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LOI NOI PAU

Tiéu chuian Nganh TCN 68 - 217: 2002 “Thiét bi dau cudi két noi vao mang vién
thong cong cong st dung kénh thué riéng toc do 2048 kbit/s - Yéu cau ky thuat”
dugc xay dung trén co s& chap thuan 4p dung nguyén ven tiéu chuan ETSI EN 300 420
ctia Vién Tiéu chudn Vién thong chau Au.

Tiéu chuan Nganh TCN 68 - 217: 2002 do Vién Khoa hoc K§ thuat Buu dién (RIPT)
bién soan, Vu Khoa hoc - Cong nghé dé nghi va dugc Bo Buu chinh, Vién thong ban hanh
theo Quyét dinh s6 34/2002/Qb-BBCVT ngay 31 thang 12 nam 2002.

Tiéu chudn Nganh TCN 68 - 217: 2002 duoc ban hanh du6i dang song ngit (ti€ng
Viét va ti€ng Anh). Trong trudng hop c6 tranh chip vé céch hiéu do bién dich, ban tiéng
Viét dugc 4p dung.

VU KHOA HOC - CONG NGHE
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THIET BI PAU CUOI KET NOI VAO MANG VIEN THONG
CONG CONG SUDUNG KENH THUE RIENG TOC PO 2048 kbit/s

YEU CAU KY THUAT
(Ban hanh kém theo Quyét dinh s6 34/12002/QD-BBCVT ngay 31/12/2002 cuia
B¢ truong Bo Buu chinh, Vién thong)

1. Pham vi ap dung

Tiéu chuin nay quy dinh cdc yéu cdu ky thuat, cdc dic tinh chic niang cin
thi€t va cdc nguyeén tic kiém tra twong tng d6i v6i giao dién cua thiét bi dau cudi
két n6i vao mang vién thong cong cong (PTNs) sir dung kénh thué riéng duoc cau
tric s6 2048 kbit/s ¢6 trd khang 120 Q vdéi toc do truyén tin 1984 kbit/s.

Tiéu chuin nay nhim dam bao cho giao dién cua thiét bi dau cu6i tuong thich
vGi kénh thué riéng dugc cdu tric s6 2048 kbit/s. Mot giao dién thi€t bi dau cudi
phl hop véi tiéu chudn nay s& tuong thich véi kénh thué riéng chua duogc cu tric
s0 2048 kbit/s.

Tiéu chuin ndy 1am s& ci cho chitng nhan hop chuén va do ki€ém céc thiét bi
dau cuoi thué bao két noi vao mang vién thong cong cong st dung kénh thué riéng
duoc cau tric so6 toc do 2048 kbit/s.

2. Tai liéu tham chiéu chuan
[1] ITU-T Recommendation G.703 (1998): "Physicallelectrical 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: "Chéng qud dp, qud dong dé bdo vé duong ddy va
thiét bi thong tin - Yéu cdu ky thudt".

[8] TCN 68 - 190: 2000: “Thiét bi dau cudi vién thong - Yéu cdu an toan dién”.

[91 TCN 68 - 191: 2000: "Tuong thich dién tir truong - Thiét bi vién thong
yéu cdu chung vé phdt xa".

[10] TCN 68 - 172: 1998: "Giao dién két néi mang - Yéu cdu ky thudt".

3. Thuat ngir, dinh nghia va cac chir viét tat

3.1 Thudt ngit, dinh nghia

Kénh thué riéng: 1a phuong tién vién thong clia mang vién thong cong cong
cung cap céc dic tinh truyén dan xdc dinh gitta cac diém két cudi mang va khong
bao gdém céc chiic nang chuyén mach ma ngudi sir dung c6 thé diéu khién duoc (vi
du: chuyén mach theo yéu céu).

Diém két cuoi mang: 1a céc két n6i vat ly va céac thong so6 k§ thuat cta ching
tao thanh mot phan cua mang vién thong cong cong, giup cho viéc truy nhap va
truyén tin ¢ hiéu qua qua mang vién thong do.

Thiét bi ddu cuoi: 1a thi€t bi ding dé két noi t6i mang vién thong cong cong dé
gui, xu 1y hay thu thap thong tin.

Da khung con bi 16i: 1a da khung con ma tai d6 kiém tra du vong 4 bit (CRC-4)
dugc tinh ra khong ding véi CRC-4 ¢6 trong da khung con tiép theo (xem muc
C.2.2).

Khung: 1a chudi gobm 256 bit, trong d6 8 bit dau tién xac dinh cau tric khung
(xem phu luc C).

Da khung: 1a chudi gobm hai da khung con ¢6 chita tir dong bo da khung (xem
phu luc C).

PRBS(2"-1): 1a chubi bit gia ngau nhién (PRBS).

Cdc bit S,: 1a cac bit tir 4 dé€n 8 (cac bit tur S,, dén S5) trong nhitng khung
khong chia tin hiéu dong bo khung (xem phu luc C).

Da khung con (SMF): 1a chudi gobm 8 khung, méi khung ¢6 256 bit, qua do
tinh ra CRC-4 (xem phu luc C).

6
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3.2 Cdc chir viét tat

AIS Tin hiéu chi thi canh bao

AMI Ma dao cuc luan phién

CRC-+4 Kiém tra du vong 4 bit

D2048S Kénh thué riéng duoc cau tric s6 toc do 2048 kbit/s
DC Dong mot chiéu

EMC Tuong thich dién tir

HDB3 Ma ludng cuc mat do cao bac 3
ISDN Mang so lién két da dich vu
NTP Diém két cudi mang

ppm Phan triéu

PRBS Chudi bit gia ngau nhién

RAI Chi thi canh bao dau xa

r.m.s Gié tri hiéu dung

RT Bang cac yéu cau

SDH Truyén dan phan cap s6 dong bo
SMF Pa khung con

Ul Khoang don vi

4. Yéu cau ky thuat
4.1 Cdc yéu cau vé an toan dién va tuong thich dién ti truong
4.1.1 Bam bdo chéng qud dp qud dong

Do bén dién cua thiét bi doi v6i qua 4p khi quyén, cam tng tiic thoi va tiép
xtic v6i dudng dién luc tuan theo tieu chudn Nganh TCN 68 - 140: 1995 "Chong
qua 4p, qua dong dé bao vé dudng day va thi€t bi thong tin - Yéu cau k§ thuat",
muc 3.2.7.
4.1.2 Ddam bdo an toan cho khai thdc vién va nguoi su dung

Thiét bi phai dam bao an toan cho khai thac vién va nguoi st dung theo tiéu
chuian Nganh TCN 68 - 190: 2000 "Thiét bi dau cu6i vién thong - Yéu cdu an toan
dién", muc 3.2.

4.1.3 Bdo vé nguoi sit dung khdi quad dp trén mang vién thong

Thiét bi phai dam bao yéu cau cach ly bao vé nguoi sit dung khoi qua 4p trén
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mang vién thong theo tiéu chuin Nganh TCN 68 - 190: 2000 "Thiét bi dau cuoi
vién thong - Yéu cu an toan dién".
4.1.4 Yéu cau vé tuong thich dién tir truong

Thiét bi phai dim bdo tuong thich dién tir trudng theo tiéu chuin Nganh
TCN 68 - 191: 2000 "Tuong thich dién tur trudong - Thiét bi vién thong yéu cau
chung vé phat xa".
4.2 Cdc yéu cau vé dién cua giao dién

Doi day truyén 1a 16i ra tir giao dién thiét bi dau cudi. Doi day nhan 1a 16i vao
giao dién thiét bi dau cudi, nhu duogc minh hoa trong hinh 1.

Léira Lé&i vao

X RX
Giao dién Thiét bi
mang dau cudi
RX X

Yy

AA

LGi vao LGira
Hinh 1

4.2.1 Cong ldi ra

4.2.1.1 Ma hoa4 tin hiéu

Yeéu cau: tin hiéu truyén di & cong 16i ra phai pht hop véi luat ma hod ludng
cuc mat do cao bac 3 (HDB3) (xem phu luc B).

Kiém tra: tién hanh kiém tra theo muc A.1.
4.2.1.2 Dang xung

Yéu cau: xung & cong 16i ra phai phu hop véi cdc yéu ciu néu trong bang 1 va

hinh 2 (duoc dua trén Khuyén nghi G.703 cua ITU-T [1]).

Bdng 1: Dang xung & cong 16i ra

Dang xung (dang danh dinh la hinh chir Tat ca cac xung cla tin hiéu hgp 1é phai tuan theo mat

nhat) na xung nhu quy dinh trong hinh 2 (d6i v6i moi cuc tinh).
Gia tri V tuong Ung vai gia tri dinh danh dinh.

Trg khang tai thir 120 Q thuan trd

Dién ap dinh danh dinh khi c6 xung V 3V

Dién ap dinh khi khéng c6 xung 0+£0,3V

Do réng xung danh dinh 244 ns

Ty s6 bién do cta xung duong va xung am | 0,95 dén 1,05

tai diém gita clia khoang xung

Ty s6 d6 rong cla xung duong va xung am | 0,95 dén 1,05

tai mot nla bién do danh dinh
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269 ns
Z (244 + 25)
4
2
sT—O
>~ AN
S
V'=100% N [ 194 ns
2y X (244 - 50)
Q Xung danh dinh
1
50%
244 ns
7, 219ns
<2 (244 - 25) X
2 2
0% |t 2
o \O o
- S ~
N
4
Z 488 ns
(244 + 244)

Chu y: V tuong tmg véi gia tri dinh danh dinh
Hinh 2: Mdt na xung 2048 kbit/s

Kiém tra: tién hanh kiém tra theo muc A.2.

