lçi trong d¶i tÇn sè 2048 kbit/s ± 50 phÇn triÖu. 

KiÓm tra: tiÕn hµnh kiÓm tra theo môc A.8. 
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A2

A1

f1 f2 f3 f4
TÇn sè rung pha

Rung pha ®Ønh - ®Ønh

 

H×nh 3: Giíi h¹n rung pha lèi vµo 

4.2.2.9 CÊu tróc khung lèi vµo 

4.2.2.9.1 §ång bé khung 

Yªu cÇu: lèi vµo ph¶i chÊp nhËn mét chuçi bit lèi vµo víi mét cÊu tróc 

khung vµ ®a khung nh­ ®­îc quy ®Þnh trong phô lôc C. ThiÕt bÞ ®Çu cuèi ph¶i cã 
kh¶ n¨ng ®¹t ®­îc ®ång bé khung nh»m t¸ch d÷ liÖu cña ng­êi sö dông ra khái 
khung th«ng tin. 

§ång bé khung ph¶i ®¹t ®­îc nÕu: 

a) Cã sù xuÊt hiÖn cña tÝn hiÖu ®ång bé khung ®óng lÇn ®Çu tiªn; 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 mét; vµ 

c) Sù xuÊt hiÖn tÝn hiÖu ®ång bé khung ®óng lÇn thø hai trong khung tiÕp theo, 
víi gi¶ thiÕt r»ng d÷ liÖu kh«ng chøa bÊt cø tõ nµo m« pháng tõ ®ång bé khung. 

ThiÕt bÞ ®Çu cuèi ph¶i tiÕp tôc duy tr× ®ång bé khung 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 th× thiÕt bÞ ®Çu cuèi ph¶i coi nh­ ®ång 
bé khung ®· bÞ mÊt vµ b¾t ®Çu t×m kiÕm ®ång bé khung. 

§ång bé khung còng ®­îc coi lµ mÊt nÕu: 

d) X¶y ra 915 SMF lçi trong sè 1000 SMF; hoÆc 
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e) Bit 2 trong c¸c khung kh«ng chøa tÝn hiÖu ®ång bé khung bÞ lçi trong ba 
lÇn liªn tiÕp; hoÆc 

f) Kh«ng cã kh¶ n¨ng ®¹t ®­îc ®ång bé khung trong 8 ms (xem môc 
4.2.2.9.2). 

KiÓm tra: tiÕn hµnh kiÓm tra theo môc A.10.1. 

4.2.2.9.2 §ång bé ®a khung 

Yªu cÇu nµy lµ tïy chän vµ chØ ¸p dông víi c¸c thiÕt bÞ ®Çu cuèi cÇn thu nhËn 
®ång bé ®a khung ®Ó t¸ch th«ng tin vÒ CRC-4 ®Ó phï hîp víi môc 4.2.1.6.2.2. 

Yªu cÇu: ®ång bé ®a khung CRC-4 ph¶i ®¹t ®­îc nÕu x¸c ®Þnh ®­îc Ýt nhÊt 

hai tÝn hiÖu ®ång bé ®a khung CRC-4 ®óng 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. 

L­u 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.  

KiÓm tra: tiÕn hµnh kiÓm tra theo môc A.10.2. 



TCN 68 - 217: 2002 

 16 

 

 

Phô lôc A  
(Quy ®Þnh) 

C¸c ph­¬ng ph¸p kiÓm tra 

A.1 M· ho¸ tÝn hiÖu ë cæng lèi ra 

Môc ®Ých: ®Ó x¸c ®Þnh r»ng viÖc m· ho¸ tÝn hiÖu ë cæng lèi ra cña thiÕt bÞ 
®Çu cuèi cã tu©n theo c¸c quy t¾c m· ho¸ HDB3 nh­ yªu cÇu trong môc 4.2.1.1 
hay kh«ng. 

CÊu h×nh kiÓm tra (xem h×nh A.1): 

TX

RX

ThiÕt bÞ
®Çu cuèi

TX

RX

ThiÕt bÞ
kiÓm tra

 

H×nh A.1: M· ho¸ tÝn hiÖu 

Tr¹ng th¸i giao diÖn: cÊp nguån. 

TÝn hiÖu thö: thiÕt bÞ ®Çu cuèi sÏ truyÒn mét chuçi bit HDB3 phï hîp víi cÊu 
tróc khung trong phô lôc C. Néi dung d÷ liÖu ®­îc chøa trong c¸c bit tõ 9 ®Õn 256 
cña khung sÏ lµ mét chuçi bit bao gåm c¸c chuçi <0000> <mét sè ch½n c¸c gi¸ trÞ 

nhÞ ph©n mét><0000>< mét sè lÎ c¸c gi¸ trÞ nhÞ ph©n mét>, ®­îc ®­a vµo bé 
m· ho¸ HDB3 (xem l­u ý). 

Gi¸m s¸t: chuçi bit lèi ra trong kho¶ng thêi gian kiÓm tra ®ñ ®Ó truyÒn 100 
lÇn xuÊt hiÖn c¸c mÉu trªn céng thªm thêi gian cÇn thiÕt ®Ó ph¸t hiÖn lçi. 

KÕt qu¶: kh«ng cã lçi nµo trong chuçi bit ®­îc gi¶i m·. 

L­u ý: mét chuçi bit gi¶ ngÉu nhiªn, ch¼ng h¹n nh­ PRBS(215-1), sÏ ®­îc chÊp 
nhËn nÕu chuçi bit nµy bao hµm c¸c mÉu bit trong môc trªn. 

A.2 D¹ng xung ë cæng lèi ra 
Môc ®Ých: §Ó x¸c ®Þnh d¹ng xung ë lèi ra cã phï hîp víi yªu cÇu trong môc 

4.2.1.2 kh«ng. 

CÊu h×nh kiÓm tra (xem h×nh A.2): 
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ThiÕt bÞ
®Çu cuèi

ThiÕt bÞ
kiÓm traT

TX

T = §iÖn trë kÕt cuèi
120         0,25%Ω ±  

H×nh A.2: D¹ng xung ë cæng lèi ra 

Tr¹ng th¸i giao diÖn: cÊp nguån. 

TÝn hiÖu thö: kh«ng quy ®Þnh. 

Gi¸m s¸t: 

- C¸c gi¸ trÞ 1 vµ 0 ®­îc thiÕt bÞ ®Çu cuèi truyÒn ®i, ®o ®­îc biªn ®é vµ d¹ng 

cña c¸c xung d­¬ng vµ ©m (®o t¹i ®iÓm gi÷a cña kho¶ng xung) vµ ®é dµi thêi gian 

cña c¸c xung d­¬ng vµ ©m (®­îc ®o t¹i mét nöa xung danh nghÜa, tøc lµ 1,5 V); 

- §é chÝnh x¸c cña phÐp ®o ph¶i tèt h¬n 90 mV. TÊt c¶ c¸c phÐp ®o ph¶i 

®­îc thùc hiÖn víi thiÕt bÞ ®o cã kh¶ n¨ng ghi l¹i dßng mét chiÒu (DC). B¨ng tÇn 

cã ®é réng lín h¬n hoÆc b»ng 200 MHz ph¶i ®­îc sö dông ®Ó n¾m b¾t sù thay ®æi 

cña xung. 

KÕt qu¶:  

- C¸c xung d­¬ng vµ ©m ®Òu ph¶i n»m trong mÆt n¹ thuéc h×nh 2, trong ®ã  

V = 100% lµ 3 V. 

- Kho¶ng bit t­¬ng øng víi gi¸ trÞ 0 sÏ kh«ng cã ®iÖn ¸p v­ît qu¸ ± 0,3 V; 

- Tû lÖ biªn ®é cña c¸c xung d­¬ng vµ ©m n»m trong kho¶ng 0,95 ®Õn 1,05. 

- Tû lÖ ®é réng cña c¸c xung d­¬ng vµ ©m n»m trong kho¶ng 0,95 ®Õn 1,05. 

A.3 §Þnh thêi lèi ra 

Môc ®Ých: §Ó x¸c ®Þnh r»ng tèc ®é bit n»m trong kho¶ng 2048 kbit/s ± 50 

phÇn triÖu khi thiÕt bÞ ®Çu cuèi cÊp ®Þnh thêi tõ ®ång hå néi cña nã, môc 4.2.1.3. 

CÊu h×nh kiÓm tra (xem h×nh A.3): 

- ThiÕt bÞ ®Çu cuèi sÏ ®­îc cÊu h×nh ®Ó cÊp ®Þnh thêi tõ nguån ®ång hå néi. 

Lèi ra cña thiÕt bÞ ®Çu cuèi lµ mét chuçi bit ®­îc m· ho¸ HDB3. 



TCN 68 - 217: 2002 

 18 

ThiÕt bÞ
®Çu cuèi ThiÕt bÞ

kiÓm tra

TX RX

TÝn hiÖu ®ång hå

§Õm tÇn sè

 

H×nh A.3: §Þnh thêi cæng lèi ra 

Tr¹ng th¸i giao diÖn: cÊp nguån. 

TÝn hiÖu thö: kh«ng quy ®Þnh. 

Gi¸m s¸t: tèc ®é bit tõ lèi ra cña thiÕt bÞ ®Çu cuèi. 

KÕt qu¶: tèc ®é bit sÏ n»m trong kho¶ng 2048 kbit/s ± 50 phÇn triÖu. 

A.4 Suy hao ph¶n x¹ ë cæng lèi vµo 

Môc ®Ých: ®Ó x¸c minh r»ng suy hao ph¶n x¹ ë ®«i d©y nhËn cña giao diÖn 
thiÕt bÞ ®Çu cuèi cã phï hîp víi c¸c yªu cÇu cña môc 4.2.2.2 hay kh«ng. 

CÊu h×nh kiÓm tra (xem h×nh A.4): 

ThiÕt bÞ
®Çu cuèi

RX M¹ch cÇu T

M¸y ph¸t

V«n kÕ
T = §iÖn trë kÕt cuèi

120         0,25%Ω ±  

H×nh A.4: Suy hao ph¶n x¹ ë cæng lèi vµo 

Tr¹ng th¸i giao diÖn: cÊp nguån. 

TÝn hiÖu thö: tÝn hiÖu h×nh sin cã ®Ønh 3 V t¹i lèi vµo cña thiÕt bÞ ®Çu cuèi cã 
tÇn sè biÕn ®éng trong kho¶ng tõ 51 kHz ®Õn 3072 kHz. 

Gi¸m s¸t: ®iÖn ¸p ®­îc ®o t¹i cÇu ®o, biÓu ®¹t ®iÖn trë kÕt cuèi lµ 120 Ω, sö 
dông mét V«n kÕ ®iÒu chØnh cã b¨ng tÇn nhá h¬n 1 kHz. 

KÕt qu¶: suy hao ph¶n x¹ ®o ®­îc ph¶i lín h¬n hoÆc b»ng c¸c gi¸ trÞ trong 
b¶ng 3. 

L­u ý: c¸c ®Æc tÝnh cña m¸y ph¸t vµ v«n kÕ cã thÓ kh¸c nhau tuú theo cÇu ®o, 
tuy nhiªn, lçi tæng céng cña c¸ch bè trÝ kiÓm tra ph¶i nhá h¬n 0,5 dB trong ph¹m vi 
10 dB ®Õn 20 dB. Khi ®­îc nèi víi mét ®iÖn trë 120 Ω ± 0,25% th× suy hao ph¶n x¹ 
®o ®­îc cña cÇu ph¶i cao h¬n c¸c giíi h¹n ®­îc ®Þnh ra víi giao diÖn lµ 20 dB. 
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A.5 Giíi h¹n suy hao lèi vµo vµ miÔn nhiÔm víi c¸c ph¶n x¹ 

Môc ®Ých: ®Ó kiÓm tra sù miÔn nhiÔm cña cæng lèi vµo ®èi víi tÝn hiÖu nhiÔu 
kÕt hîp víi tÝn hiÖu lèi vµo, nh­ ®· quy ®Þnh trong môc 4.2.2.4, c¶ hai tr­êng hîp 
kh«ng qua c¸p (tøc lµ suy hao 0 dB) vµ qua c¸p cã suy hao 6 dB, nh­ ®· quy ®Þnh 
trong môc 4.2.2.3. 

CÊu h×nh kiÓm tra (xem h×nh A.5): 

ThiÕt bÞ
®Çu cuèi

RX M« pháng c¸p
M¹ng kÕt hîp

vµ suy hao
ThiÕt bÞ
kiÓm tra

TX

RX

M¸y ph¸t mÉu

TX
 

H×nh A.5: MiÔn nhiÔm víi c¸c ph¶n x¹ 

- TÝn hiÖu nhiÔu ph¶i ®­îc kÕt hîp víi tÝn hiÖu lèi vµo trong mét m¹ng kÕt hîp 

cã trë kh¸ng 120 Ω, víi suy hao 0 dB cña tÝn hiÖu lèi vµo vµ suy hao 18 dB cña tÝn 
hiÖu nhiÔu; 

- Bé m« pháng c¸p ph¶i cã suy hao 6 dB ®o ®­îc t¹i tÇn sè 1024 kHz vµ ®Æc 
tÝnh suy hao theo luËt f trong d¶i tÇn sè tõ 100 kHz ®Õn 10 MHz. 

- Sù phï hîp cña giao diÖn sÏ ®­îc x¸c minh trong c¸c ®iÒu kiÖn kiÓm tra sau: 

a) Kh«ng cã m« pháng c¸p vµ kh«ng cã tÝn hiÖu nhiÔu; vµ 

b) Cã m« pháng c¸p vµ kh«ng cã tÝn hiÖu nhiÔu; vµ 

c) Kh«ng cã m« pháng c¸p vµ cã tÝn hiÖu nhiÔu; vµ 

d) Cã m« pháng c¸p vµ cã tÝn hiÖu nhiÔu. 

- PhÐp kiÓm tra ph¶i ®­îc lÆp l¹i víi c¸c ®­êng d©y t¹i lèi vµo giao diÖn thiÕt 
bÞ ®Çu cuèi (RX) bÞ ®¶o chiÒu. 

Tr¹ng th¸i giao diÖn: cÊp nguån, víi d÷ liÖu nhËn ®­îc ®­a vßng trë l¹i cæng 
lèi ra. 

TÝn hiÖu thö:  

- TÝn hiÖu lèi ra cña thiÕt bÞ kiÓm tra ph¶i ®­îc m· ho¸ HDB3 vµ cã d¹ng 
xung nh­ h×nh 2. Chuçi bit ph¶i ®­îc cÊu tróc l¹i thµnh c¸c khung cã CRC-4 theo 
KhuyÕn nghÞ ITU-T G.704 [2]. Trong c¸c khung kh«ng chøa tÝn hiÖu ®ång bé 
khung, bit 3 (ChØ thÞ c¶nh b¸o ®Çu xa (RAI)) ph¶i ®­îc ®­a vÒ 0 vµ c¸c bit tõ 4 ®Õn 
8 (Sa4 ®Õn Sa8) ph¶i ®­îc ®­a vÒ 1. Néi dung d÷ liÖu ®­îc chøa trong c¸c bit tõ  
9 ®Õn 256 cña khung sÏ lµ PRBS(215-1). Tèc ®é bit ph¶i n»m trong kho¶ng  

2048 kbit/s ± 50 phÇn triÖu; 
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- TÝn hiÖu nhiÔu tõ m¸y ph¸t mÉu sÏ: 
a) §­îc m· ho¸ HDB3 vµ cã d¹ng xung nh­ h×nh 2; vµ 
b) Cã néi dung d÷ liÖu lµ mét PRBS (215 - 1); vµ 

c) Cã tèc ®é bit trong kho¶ng 2048 kbit/s ± 50 phÇn triÖu, tÝn hiÖu nµy kh«ng 
®ång bé víi tÝn hiÖu lèi ra cña thiÕt bÞ kiÓm tra. 

Gi¸m s¸t: d÷ liÖu t¹i cæng lèi ra cña thiÕt bÞ ®Çu cuèi. 

KÕt qu¶: x¸c minh r»ng d÷ liÖu nhËn ®­îc tõ thiÕt bÞ ®Çu cuèi gièng hÖt víi 
chuçi ®· ph¸t ra trong kho¶ng thêi gian Ýt nhÊt 1 phót. 

A.6 Kh¶ n¨ng chÞu ®iÖn ¸p däc, m· ho¸ lèi vµo HDB3 

Môc ®Ých: ®Ó kiÓm tra kh¶ n¨ng chÞu ®ùng ®iÖn ¸p däc nhá nhÊt t¹i lèi vµo 
cña thiÕt bÞ ®Çu cuèi nh­ ®· quy ®Þnh trong môc 4.2.2.5, vµ nhËn chÝnh x¸c m· 
HDB3 nh­ ®· quy ®Þnh trong môc 4.2.2.1. 

CÊu h×nh kiÓm tra (xem h×nh A.6). 

Tr¹ng th¸i giao diÖn: cÊp nguån, víi d÷ liÖu nhËn ®­îc ®­a vßng trë l¹i cæng 
lèi ra cña thiÕt bÞ ®Çu cuèi. 

TÝn hiÖu thö: tÝn hiÖu lèi ra cña thiÕt bÞ kiÓm tra ph¶i ®­îc m· ho¸ HDB3 vµ 
cã d¹ng xung nh­ h×nh 2. Chuçi bit ph¶i ®­îc cÊu tróc thµnh c¸c khung cã CRC-4 
theo KhuyÕn nghÞ ITU-T G.704 [2]. Trong c¸c khung kh«ng chøa tÝn hiÖu ®ång bé 
khung, bit 3 (RAI) sÏ ®­îc ®­a vÒ 0 vµ c¸c bit tõ 4 ®Õn 8 (Sa4 ®Õn Sa8) ph¶i ®­îc 
®­a vÒ 1. Néi dung d÷ liÖu ®­îc chøa trong c¸c bit tõ 9 ®Õn 256 cña khung sÏ lµ 
PRBS(215-1). 

TX

ThiÕt bÞ
®Çu cuèi

RX L1

R R

L2

M¸y ph¸t

50Ω50Ω

25Ω

NTP

TX

ThiÕt bÞ
®Çu cuèi

RX

M¹ch c©n
b»ng T

L1 = 2*38 mH

L2 = 2*38 mH

R = 2*200 Ω

V1

(Xem l­u ý)

(Xem l­u ý)  
L­u ý: §iÓm nµy ph¶i ®­îc kÕt nèi víi ®iÓm ®Êt chung cña thiÕt bÞ ®Çu cuèi hoÆc ®iÓm chuÈn kiÓm tra. 

H×nh A.6: Kh¶ n¨ng chÞu ®iÖn ¸p däc, m· ho¸ lèi vµo HDB3 
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- Mét ®iÖn ¸p däc VL cã gi¸ trÞ hiÖu dông lµ 2 V, ±20 mV víi tÇn sè biÕn ®æi 

trong kho¶ng 10 Hz ®Õn 30 MHz sÏ ®­îc ®­a vµo trong Ýt nhÊt 2 gi©y. 

Gi¸m s¸t: c¸c d÷ liÖu t¹i cæng lèi ra cña thiÕt bÞ ®Çu cuèi. 

KÕt qu¶: x¸c minh r»ng c¸c d÷ liÖu nhËn ®­îc tõ thiÕt bÞ ®Çu cuèi gièng hÖt 

víi chuçi ®­îc ph¸t ra.  

L­u ý: suy hao chuyÓn ®æi däc cè h÷u cña m¹ch c©n b»ng T ph¶i lín h¬n 30 dB. 

A.7 Trë kh¸ng so víi ®Êt 

Môc ®Ých: ®Ó kiÓm tra trë kh¸ng so víi ®Êt cña cæng lèi ra vµ cæng lèi vµo cña 

thiÕt bÞ ®Çu cuèi, nh­ ®· quy ®Þnh trong môc 4.2.1.4 vµ 4.2.2.6. 

CÊu h×nh kiÓm tra: (xem h×nh A.7). 

Tr¹ng th¸i giao diÖn: cÊp nguån. 

TÝn hiÖu thö: tÝn hiÖu kiÓm tra h×nh sin (Vgen) cã gi¸ trÞ hiÖu dông lµ 2 V,  

±20 mV ®­îc ®­a vµo víi tÇn sè trong kho¶ng 10 Hz ®Õn 1 MHz. 

Gi¸m s¸t: ®iÖn ¸p cña Vtest. 

KÕt qu¶: ®iÖn ¸p Vtest ph¶i cã gi¸ trÞ hiÖu dông nhá h¬n 19,2 mV. 
 

M¸y ph¸t

ThiÕt bÞ
®Çu cuèi

RX hoÆc TX

(Xem l­u ý 2)

Vgen

Vtest
60Ω

60Ω

10 Ω ±1%

L­u ý 1: C¸c ®iÖn trë 60    ph¶i cã dung sai kh«ng qu¸ 1% vµ chªnh lÖch d­íi 0,1%Ω
L­u ý 2: §iÓm nµy ph¶i ®­îc kÕt nèi víi ®iÓm ®Êt chung cña thiÕt bÞ ®Çu cuèi hoÆc ®iÓm chuÈn kiÓm tra  

H×nh A.7: Trë kh¸ng so víi ®Êt 

A.8 Rung pha lèi ra vµ lèi vµo 

Môc ®Ých: phÐp kiÓm tra nµy ®­îc sö dông ®Ó ®o kh¶ n¨ng chÞu rung pha lèi 

vµo (môc 4.2.2.7), rung pha lèi ra lín nhÊt (4.2.1.5) vµ sù ho¹t ®éng trong ph¹m vi 

lèi vµo ®Þnh thêi nhÊt ®Þnh (môc 4.2.2.8). 

CÊu h×nh kiÓm tra: (xem h×nh A.8). 
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Nguån ®iÒu chÕ

PRBS víi rung
pha cùc ®¹i
cho phÐp

M¸y ph¸t
xung nhÞp

M¸y ph¸t mÉu

Nguån ®iÒu chÕ

M¸y ph¸t
xung nhÞp

ThiÕt bÞ
®Çu cuèi

Bé so s¸nh mÉu

ThiÕt bÞ
®o rung pha

Nguån ®Þnh
thêi riªng

TX

RX

 
 

H×nh A.8: §o rung pha 

- ThiÕt bÞ ®Çu cuèi ph¶i ®­îc kiÓm tra trong mçi cÊu h×nh sau (t¹i c¸c cÊu h×nh 
®ã, c¸c ph­¬ng thøc vËn hµnh sau ®­îc hç trî): 

a) §Þnh thêi lèi ra ®­îc tham chiÕu tõ ®ång hå néi; vµ 

b) §Þnh thêi lèi ra ®­îc tham chiÕu tõ bÊt kú nguån ®ång hå ngoµi nµo lµ 
nguån ®Þnh thêi (kÓ c¶ ®Þnh thêi tõ tÝn hiÖu lèi vµo). 

Tr¹ng th¸i giao diÖn: cÊp nguån, d÷ liÖu nhËn ®­îc ®­a vßng trë l¹i cæng 
lèi ra. 

TÝn hiÖu thö:  

- TÝn hiÖu lèi ra cña bé ph¸t mÉu ph¶i ®­îc m· ho¸ HDB3 vµ cã d¹ng xung 
nh­ h×nh 2. Chuçi bit ph¶i ®­îc cÊu tróc thµnh c¸c khung, cã CRC-4, theo KhuyÕn 
nghÞ ITU-T G.704 [2], Trong c¸c khung kh«ng chøa tÝn hiÖu ®ång bé khung, bit 3 
(RAI) sÏ ®­îc ®­a vÒ 0 vµ c¸c bit tõ 4 ®Õn 8 (Sa4 ®Õn Sa8) sÏ ®­îc ®­a vÒ 1. Néi 
dung d÷ liÖu ®­îc chøa trong c¸c bit tõ 9 ®Õn 256 sÏ lµ mét PRBS(215-1); 

- PhÐp ®o ph¶i ®­îc thùc hiÖn víi tÝn hiÖu lèi vµo t¹i c¸c gi¸ trÞ giíi h¹n vÒ tèc 
®é sè vµ c¶ gi÷a c¸c giíi h¹n nµy, ®Ó cã thÓ x¸c minh r»ng rung pha phï hîp trong 
toµn bé ph¹m vi tÇn sè. Tèi thiÓu th× còng ph¶i tiÕn hµnh phÐp kiÓm tra t¹i c¸c giíi 
h¹n trªn, giíi h¹n d­íi vµ ë tèc ®é danh nghÜa; 

- Nguån ®iÒu chÕ dïng cho chuçi bit lèi vµo cña thiÕt bÞ ®Çu cuèi sÏ t¹o thµnh 
c¸c thµnh phÇn riªng lÎ cña rung pha h×nh sin t¹i c¸c ®iÓm n»m trªn ®­êng cong ë 
h×nh 3 vµ b¶ng 4; 

- Nguån ®iÒu chÕ ®Þnh thêi bªn ngoµi (nÕu cÇn) ph¶i ®éc lËp víi nguån ®iÒu 
chÕ tÝn hiÖu lèi vµo vµ sÏ t¹o nªn kh¶ n¨ng chÞu rung pha lín nhÊt vµ ®é lÖch tÇn sè 
lín nhÊt nh­ nhµ s¶n xuÊt thiÕt bÞ ®Çu cuèi chØ ra; 
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- Cã thÓ cÇn ph¶i ®ång bé ho¸ hai bé ph¸t xung nhÞp ®Ó tr¸nh kh¶ n¨ng x¶y 
ra tr­ît. 

Gi¸m s¸t: 

a) TÝn hiÖu ®­îc truyÒn ®i bëi thiÕt bÞ ®Çu cuèi; vµ 

b) Rung pha ®­îc lÊy ra tõ tÝn hiÖu nµy, sö dông thiÕt bÞ phï hîp víi KhuyÕn 
nghÞ ITU-T 171 [4], víi c¸c tÇn sè c¾t nh­ ®­îc quy ®Þnh ë b¶ng 2. 