4.2.1.3 Dinh thoi 161 ra

Yéu cau: thiét bi dau cudi phai c6:

a) Mot déng hod noi tao ra mot toc do bit & cong 16i ra ndm trong gidi han
2048 kbit/s + 50 phan triéu; va

b) Kha nang cung cap mot mach vong tin hiéu dong ho sao cho dinh thoi tin
hiéu & cong 16i ra dugc cap tir dinh thdi & cong 16i vao.

Kiém tra: doi vé6i trudong hop a), can tién hanh kiém tra theo muc A.3. Trudng
hop b), kha nang cung cAp mot mach vong tin hiéu dong hé, duoc kiém tra theo
muc A.8.
4.2.1.4 Tré khang so véi dat

Yeéu cau: khi thiét bi dau cudi ti€p dat thi trd khang so v6i dat ctia cong 16i ra

phai 16n hon 1000 Q trong dai tin tir 10 Hz dén 1 MHz khi duoc do bang mot dién
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dp kiém tra hinh sin c6 gia tri hiéu dung 1a 2 V. D€ thoa man yéu c4u nay, dit phai
1a diém chung cua thi€t bi ddu cu6i hoic 1a diém chuén kiém tra.

Kiém tra: tién hanh kiém tra theo muc A.7.

4.2.1.5 Rung pha 16i ra

Yéu cau: rung pha 16i ra dinh - dinh khong dugc vuot qua giGi han ctia bang 2
khi dugc do biang mot bo loc thong dai ¢6 dudng cat véi céac tan s cat duoc dinh
trude. O céc tan s6 thap hon tan s6 tai diém 3 dB dudi, suy hao cha bo loc thong
cao phai ting véi gid tri tuong duong 12 20 dB/ 10 do chia. O cic tan s6 cao hon tn
so tai diém 3 dB trén, suy hao ctia bo loc thong thap phai ting véi gia tri 16n hon
hoac tuong duong 60 dB/ 10 do chia.

Dé kiém tra, bat ky tin hiéu 16i vao nao cép dinh thoi 16i ra déu phai duoc
cung cép rung pha 16i vao va do 1éch tan so6 16i vao vé6i dung sai 16n nhét theo nhu
chi dinh ctia nha san xuat.

Khi dinh thoi 161 ra cua thié€t bi dau cu6i dugc cap tir kénh thué riéng, 16i vao
cta thiét bi dau cuoi phai dugc cung cép cac thanh phan ctia rung pha hinh sin trén

duong cong ctia hinh 3 va bang 2.

Bdng 2: Rung pha 101 ra cuc dai

Bing tan bd loc do Rung pha 18i ra
5 5 . Khoang don vi (Ul) dinh - dinh
Bang cao Bang thap ,
(cuc dai)
40 Hz 100 kHz 0,11 Ul

Kiém tra: tién hanh kiém tra theo muc A.8.

4.2.1.6 Cau trac 16i ra
Yéu cau: chudi bit duoc truyén di tai 16i ra cua thiét bi dau cudi sé dugc ciu
tric nhu dugc dinh ro trong muc C.1.

Kiém tra: tién hanh kiém tra theo muc A.9.1.

4.2.1.6.1 CRC-4

Yéu cau: cdc bit CRC-4 duoc truyén di tai 16i ra cua thié€t bi dau cudi duoc
quy dinh nhu trong bang C.1, bang C.2 va muc C.2.1 thudc phu luc C va phai phu
hop véi céc dit liéu duoc truyén di tai 16i ra cua thiét bi dau cudi.

Kiém tra: tién hanh kiém tra theo muc A.9.1.

10
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4.2.1.6.2 St dung céc bit E
4.2.1.6.2.1 Thiét bi dau cuoi khong su dung cac bit E

Yéu cau: trong moi truong hop, cac bit E dugc truyén di tai 16i ra cua thiét bi
dau cudi déu dugc dua vé gia tri nhi phan MOT.

Kiém tra: Can tién hanh kiém tra theo muc A.9.2.
4.2.1.6.2.2 Thiét bi dau cudi st dung bit E dé chi thi cac SMF 161

Yéu cau: cic bit E duoc truyén di tai 16i ra cta thiét bi ddu cu6i phai chi thi
cdc SMF bi 16i trong chudi bit 16i vao. Mot bit E trong da khung s& dugc dua vé gid
tri nhi phan KHONG d6i v6i mbi SMF bi 16i nhan dugc trong chudi bit 16i vao. Cac
bit E twong tng v6i cac SMF khong bi 16i s& duoc dua vé gid tri nhi phan MOT.
Khoang thoi gian tir Idc nhan ra mot SMF bi 16i dén lic dua bit E chi thi SMF bi 16i
d6 vé gia tri KHONG phai nho hon 1 giay.

Kiém tra: tién hanh kiém tra theo muc A.9.3.
4.2.1.6.3 St dung bit A
4.2.1.6.3.1 Thiét bi dau cuoi khong st dung bit A

Yéu cau: trong moi truong hop bit A duoc truyén di tai 16i ra cua thiét bi dau
cudi phai dugc dua vé gid tri nhi phan KHONG.

Kiém tra: tién hanh kiém tra theo muc A.9.4.
4.2.1.6.3.2 Thiét bi dau cuoi st dung bit A

Yeéu cau: bit A dugc truyén di tai 16i ra ctia thiét bi ddu cudi phai dugc dua vé
gid tri KHONG trong hoat dong thudng nhung c6 thé bi thay dai tir gid tri nhi phan
KHONG thanh gid tri nhi phan MOT trong vong 30 ms néu bat cit mot diéu kién
nao trong nhitng di€u kién sau day xay ra & chudi bit 16i vao:

a) Ba tin hiéu dong bo khung sai lién ti€p nhau (tin hiéu dong bod khung ding
duoc dinh nghia trong bang C.1);

b) C6 915 SMF 16i trong s6 1000 SMF.

Thiét bi dau cudi ciing c6 thé thay ddi bit A tir gid tri nhi phan KHONG thanh
gid tri nhi phan MOT trong vong 30 ms néu:

¢) Bit 2 thuoc céc Akhung khong chia tin hiéu dong bo khung bi 16i (tic 1a bit 2
c6 gia tri nhi phan KHONG) trong ba 1an lién ti€p.

Doi v6i mot thiét bi dau cudi dang khoi phuc viéc mat dong bo khung (tdc 1a

bit A duoc dua vé gid tri nhi phan MOT) thi bit A duoc truyén qua 16i ra cta thiét

11
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bi ddu cudi s& dugc chuyén tir gid tri nhi phan MOT vé gi4 tri nhi phan KHONG
trong vong 30 ms néu bat ky diéu kién nao trong nhitng diéu kién sau day xay ra
trong chudi bit 16i vao:

d) Su xuat hién lan dau tién cta tin hiéu dong bod khung ding (nhu dugc dinh
nghia trong bang C.1); va

e) Su mat tin hiéu déng bo khung trong khung ti€p theo dugc phat hién bang
cach x4c dinh ring bit 2 clia khung co ban ¢6 gid tri nhi phan MOT; va

f) Su xuat hién 1an thi hai tin hiéu dong bo khung ding trong khung ti€p theo.

Kiém tra: Can tién hanh kiém tra theo muc A.9.4.
4.2.2 Cong 16i vao
4.2.2.1 Ma hoa tin hiéu

Yéu cau: cong 16i vao phai giai ma cdc tin hiéu da dugc ma hod HDB3 theo
cdc quy tic ma hod HDB3 (xem phu luc B) ma khong bi 16i.

Kiém tra: tién hanh kiém tra theo muc A.6.
4.2.2.2 Suy hao phan xa 16i vao

Yéu cau: suy hao phan xa 16i vao véi dién trd 120 Q tai giao dién phai 16n
hon hoidc bang cédc gid tri ghi trong bang 3. Céc gid tri nay dugc trich tir muc 9.3
thuoc Khuyén nghi ITU-T G.703 [1].

Bdng 3: Suy hao phdn xa 161 vao nhd nhdt

Dai tan s6 Suy hao phan xa
51 kHz - 102 kHz 12 dB
102 kHz - 2048 kHz 18 dB
2048 kHz - 3072 kHz 14 dB

Kiém tra: Tién hanh kiém tra theo muc A.4.

4.2.2.3 Gi6i han suy hao 161 vao

Yéu cau: 16i vao phai giai ma ma khong bi 16i mot tin hiéu 2048 kbit/s nhu
dugc dinh nghia trong cac muc 4.2.1.1 va 4.2.1.2 & trén nhung da duoc thay doi boi
mot day cap hodc day cap nhan tao c6 cic dac tinh sau:

a) Suy hao tuan theo luat f véi cdc gid tri nam trong dai tir O tGi 6 dB tai tin s6
1024 kHz; va

b) Trd khang dic tinh bang 120 Q véi dung sai + 20% trong dai tdn sO tir
200 kHz t6i (nhung khong bao gobm) 1 MHz va dung sai + 10% tai tan s6 1 MHz.