KÕt qu¶: 

a) ThiÕt bÞ kiÓm tra kh«ng th«ng b¸o lçi bit nµo trong thêi gian kiÓm tra; vµ 

b) Rung pha ®Ønh - ®Ønh ph¶i phï hîp víi b¶ng 2 khi ®­îc ®o b»ng c¸c bé läc 
tuyÕn tÝnh cã c¸c tÇn sè c¾t x¸c ®Þnh. 

L­u ý: nguån ®iÒu chÕ cã thÓ ®­îc chøa trong bé ph¸t xung nhÞp vµ/hoÆc bé 

ph¸t tÝn hiÖu mÉu, hoÆc cã thÓ ®­îc cung cÊp riªng biÖt. 

A.9 CÊu tróc khung 

A.9.1 CÊu tróc lèi ra vµ viÖc t¹o CRC-4 

Môc ®Ých: ®Ó kiÓm tra ®é chÝnh x¸c cña cÊu tróc lèi ra (môc 4.2.1.6) vµ viÖc 
t¹o CRC-4 (môc 4.2.1.6.1) t¹i lèi ra cña thiÕt bÞ ®Çu cuèi. 

CÊu h×nh kiÓm tra: (xem h×nh A.9). 
 

ThiÕt bÞ
®Çu cuèi

TX

RX

RX

TX

ThiÕt bÞ
kiÓm tra

 
 

H×nh A.9: CÊu tróc khung 

Tr¹ng th¸i giao diÖn: cÊp nguån. 

TÝn hiÖu thö: 

- TÝn hiÖu lèi ra cña thiÕt bÞ kiÓm tra ph¶i ®­îc m· ho¸ HDB3 vµ cã d¹ng 
xung nh­ h×nh 2 vµ víi mét cÊu tróc khung nh­ nªu trong KhuyÕn nghÞ ITU-T 
G.704 [2]. 

- ThiÕt bÞ ®Çu cuèi sÏ truyÒn mét chuçi bit HDB3 víi néi dung d÷ liÖu vµ cÊu 
tróc khung phï hîp víi phô lôc B. Néi dung d÷ liÖu ®­îc chøa trong c¸c bit tõ 9 
®Õn 256 ph¶i lµ mét chuçi bit gi¶ ngÉu nhiªn, ch¼ng h¹n nh­ PRBS(215 - 1). 
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Gi¸m s¸t: tÝn hiÖu ®ång bé khung vµ CRC-4 trong chuçi bit ra tõ thiÕt bÞ 
®Çu cuèi. 

KÕt qu¶: 

- TÝn hiÖu ®ång bé khung vµ bit 2 cña khung kh«ng chøa tÝn hiÖu ®ång bé 
khung ph¶i nh­ quy ®Þnh trong b¶ng C.1; 

- CRC-4 ph¶i phï hîp víi c¸c d÷ liÖu trong SMF tr­íc nh­ ®­îc quy ®Þnh 
trong môc C.2 vµ C.2.1. 

A.9.2 C¸c ®Çu cuèi kh«ng sö dông bit E 

Môc ®Ých: ®Ó x¸c minh r»ng víi c¸c thiÕt bÞ ®Çu cuèi kh«ng sö dông bit E ®Ó 
chØ thÞ lçi SMF th× c¸c bit E ®­îc ®­a vÒ gi¸ trÞ nhÞ ph©n mét nh­ ®· quy ®Þnh trong 
môc 4.2.1.6.2.1. 

CÊu h×nh kiÓm tra: (xem h×nh A.9). 

Tr¹ng th¸i giao diÖn: cÊp nguån. 

TÝn hiÖu thö:  

- ThiÕt bÞ ®Çu cuèi sÏ truyÒn mét chuçi bit HDB3 phï hîp víi cÊu tróc khung 
trong phô lôc C. Néi dung d÷ liÖu chøa trong c¸c bit tõ 9 ®Õn 256 cña khung ph¶i lµ 
mét chuçi bit gi¶ ngÉu nhiªn, ch¼ng h¹n nh­ PRBS(215-1); 

- TÝn hiÖu lèi ra cña thiÕt bÞ kiÓm tra ph¶i ®­îc m· ho¸ HDB3 vµ cã d¹ng 
xung nh­ h×nh 2 vµ víi mét cÊu tróc khung nh­ nªu trong KhuyÕn nghÞ ITU-T 
G.704 [2]. ThiÕt bÞ kiÓm tra ph¶i t¹o ra c¸c tÝn hiÖu thö nh­ ®­îc quy ®Þnh trong 
cét 1 cña b¶ng A.1. 

B¶ng A.1: C¸c ®Çu cuèi kh«ng sö dông bit E 

TÝn hiÖu thö tõ thiÕt bÞ kiÓm tra KÕt qu¶ 

C¸c SMF liªn tôc víi CRC-4 ®óng E = 1 

C¸c SMF liªn tôc víi CRC-4 sai E = 1 

TÝn hiÖu g©y ra mÊt ®ång bé khung (vÝ dô tÝn 
hiÖu chØ thÞ c¶nh b¸o (AIS) ) 

E = 1 

 

Gi¸m s¸t: bit E trong chuçi bit ra tõ thiÕt bÞ ®Çu cuèi. 

KÕt qu¶: bit E ph¶i ®óng nh­ ®· quy ®Þnh trong cét 2 cña b¶ng A.1. 

A.9.3 C¸c ®Çu cuèi cã sö dông bit E ®Ó chØ thÞ c¸c SMF lçi 

Môc ®Ých: ®Ó x¸c minh kh¶ n¨ng sö dông c¸c bit E ®Ó chØ thÞ c¸c lçi SMF cña 
thiÕt bÞ ®Çu cuèi. 

CÊu h×nh kiÓm tra: (xem h×nh A.9). 

Tr¹ng th¸i giao diÖn: cÊp nguån. 
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TÝn hiÖu thö:  

- ThiÕt bÞ ®Çu cuèi sÏ truyÒn mét chuçi bit m· HDB3 theo cÊu tróc khung 

trong phô lôc C. Néi dung d÷ liÖu ®­îc chøa trong c¸c bit 9 ®Õn 256 cña khung sÏ 

lµ mét chuçi bit gi¶ ngÉu nhiªn, vÝ dô PRBS(215 - 1). 

- TÝn hiÖu ®Çu ra cña thiÕt bÞ kiÓm tra ®­îc m· ho¸ HDB3 vµ cã d¹ng xung 

nh­ h×nh 2 vµ cÊu tróc khung theo KhuyÕn nghÞ ITU-T G.704 [2]. ThiÕt bÞ kiÓm tra 

sÏ t¹o ra tÝn hiÖu thö nh­ quy ®Þnh trong cét 1 cña b¶ng A.2. 

B¶ng A.2: C¸c ®Çu cuèi cã sö dông bit E ®Ó chØ ra c¸c SMF lçi 

TÝn hiÖu thö tõ thiÕt bÞ kiÓm tra KÕt qu¶ 

Mét SMF cã CRC-4 sai n»m trong mét chuçi 

c¸c SMF cã CRC-4 ®óng  

Mét bit E cã E = 0, ®­îc göi trong 1 gi©y cña SMF 

lçi, c¸c bit E kh¸c b»ng 1  

Hai SMF liªn tiÕp cã CRC-4 sai n»m trong mét 

chuçi c¸c SMF cã CRC-4 ®óng 

Hai bit E liªn tiÕp cã E = 0, ®­îc göi trong 1 gi©y cña 

SMF lçi, c¸c bit E kh¸c b»ng 1 

L­u ý: Hai bit E liªn tiÕp cã thÓ n»m trong 2 ®a khung liªn tiÕp 

Gi¸m s¸t: bit E trong chuçi bit ra tõ thiÕt bÞ ®Çu cuèi. 

KÕt qu¶: gi¸ trÞ bit E ®óng nh­ ®· quy ®Þnh trong cét 2 b¶ng A.2. 

A.9.4 Sö dông bit A  

Môc ®Ých: ®Ó x¸c minh bit A cã ®­îc ®Æt ®óng ®Ó chØ ra c¸c ®iÒu kiÖn ë lèi 

vµo cña thiÕt bÞ ®Çu cuèi ®­îc ®Ò cËp trong môc 4.2.1.6.3.1 hoÆc môc 4.2.1.6.3.2 

hay kh«ng. 

CÊu h×nh kiÓm tra: (xem h×nh A.9). 

Tr¹ng th¸i giao diÖn: cÊp nguån. 

TÝn hiÖu thö: 

- ThiÕt bÞ ®Çu cuèi sÏ truyÒn mét chuçi bit m· HDB3 theo cÊu tróc khung 

trong phô lôc C. Néi dung d÷ liÖu ®­îc n»m trong c¸c bit 9 ®Õn 256 cña khung sÏ 

lµ mét chuçi bit gi¶ ngÉu nhiªn, vÝ dô PRBS(215 - 1).  

- TÝn hiÖu ®Çu ra cña thiÕt bÞ kiÓm tra ®­îc m· ho¸ HDB3 vµ cã d¹ng xung 

nh­ h×nh 2 vµ cÊu tróc khung theo KhuyÕn nghÞ ITU-T G.704 [2]. Néi dung d÷ liÖu 

chøa trong c¸c bit tõ 9 ®Õn 256 cña khung sÏ theo mét mÉu cè ®Þnh kh«ng chøa tÝn 

hiÖu m« pháng tÝn hiÖu ®ång bé khung. ThiÕt bÞ kiÓm tra sÏ t¹o ra tÝn hiÖu thö quy 

®Þnh trong cét 2 cña b¶ng A.3.  
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B¶ng A.3: C¸c ®Çu cuèi cã sö dông bit A 

 TÝn hiÖu thö tõ thiÕt bÞ kiÓm tra 

(xem l­u ý 1 vµ 2) 

KÕt qu¶  
(xem l­u ý 3) 

1 Chuçi khung liªn tiÕp chøa mét tÝn hiÖu ®ång bé khung sai.  

(...2 F 2 F 2 /F 2 F 2 F...) 

A = 0 

2 Chuçi khung liªn tiÕp chøa hai tÝn hiÖu ®ång bé khung sai 
liÒn nhau.  

(...2 F 2 F 2 /F 2 /F 2 F 2 F...) 

A = 0 

3 Chuçi khung liªn tiÕp chøa ba tÝn hiÖu ®ång bé khung sai 
liÒn nhau.  

(...2 F 2 F 2 /F 2 /F 2 /F 2 F 2 F...) 

A = 1 trong vßng 30 ms kÓ tõ tÝn 
hiÖu ®ång bé khung sai cuèi cïng, 
trë vÒ A = 0 trong vßng 30 ms sau 
hai tÝn hiÖu ®ång bé khung ®óng. 

4 C¸c khung liªn tiÕp chøa ba tÝn hiÖu ®ång bé khung sai liÒn 
nhau, tiÕp ®ã lµ N chuçi khung cã c¸c tÝn hiÖu ®ång bé 
khung ®óng vµ sai xen kÏ nhau, råi ®Õn mét khung ®óng, 
råi ®Õn M chuçi khung cã tÝn hiÖu ®ång bé khung ®óng 
nh­ng c¸c khung kh«ng chøa tÝn hiÖu ®ång bé khung ®óng 
cã bit 2 b»ng 0, tiÕp ®ã lµ c¸c khung ®óng liªn tiÕp.  

(...2 F 2 F 2 /F 2 /F 2 /F Nx(2 F 2 /F) 2 F Mx(/2 F) 2 F 2 F...) 

A = 1 trong vßng 30 ms sau tÝn 
hiÖu ®ång bé khung sai thø ba, 
gi÷ nguyªn A = 1 ®Õn khi A = 0 
trong vßng 30 ms sau khi cã hai 
tÝn hiÖu ®ång bé khung ®óng liªn 
tiÕp. 

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

5 C¸c khung liªn tiÕp cã hai khung kh«ng chøa tÝn hiÖu ®ång 
bé khung cã bit 2 b»ng 0 liÒn nhau.  

(...2 F 2 F /2 F /2 F 2 F 2 F...) 

A = 0 

6 C¸c khung liªn tiÕp cã ba khung kh«ng chøa tÝn hiÖu ®ång 
bé khung cã bit 2 b»ng 0 liÒn nhau.  

(...2 F 2 F /2 F /2 F /2 F 2 F 2 F...) 

A = 1 trong vßng 30 ms sau khi 
khung thø ba cã bit 2 b»ng 0, trë 
vÒ A = 0 trong vßng 30 ms sau hai 
tÝn hiÖu ®ång bé khung ®óng. 

7 C¸c khung liªn tiÕp cã 914 SMF lçi liÒn nhau, tiÕp theo lµ 
86 SMF kh«ng lçi liÒn nhau, råi ®Õn 914 SMF lçi liÒn nhau, 
råi ®Õn c¸c SMF kh«ng lçi liÒn nhau.  

(...SMF SMF 914x/SMF 86xSMF 914x/SMF SMF...)  

A = 0 

8 C¸c khung liªn tiÕp cã 915 SMF lçi liÒn nhau, tiÕp theo lµ 
85 SMF kh«ng lçi liÒn nhau, råi ®Õn 915 SMF lçi liÒn nhau, 
råi ®Õn c¸c SMF kh«ng lçi liÒn nhau.  

(...SMF SMF 915x/SMF 85xSMF 915x/SMF SMF...) 

Trong kho¶ng thêi gian nµy, bit A 
sÏ thay ®æi Ýt nhÊt mét lÇn tõ A = 0 
thµnh A = 1 vµ trë l¹i A = 0. 

 
L­u ý 1: Tr­íc mçi phÐp kiÓm tra ®­îc ghi trong b¶ng nµy ph¶i ®¶m b¶o ®ång bé khung vµ ®a khung 
b»ng c¸ch truyÒn ®ñ sè khung ®óng ®Õn bªn nhËn. 

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

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

             2 lµ mét khung kh«ng chøa tÝn hiÖu ®ång bé khung cã bit 2 b»ng 1; 

             /2 lµ mét khung kh«ng chøa tÝn hiÖu ®ång bé khung cã bit 2 b»ng 0; 

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

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

L­u ý 3: KÕt qu¶ ¸p dông ®èi víi c¸c ®Çu cuèi phï hîp víi môc 4.2.1.6.3.2. 
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Gi¸m s¸t: bit A n»m trong chuçi bit ra tõ thiÕt bÞ ®Çu cuèi. 

KÕt qu¶: 

- §èi víi nh÷ng thiÕt bÞ ®Çu cuèi phï hîp víi môc 4.2.1.6.3.1 (tøc lµ nh÷ng 

thiÕt bÞ ®Çu cuèi kh«ng sö dông bit A), th× bit A sÏ ®­îc ®­a vÒ gi¸ trÞ nhÞ ph©n 

KH¤NG cho tÊt c¶ c¸c tÝn hiÖu thö trong cét 3 cña b¶ng A.3. 

- §èi víi nh÷ng thiÕt bÞ ®Çu cuèi phï hîp víi môc 4.2.1.6.3.2 (tøc lµ nh÷ng 

thiÕt bÞ ®Çu cuèi sö dông bit A), th× bit A sÏ ®¸p øng nh­ quy ®Þnh trong b¶ng A.3. 

C¸c yªu cÇu cña phÐp kiÓm tra 6 trong b¶ng A.3 lµ tuú chän, phÐp kiÓm tra nµy chØ 

cã thÓ ®­îc thùc hiÖn nÕu nhµ s¶n xuÊt ®­a ra. 

A.10 CÊu tróc khung lèi vµo 

A.10.1 §ång bé khung 

Môc ®Ých: ®Ó x¸c minh r»ng cæng lèi vµo cña thiÕt bÞ ®Çu cuèi cã thÓ ®¹t ®­îc 

®ång bé khung nh­ ®· quy ®Þnh trong môc 4.2.2.9.1. C¸c thiÕt bÞ ®Çu cuèi cã sö 

dông bit A phï hîp víi môc 4.2.1.6.3.2 vµ phï hîp víi c¸c phÐp kiÓm tra trong 

môc A.9.4 kh«ng cÇn ®­îc kiÓm tra theo môc nµy v× sù phï hîp ®· ®­îc chøng 

minh qua viÖc phï hîp víi môc A.9.4. 

CÊu h×nh kiÓm tra: (xem h×nh A.10). 

ThiÕt bÞ
®Çu cuèi

TX

RX

RX

TX

ThiÕt bÞ
kiÓm tra

 
 

H×nh A.10: §ång bé khung 

Tr¹ng th¸i giao diÖn: cÊp nguån, d÷ liÖu nhËn ®­îc tõ c¸c bit tõ 9 ®Õn 256 

cña khung lèi vµo ®­îc ®­a vßng trë l¹i tíi cæng lèi ra. 

TÝn hiÖu thö: tÝn hiÖu lèi ra cña thiÕt bÞ kiÓm tra ®­îc m· ho¸ HDB3 vµ cã 

d¹ng xung nh­ h×nh 2, vµ cÊu tróc khung nh­ trong KhuyÕn nghÞ ITU-T G.704 [2]. 

Néi dung d÷ liÖu chøa trong c¸c bit tõ 9 ®Õn 256 cña khung sÏ theo mét mÉu cè 

®Þnh kh«ng chøa tÝn hiÖu m« pháng tÝn hiÖu ®ång bé khung. ThiÕt bÞ kiÓm tra sÏ 

t¹o ra c¸c tÝn hiÖu thö nh­ quy ®Þnh trong cét 2 cña b¶ng A.4. 
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B¶ng A.4: §ång bé khung 
 TÝn hiÖu thö tõ thiÕt bÞ kiÓm tra 

(xem l­u ý 1 vµ 2) 
KÕt qu¶ 

1 Chuçi khung liªn tiÕp chøa mét tÝn hiÖu ®ång bé khung sai.  
(...2 F 2 F 2 /F 2 F 2 F...) 

Kh«ng gi¸n ®o¹n d÷ liÖu. 
Kh«ng cã lçi trong d÷ liÖu nhËn 
®­îc. 

2 Chuçi khung liªn tiÕp chøa hai tÝn hiÖu ®ång bé khung sai 
liÒn nhau.  

(...2 F 2 F 2 /F 2 /F 2 F 2 F...) 

Kh«ng gi¸n ®o¹n d÷ liÖu. 

Kh«ng cã lçi trong d÷ liÖu nhËn 
®­îc. 

3 Chuçi khung liªn tiÕp chøa ba tÝn hiÖu ®ång bé khung sai 
liÒn nhau.  

(...2 F 2 F 2 /F 2 /F 2 /F 2 F 2 F...) 

BÊt cø gi¸n ®o¹n nµo trong d÷ 
liÖu ®Òu ph¶i ng¾n h¬n 20,5 ms. 

4 C¸c khung liªn tiÕp chøa ba tÝn hiÖu ®ång bé khung sai liÒn 
nhau, tiÕp ®ã lµ N chuçi khung cã c¸c tÝn hiÖu ®ång bé 
khung ®óng vµ sai xen kÏ nhau, råi ®Õn mét khung ®óng, 
råi ®Õn M chuçi M khung cã tÝn hiÖu ®ång bé khung ®óng 
nh­ng c¸c khung kh«ng chøa tÝn hiÖu ®ång bé khung ®óng 
cã bit 2 b»ng 0, tiÕp ®ã lµ c¸c khung ®óng liªn tiÕp.  

(...2 F 2 F 2 /F 2 /F 2 /F Nx(2 F 2 /F) 2 F Mx(/2 F) 2 F 2 F...) 

BÊt cø gi¸n ®o¹n nµo trong viÖc 
truyÒn d÷ liÖu ®Òu ph¶i ng¾n h¬n 
20,75 + 0,5 x (N + M/2) ms 

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

5 C¸c khung liªn tiÕp cã hai khung kh«ng chøa tÝn hiÖu ®ång 
bé khung cã bit 2 b»ng 0 liÒn nhau.  

(...2 F 2 F /2 F /2 F 2 F 2 F...) 

Kh«ng gi¸n ®o¹n d÷ liÖu. 
Kh«ng cã lçi trong d÷ liÖu nhËn 
®­îc. 

6 C¸c khung liªn tiÕp cã ba khung kh«ng chøa tÝn hiÖu ®ång 
bé khung cã bit 2 b»ng 0 liÒn nhau.  

(...2 F 2 F /2 F /2 F/2 F 2 F 2 F...) 

Cã thÓ x¶y ra gi¸n ®o¹n d÷ liÖu 
trong mét sè tr­êng hîp. 

BÊt cø gi¸n ®o¹n nµo trong d÷ 
liÖu ®Òu ph¶i ng¾n h¬n 20,5 ms. 

7 C¸c khung liªn tiÕp cã 914 SMF lçi liÒn nhau, tiÕp theo lµ 
86 SMF kh«ng lçi liÒn nhau, råi ®Õn 914 SMF lçi liÒn nhau, 
råi ®Õn c¸c SMF kh«ng lçi liÒn nhau.  

(...SMF SMF 914x/SMF 86xSMF 914x/SMF SMF...)  

Kh«ng gi¸n ®o¹n d÷ liÖu. 
Kh«ng cã lçi trong d÷ liÖu nhËn 
®­îc. 

8 C¸c khung liªn tiÕp cã 915 SMF lçi liÒn nhau, tiÕp theo lµ 
85 SMF kh«ng lçi liÒn nhau, råi ®Õn 915 SMF lçi liÒn nhau, 
råi ®Õn c¸c SMF kh«ng lçi liÒn nhau.  

(...SMF SMF 915x/SMF 85xSMF 915x/SMF SMF...) 

Cã thÓ x¶y ra gi¸n ®o¹n d÷ liÖu 
trong mét sè tr­êng hîp. 

BÊt cø gi¸n ®o¹n nµo trong d÷ 
liÖu ®Òu ph¶i ng¾n h¬n 20,5 ms. 

L­u ý 1: Tr­íc mçi phÐp kiÓm tra ®­îc ghi trong b¶ng nµy ph¶i ®¶m b¶o ®ång bé khung vµ ®a khung 
b»ng c¸ch truyÒn ®ñ sè khung ®óng ®Õn bªn nhËn. 

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

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

              2 lµ mét khung kh«ng chøa tÝn hiÖu ®ång bé khung cã bit 2 b»ng 1; 

              /2 lµ mét khung kh«ng chøa tÝn hiÖu ®ång bé khung cã bit 2 b»ng 0; 

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

Gi¸m s¸t: gi¸m s¸t d÷ liÖu nhËn ®­îc trong c¸c bit tõ 9 ®Õn 256 cña khung tõ 
c¸c thiÕt bÞ ®Çu cuèi vµ so s¸nh chóng víi c¸c d÷ liÖu do thiÕt bÞ kiÓm tra truyÒn ®i. 
Gi¸m s¸t bÊt cø gi¸n ®o¹n nµo trong d÷ liÖu. 
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KÕt qu¶: bÊt cø gi¸n ®o¹n nµo cña d÷ liÖu ®Òu ph¶i ®¶m b¶o yªu cÇu quy ®Þnh 
trong cét 3 cña b¶ng A.4. 

A.10.2. §ång bé ®a khung 

Môc ®Ých: ®Ó x¸c minh r»ng cæng lèi vµo cña thiÕt bÞ ®Çu cuèi cã thÓ ®¹t ®­îc 
®ång bé ®a khung ®óng nh­ ®­îc quy ®Þnh trong môc 4.2.2.9.2. 

CÊu h×nh kiÓm tra: (xem h×nh A.10). 

Tr¹ng th¸i giao diÖn: cÊp nguån. 

TÝn hiÖu thö: tÝn hiÖu lèi ra cña thiÕt bÞ kiÓm tra ®­îc m· ho¸ HDB3 vµ cã 
d¹ng xung nh­ h×nh 2, vµ cÊu tróc khung nh­ trong KhuyÕn nghÞ ITU-T G.704 [2]. 
Néi dung d÷ liÖu chøa trong c¸c bit tõ 9 ®Õn 256 cña khung sÏ theo mét mÉu cè 
®Þnh kh«ng chøa tÝn hiÖu m« pháng tÝn hiÖu ®ång bé khung. ThiÕt bÞ kiÓm tra sÏ 
t¹o ra c¸c tÝn hiÖu thö ®­îc quy ®Þnh trong cét 2 cña b¶ng A.5. 

B¶ng A.5: §ång bé ®a khung 

 
TÝn hiÖu thö tõ thiÕt bÞ kiÓm tra 

(xem l­u ý 1 vµ 2) 
KÕt qu¶ 

1 C¸c ®a khung ®óng liªn tiÕp nhau.  

(...MF MF MF MF...) 
§ång bé ®a khung. 

2 Mét chuçi c¸c ®a khung ®óng, tiÕp theo lµ ba tÝn hiÖu ®ång bé 
khung sai liÒn nhau, råi ®Õn mét ®a khung sai, råi ®Õn mét ®a 
khung ®óng, råi ®Õn hai ®a khung sai, råi ®Õn hai ®a khung ®óng 
råi ®Õn hai ®a khung sai, råi ®Õn c¸c ®a khung ®óng liÒn nhau.  

(...MF /F 2 /F 2 /F 2 /MF MF /MF /MF MF MF /MF /MF MF...) 

Ph¶i ®¹t ®­îc ®ång bé ®a khung 
sau ®a khung ®óng thø nhÊt tiÕp 
sau hai ®a khung sai. 

L­u ý 1: Tr­íc mçi phÐp kiÓm tra ®­îc ghi trong b¶ng nµy ph¶i ®¶m b¶o ®ång bé khung vµ ®a khung 
b»ng c¸ch truyÒn ®ñ sè khung ®óng ®Õn bªn nhËn.  