Kiém tra: Tién hanh kiém tra theo muc A.5.
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4.2.2.4 Mién nhiém véi cac phan xa

Yéu cau: khi mot tin hiéu 1a két hop cua mot tin hiéu binh thudng va mot tin
hiéu nhiéu duoc dua vao 16i vao, thong qua mot day cdp nhan tao ¢6 suy hao nam
trong dai tir O tGi 6 dB tai 1 MHz, thi tin hiéu nhiéu khong duoc gay ra 16i.

Tin hiéu binh thuong 1a mot tin hiéu dugc ma hoa theo HDB3, c6 dang xung
nhu hinh 2, ¢6 ndi dung 12 chubi bit gia ngdu nhién PRBS(2"°-1).

Tin hiéu nhiéu 1a mot tin hiéu giéng nhu tin hiéu binh thudong ngoai trir mic
tin hiéu bi suy hao di 18 dB, tdc do bit trong khoang 2048 kbit/s + 50 phan triéu va
dinh thoi khong dong bo véi tin hiéu binh thudng.

Kiém tra: tién hanh kiém tra theo muc A.5.
4.2.2.5 Kha nang chiu dién ap doc

Yéu cau: bo thu tin hiéu phai hoat dong ma khong bi 16i véi bat ci tin hiéu 16i
vao nao néu co6 dién ap doc c6 gia tri hiéu dung 1a 2 V trong dai tan so tir 10 Hz dén
30 MHz.

Kiém tra: tién hanh kiém tra theo muc A.6.

4.2.2.6 Tré khang so véi dat

Yeéu cau: khi thiét bi dau cuoi ti€p dat thi trd khiang so v6i dat cua 16i vao phai
16n hon 1000 Q trong dai tan tir 10 Hz dén 1 MHz khi duoc do bang mot dién ap
kiém tra hinh sin c6 gia tri hiéu dung 1a 2 V. Dé thoa man yéu cau nay, dat phai l1a
diém chung cua thiét bi ddu cudi hodc 1a diém chuén kiém tra.

Kiém tra: tién hanh kiém tra theo muc A.7.

4.2.2.7 Gi6i han rung pha 16i vao
Yéu cau: thiét bi ddu cuoi phai chiu duoc rung pha 16i vao 16n nhat nhu dugc
ghi & bang 4 va hinh 3 tai 161 vao.

Bdng 4: Gidi han rung pha 161 vao

Bién dod dinh - dinh (UI) Tan sé (Hz)
A1 A2 f1 2 f3 f4
1,5 0,2 20 2400 18 000 100 000

Kiém tra: tién hanh kiém tra theo muc A.8.
4.2.2.8 Gi6i han xung nhip 16i vao

Yeéu cau: thiét bi dau cudi phai giai ma cac tin hiéu da dugc ma hod HDB3 ma
khong bi 16i trong dai tan s6 2048 kbit/s + 50 phan triéu.

Kiém tra: tién hanh kiém tra theo muc A.8.
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Rung pha dinh - dinh

A1

f4
Tan s6 rung pha

Hinh 3: Gidi han rung pha 16i vao
4.2.2.9 Cau tric khung 16i vao

4.2.2.9.1 bong bo khung

Yéu cau: 16i vao phai chap nhan mot chudi bit 16i vao vGi mot ciu tric
khung va da khung nhu dugc quy dinh trong phu luc C. Thiét bi dau cu6i phai c6
kha nang dat dugc dong bo khung nham tich dit liéu clia nguoi stt dung ra khoi
khung thong tin.

Pong bo khung phai dat dugc néu:

a) CO su xudt hién cta tin hiéu dong bo khung ding 1an dau tién; va

b) Su mat tin hiéu dong bo khung trong khung ti€p theo, dugc phat hién bang
cch x4c dinh ring bit 2 ctia khung co ban c¢6 gid tri nhi phan MOT; va

¢) Su xudt hién tin hiéu dong bo khung diing 1an thit hai trong khung tiép theo,
vGi gia thiét rang dit liéu khong chita bat ci tir nao mo phong tir dong bo khung.

Thiét bi dau cudi phai ti€p tuc duy tri dong bo khung trong truong hop nhan
dugc mot hoac hai tin hiéu dong bo khung sai lién ti€p. Trong truong hop nhan
duoc ba tin hiéu dong bo khung sai lién ti€p thi thi€t bi dau cudi phai coi nhu dong
bo khung da bi mat va bat dau tim ki€ém dong bo khung.

Pong bo khung ciing duoc coi 1a mét néu:

d) Xay ra 915 SMF 16i trong s6 1000 SMF; hoac
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e) Bit 2 trong cdc khung khong chida tin hiéu dong bo khung bi 16i trong ba
lan lién ti€p; hoac

f) Khong c¢6 kha nang dat dugc dong bo khung trong 8 ms (xem muc
4.2.2.9.2).

Kiém tra: tién hanh kiém tra theo muc A.10.1.

4.2.2.9.2 Bong bo da khung

Yéu ciu nay la ty chon va chi ap dung véi cac thi€t bi dau cudi can thu nhan
déng bo da khung dé tach thong tin vé CRC-4 dé phit hop véi muc 4.2.1.6.2.2.

Yéu cau: dong bo da khung CRC-4 phai dat duoc néu xdc dinh duoc it nhat
hai tin hiéu dong bo da khung CRC-4 diing trong vong 8 ms (khoang thoi gian cach
biét gitra hai tin hiéu dong bo da khung CRC-4 1a 2 ms hoac boi s6 ctia 2 ms). Néu
déng bo da khung khong dat duoc trong vong 8 ms thi ¢ thé cho ring dong bo
khung c0 tin hiéu dong bo khung sai va phai bat dau tim ki€ém dong bo khung.

Luru y: viec tim ki€ém dong bo khung phai duoc bat dau tai thoi diém ngay sau
khi xdc dinh duoc vi tri cua tin hiéu déng bo khung bi cho 1a sai, dé trdnh viéc dong
bo lai véi tin hiéu dong bo khung sai.

Kiém tra: tién hanh kiém tra theo muc A.10.2.
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PHU LUC A
(Quy dinh)

CAC PHUGNG PHAP KIEM TRA

A.1 Ma hoa tin hiéu & cong 10i ra

Muc dich: dé x4c dinh ring viéc ma hoa tin hiéu & cong 16i ra cta thiét bi
dau cubi c6 tuan theo cdc quy tdic ma hoda HDB3 nhu yéu cdu trong muc 4.2.1.1
hay khong.

Cau hinh kiém tra (xem hinh A.1):

X >l RX
Thiét bi Thiét bi
dau cudi kiém tra
RX - X

Hinh A.1: Mda hod tin hiéu

Trang thai giao dién: cap nguon.

Tin hiéu thu: thiét bi dau cudi s€ truyén mot chudi bit HDB3 phii hop véi cau
tric khung trong phu luc C. Noi dung dir liéu dugc chira trong cac bit tir 9 dén 256
ctia khung s€ 1a mot chudi bit bao gdm cac chudi <0000> <mot s6 chan cac gia tri
nhi phan MOT><0000>< mot s6 1& cac gid tri nhi phan MOT>, duoc dua vao bo
ma hod HDB3 (xem luu ¥).

Giam sat: chubi bit 16i ra trong khoang thoi gian ki€ém tra da dé truyén 100
14n xudt hién cdc mau trén cong thém thoi gian can thi€t dé phat hién 16i.

Két qua: khong c6 16i nao trong chudi bit duoc giai ma.

Luu y: mot chudi bit gia ngau nhién, chang han nhu PRBS(2"°-1), s& dugc chip
nhan néu chudi bit nay bao ham cac mau bit trong muc trén.

A.2 Dang xung ¢ cong 16i ra

Muc dich: D€ x4c dinh dang xung & 16i ra ¢6 phu hop véi yéu ciu trong muc
4.2.1.2 khong.

Cau hinh kiém tra (xem hinh A.2):
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X

Thiét bi |:]
P s T
dau cudi

T = Dién trd két cudi
120 Q £ 0,25%

Thiét bi
kiém tra

vy

Hinh A.2: Dang xung & cong l6i ra

Trang thai giao dién: cap nguon.

Tin hiéu thir: khong quy dinh.

Giam sat:

- Céc gid tri 1 va 0 duoc thiét bi dau cudi truyén di, do dugc bién do va dang
ctia cdc xung duong va am (do tai diém giita ciia khoang xung) va do dai thoi gian
cua cac xung duong va am (dugc do tai mot nira xung danh nghia, tic 1a 1,5 V);

- Bo chinh xac cta phép do phai t6t hon 90 mV. Tat ca cac phép do phai
duoc thuc hién véi thiét bi do c¢6 kha nang ghi lai dong mot chiéu (DC). Biang tan
c6 do rong 16n hon hodc bang 200 MHz phai dugc sit dung dé nam bat su thay doi
clia xung.

Két qua:

- C4c xung duong va am déu phai ndm trong mat na thudc hinh 2, trong dé
V=100%1a3 V.

- Khoang bit tuong tng véi gia tri 0 s€ khong c¢é dién ap vuot qua + 0,3 V;

- Ty 1 bién do cua cac xung duong va &m nam trong khoang 0,95 dén 1,05.

- Ty 1& do rong cua cac xung duong va am nam trong khoang 0,95 dén 1,05.

A.3 DPinh thoi 16i ra
Muc dich: Dé x4c dinh ring toc do bit nim trong khoang 2048 kbit/s + 50
phan triéu khi thiét bi dau cudi cip dinh thoi tir dong ho nodi ctia nd, muc 4.2.1.3.
Cau hinh kiém tra (xem hinh A.3):
- Thiét bi dau cudi s& duoc ciu hinh dé cap dinh thoi tir nguén déng ho noi.

Loi ra cta thiét bi dau cuoi 1a mot chudi bit dugc ma hoa HDB3.
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Thiét bi i
dau cudi Thiét bi
kiém tra

X > RX

Tin hiéu déng hd

Pém tan s6

Hinh A.3: Pinh thoi cong 16i ra
Trang thai giao dién: cap nguon.
Tin hiéu thir: khong quy dinh.
Giam sat: toc do bit tir 16i ra cta thié€t bi dau cudi.

Két qua: toc do bit sé€ nam trong khoang 2048 kbit/s + 50 phan triéu.

A.4 Suy hao phan xa ¢ cong 16i vao

Muc dich: dé xdc minh ring suy hao phan xa & doi day nhan cta giao dién
thiét bi dau cudi cé phu hop véi cac yéu cau ciia muc 4.2.2.2 hay khong.

Cau hinh kiém tra (xem hinh A.4):

. May pha
Thiét bi ay phat
dau cudi

RX [* Mach cau T
Von ké

T =Dién trd két cudi
120 Q £ 0,25%

Hinh A.4: Suy hao phdn xa & cong 16i vao

Trang thai giao dién: cap nguon.

Tin hiéu thu: tin hiéu hinh sin ¢6 dinh 3 V tai 16i vao cua thiét bi dau cudi c6
tan sO bién dong trong khoang tir 51 kHz dén 3072 kHz.

Giam sat: dién 4p duoc do tai cdu do, biéu dat dién trd két cudi 1a 120 Q, st
dung mot Von k€ diéu chinh ¢6 bang tin nhé hon 1 kHz.

Két qua: suy hao phan xa do duoc phai 16n hon hoidc bang cic gi4 tri trong
bang 3.

Lutu y: céc dac tinh clia mdy phat va von k& ¢6 thé khac nhau tuy theo céu do,
tuy nhién, 16i tong cong clia cach bo tri kiém tra phai nho hon 0,5 dB trong pham vi
10 dB dén 20 dB. Khi dugc ndi véi mot dién trg 120 Q + 0,25% thi suy hao phan xa
do dugc cua ciu phai cao hon cac giGi han dugc dinh ra véi giao dién 1a 20 dB.
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A.5 Gi6i han suy hao 16i vao va mién nhiém véi cac phan xa

Muc dich: dé kiém tra su mién nhiém ctia cong 16i vao d6i véi tin hiéu nhiéu
két hop véi tin hiéu 16i vao, nhu da quy dinh trong muc 4.2.2.4, ca hai trudng hop
khong qua cép (ttc l1a suy hao 0 dB) va qua cép c6 suy hao 6 dB, nhu da quy dinh
trong muc 4.2.2.3.

Cau hinh kiém tra (xem hinh A.5):

May phat mau

Yy

< . 12 > Mang két hop |«
RX [< Mb phong cap [ va suy hao | TX
Thiét bi Thiét bi
dau cudi kiém tra
TX > RX

Hinh A.5: Mién nhiém vdi cdc phan xa

- Tin hiéu nhiéu phai duoc két hop vdi tin hiéu 16i vao trong mot mang két hop
c6 trd khang 120 Q, véi suy hao 0 dB cta tin hiéu 16i vao va suy hao 18 dB cua tin
hiéu nhiéu;

- BO mo phong cap phai c6 suy hao 6 dB do dugce tai tan s6 1024 kHz va dac
tinh suy hao theo luat f trong dai tan so tir 100 kHz dén 10 MHz.

- Su phit hop ctia giao dién s& dugc xdc minh trong cac diéu kién kiém tra sau:

a) Khong c6 mo phong cap va khong c6 tin hiéu nhiéu; va

b) C6 mo6 phong cap va khong c6 tin hiéu nhiéu; va

c¢) Khong c¢6 mo phong céap va c6 tin hiéu nhiéu; va

d) C6 mo phong céap va c6 tin hiéu nhiéu.

- Phép ki€m tra phai duoc lap lai véi cdc dudng day tai 16i vao giao dién thiét
bi dau cuoi (RX) bi dao chiéu.

Trang thai giao dién: cap nguén, véi dit lieu nhan duoc dua vong trd lai cong
16i ra.

Tin hiéu thir:

- Tin hiéu 16i ra cta thi€t bi kiém tra phai duoc ma hod HDB3 va c6 dang
xung nhu hinh 2. Chudi bit phai duoc cau tric lai thanh cac khung c6 CRC-4 theo
Khuyén nghi ITU-T G.704 [2]. Trong cdc khung khong chita tin hiéu dong bo
khung, bit 3 (Chi thi canh bdo dau xa (RAI)) phai dugc dua vé 0 va céc bit tir 4 dén
8 (S,, dén S;) phai dugc dua vé 1. Noi dung dit lieu dugc chda trong céc bit tir
9 dén 256 ctua khung sé€ 1la PRBS(2"°-1). T6c do bit phai nam trong khoang
2048 kbit/s + 50 phan triéu;
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- Tin hiéu nhiéu tir mdy phat mau sé:

a) Pugc ma hoda HDB3 va c6 dang xung nhu hinh 2; va

b) C6 noi dung dit licu 1a mot PRBS (2 - 1); va

¢) C6 toc do bit trong khoang 2048 kbit/s + 50 phan triéu, tin hiéu nay khong
déng bo véi tin hiéu 16i ra cua thiét bi ki€ém tra.

Giam sat: dit liéu tai cong 16i ra ctia thiét bi dau cudi.

Két qua: xdc minh rang dit liéu nhan dugc tir thiét bi dau cudi giong hét véi
chudi da phat ra trong khoang thoi gian it nhat 1 phuit.

A.6 Kha nang chiu dién ap doc, ma hoa 16i vao HDB3

Muc dich: dé ki€ém tra kha nang chiu dung dién 4p doc nho nhat tai 16i vao
cua thiét bi dau cu6i nhu da quy dinh trong muc 4.2.2.5, va nhan chinh xdc ma
HDB3 nhu da quy dinh trong muc 4.2.2.1.

Cau hinh kiém tra (xem hinh A.6).

Trang thai giao dién: cap nguén, véi dit lieu nhan duoc dua vong trd lai cong
16i ra cua thiét bi dau cudi.

Tin hiéu thir: tin hiéu 16i ra cta thi€t bi ki€ém tra phai duoc ma hod HDB3 va
c6 dang xung nhu hinh 2. Chubi bit phai duoc cau tric thanh cac khung c6 CRC-4
theo Khuyén nghi ITU-T G.704 [2]. Trong cac khung khong chda tin hiéu dong bo
khung, bit 3 (RAI) s& dugc dua vé 0 va céc bit tir 4 dén 8 (S,, dén S;;) phai dugc
dua vé 1. Noi dung dit liéu duoc chia trong céc bit tir 9 dén 256 ctuia khung sé 1a
PRBS(2"-1).

X > TX
Thiét bi Thiét bi
dau cudi dau cudi

=T I

NTP | R R Ma‘Ch can L1=2*38 mH
H bang T | 5 = 2*38 mH
L2 R = 2*200 Q)

(Xem luu y)

Luu y: Diém nay phai dudc két néi véi diém dat chung cla thiét bi dau cudi hoac diém chudn kiém tra.

Hinh A.6: Khd ndng chiu dién dp doc, md hod 16i vao HDB3
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- Mot dién 4p doc V| c6 gid tri hiéu dung 12 2 V, £20 mV vdi tan s6 bién doi
trong khoang 10 Hz dén 30 MHz sé dugc dua vao trong it nhat 2 giay.

Giam sat: cic dit liéu tai cong 161 ra cua thiét bi dau cudi.

Két qua: xdc minh riang cdc dit liéu nhan duoc tir thiét bi dau cudi giong hét
vGi chubi duge phat ra.

Lutu ¥: suy hao chuyén déi doc co hitu ciia mach can bang T phai 16n hon 30 dB.

A.7 Traé khang so véi dat

Muc dich: dé kiém tra tr& khdng so vé6i dat cuia cong 16i ra va cong 16i vao clia
thiét bi dau cudi, nhu da quy dinh trong muc 4.2.1.4 va 4.2.2.6.

Cau hinh kiém tra: (xem hinh A.7).

Trang thai giao dién: cap nguon.

Tin hiéu thir: tin hiéu ki€m tra hinh sin (V,.) c6 gia tri hiéu dung 1a 2 V,

gen

+20 mV duogc dua vao véi tan s6 trong khoang 10 Hz dén 1 MHz.
Giam sat: dién dpcua vV,

Két qua: dién ap V,,, phai c6 gid tri hiéu dung nho6 hon 19,2 mV.

1
60Q
Thiét bi
4[ L_| dau cudi
[ | RX hoac TX
60Q2

(Xem luu y 2)

Luu y 1: Cac dién trd 60 Q phai cd dung sai khédng qua 1% va chénh léch dudi 0,1%
Luu y 2: Diém nay phai dudc két néi véi diém dat chung clia thiét bi dau cudi hoac diém chuén kiém tra

Hinh A.7: Trd khdng so voi ddt

A.8 Rung pha 16i ra va 16i vao

Muc dich: phép kiém tra nay duoc st dung dé do kha niang chiu rung pha 16i
vao (muc 4.2.2.7), rung pha 16i ra 16n nhat (4.2.1.5) va su hoat dong trong pham vi
16i vao dinh thoi nhat dinh (muc 4.2.2.8).