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

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

              2 lµ mét khung kh«ng chøa tÝn hiÖu ®ång bé khung cã bit 2 b»ng 1; 

              /2 lµ mét khung kh«ng chøa tÝn hiÖu ®ång bé khung cã bit 2 b»ng 0; 

              MF lµ mét ®a khung cã tÝn hiÖu ®ång bé khung ®óng, bit 2 b»ng 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 b»ng 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; nhµ cung cÊp thiÕt bÞ ®Çu cuèi ph¶i chØ 
râ viÖc nµy sÏ ®­îc tiÕn hµnh nh­ thÕ nµo. C¸c thiÕt bÞ ®Çu cuèi cã sö dông bit E ®Ó 
chØ thÞ c¸c SMF lçi cã thÓ chØ ra ®ång bé ®a khung b»ng c¸ch nhËn ra chÝnh x¸c 
c¸c SMF lçi ®­îc ®­a vµo tÝn hiÖu thö tõ thiÕt bÞ kiÓm tra (tøc lµ MF /F 2 /F 2 /F 2 
/MF MF /MF /MF MF MF /MF /MF /SMF /SMF MF). 

KÕt qu¶: ph¶i ®¹t ®­îc ®ång bé ®a khung nh­ quy ®Þnh trong cét 3 cña b¶ng A.5. 
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Phô lôc B 
(Quy ®Þnh)  

§Þnh nghÜa m· HDB3 

B.1 Kh¸i qu¸t 

Phô lôc nµy m« t¶ m· HDB3 trªn c¬ së söa ®æi m· ®¶o cùc lu©n phiªn (AMI). 
Néi dung cña phô lôc nµy dùa trªn phô lôc A cña KhuyÕn nghÞ G.703 [1] cña ITU-T. 

Trong m· nµy, c¸c bit cã gi¸ trÞ nhÞ ph©n 1 ®­îc biÓu thÞ b»ng c¸c xung d­¬ng 
vµ ©m xen kÏ nhau, vµ c¸c gi¸ trÞ nhÞ ph©n 0 ®­îc biÓu thÞ b»ng c¸c kho¶ng trèng. 
Cã ngo¹i lÖ khi x¶y ra nhiÒu chuçi bit 0 liªn tiÕp nhau trong tÝn hiÖu nhÞ ph©n. 

Trong ®Þnh nghÜa d­íi ®©y, B biÓu thÞ cho mét xung ®­îc chÌn tu©n theo quy 
t¾c AMI, vµ V biÓu thÞ cho mét xung vi ph¹m quy t¾c AMI. 

B.2 §Þnh nghÜa 

Mçi khèi gåm 4 gi¸ trÞ 0 liÒn nhau ®­îc thay thÕ bëi 000V hoÆc B00V. ViÖc 
chän 000V hay B00V ®­îc thùc hiÖn sao cho sè l­îng c¸c xung B gi÷a c¸c V liÒn 
nhau lµ lÎ. Nãi c¸ch kh¸c, c¸c xung V liÒn nhau cã cùc tÝnh ®èi nhau ®Ó kh«ng t¹o 
nªn thµnh phÇn dßng ®iÖn mét chiÒu. 
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Phô lôc C  
(Quy ®Þnh) 

§Þnh nghÜa cÊu tróc khung 

C.1. CÊu tróc khung 

Chuçi 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 C.1. 

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

Sè thø tù cña bit 
Khung cã chøa tÝn hiÖu  

®ång bé khung 
Khung kh«ng chøa tÝn hiÖu 

®ång bé khung 

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

2 0 1 

3 0 A (xem l­u ý 1) 

4 1 Sa4 (xem l­u ý 2) 

5 1 Sa5 (xem l­u ý 2) 

6 0 Sa6 (xem l­u ý 2) 

7 1 Sa7 (xem l­u ý 2) 

8 1 Sa8 (xem l­u ý 2) 

L­u ý 1: bit A: RAI 
L­u ý 2: c¸c bit tõ Sa4 ®Õn Sa8 ®­îc dµnh cho nhµ khai th¸c kªnh thuª riªng sö dông. Gi¸ 
trÞ cña chóng t¹i cæng lèi ra cña mét kªnh thuª riªng kh«ng ®­îc quy ®Þnh. 

C.2. CRC-4 

VÞ trÝ cña c¸c bit CRC-4 ®­îc quy ®Þnh trong b¶ng C.2 cho 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 2 ®a khung con 8 khung, ®¸nh sè lµ SMF I vµ SMF II, 
biÓu diÔn vÞ trÝ t­¬ng øng cña chóng trong cÊu tróc ®a khung CRC-4. SMF lµ mét 
khèi (kÝch th­íc 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 ®a khung con. 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 (c¸c bit E). TÝn hiÖu ®ång bé ®a khung CRC-4 sÏ cã d¹ng 001011. 
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B¶ng C.2: Ph©n bæ cña 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 

C.2.1 T¹o CRC-4  

Mét tõ CRC-4 nhÊt ®Þnh, ®Æt trong SMF thø N lµ sè d­ sau khi nh©n ®a thøc 
biÓu diÔn SMF thø (N - 1) víi x4 vµ sau ®ã chia cho ®a thøc x4 + x + 1 (modulo 2). 
Khi biÓu diÔn néi dung cña khèi kiÓm tra theo ®a thøc, bit ®Çu tiªn trong khèi (tøc 
lµ bit 1 cña khung 0 hoÆc bit 1 cña khung 8) sÏ lµ bit quan träng nhÊt. 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· ho¸ CRC-4 ®­îc m« t¶ d­íi ®©y: 

a) C¸c bit CRC-4 trong SMF ®­îc thay thÕ b»ng gi¸ trÞ nhÞ ph©n 0; 

b) SMF sau ®ã ®­îc xö lý theo tiÕn tr×nh nh©n/chia m« t¶ 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 CRC-4 t­¬ng øng cña SMF tiÕp theo. 

L­u ý: c¸c CRC-4 bit võa ®­îc t¹o ra sÏ kh«ng g©y ¶nh h­ëng ®Õn kÕt qu¶ cña 
tiÕn tr×nh nh©n/chia trong SMF tiÕp theo v× theo môc a) ë trªn th× c¸c vÞ trÝ cña bit 
CRC-4 trong mét SMF ®­îc khëi t¹o vÒ 0 trong tiÕn tr×nh nh©n/chia. 

C.2.2 Gi¸m s¸t CRC-4 
Qu¸ tr×nh gi¸m s¸t CRC-4 ®Ó ph¸t hiÖn c¸c SMF lçi ®­îc m« t¶ nh­ sau: 

a) SMF võa nhËn sÏ ®­îc xö lý theo tiÕn tr×nh nh©n/chia quy ®Þnh t¹i môc 
C.2.1, sau khi ®· lÊy ra c¸c CRC-4 bit vµ thay thÕ b»ng c¸c gi¸ trÞ 0; 

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

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

Danh s¸ch c¸c yªu cÇu 

B¶ng C.1: Danh s¸ch c¸c yªu cÇu  

STT 
Tham chiÕu 

tíi môc 
Yªu cÇu 

T×nh tr¹ng 
(xem l­u ý) 

1 4.1.1 §¶m b¶o chèng qu¸ ¸p qu¸ dßng M 
2 4.1.2 §¶m b¶o an toµn cho khai th¸c viªn vµ ng­êi sö dông M 

3 4.1.3 B¶o vÖ ng­êi sö dông khái qu¸ ¸p trªn m¹ng viÔn th«ng M 
4 4.1.4 Yªu cÇu vÒ t­¬ng thÝch ®iÖn tõ M 
5 4.2.1.1 M· ho¸ tÝn hiÖu M 

6 4.2.1.2 D¹ng xung M 
7 4.2.1.3(a) §Þnh thêi lèi ra (®ång hå néi) M 

8 4.2.1.3(b) §Þnh thêi lèi ra (m¹ch vßng ®ång hå) M 
9 4.2.1.3(c) §Þnh thêi lèi ra (lÊy tõ tÝn hiÖu bªn ngoµi) O 

10 4.2.1.4 Trë kh¸ng so víi ®Êt M 
11 4.2.1.5 Rung pha lèi ra M 

12 4.2.1.6 CÊu tróc lèi ra M 
13 4.2.1.6.1 Thñ tôc CRC-4 M 

14 4.2.1.6.2.1 C¸c ®Çu cuèi kh«ng sö dông c¸c bit E O.1 
15 4.2.1.6.2.2 C¸c ®Çu cuèi sö dông c¸c bit E ®Ó chØ thÞ c¸c SMF lçi O.1 

16 4.2.1.6.3.1 C¸c ®Çu cuèi kh«ng sö dông bit A O.2 
17 4.2.1.6.3.2 

ab d e f 
C¸c ®Çu cuèi cã sö dông bit A O.2 

18 4.2.1.6.3.2 c  NÕu 17 th× O, 
nÕu kh«ng th× N 

19 4.2.2.1 M· ho¸ tÝn hiÖu M 

20 4.2.2.2 Suy hao ph¶n x¹ lèi vµo M 
21 4.2.2.3 Giíi h¹n suy hao lèi vµo M 

22 4.2.2.4 MiÔn nhiÔm víi c¸c ph¶n x¹ M 
23 4.2.2.5 Kh¶ n¨ng chÞu ®iÖn ¸p däc M 

24 4.2.2.6 Trë kh¸ng so víi ®Êt M 
25 4.2.2.7 Giíi h¹n rung pha lèi vµo M 

26 4.2.2.8 Sai sè xung nhÞp vµo M 
27 4.2.2.9.1 §ång bé khung M 

28 4.2.2.9.2 §ång bé ®a khung NÕu 15 th× M, 
nÕu kh«ng th× N 

L­u ý: O.1: buéc ph¶i tu©n theo mét trong c¸c yªu cÇu nµy.                  M: B¾t buéc ph¶i tu©n thñ 
O.2: buéc ph¶i tu©n theo mét trong c¸c yªu cÇu nµy.                   O: Tuú chän 

           N: Kh«ng ph¶i lµ yªu cÇu                                                                        
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the Public Telecommunications Networks using 2048 kbit/s Digital Structured 
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TERMINAL EQUIPMENT CONNECTED TO THE PUBLIC 
TELECOMMUNICATIONS NETWORKS (PTNs) USING 2048 KBIT/S  

DIGITAL STRUCTURED LEASED LINE 

TECHNICAL REQUIREMENTS 

(Issued together with Decision No.34/2002/QD-BBCVT of December 31, 2002  
of the Minister of Posts and Telematics) 

1. Scope 

This technical standard specifies the technical requirements, the necessary 
functional characteristics and the corresponding test principles for a terminal 
equipment interface for connection to the Public Telecommunications Networks 
(PTNs) for 2048 kbit/s digital structured leased lines using 120 ohm interfaces with 
an information transfer rate of 1984 kbit/s. 

This technical standard is to ensure that the interface of the terminal 
equipment is compatible with the 2048 kbit/s digital structured leased line. A 
terminal equipment interface that conforms to this standard will also be compatible 
with an 2048 kbit/s unstructured leased line.  

This technical standard is used as one of the basis to approve and measure 
terminal equipments connected to PTNs using 2048 kbit/s digital structured 
leased line.  

2. Normative references 

[1]  ITU-T Recommendation G.703 (1998): "Physical/electrical characteri- 
-stics of hierarchical digital interfaces". 

[2]  ITU-T Recommendation G.704 (1998): "Synchronous frame structures 
used at 1 544, 6 312, 2 048, 8 448 and 44 736 kbit/s hierarchical levels". 

[3]  ITU-T Recommendation O.151 (1992): "Error performance measuring 
equipment operating at the primary rate and above". 

[4]  ITU-T Recommendation O.171 (1997): "Timing jitter and wander 
measuring equipment for digital systems which are based on the 
plesiochronous digital hierarchy (PDH)". 
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[5]  ETSI EN 300 418: "Access and Terminals (AT); 2048 kbit/s digital 
unstructured and structured leased lines (D2048U and D2048S); 
Network interface presentation". 

[6]  ETSI EN 300 419: “Access and Terminals (AT); 2048 kbit/s digital 
structured leased lines (D2048S); Connection characteristics". 

[7]  TCN 68 - 140: 1995: "Protection of Telecommunication Lines and 
Equipments against Overvoltages and Overcurrents – Technical 
Requirement". 

[8]  TCN 68 - 190: 2000: "Telecommunication Terminal Equipment - 
Electrical Safety Requirement". 

[9] TCN 68 - 191: 2000: "ElectroMagnetic Compatibility (EMC) - 
Telecommunication Equipment – General Emission Requirement". 

[10] TCN 68 - 172: 1998: "Interfaces for Interconnection - Technical 
Requirement". 

3. Definitions and Abbreviations 

3.1 Definitions 

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). 

Network Termination Point (NTP): 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. 

Terminal equipment: equipment intended to be connected to the public 
telecommunications network in order to send, process, or receive information. 

Errored Sub-MultiFrame: Sub-MultiFrame (SMF) where the calculated Cyclic 
Redundancy Check-4 bit (CRC-4) does not correspond with the CRC-4 contained 
within the next SMF (see clause C.2.2). 

Frame: sequence of 256 bits of which the first 8 bits define the frame 
structure (see annex C). 

Multiframe: sequence of two SMFs containing the multiframe alignment word 
(see annex C). 

PRBS(215
 - 1): Pseudo Random Bit Sequence (PRBS)  
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Sa bits: bits 4 to 8 (bits Sa4 to Sa8 ) in frames not containing the frame alignment 

signal (see annex C). 