Cau hinh kiém tra: (xem hinh A.8).
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Nguén diéu ché Nguén diéu ché&
May phat May phat
xung nhip xung nhip
PRBS véi rung P
. Nguon dinh
pha cuc dai thdi riéng
- cho phép
May phat mau | » TX
B6 so sanh mau Thietbi
| dau cudi
Thiét bi -
dorung pha [+ RX

Hinh A.8: Do rung pha

- Thiét bi ddu cudi phai dugc ki€ém tra trong mdi cau hinh sau (tai cdc cau hinh
dé, cac phuong thic van hanh sau dugc ho trg):

a) Dinh thoi 16i ra duoc tham chiéu tir dong ho noi; va

b) Dinh thoi 16i ra dugc tham chiéu tir bat ky nguén dong hé ngoai nao la
nguodn dinh thoi (ké ca dinh thoi tir tin hiéu 16i vao).

Trang thai giao dién: cdp ngudn, dir licu nhan dugc dua vong trd lai cong
16i ra.

Tin hiéu thir:

- Tin hiéu 16i ra cua bo phat mau phai dugc ma hoa HDB3 va c¢6 dang xung
nhu hinh 2. Chuéi bit phai duogc cdu tric thanh cac khung, c6 CRC-4, theo Khuyén
nghi ITU-T G.704 [2], Trong cac khung khong chia tin hiéu dong bo khung, bit 3
(RAI) sé dugc dua vé 0 va céc bit tir 4 dén 8 (S, dén S;;) sé dugc dua veé 1. Noi
dung dit liéu duoc chita trong cdc bit tir 9 dén 256 s& 1a mot PRBS(2'°-1);

- Phép do phai dugc thuc hién véi tin hiéu 16i vao tai cac gid tri giéi han vé toc
do so va ca giita cac gidi han nay, dé c6 thé xdc minh ring rung pha phit hop trong
toan bo pham vi tin s6. T6i thiéu thi ciling phai ti€n hanh phép ki€m tra tai cac gidi
han trén, giGi han dudi va & téc do danh nghia;

- Nguoén diéu ch€ dung cho chudi bit 16i vao cua thi€t bi diu cuoi s€ tao thanh
céc thanh phan riéng 1é ciia rung pha hinh sin tai cic di€m nam trén dudng cong &
hinh 3 va bang 4;

- Nguon di€u ch€ dinh thoi bén ngoai (néu cin) phai doc 1ap véi ngudn diéu
ché tin hiéu 16i vao va s€ tao nén kha nang chiu rung pha 16n nhat va do l1éch tan s6
16n nhét nhu nha san xuat thiét bi dau cudi chi ra;
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- C6 thé can phai déng bo hod hai bo phat xung nhip dé tranh kha nang xay
ra truot.

Giam sat:
a) Tin hiéu dugc truyén di bai thiét bi dau cudi; va

b) Rung pha duoc 14y ra tir tin hiéu nay, sit dung thié€t bi phu hgp véi Khuyén
nghi ITU-T 171 [4], v6i cdc tan s6 cit nhu duoc quy dinh & bang 2.

Két qua:

a) Thiét bi ki€ém tra khong thong bdo 16i bit nao trong thoi gian kiém tra; va

b) Rung pha dinh - dinh phai pht hop véi bang 2 khi duoc do bang cac bo loc
tuyén tinh co cédc tin so cat xac dinh.

Luru y: ngudn diéu ch€ c6 thé dugc chia trong bo phat xung nhip va/hoic bo
phat tin hiéu mAu, hoic c6 thé duoc cung cip riéng biét.

A.9 Cau tric khung

A.9.1 Cdu tric 16i ra va viéc tao CRC-4

Muc dich: d€ kiém tra do chinh x4c cuia cau tric 16i ra (muc 4.2.1.6) va viéc
tao CRC-4 (muc 4.2.1.6.1) tai 16i ra cta thiét bi dau cudi.

Cau hinh kiém tra: (xem hinh A.9).

X RX
Thiét b Thiét b
dau cudi kiém tra
RX X

Yy

AA

Hinh A.9: Cdu triic khung

Trang thai giao dién: cap nguon.

Tin hiéu thir:

- Tin hiéu 16i ra cta thi€t bi kiém tra phai duoc ma hoda HDB3 va c6 dang
xung nhu hinh 2 va véi mot cau tric khung nhu néu trong Khuyén nghi ITU-T
G.704 [2].

- Thiét bi d4u cudi s& truyén mot chudi bit HDB3 véi noi dung dit liéu va cau
trac khung phu hgp v6i phu luc B. Noi1 dung dit liéu dugc chira trong céc bit tu 9
dén 256 phai 12 mot chudi bit gid ngdu nhién, ching han nhu PRBS(2'* - 1).

23



TCN 68 - 217: 2002

Giam sat: tin hiéu dong bo khung va CRC-4 trong chudi bit ra tir thiét bi
dau cuoi.

Két qua:

- Tin hiéu dong bd khung va bit 2 clia khung khong chita tin hiéu dong bo
khung phai nhu quy dinh trong bang C.1;

- CRC-4 phai phu hgp vé6i cac dit liéu trong SMF truéc nhu duge quy dinh
trong muc C.2 va C.2.1.

A.9.2 Cac dau cudi khong sur dung bit E

Muc dich: dé xdc minh ring véi cdc thiét bi dau cudi khong sir dung bit E dé
chi thi 16i SMF thi céc bit E duoc dua vé gia tri nhi phan mot nhu da quy dinh trong
muc 4.2.1.6.2.1.

Cau hinh kiém tra: (xem hinh A.9).

Trang thai giao dién: cap nguon.

Tin hiéu thir:

- Thiét bi diu cuoi s€ truyén mot chudi bit HDB3 phit hop véi cdu tric khung
trong phu luc C. Noi dung dit liéu chira trong cac bit tir 9 dén 256 cta khung phai 1a
mot chudi bit gid ngau nhién, chang han nhu PRBS(2"°-1);

- Tin hiéu 16i ra cta thi€t bi kiém tra phai duoc ma hod HDB3 va c6 dang
xung nhu hinh 2 va véi mot cau tric khung nhu néu trong Khuyén nghi ITU-T
G.704 [2]. Thiét bi kiém tra phai tao ra cdc tin hiéu thir nhu dugc quy dinh trong
cot 1 cua bang A.1.

Bdng A.1: Cdc dau cudi khong sit dung bit E

Tin hiéu thir tir thiét bi kiém tra Két qua
Céac SMF lién tuc vé6i CRC-4 dung E=1
Céac SMF lién tuc v6i CRC-4 sai E=1
Tin hiéu gay ra mat déng bd khung (vi du tin E=1
hiéu chi thi canh bao (AIS) )

Giam sat: bit E trong chudi bit ra tir thiét bi dau cuoi.

Két qua: bit E phai ding nhu da quy dinh trong cot 2 cuia bang A.1.
A.9.3 Cdc ddu cudi co st dung bit E dé chi thi cac SMF 16i

Muc dich: dé€ x4c minh kha ning st dung cac bit E dé chi thi cac 16i SMF ctia
thié€t bi dau cudi.

Cau hinh kiém tra: (xem hinh A.9).

Trang thai giao dién: cap nguon.
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Tin hiéu thir:

- Thiét bi ddu cudi sé truyén mot chudi bit mda HDB3 theo cau tric khung
trong phu luc C. Noi dung dit liéu duoc chita trong cac bit 9 dén 256 ctia khung sé
12 mot chudi bit gia ngdu nhién, vi du PRBSQ2" - 1).

- Tin hiéu ddu ra cta thiét bi kiém tra duoc ma hod HDB3 va c6 dang xung
nhu hinh 2 va céu tric khung theo Khuyén nghi ITU-T G.704 [2]. Thiét bi kiém tra
s€ tao ra tin hiéu thit nhu quy dinh trong coOt 1 ctia bang A.2.

Bdng A.2: Cdc ddu cudi cé sit dung bit E dé chi ra cdc SMF 16i

Tin hiéu thir tir thiét bi kiém tra Két qua

M6t SMF c6 CRC-4 sai nédm trong mét chudbi Mét bit E c6 E = 0, dudc gUi trong 1 gidy cla SMF
cac SMF c6 CRC-4 dung 16i, cac bit E khac bang 1

Hai SMF lién ti€p c6 CRC-4 sai nam trong mét | Hai bit E lién ti€p cé E = 0, dudc gUi trong 1 gidy cla
chudi cac SMF c6 CRC-4 dung SMF 16i, cac bit E khac béng 1

Luu y: Hai bit E lién tiép co thé nam trong 2 da khung lién tiép

Giam sat: bit E trong chudi bit ra tir thiét bi dau cudi.

Két qua: gia tri bit E ding nhu da quy dinh trong cot 2 bang A.2.

A.9.4 Su dung bit A

Muc dich: dé xac minh bit A cé duoc dit ding dé chi ra cdc diéu kién & 16i
vao cua thié€t bi dau cudi dugc dé cap trong muc 4.2.1.6.3.1 hoac muc 4.2.1.6.3.2
hay khong.

Cau hinh kiém tra: (xem hinh A.9).

Trang thai giao dién: cap nguon.

Tin hiéu thir:

- Thiét bi ddu cudi sé truyén mot chudi bit mda HDB3 theo cau tric khung
trong phu luc C. Noi dung dit liéu dugc nam trong cac bit 9 dén 256 cua khung sé
12 mot chubi bit gia ngdu nhién, vi du PRBS(2" - 1).

- Tin hiéu ddu ra cta thiét bi kiém tra duoc ma hod HDB3 va c6 dang xung
nhu hinh 2 va cu tric khung theo Khuyén nghi ITU-T G.704 [2]. N6i dung dit liéu
chia trong cac bit tir 9 dén 256 ctia khung s€ theo mdt mau c¢6 dinh khong chia tin
hiéu mo phong tin hiéu déng bo khung. Thiét bi kiém tra s€ tao ra tin hiéu thir quy

dinh trong cot 2 cua bang A.3.
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Bdng A.3: Cdc ddau cuoi ¢ su dung bit A

Tin hiéu thir tir thiét bi kiém tra Két qua
(xem luu y 1va 2) (xem luu y 3)

1 | Chudi khung lién ti&p chitra mét tin hiéu déng bd khung sai. | A=0
(.2F2F2/F2F2F..)

2 | Chubi khung lién ti€p chira hai tin hiéu ddng bd khung sai A=0
lién nhau.

(.2F2F2/F2/F2F2F..)

3 | Chubi khung lién ti€p chira ba tin hiéu ddng bd khung sai A =1 trong vong 30 ms ké tur tin
lién nhau. hiéu dong bd khung sai cudi cuing,
(.2F2F2/F2/F2/F2F2F..) tré vé A = 0 trong vong 30 ms sau

hai tin hiéu dong bé khung dung.

4 | Céac khung lién ti€p chira ba tin hiéu dong bd khung sai lién | A = 1 trong vong 30 ms sau tin
nhau, ti€p d6 Ia N chudi khung c6 céc tin hiéu déng bod hiéu déng bd khung sai thir ba,
khung ding va sai xen k& nhau, réi d&n mét khung dang, gilt nguyén A=1dénkhiA=0
réi d&n M chudi khung ¢ tin hiéu déng bo khung ding trong vong 30 ms sau khi ¢6 hai
nhung cac khung khong chia tin hiéu déng bd khung dang | tin hiéu déng bd khung ddng lién
c6 bit 2 bang 0, ti€p d6 1a cac khung dang lién tiép. ti€p.
(.2F2F2/F2/F2/FNx(2F 2/F)2F Mx(/2F)2F 2F...) | Gia tri M va N ndm trong khoang

40 va 100.

5 | Céac khung lién ti€p c6 hai khung khong chita tin hiéu déng | A=0
bd khung ¢ bit 2 bang 0 lién nhau.
(.2F2F/2F/2F2F2F..)

6 | Céac khung lién ti€p c6 ba khung khéng chira tin hiéu déng A =1 trong vong 30 ms sau khi
bd khung ¢ bit 2 bang 0 lién nhau. khung th( ba cé bit 2 bang 0, trd
(.2F2F/2F/2F/2F2F 2F..) vé A = 0 trong vong 30 ms sau hai

tin hiéu dong bd khung dung.

7 | Cac khung lién tiép c6 914 SMF 13i lién nhau, tiép theo la | A=0
86 SMF khéng 16i lién nhau, r6i d&n 914 SMF 16i lién nhau,
réi d&n cac SMF khong 16i lién nhau.

(...SMF SMF 914x/SMF 86xSMF 914x/SMF SMF...)
8 | Céc khung lién ti€p c6 915 SMF 16i lién nhau, tiép theo la Trong khodng thdi gian nay, bit A

85 SMF khéng 16i lién nhau, r6i d&n 915 SMF 16i lién nhau,
réi d&n cac SMF khong 16i lién nhau.
(...SMF SMF 915x/SMF 85xSMF 915x/SMF SMF...)

sé thay d&i it nhat mot 1an tur A = 0
thanh A=1vatrélai A=0.

Luu y 1: Trudc mbi phép kiém tra dudc ghi trong bang nay phai ddm bao déng bo khung va da khung
bang cach truyén da sé khung dung dén bén nhan.
Luu y 2: F la mét khung ¢ tin hiéu déong bd khung dung;

/F 12 mot khung c6 tin hiéu déng bd khung sai;

2 la mot khung khéng chira tin hiéu dong bd khung c6 bit 2 bang 1;

/2 1a mét khung khéng chira tin hiéu déng bd khung c6 bit 2 bang 0;
SMF la da khung con ¢c6 déng bé khung ding va cb cac bit CRC-4 dung;
/SMF la da khung con cé déng bd khung dung va c6 cac bit CRC-4 sai;
Luu y 3: K&t qua ap dung déi v6i cac dau cudi phi hop v6i muc 4.2.1.6.3.2.
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Giam sat: bit A nam trong chudi bit ra tir thiét bi dau cud6i.

Két qua:

- D6i v6i nhitng thiét bi dau cudi phu hgp véi muc 4.2.1.6.3.1 (tdc 1a nhiing
thiét bi dau cudi khong st dung bit A), thi bit A s& dugc dua vé gia tri nhi phan
KHONG cho tat ci cdc tin hiéu thir trong cot 3 ciia bang A.3.

- D6i v6i nhitng thiét bi dau cud6i phu hgp véi muc 4.2.1.6.3.2 (tdc 1a nhiing
thiét bi dau cudi su dung bit A), thi bit A s€ dap G¢ng nhu quy dinh trong bang A.3.
Céc yéu cau cua phép kiém tra 6 trong bang A.3 1a tuy chon, phép kiém tra nay chi

c6 thé duoc thuc hién néu nha san xuit dua ra.

A.10 Cau tric khung 16i vao

A.10.1 Dong bo khung

Muc dich: dé xac minh ring cong 16i vao cua thi€t bi ddu cu6i c6 thé dat duoc
dong bo khung nhu da quy dinh trong muc 4.2.2.9.1. Cac thiét bi dau cu6i c6 st
dung bit A phl hop v6i muc 4.2.1.6.3.2 va phit hop véi cac phép kiém tra trong
muc A.9.4 khong can duoc ki€ém tra theo muc nay vi su phit hop da dugc chiing
minh qua viéc phu hgp v6i muc A.9.4.

Cau hinh kiém tra: (xem hinh A.10).

X RX
Thiét b Thiét b
dau cudi kiém tra
RX X

Yy

AA

Hinh A.10: Pong bo khung

Trang thai giao dién: cdp nguon, dit liéu nhan duoc tir cac bit tir 9 dén 256
ctia khung 16i vao dugc dua vong trd lai t6i cong 161 ra.

Tin hiéu thu: tin hiéu 16i ra cla thiét bi kiém tra dugc ma hoa HDB3 va c6
dang xung nhu hinh 2, va cau tric khung nhu trong Khuyén nghi ITU-T G.704 [2].
Noi dung dir liéu chita trong cac bit tir 9 dén 256 ctia khung s€ theo mot mau co
dinh khong chita tin hiéu mo phong tin hiéu dong bo khung. Thiét bi kiém tra s&
tao ra cac tin hiéu thir nhu quy dinh trong co6t 2 cua bang A.4.

27



TCN 68 - 217: 2002

Bdng A4: Dong bo khung

Tin hiéu thir tir thiét bi kiém tra
(xem luu y 1 va 2)

Két qua

Chubi khung lién tiép chira mét tin hiéu déng bd khung sai.
(.2F2F2/F2F2F..)

Khong gian doan dir liéu.
Khéng ¢ 16i trong di liéu nhan
duac.

2 | Chudi khung lién ti€p chira hai tin hiéu déng bd khung sai Khéng gian doan dir liéu.
lién nhau. Khéng ¢ 16i trong di liéu nhan
(.2F2F2/F2/F2F2F..) dugc.

3 | Chubi khung lién ti€p chira ba tin hiéu ddng bd khung sai Bat c(r gian doan nao trong dir
lién nhau. liéu déu phai ngén hon 20,5 ms.
(.2F2F2/F2/F2/F2F2F..)

4 | Céac khung lién ti€p chira ba tin hiéu dong bd khung sai lién | Bat clr gian doan nao trong viéc
nhau, ti€p d6 Ia N chudi khung c6 céc tin hiéu déng bod truyén dir liéu déu phai ngan hon
khung ddng va sai xen k& nhau, réi @&n mét khung dung, 20,75+ 0,5 x (N + M/2) ms
réi d&n M chudi M khung c6 tin hiéu déng bd khung dung Gia tri M va N ndm trong khoang
nhung cac khung khéng chira tin hiéu déng bd khung dung | 40 va 100.
c6 bit 2 bang 0, ti€p d6 1a cac khung dang lién tiép.

(.2F2F2/F2/F2/FNx(2F 2/F) 2F Mx(/2F) 2F 2F..)

5 | Céac khung lién ti€p c6 hai khung khéng chia tin hiéu dong | Khéng gian doan dir liéu.
bd khung cb bit 2 bang 0 lién nhau. Khéng c¢6 16i trong di liéu nhan
(.2F2F/2F/2F2F 2F..) dugc.

6 | Cac khung lién ti€p c6 ba khung khoéng chia tin hiéu ddng | C6 thé xay ra gian doan dif liéu
bé khung ¢ bit 2 bang 0 lién nhau. trong mot s6 trudng hop.
(.2F2F/2F/2F2F2F2F..) Bat c(r gian doan nao trong dir

liéu déu phai ngan hon 20,5 ms.