Sub-Multiframe (SMF): sequence of 8 frames, each of 256 bits, over which the 

CRC-4 is calculated (see annex C). 

3.2 Abbreviations 

AIS  Alarm Indication Signal 

AMI  Alternate Mark Inversion 

CRC-4 Cyclic Redundancy Check-4 bit 

D2048S 2048 Digital Structure leased line 

DC  Direct current 

EMC  ElectroMagnetic Compatibility 

HDB3 High Density Bipolar Code of order 3 

ISDN Integrated Services Digital Network 

NTP Network Termination Point 

ppm parts per million 

PRBS Pseudo Random Bit Sequence 

RAI Remote Alarm Indication 

r.m.s root mean square 

RT Requirements Table 

SDH Synchronous Digital Hierarchy 

SMF Sub-MultiFrame 

UI Unit Interval     

4. Technical requirements 

4.1 Requirements of electrical safety and electromagnetic compatibility 

4.1.1 Protections against overvoltages and overcurrents 

Electric rigidity of equipment to atmospheric overvoltages, short-term inductive 

coupling and power line contacts conforms to clause 3.2.7 of TCN 68 - 140: 1995 

"Protection of Telecommunication Lines and Equipments against Overvoltages and 

Overcurrents – Technical Requirement". 
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4.1.2 Safety requirements for operators and users 

Equipment will have ability of guaranteeing safety for operators and users 
according to clause 3.2 of TCN 68 - 190: 2000 "Telecommunication Terminal 

Equipment - Electrical Safety Requirement". 

4.1.3 Protection of users from overvoltages 

Equipment will have ability of guaranteeing protection of users from 
overvoltages on telecommunication network according to TCN 68 - 190: 2000 

"Telecommunication Terminal Equipment - Electrical Safety Requirement". 

4.1.4 Requirements of electromagnetic compatibility 

Equipment shall comply with TCN 68 - 191: 2000 "ElectroMagnetic  
Compatibility (EMC) - Telecommunication Equipment – General Emission 

Requirement". 

4.2 Electrical characteristics 

The transmit pair is the output from the terminal equipment interface. The 
receive pair is the input to the terminal equipment interface, as shown in figure 1. 

Network
Interface

TX

RX

RX

TX

Terminal
Equipment

Output Input

OutputInput
 

 

Figure 1 

4.2.1 Output port 

4.2.1.1 Signal coding 

Requirement: the signal transmitted at the output port shall comply with the 

High Density Bipolar code of order 3 (HDB3) encoding rules (see annex B). 

Test: the test shall be conducted according to clause A.1. 

4.2.1.2 Waveform shape 

Requirement: the pulse at the output port shall comply with the requirements 

given in table 1 and figure 2 (based on ITU-T Recommendation G.703 [1]). 

Test: the test shall be conducted according to clause A.2. 

4.2.1.3 Output timing 
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Table 1: Waveform shape at output port 

Pulse shape (nominally rectangular) 

All marks of a valid signal shall conform to the 
mask (see figure 2) irrespective of the polarity. 
The value V corresponds to the nominal peak 
voltage of a mark. 

Test load impedance  120 Ω non-reactive 

Nominal peak voltage V of a mark 3 V 

Peak voltage of a space 0 ± 0.3 V 

Nominal pulse width  244 ns 

Ratio of the amplitudes of positive and negative 
pulses at the centre of the pulse interval 

0.95 to 1.05 

Ratio of the widths of positive and negative pulses 
at the nominal half amplitude 

0.95 to 1.05 

 

488 ns
(244 + 244)

20
%10

%
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%

1
0%

10
%
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219 ns

244 ns

50%
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%
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(244 + 25)
269 ns

20
%

20
%

 

 
 

Figure 2: Pulse mask for 2048 kbit/s pulse 

Requirement: the terminal equipment shall have. 

a) An internal clock which shall provide a bit rate at the output port within the 
limits of 2 048 kbit/s ± 50 ppm; and 

b) The capability to provide a clock loop such that the signal timing at the 
output port is derived from the timing at the input port. 

Note: V corresponds to the nominal peak value 
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Test: for case a) the test shall be conducted according to clause A.3. The 
capability to provide a clock loop, case b), are covered by the test of clause A.8. 

4.2.1.4 Impedance towards ground 
Requirement: where the terminal equipment has a ground, the impedance 

towards ground of the output port shall be greater than 1000 Ω for frequencies in 
the range 10 Hz to 1 MHz when measured with a sinusoidal test voltage of 2 V root 
mean square (r.m.s). For the purpose of this requirement, ground shall be the 
terminal equipment common reference point or test reference point.  

Test: the test shall be conducted according to clause A.7. 

4.2.1.5 Output jitter 
Requirement: the peak-to-peak output jitter shall not exceed the limits of 

table 2 when measured with a band pass filter with linear cut-off 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 equal to 20 dB per decade. At frequencies 
above the upper 3 dB point, the attenuation of the low pass filter shall rise with a 
value greater than, or equal to, 60 dB per decade. 

For the purpose of testing, any signal input from which the output timing is 
derived shall be provided with the maximum tolerable input jitter, and with the 
maximum tolerable input frequency deviation, as specified by the manufacturer. 

Where the output timing of the terminal equipment is taken from the leased 
line, the input to the terminal equipment shall be provided with components of 
sinusoidal jitter at points on the curve of figure 3 and Table 2. 

Table 2: Maximum output jitter 
Measurement filter bandwidth Output jitter 

Lower cut-off 
(high pass) 

Upper cut-off 
(low pass) 

Unit Interval (UI) peak-to-peak 
(maximum) 

40 Hz 100 kHz 0.11 UI 
 

Test: the test shall be conducted according to clause A.8. 

4.2.1.6 Output structure 
Requirement: the bit stream transmitted at the output of the terminal 

equipment shall be structured as defined in clause C.1. 
Test: the test shall be conducted according to clause A.9.1. 

4.2.1.6.1 CRC-4 

Requirement: the CRC-4 bits transmitted at the output of the terminal 
equipment shall be as defined in tables C.1 and C.2 and clause C.2.1 of annex C 
and shall correspond to the data transmitted at the output of the terminal 
equipment. 

Test: the test shall be conducted according to clause A.9.1. 
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4.2.1.6.2 Use of the E-bits 

4.2.1.6.2.1 Terminals not using the E-bits 

Requirement: both E-bits transmitted at the output of the terminal equipment 
shall be set to binary ONE in all instances. 

Test: the test shall be conducted according to clause A.9.2. 

4.2.1.6.2.2 Terminals using the E-bits to indicate errored SMFs 

Requirement: the E-bits transmitted at the output of the terminal equipment 
shall indicate errored SMFs in the input bit stream. One E-bit in a 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 second. 

Test: the test shall be conducted according to clause A.9.3. 

4.2.1.6.3 Use of the A-bit 

4.2.1.6.3.1 Terminals not using the A-bit 

Requirement: the A-bit transmitted at the output of the terminal equipment 
shall be set to binary ZERO in all instances. 

Test: the test shall be conducted according to clause A.9.4. 

4.2.1.6.3.2 Terminals using the A-bit 

Requirement: the A-bit transmitted at the output of the terminal equipment 
shall be set to binary ZERO in normal operation but may be changed from binary 
ZERO to binary ONE within 30 ms of any of the following conditions occurring in 
the input bit stream: 

a) Three consecutive incorrect frame alignment signals, (the correct frame 
alignment signal is defined in table C.1); 

b) There being = 915 errored SMFs out of 1 000 SMFs. 

The terminal may also change the A-bit from binary ZERO to binary ONE 
within 30 ms of: 

c) Bit 2 in frames not containing the frame alignment signal being in error (i.e. 
bit 2 is a binary ZERO) on three consecutive occasions. 

For a terminal equipment recovering from loss of frame alignment (i.e. the  
A-bit set to binary ONE) the A-bit transmitted at the output of the terminal 
equipment shall be set from binary ONE to binary ZERO within 30 ms of any of 
the following conditions occurring in the input bit stream: 
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d) For the first time, the presence of the correct frame alignment signal (as 
defined in table C.1); and 

e) 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 

f) For the second time, the presence of the correct frame alignment signal in 
the next frame. 

Test: the test shall be conducted according to clause A.9.4. 

4.2.2 Input port 

4.2.2.1 Signal coding 

Requirement: the input port shall decode without error HDB3 encoded 

signals in accordance with HDB3 encoding rules (see annex B). 

Test: the test shall be conducted according to clause A.6. 

4.2.2.2 Input return loss 

Requirement: the input return loss with respect to 120 Ω at the interface shall 

be greater than or equal to the values given in table 3, which is taken from 
clause 9.3 of ITU-T Recommendation G.703 [1]. 

Table 3: Input port minimum return loss 

Frequency range Return loss 

51 kHz to 102 kHz 

102 kHz to 2 048 kHz 

2 048 kHz to 3 072 kHz 

12 dB 

18 dB 

14 dB 

 

Test: the test shall be conducted according to clause A.4. 

4.2.2.3 Input loss tolerance 

Requirement: the input port shall decode without errors a 2048 kbit/s signal 

as defined in clauses 4.2.1.1 and 4.2.1.2 above but modified by a cable or artificial 
cable with the following characteristics: 

a) Attenuation that follows a 'f law with values throughout the range 0 to 6 dB 
at 1024 kHz; and 

b) Characteristic impedance of 120 Ω with a tolerance of ±20% in the 

frequency range from 200 kHz up to, but not including, 1 MHz, and ±10% at  
1 MHz. 
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Test: the test shall be according to clause A.5. 

4.2.2.4 Immunity against reflections 

Requirement: when a signal comprising a combination of a normal signal 
and an interfering signal is applied to the input port, via an artificial cable with a 
loss in the range 0 dB to 6 dB at 1 MHz, no errors shall result due to the interfering 
signal. 

The normal signal shall be a signal encoded according to HDB3, shaped 
according to the mask of figure 2, with a binary content in accordance with a 
PRBS(215

 - 1). 

The interfering signal shall be the same as the normal signal except that the 

level is attenuated by 18 dB, the bit rate is within 2048 kbit/s ± 50 ppm and the 
timing shall not be synchronized to the normal signal. 

Test: the test shall be conducted according to clause A.5. 

4.2.2.5 Tolerable longitudinal voltages 

Requirement: the receiver shall operate without errors with any input signal 
in the presence of a longitudinal voltage of magnitude 2 V r.m.s over the frequency 
range 10 Hz to 30 MHz. 

Test: the test shall be conducted according to clause A.6. 

4.2.2.6 Impedance towards ground 

Requirement: where the terminal equipment has a ground, the impedance 

towards ground of the input port shall be greater than 1000 Ω for frequencies in the 
range 10 Hz to 1 MHz when measured with a sinusoidal test voltage of 2 V r.m.s. 
For the purpose of this requirement, ground shall be the terminal equipment 
common reference point or test reference point. 

Test: the test shall be conducted according to clause A.7. 

4.2.2.7 Input jitter tolerance 

Requirement: the terminal equipment shall tolerate at its input port the 
maximum input jitter as shown in table 4 and figure 3. 

Table 4: Input jitter tolerance 

Peak-to-peak amplitude (UI) Frequency (Hz) 
A1 A2 f1 f2 f3 f4 

1.5 0.2 20 2400 18000 100000 
 

Test: the test shall be conducted according to clause A.8. 
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A2

A1

f1 f2 f3 f4
jitter frequency

Peak-to-peak jitter

 

Figure 3: Input jitter tolerance 

4.2.2.8 Input clock tolerance 

Requirement: the terminal equipment shall decode without error HDB3 

encoded signals over the frequency range 2 048 kbit/s ± 50 ppm. 

Test: the test shall be conducted in accordance with clause A.8. 

4.2.2.9 Input frame structure 

4.2.2.9.1 Frame alignment 

Requirement: the input port shall accept an input bit stream with a frame and 

multiframe structure as defined in annex C. The terminal equipment shall be 
capable of achieving frame alignment in order to separate the user data from the 
frame information. 

Frame alignment shall be achieved following: 

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, provided that the data does not contain any simulated frame 

alignment words. 
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The terminal equipment shall continue to maintain frame alignment in the 
event of receiving one or two consecutive incorrect frame alignment signals. On 
receipt of three consecutive incorrect frame alignment signals the terminal 
equipment shall consider frame alignment to have been lost and initiate a search for 
frame alignment. 

Frame alignment may also be considered to have been lost following: 

d) The occurrence of = 915 errored SMFs out of 1000 SMFs; or 

e) Bit 2 in frames not containing the frame alignment signal being in error on 
three consecutive occasions; or 

f) The inability to achieve multiframe alignment within 8 ms (see clause 
4.2.2.9.2). 

Test: the test shall be conducted in accordance with clause A.10.1. 

4.2.2.9.2 Multiframe alignment 

This requirement is optional and applies only to those terminal equipments 
needing to obtain multiframe alignment in order to extract CRC-4 information in 
order to comply with clause 4.2.1.6.2.2. 