7 | Céc khung lién ti€p c6 914 SMF 16i lién nhau, tiép theo la Khong gian doan dir liéu.
86 SMF khong I6i lién nhau, réi dén 914 SMF 16i lién nhau, | Khéng c6 I3i trong dif liéu nhan
réi d&n cac SMF khong 16i lién nhau. dudc.
(...SMF SMF 914x/SMF 86xSMF 914x/SMF SMF...)

8 | Cac khung lién ti&p c6 915 SMF 16i lién nhau, tiép theo |a C6 thé xay ra gian doan di liéu

85 SMF khéng 16i lién nhau, r6i d&n 915 SMF 16i lién nhau,
réi d&n cac SMF khong 16i lién nhau.
(...SMF SMF 915x/SMF 85xSMF 915x/SMF SMF...)

trong mot s trudng hap.
Bat c(r gian doan nao trong dir
liéu déu phai ngan hon 20,5 ms.

Luu y 1: Trudc mbi phép kiém tra dudc ghi trong bang nay phai ddm bao déng bo khung va da khung
bang cach truyén da sé khung dung dén bén nhan.
Luu y 2: F la mét khung ¢ tin hiéu déong bd khung dung;

/F 1a mét khung c6 tin hiéu déng bod khung sai;

2 la mét khung khéng chira tin hiéu déng bd khung c6 bit 2 bang 1;

/2 1a mét khung khéng chira tin hiéu déng bd khung c6 bit 2 bang 0;
SMF |a da khung con ¢c6 déng bé khung ding va c6 cac bit CRC-4 dung;
/SMF |a da khung con c6 déng bé khung ding va c6 cac bit CRC-4 sai.
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Két qua: bat cit gidn doan nao cua dit liéu déu phai ddm bao yéu cau quy dinh
trong cOt 3 clia bang A.4.

A.10.2. Dong bo da khung

Muc dich: dé xac minh ring cong 16i vao cua thi€t bi ddu cu6i c6 thé dat duoc
dong bo da khung ding nhu dugc quy dinh trong muc 4.2.2.9.2.

Cau hinh kiém tra: (xem hinh A.10).

Trang thai giao dién: cap nguon.

Tin hiéu thur: tin hiéu 16i ra cla thiét bi kiém tra dugc ma hoa HDB3 va c6
dang xung nhu hinh 2, va cau tric khung nhu trong Khuyén nghi ITU-T G.704 [2].
Noi dung dir liéu chita trong cac bit tir 9 dén 256 ctia khung s€ theo mot mau cd
dinh khong chita tin hiéu mo phong tin hiéu dong bo khung. Thiét bi kiém tra s&
tao ra cac tin hiéu thir dugc quy dinh trong cot 2 ctia bang A.5.

Bdng A.5: Pong bo da khung
Tin hiéu thir tir thiét bi kiém tra
(xem luu y 1 va 2)

Két qua

1 | Céac da khung dung lién ti€p nhau. Dong bd da khung.
(...MF MF MF MF...)

2 | Mét chudi cac da khung dung, tiép theo 1a ba tin hiéu ddng bd Phai dat dugc dong bd da khung
khung sai lién nhau, réi d&n mét da khung sai, roi dén mét da sau da khung dung th{r nhat tiép
khung ddng, réi dén hai da khung sai, roi dén hai da khung dung | sau hai da khung sai.

réi dén hai da khung sai, réi dén cac da khung dung lién nhau.
(...MF /F 2 /F 2 /[F 2 /MF MF /MF /MF MF MF /MF /MF MF...)

Luu y 1: Trudc mbi phép kiém tra dudc ghi trong bang nay phai ddm bao déng bo khung va da khung
bang cach truyén da sé khung dung dén bén nhan.

Luu y 2: F la mét khung ¢ tin hiéu dong bd khung dung;

/F 1a mét khung c6 tin hiéu déng bd khung sai;

2 la mét khung khéng chira tin hiéu déng bd khung c6 bit 2 bang 1;

/2 1a mét khung khéng chira tin hiéu déng bd khung c6 bit 2 bang 0;

MF Ia mét da khung c6 tin hiéu déng bd khung dung, bit 2 bang 1, tin hiéu déng bd da khung
dung va céac bit CRC-4 dung;

/MF 1a mét da khung c6 tin hiéu déng bd khung dung, bit 2 bang 1, tin hiéu déng bd da khung
sai va cac bit CRC-4 dung.

Giam sat: giam sat dong bo da khung; nha cung cép thiét bi dau cudi phai chi
10 viéc nay s€ duoc tién hanh nhu thé nao. Céc thiét bi ddu cudi c6 str dung bit E dé
chi thi cac SMF 16i ¢6 thé chi ra déng bo da khung bing cdch nhan ra chinh xic
cdc SMF 16i dugc dua vao tin hiéu thir tir thiét bi kiém tra (ttic 1a MF /F 2 /F 2 [F 2
/MF MF /MF /MF MF MF /MF /MF /SMF /SMF MF).

Két qua: phai dat duoc dong bo da khung nhu quy dinh trong cot 3 ctia bang A.5.
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PHU LUC B
(Quy dinh)
PINH NGHIA MA HDB3

B.1 Khai quat
Phu luc nay mo ta ma HDB3 trén co s0 stra d6i ma ddo cuc luan phién (AMI).
Noi dung cta phu luc nay dua trén phu luc A ctia Khuyén nghi G.703 [1] ctia ITU-T.
Trong ma ndy, cdc bit c6 gi4 tri nhi phan 1 dugc biéu thi biang cdc xung duong
va am xen k€& nhau, va cdc gia tri nhi phan 0 duoc biéu thi bing cdc khoang trong.
Cé6 ngoai 1é khi xay ra nhiéu chuéi bit 0 lién ti€p nhau trong tin hiéu nhi phan.
Trong dinh nghia duéi day, B bi€u thi cho mot xung dugc chén tuan theo quy
tic AMI, va V bi€u thi cho mot xung vi pham quy tic AMI.

B.2 Pinh nghia

Moi khoi gom 4 gid tri 0 lién nhau duoc thay thé boi 000V hodac BOOV. Viéc
chon 000V hay BOOV duogc thuc hién sao cho s6 lugng céc xung B gitta cdc V lién
nhau 1a €. No6i céch khéc, cdc xung V lién nhau c6 cuc tinh doi nhau dé khong tao
nén thanh phan dong dién mot chiéu.
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PHU LUC C
(Quy dinh)
PINH NGHIA CAU TRUC KHUNG

C.1. Cau tric khung

Chudi bit s& duogc cdu tric thanh mot khung dai 256 bit, duoc danh so tir 1 dén
256. Toc do lap lai khung danh dinh 1a 8000 Hz. Vi tri cua cac bit tir 1 dén 8 cua
khung nhu dugc trinh bay trong bang C.1.

Bdng C.1: Phdn bo ciia cdc bit tir I dén 8

e . 5 Khung c6 chira tin hiéu Khung khong chira tin hiéu
So thur tr cua bit dgng boé khung . %Sng bg@ khung .
1 CRC-4 (xem muc C.2) CRC-4 (xem muc C.2)
2 0 1
3 0 A (xem luu y 1)
4 1 S, (xXem luu y 2)
5 1 S.5 (xem luu y 2)
6 0 S, (xem luu y 2)
7 1 S, (xem luu y 2)
8 1 S, (xXem luu y 2)
Luu y 1: bit A: RAI
Luu y 2: céc bit trr S,, dén S_4 dudc danh cho nha khai thac kénh thué riéng st dung. Gia
tri clia ching tai cdng 16i ra clia mét kénh thué riéng khdng dudc quy dinh.

C.2. CRC+4

Vi tri cta cac bit CRC-4 dugc quy dinh trong bang C.2 cho mot da khung
CRC-4 hoan chinh. M6i da khung CRC-4, duoc tao thanh tir 16 khung ddnh so tir
0 dén 15, dugc chia thanh 2 da khung con 8 khung, danh s6 1a SMF I va SMF 11,
biéu dién vi tri twong ting cta ching trong cau tric da khung CRC-4. SMF 1a mot
khoi (kich thudc 2048 bit) cho CRC-4.

Trong cic khung c6 chita tin hiéu dong bo khung, bit 1 s& duoc diung dé
truyén di cac bit CRC-4. Cdc bit nay sé 1a 4 bit duogc danh s6 C, C, C, va C, trong
moi da khung con. Trong cdc khung khong chia tin hiéu dong bo khung, bit 1 sé&
dugc dung dé truyén di 6 bit tin hieu dong bo da khung CRC-4 va 2 bit chi thi 16i
CRC-4 (céc bit E). Tin hiéu dong bo da khung CRC-4 sé& c6 dang 001011.
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Bdng C.2: Phdn bo cua cdc bit CRC-4 ciia mot da khung

SMF Khung bit 1
0 C,
1 0

2 C,
3 0

SMF | . c,
5 1

6 C,
Mot da khung ’ 0
8 C,
9 1

10 C,
11 1

SMF II i c,
13 E

14 C,

15 E

C.2.1 Tao CRC-4

Mot tir CRC-4 nhat dinh, dat trong SMF tht N 1a s6 du sau khi nhan da thic
biéu dién SMF thtt (N - 1) v6i x* va sau d6 chia cho da thitc x* + x + 1 (modulo 2).
Khi biéu dién noi dung cuia khoi ki€ém tra theo da thic, bit dau tién trong khoi (tic
la bit 1 ctia khung 0 hoac bit 1 ctia khung 8) sé€ 1a bit quan trong nhat. Tuong tu, C1
s€ la bit quan trong nhit cta s6 du va C4 1a bit kém quan trong nhat ctia s6 du.