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 in accordance with clause A.10.2. 
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ANNEX A  
(Normative) 

TEST METHODS 

A.1 Signal coding at the output port 

Purpose: to verify that the signal coding at the terminal equipment output port 
complies with the HDB3 coding rules as required by clause 4.2.1.1. 

Test configuration: (see figure A.1). 

TX

RX

Terminal
Equipment

TX

RX

Test
Equipment

 
 

Figure A.1: Signal coding 

Interface state: powered. 

Stimulus: the terminal equipment shall transmit a HDB3 bit stream according 
to the frame structure of annex C. The binary content of the data contained in bits 9 
to 256 of the frame shall be a bit stream including the sequences <0000><even 
number of binary ONEs><0000> and <0000><odd number of binary ONEs> 
<0000>, where 0 = space and 1 = mark input to the HDB3 encoder, (see note). 

Monitor: the output bit stream for a test period of sufficient time to allow 
transmission of 100 occurrences of the above patterns plus the latency period of the 
error detection mechanism. 

Results: there shall be no errors in the decoded bit stream. 

Note: A pseudo random bit stream, e.g. PRBS(215
 - 1), will be acceptable if the 

bit patterns of the above clause are included in the bit stream. 

A.2 Waveform shape at output port 

Purpose: to verify conformance of the output waveform shape with the 
requirements of clause 4.2.1.2. 
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Test configuration: (see figure A.2) 
 

T

TX
Terminal

Equipment
Test

Equipment

T = Terminating Resistor
120         0.25%Ω ±  

 

Figure A.2: Waveform shape at output port 

Interface state: powered. 

Stimulus: undefined. 

Monitor: 

- Marks and spaces transmitted by the terminal equipment, measuring the 
amplitude and shape of positive and negative pulses (measured at the centre of the 
pulse interval) and the time duration of positive and negative pulses (measured at 
the nominal half of the pulse amplitude, i.e. 1.5 V); 

- The overall measurement accuracy shall be better than 90 mV. All the 
measurements shall be performed using measuring equipment capable of recording 
direct current (DC). A bandwidth of 200 MHz or greater shall be used to ensure the 
capture of over or undershoot of the pulse. 

Results: 

- Both positive and negative pulses shall be within the mask of figure 2, where 
V = 100% shall be 3 V; 

- The bit interval corresponding to a space shall not present voltages higher 

than ± 0.3 V; 

- The ratio between the amplitude of positive and negative pulses shall be 
contained in the range from 0.95 to 1.05; 

- The ratio between the pulse widths of positive and negative pulses shall be in 
the range from 0.95 to 1.05. 

A.3 Output timing 

Purpose: to verify the bit rate is within the limits of 2048 kbit/s ± 50 ppm 
when the terminal equipment is generating timing from an internal clock, clause 
4.2.1.3. 
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Test configuration: (see figure A.3). 

- The terminal equipment shall be configured to provide output timing from 
the internal clock source. The terminal equipment output shall be any HDB3 
encoded bit stream. 

TX RX

Extracted Clock

Frequency
Counter

Terminal
Equipment

Test
Equipment

 
 

Figure A.3: Output timing 

Interface state: powered. 

Stimulus: undefined. 

Monitor: the bit rate from the terminal equipment output port. 

Results: the bit rate shall be within the limits of 2 048 kbit/s ± 50 ppm. 

A.4 Return loss at input port 

Purpose: to verify that the return loss of the receive pair of the terminal 

equipment interface complies with the requirements of clause 4.2.2.2. 

Test configuration: (see figure A.4). 
 

RX Bridge T

Generator

Voltmeter

Terminal
Equipment

T = Terminating Resistor
120         0.25%Ω ±  

 

Figure A.4: Return loss at input port 

Interface state: powered. 

Stimulus: sinusoidal signal of 3 V peak at the input to the terminal equipment 

with a frequency variable between 51 kHz and 3072 kHz. 
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Monitor: voltage measured across the bridge, representing a terminating 

resistor of 120 Ω, using a selective voltmeter with a bandwidth of less than 1 kHz. 

Results: the measured return loss shall be greater than or equal to the values 

in table 3. 

Note: The characteristics of the generator and of the voltmeter may be 

different depending on the implementation of the bridge, however, the total error of 

the test set-up should be less than 0.5 dB in the range between 10 dB and 20 dB. 

When connected to a 120 Ω ± 0.25 % resistor the measured return loss of the 

bridge should be 20 dB higher than the limits specified for the interface. 

A.5 Input loss tolerance and immunity against reflections 

Purpose: to check the input port immunity against an interfering signal 

combined with the input signal, as specified in clause 4.2.2.4, both without cable 

(i.e. 0 dB attenuation loss) and with a cable attenuation of 6 dB, as specified in 

clause 4.2.2.3. 

Test configuration: (see figure A.5). 

- The interfering signal shall be combined with the main signal in a combining 

network of impedance 120 Ω, with zero dB loss in the main path and an attenuation 

in the interference path of 18 dB; 

- The cable simulator shall have an attenuation of 6 dB measured at 1024 kHz 

and an attenuation characteristic that follows a 'f law over the frequency range  

100 kHz to 10 MHz; 

- The conformance of the interface shall be verified in the following test 

conditions: 

a) Without cable simulator and without interfering signal; and 

b) With cable simulator and without interfering signal; and 

c) Without cable simulator and with interfering signal; and 

d) With cable simulator and with interfering signal. 

- The test shall be repeated with the wires at the terminal equipment interface 

input (RX) reversed. 

Interface state: powered, with received data looped back to the output port. 



TCN 68 - 217: 2002 

 50 

RX
Cable

Simulator
Attenuator &
Combining
Network

TX

RX

Pattern
Generator

Terminal
Equipment

TX

Test
Equipment

 
 

Figure A.5: Immunity against reflections 

Stimulus: 

- The output signal of the test equipment shall be HDB3 encoded and conform 

to a pulse shape as defined in figure 15 of ITU-T Recommendation G.703 [1], 

which is reproduced in figure 2. The bit stream shall be structured into frames, with 

the CRC-4, according to ITU-T Recommendation G.704 [2]. Within the frames not 

containing the frame alignment signal, bit 3 (Remote Alarm Indication (RAI)) shall 

be set to 0 and bits 4 to 8 (Sa4 to Sa8 ) shall be set to 1. The binary content of the data 

contained in bits 9 to 256 of the frame shall be a PRBS(215
 - 1). The bit rate shall be 

within the limits 2048 kbit/s ± 50 ppm; 

- The interfering signal from the pattern generator shall: 

a) Be HDB3 encoded and conform to a pulse shape as defined in figure 15 of 

ITU-T Recommendation G.703 [1], which is reproduced in figure 2; and 

b) Have a binary content with a PRBS(215
 - 1); and 

c) Have a bit rate within the limits 2048 kbit/s ± 50 ppm, not synchronized to 

the output signal of the test equipment. 

Monitor: data at output port of the terminal equipment. 

Results: verify that the data received from the equipment under test is 

identical with the generated sequence for a period of at least one minute. 

A.6 Tolerable longitudinal voltage, HDB3 input coding 

Purpose: to check minimum tolerance to longitudinal voltages at the input of 

the terminal equipment, as specified in clause 4.2.2.5, and correct recognition of 

HDB3 code, as specified in clause 4.2.2.1. 

Test configuration: (see figure A.6). 
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NOTE: This point shall be connected to the terminal equipment common reference point or to the equipment test 
reference point. 

 

Figure A.6: Tolerable longitudinal voltage and HDB3 input coding 

Interface state: powered, with received data looped back to the output port of 

the terminal equipment. 

Stimulus: 

- The output signal of the test equipment shall be HDB3 encoded and conform 
to a pulse shape as defined in figure 15 of ITU-T Recommendation G.703 [1], 
which is reproduced in figure 2. The bit stream shall be structured into frames, with 
the CRC-4, according to ITU-T Recommendation G.704 [2]. Within the frames not 
containing the frame alignment signal, bit 3 (RAI) shall be set to 0 and bits 4 to 8 
(Sa4 to Sa8) shall be set to 1. The binary content of the data contained in bits 9 to 256 
of the frame shall be a PRBS(215

 - 1); 

- A longitudinal voltage VL of 2 V r.m.s, ± 20 mV with a frequency variable 

between 10 Hz and 30 MHz shall be applied for a minimum of 2 seconds. 

Monitor: data at output port of the terminal equipment. 

Results: verify that the data received from the equipment under test is 

identical with the generated sequence. 

Note: The inherent longitudinal conversion loss of the T-balancing network 

should be greater than 30 dB. 
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A.7 Impedance towards ground 

Purpose: to check terminal equipment input and output ports impedance 

towards ground, as specified in clauses 4.2.1.4 and 4.2.2.6. 

Test configuration: (see figure A.7). 

Terminal
Equipment

Generator

RX or TX

(see note 2)

Vgen

Vtest
60Ω

60Ω

10 Ω ±1%

NOTE 1: The 60     resistors should be within 1% and matched to better than 0.1%Ω
NOTE 2: This point shall be connected to the terminal equipment common reference point
or to the equipment test reference point

 

Figure A.7: Impedance towards ground 

Interface state: powered. 

Stimulus: sinusoidal test signal (Vgen ) of 2 V r.m.s, ± 20 mV applied over the 

frequency range 10 Hz to 1 MHz. 

Monitor: voltage of Vtest . 

Results: voltage Vtest shall be less than 19.2 mV r.m.s. 

A.8 Input and output jitter 

Purpose: this test is used to measure tolerance to input jitter (clause 4.2.2.7), 

maximum output jitter (clause 4.2.1.5) and operation over the specified timing 

input range (clause 4.2.2.8). 

Test configuration: (see figure A.8). 

- The terminal equipment shall be tested in each of the following 

configurations (where these modes of operation are supported): 

a) Output timing referenced to the internal clock; and 

b) Output timing referenced to any external clock source from which timing 

can be derived (including derivation from the input signal). 
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Figure A.8: Jitter measurement 

Interface state: powered, with received data looped back to the output port. 

Stimulus: 

- The output signal of the pattern generator shall be HDB3 encoded and 
conform to a pulse shape as defined in figure 15 of ITU-T Recommendation G.703 
[1], which is reproduced in figure 2. The bit stream shall be structured into frames, 
with the CRC-4, according to ITU-T Recommendation G.704 [2]. Within the 
frames not containing the frame alignment signal, bit 3 (RAI) shall be set to 0 and 
bits 4 to 8 (Sa4 to Sa8 ) shall be set to 1. The binary content of the data contained in 
bits 9 to 256 of the frame shall be a PRBS(215

 -1); 

- Measurements shall be made with both the input signals at the digital rate 
limits and between these limits, sufficient to verify jitter compliance over the 
specified frequency range. As a minimum the test shall be performed at the upper 
and lower limits and at the nominal rate; 

- The modulation source for the terminal equipment input bit stream shall 
generate individual components of sinusoidal jitter at points on the curve of figure 
3 and table 4; 

- The modulation source for the external timing (if needed) shall be 
independent from that for the input signal and shall generate the maximum 
tolerable jitter, and maximum frequency deviation, as specified by the 
manufacturer of the terminal equipment; 

- It may be necessary to synchronize the two clock generators to avoid a high 
occurrence of slips. 

Monitor: 

a) The signal transmitted by the terminal equipment; and 
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b) The jitter extracted from this signal, using equipment complying with ITU-T 
Recommendation O.171 [4], with defined cut-off frequencies as shown in table 2 of 
the present document. 

Results: 

a) There shall be no bit errors reported by the test equipment within the period 
of the test; and 

b) The peak-to-peak jitter shall comply with table 2 when measured with 
linear filters with the defined cut-off frequencies. 

Note: The modulation source may be included in the clock generator and/or 

the pattern generator, or it may be provided separately. 

A.9 Frame structure 

A.9.1 Output structure and CRC-4 generation 

Purpose: to test the correct output structure (clause 4.2.1.6) and CRC-4 

generation (clause 4.2.1.6.1) at the terminal equipment output port. 

Test configuration: (see figure A.9). 

Terminal
Equipment

TX

RX

RX

TX

Test
Equipment

 
Figure A.9: Frame structure 

Interface state: powered. 

Stimulus: 

- The output signal of the test equipment shall be HDB3 encoded and conform 
to a pulse shape as defined in figure 15 of ITU-T Recommendation G.703 [1], 
which is reproduced in figure 2, and a framing structure as defined in ITU-T 
Recommendation G.704 [2]; 

- The terminal equipment shall transmit a HDB3 bit stream with a binary 
content that has a frame structure according to annex C of the present document. 
The binary content of the data contained in bits 9 to 256 of the frame shall be a 
pseudo random bit stream, e.g. PRBS(215

 - 1). 

Monitor: the frame alignment signal and CRC-4 in the output bit stream from 

the terminal equipment. 
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Results: 

- The frame alignment signal and bit 2 of the frame not containing the frame 

alignment signal shall be as defined in table C.1; 

- The CRC-4 shall correspond with the data in the previous SMF, as defined in 

clause C.2 and clause C.2.1. 

A.9.2 Terminals not using the E-bits 

Purpose: to verify that for terminal equipments not using the E-bit to indicate 

SMF errors, the E-bits are set to binary ONE, as specified in clause 4.2.1.6.2.1. 

Test configuration: (see figure A.9). 

Interface state: powered. 

Stimulus: 

- The terminal equipment shall transmit a HDB3 bit stream according to the 

frame structure of annex C. The binary content of the data contained in bits 9 to 

256 of the frame shall be a pseudo random bit stream, e.g. PRBS(215
 -1); 

- The output signal of the test equipment shall be HDB3 encoded and conform 

to a pulse shape as defined in figure 15 of ITU-T Recommendation G.703 [1], 

which is reproduced in figure 2, and a framing structure as defined in ITU-T 

Recommendation G.704 [2]. The test equipment shall generate the stimuli as 

defined in column 1 of Table A.1. 

Table A.1: Terminals not supporting the E-bit 

Stimulus from test equipment Result 

Continuous SMFs with correct CRC-4 E = 1 

Continuous SMFs with incorrect CRC-4 E = 1 

Signal causing loss of frame alignment 

(e.g. Alarm Indication Signal (AIS)) 
E = 1 

 

Monitor: the E-bit in the output bit stream from the terminal equipment. 

Results: the E-bit shall be as defined in column 2 of Table A.1. 

A.9.3 Terminals using the E-bits to indicate errored SMFs 

Purpose: to verify that for terminal equipments using the E-bit to indicate 

SMF errors. 

Test configuration: (see figure A.9). 

Interface state: powered. 
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Stimulus: 

- The terminal equipment shall transmit a HDB3 bit stream according to the 
frame structure of annex C. The binary content of the data contained in bits 9 to 
256 of the frame shall be a pseudo random bit stream, e.g. PRBS(215

 - 1); 

- The output signal of the test equipment shall be HDB3 encoded and conform 
to a pulse shape as defined in figure 15 of ITU-T Recommendation G.703 [1], 
which is reproduced in figure 2, and a framing structure as defined in ITU-T 
Recommendation G.704 [2]. The test equipment shall generate the stimuli as 
defined in column 1 of table A.2. 

Table A.2: Terminals using the E-bits to indicate 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 second 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 
second of the errored SMF, the other E-bits 
being E = 1 

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

Monitor: the E-bit in the output bit stream from the terminal equipment. 

Results: the E-bit shall be as defined in column 2 of Table A.2. 

A.9.4 Use of the A-bit  

Purpose: to verify that the A-bit is set correctly to indicate conditions at the 
terminal equipment input port as specified in clause 4.2.1.6.3.1 or clause 
4.2.1.6.3.2. 

Test configuration: (see figure A.9) 

Interface state: powered. 

Stimulus: 

- The terminal equipment shall transmit a HDB3 bit stream according to the 
frame structure of annex C. The binary content of the data contained in bits 9 to 
256 of the frame shall be a pseudo random bit stream, e.g. PRBS(215

 -1); 
- The output signal of the test equipment shall be HDB3 encoded and conform 

to a pulse shape as defined in figure 15 of ITU-T Recommendation G.703 [1], 
which is reproduced in figure 2, and a framing structure as defined in ITU-T 
Recommendation G.704 [2]. The binary content of the data contained in bits 9 to 
256 of the frame shall be a fixed pattern that does not contain a simulated frame 
alignment signal. The test equipment shall generate the stimuli as defined in 
column 2 of Table A.3. 
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Table A.3: Terminals using the A-bit 

 Stimulus from test equipment (see notes 1 and 2) Result (see note 3) 

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

A = 0 

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

A = 0 

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

A = 1 within 30 ms of the last 
incorrect frame alignment 
signal, returning to A = 0 within 
30 ms of two correct frame 
alignment signals. 

4 Continuous frames with three consecutive incorrect frame 
alignment signals, then N x frame sequences alternating 
correct and incorrect frame alignment signals, 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, 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...) 

A = 1 within 30 ms of the third 
incorrect frame alignment 
signal, staying at A = 1 until  
A = 0 within 30 ms of two 
consecutive correct frame 
alignment signals. 
M and N shall be between 40 
and 100. 

5 Continuous frames 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...) 

A = 0 

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 = 1 shall be set within 30 ms 
of the third frame with bit 2 = 0, 
returning to A = 0 within 30ms 
of two correct frame alignment 
signals. 

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...) 

A = 0 

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...) 

During this time the A-bit shall 
change at least once from  
A = 0 to A = 1 and back to  
A = 0 

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: Result for terminals complying with clause 4.2.1.6.3.2. 
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Monitor: the A-bit in the output bit stream from the terminal equipment. 

Results: 

- For terminal equipments complying with clause 4.2.1.6.3.1 (i.e. those not 

using the A-bit), the A-bit shall be set to binary ZERO for all stimuli in column 3 

of table A.3; 

- For terminal equipments complying with clause 4.2.1.6.3.2 (i.e. those using 

the A-bit), the A-bit shall be as defined in table A.3. Requirements tested by test 6 

of table A.3 is an optional requirements, it shall only be performed if this 

implementation is declared by the manufacturer. 

A.10 Input frame structure 

A.10.1 Frame alignment 

Purpose: to verify that the terminal equipment input port can achieve frame 

alignment as specified in clause 4.2.2.9.1. Terminal equipments using the A-bit 

according to clause 4.2.1.6.3.2 and conforming to the tests in clause A.9.4 do not 

need to be tested as defined in this clause since conformance is demonstrated by 

compliance with clause A.9.4. 

Test configuration: (see figure A.10). 

Terminal
Equipment

TX

RX

RX

TX

Test
Equipment

 

Figure A.10: Frame alignment 

Interface state: powered, with received data from bits 9 to 256 of the input 

frame looped back to the output port. 

Stimulus: the output signal of the test equipment shall be HDB3 encoded and 

conform to a pulse shape as defined in figure 15 of ITU-T Recommendation  

G.703 [1], which is reproduced in figure 2, and a framing structure as defined in 

ITU-T Recommendation G.704 [2]. The binary content of the data contained in bits 

9 to 256 of the frame shall be a fixed pattern that does not contain any simulated 

frame alignment signal. The test equipment shall generate the stimuli as defined in 

column 2 of Table A.4. 
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Table A.4: Frame alignment 

 Stimulus from test equipment (see notes 1 and 2) Result 

1 Continuous frame sequence containing one incorrect frame 
alignment signal.  

(...2 F 2 F 2 /F 2 F 2 F...) 

No breaks in the data. 
No errors in the received data. 

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

No breaks in the data. 
No errors in the received data. 

3 Continuous frame 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 the data 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, 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, 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 data transmission 
shall be less than: 
20.75 + 0.5 x (N + M/2) ms. 

M and N shall be between 40 
and 100. 

 

5 Continuous frames with two consecutive frames not containing 
the frame alignment signal having bit 2 = 0.  

(...2 F 2 F /2 F /2F 2F 2 F...) 

No breaks in the data. 
No errors in the received data. 

 

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 the data may occur 
in some implementations.  
Any break 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 breaks in the data. 

No errors in the received data. 

 

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...) 

A break in the data may occur 
in some implementations. 

Any break shall be less than 
20.5 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. 
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Monitor: monitor the data received in bits 9 to 256 of the frames from the 

terminal equipments and compare this the data transmitted from the test equipment. 

Monitor any breaks in the data. 

Results: any break in the data shall be as defined in column 3 of Table A.4. 

A.10.2. Multiframe alignment 

Purpose: to verify that the terminal equipment input port can achieve multi- 

-frame alignment as specified in clause 4.2.2.9.2. 

Test configuration: (see figure A.10). 

Interface state: powered. 

Stimulus: the output signal of the test equipment shall be HDB3 encoded and 

conform to a pulse shape as defined in figure 15 of ITU-T Recommendation  
G.703 [1], which is reproduced in figure 2, and a framing structure as defined in 

ITU-T Recommendation G.704 [2]. The binary content of the data contained in bits 

9 to 256 of the frame shall be a fixed pattern that does not contain any simulated 
frame alignment signal. The test equipment shall generate the stimuli as defined in 

column 2 of Table A.5. 

Table A.5: Multiframe alignment 

 Stimulus from test equipment (see notes 1 and 2) Result 

1 Continuous correct multiframes.  

(...MF MF MF MF...) 

Multiframe alignment. 

2 A sequence of correct multiframes, followed by three 
incorrect frame alignment signals, followed by one incorrect 
multiframe, one correct multiframe, two incorrect 
multiframes, two correct multiframes, two incorrect 
multiframes, continuous correct multiframes. 

(...MF /F 2 /F2 /F 2 /MF MF /MF /MF MF MF /MF /MF MF...) 

 

Multiframe alignment shall be 
achieved after the first correct 
multiframe following the two 
incorrect multiframes. 

 

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; 

            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; the supplier of the terminal 
equipment shall declare how this shall be done. Those terminal equipments using 
the E-bits to indicate errored SMFs may indicate multiframe alignment by  
the correct recognition of errored SMFs inserted into the stimulus signal from  
the test equipment (i.e. MF /F 2 /F 2 /F 2 /MF MF /MF /MF MF MF /MF /MF 
/SMF /SMF MF). 

Results: multiframe alignment shall be achieved as defined in column 3 of 
table A.5. 
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ANNEX B  
(Normative) 

DEFINITION OF HDB3 CODE 
 

B.1 General 

This annex specifies the modified Alternate Mark Inversion (AMI) code 
HDB3. The contents of this annex are based on annex A of ITU-T 
Recommendation G.703 [1]. 

In this code, binary 1 bits are represented by alternate positive and negative 
pulses, and binary 0 bits by spaces. Exceptions are made when strings of successive 
0 bits occur in the binary signal. 

In the definition below, B represents an inserted pulse corresponding to the 
AMI rule, and V represents an AMI violation. 

B.2 Definition 

Each block of 4 successive zeros is replaced by 000V or B00V. The choice of 
000V or B00V is made so that the number of B pulses between consecutive V 
pulses is odd. In other words, successive V pulses are of alternate polarity so that 
no DC component is introduced. 
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ANNEX C  
(Normative) 

DEFINITION OF FRAME STRUCTURE 

 

C.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 8 000 Hz. The allocation of 
bits 1 to 8 within the frame shall be as shown in Table C.1. 

Table C.1: Allocation of bits 1 to 8 

Bit no Frame containing the frame 
alignment signal 

Frame not containing the frame 

alignment signal 

1 CRC-4 (see clause C.2) CRC-4 (see clause C.2) 

2 0 1 

3 0 A (see note 1) 

4 1 Sa4 (see note 2) 

5 1 Sa5 (see note 2) 

6 0 Sa6 (see note 2) 

7 1 Sa7 (see note 2) 

8 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. 

C.2. CRC-4 

The allocation of the CRC-4 bits shall be as given in Table C.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 
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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. 

Table C.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 

C.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. 
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C.2.2 CRC-4 monitoring 

The CRC-4 monitoring process used to detect errored SMFs shall be as 
described below: 

a) A received SMF is acted upon by the multiplication/division process 
defined in clause C.2.1 after having its CRC-4 bits extracted and replaced by 
ZEROs; 

b) 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; 

c) 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 D  
(Normative) 

REQUIREMENT TABLE (RT) 

Table C.1: Requirement table  

No 
Reference  

to the clause 
Requirement 

Status 
(see note) 

1 4.1.1 Protections against overvoltages and overcurrents M 

2 4.1.2 Safety requirements for operators and users M 

3 4.1.3 Protection of users from overvoltages M 

4 4.1.4 Requirements of electromagnetic compatibility M 

5 4.2.1.1 Signal coding M 

6 4.2.1.2 Waveform shape M 

7 4.2.1.3(a) Output timing (internal clock) M 

8 4.2.1.3(b) Output timing (clock loop) M 

9 4.2.1.3(c) Output timing (external reference) O 

10 4.2.1.4 Impedance towards ground M 

11 4.2.1.5 Output jitter M 

12 4.2.1.6 Output structure M 

13 4.2.1.6.1 CRC-4 procedure M 

14 4.2.1.6.2.1 Terminals not using the E-bits O.1 

15 4.2.1.6.2.2 Terminals using the E-bits to indicate errored SMFs O.1 

16 4.2.1.6.3.1 Terminals not using the A-bit O.2 

17 4.2.1.6.3.2   
a b d e f 

Terminals using the A-bit O.2 

18 4.2.1.6.3.2 c  If 17 then O  
      else N 

19 4.2.2.1 Signal coding M 

20 4.2.2.2 Input return loss M 

21 4.2.2.3 Input loss tolerance M 

22 4.2.2.4 Immunity against reflections M 

23 4.2.2.5 Tolerable longitudinal voltages M 

24 4.2.2.6 Impedance towards ground M 

25 4.2.2.7 Input jitter tolerance M 

26 4.2.2.8 Input clock tolerance M 

27 4.2.2.9.1 Frame alignment M 

28 4.2.2.9.2 Multiframe alignment If 15 then M  
       else N 

Note: O.1: It is mandatory to support one of these options.                        M: Mandatory. 
         O.2: It is mandatory to support one of these options.                         O: Optional. 
         N: Not a requirement.                                                                                  

 