Qua trinh ma hoa CRC-4 duoc mo ta dudi day:

a) Cdc bit CRC-4 trong SMF dugc thay thé bang gid tri nhi phan O;

b) SMF sau d6 duoc xtr 1y theo tién trinh nhan/chia mo ta & trén;

c¢) Két qua s6 du cua tién trinh nhan/chia trén dugc luu trit, san sang dua vao
cac vi tri CRC-4 tuong tng cua SMF tiép theo.

Luu y: cac CRC-4 bit vira dugc tao ra s€ khong gay anh hudng dén két qua cua
tién trinh nhan/chia trong SMF ti€p theo vi theo muc a) & trén thi cac vi tri cta bit
CRC-4 trong mot SMF dugc khoi tao vé O trong ti€n trinh nhan/chia.

C.2.2 Giam sat CRC-4

Quaé trinh giam sdt CRC-4 dé phat hién cdc SMF 16i duoc mo ta nhu sau:

a) SMF vira nhan sé duoc xur 1y theo tién trinh nhan/chia quy dinh tai muc
C.2.1, sau khi da 14y ra cac CRC-4 bit va thay thé bang céc gia tri O;

b) K&t qua so du tir tién trinh nhan/chia s€ dugc luu trit va sau d6 so sanh ting
bit v6i cac bit CRC-4 nhan dugc ctia SMF tiép theo;

c) Néu gia tri s6 du sau khi tinh toan khong tuong ting v6i cic CRC-4 bit nhan
duoc trong SMF ké€ ti€p thi SMF d6 1a SMF 16i.

32



PHU LUC D
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Tham chiéu s Tinh tran

STT téi muc Yéu cau (xem luu 3)
1 4.1.1 Dam bao chéng quéa ap quéa dong M

2 4.1.2 Dam bao an toan cho khai thac vién va ngudi st dung M

3 4.1.3 Béo vé ngudi st dung khdi qua ap trén mang vién théng M

4 414 Yéu cau vé tuang thich dién tir M

5 4211 Ma hoa tin hiéu M

6 421.2 Dang xung M

7 4.2.1.3(a) Dinh thdi 18i ra (déng hé néi) M

8 4.2.1.3(b) Dinh thai I16i ra (mach vong déng hoé) M

9 4.2.1.3(c) Dinh thdi 18i ra (I&y tUr tin hidu bén ngoai) o)

10 4.21.4 Tré khang so véi dat M

11 4215 Rung pha 16i ra M

12 4216 C&u truc 16i ra M

13 4.2.1.6.1 Tha tuc CRC-4 M

14 4.2.1.6.2.1 Céc dau cudi khéng st dung cac bit E 0.1

15 4.21.6.2.2 Cac dau cudi sif dung cac bit E dé chi thi cac SMF 16i 01

16 4.2.1.6.3.1 Céc dau cubi khong st dung bit A 0.2

17 4.21.6.3.2 Céc dau cudi c6 st dung bit A 0.2

abdef
18 4.216.3.2c Néu 17 thi O,
néu khong thi N

19 4.2.21 Ma hoa tin hiéu M

20 4222 Suy hao phéan xa 16i vao M

21 4223 Gi6i han suy hao 16i vao M

22 4224 Mién nhiém véi cac phan xa M

23 4225 Kha nang chiu dién ap doc M

24 4.2.2.6 Tré khang so véi dat M

25 4227 Gi6i han rung pha 16i vao M

26 4.2.2.8 Sai s xung nhip vao M

27 4.2.2.9.1 Dong bd khung M

28 42292 Dong bd da khung Néu 15 thi M,

néu khong thi N

Luu y: O.1: budc phai tudn theo mét trong cac yéu cau nay.
0.2: budc phai tuan theo mét trong cac yéu cau nay.

N: Khéng phai la yéu cau

M: B4t budc phai tuan tha
O: Tuy chon
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FOREWORD

The technical standard TCN 68 - 217: 2002 “Terminal Equipment connected to
the Public Telecommunications Networks using 2048 Kkbit/s Digital Structured
Leased Line - Technical Requirements” is based on the standard ETSI EN 300 420 of
European Telecommunications Standards Institute.

The technical standard TCN 68 - 217: 2002 is drafted by Research Institute of Posts
and Telecommunications (RIPT) at the proposal of Department of Science & Technology

of Ministry of Posts and Telematics. The technical standard is adopted by the Decision
No. 34/QD-BBCVT of the Minister of Posts and Telematics dated 31/12/2002.

The technical standard TCN 68 - 217: 2002 is issued in a bilingual document
(Vietnamese version and English version). In cases of interpretation disputes, Vietnamese
version is applied.

DEPARTMENT OF SCIENCE & TECHNOLOGY
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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): "Physicallelectrical 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”.

[71 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 N'TPs 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(2" - 1): Pseudo Random Bit Sequence (PRBS)
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Sa bits: bits 4 to 8 (bits S,,to S, ) 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 1s calculated (see annex C).

3.2 Abbreviations
AIS
AMI
CRC-4
D2048S
DC
EMC
HDB3
ISDN
NTP
ppm
PRBS
RAI
r.m.s
RT
SDH
SMF
Ul

Alarm Indication Signal

Alternate Mark Inversion

Cyclic Redundancy Check-4 bit
2048 Digital Structure leased line
Direct current

ElectroMagnetic Compatibility
High Density Bipolar Code of order 3
Integrated Services Digital Network
Network Termination Point

parts per million

Pseudo Random Bit Sequence
Remote Alarm Indication

root mean square

Requirements Table

Synchronous Digital Hierarchy
Sub-MultiFrame

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.

Output Input

TX RX
Network Terminal
Interface Equipment

RX X

Yy

AA

Input Output

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

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.

Pulse shape (nominally rectangular)

Test load impedance 120 Q non-reactive
Nominal peak voltage V of a mark 3V

Peak voltage of a space 0+£03V

Nominal pulse width 244 ns

Ratio of the amplitudes of positive and negative 0.9510 1.05
pulses at the centre of the pulse interval
Ratio of the widths of positive and negative pulses | 0.95 to 1.05
at the nominal half amplitude

269 ns
Z (244 + 25)
4
X
> o
A |
2y
V= 100%] N t 194 ns
SN (244 - 50
T Norminal pulse
50%
244 ns
7, 219ns
< . (244 - 25) =
= 2
0% =ity N
2 2 S
o
N
7
& 488 ns
(244 + 244)

Note:V corresponds to the nominal peak value

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.
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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 Q 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 Upper cut-off Unit Interval (Ul) peak-to-peak
(high pass) (low pass) (maximum)
40 Hz 100 kHz 0.11 Ul

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 Q 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 12 dB
102 kHz to 2 048 kHz 18 dB
2 048 kHz to 3 072 kHz 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 O to 6 dB
at 1024 kHz; and

b) Characteristic impedance of 120 O 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(2"- 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.S.

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 €2 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.

4.2.2.77 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 (Ul) 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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Peak-to-peak jitter

A1

4
jitter frequency

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).

X >l RX
Terminal Test
Equipment Equipment
RX | TX

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(2" - 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)

X

Terminal T > Test
Equipment »| Equipment

T = Terminating Resistor
120Q + 0.25%

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.

Terminal Test
Equipment Equipment
X > RX

Extracted Clock

Frequency
Counter

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).

Generator

Terminal
Equipment
RX Bridge T

T = Terminating Resistor
120 Q £ 0.25%

A A

Voltmeter

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 Q, 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 Q £ 0.25 % resistor the measured return loss of the
bridge should be 20 dB higher than the limits specified for the interface.

A.S 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 €2, 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
¢) 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.
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Pattern
Generator
LA
- Cable < Attenuator & |
- - RS b TX
RX 1< Simulator [* Combining [«
Terminal Network Test
Equipment Equipment
X z RX

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 (S,4to S,¢) shall be set to 1. The binary content of the data
contained in bits 9 to 256 of the frame shall be a PRBS(2'° - 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(2"” - 1); and

¢) 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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X > TX
Terminal Test
Equipment Equipment
1
| p— L
RX L1 ‘ RX
| 1 |_
| I

network | 2 = 2*38 mH

NTP ! R R T-balancing L1 =2*38 mH
H L2 R =2*2000Q

Generator

(see note)

(see note)

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 O and bits 4 to 8
(S,, to S;¢) shall be set to 1. The binary content of the data contained in bits 9 to 256
of the frame shall be a PRBS(2"° - 1);

- A longitudinal voltage V; 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).

e
Terminal
6002 Equipment
{ [ ] RXorTX
60Q2

(see note 2)

NOTE 1: The 60 Q) resistors should be within 1% and matched to better than 0.1%
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 (V.. ) of 2 V r.m.s, £ 20 mV applied over the

gen
frequency range 10 Hz to 1 MHz.
Monitor: voltage of V

test ©

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

test

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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Modulation Modulation
source source
Clock generator Clock generator
PRBS with
maximum separate timing
tolerable jitter source
Parttern generator | z TX
pattern Terminal
comparator equipment
Jitter measuring | |
equipment [« RX

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 (S, to S,4) shall be set to 1. The binary content of the data contained in
bits 9 to 256 of the frame shall be a PRBS(2'°-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).

TX RX
Terminal Test
Equipment Equipment
RX TX

Yy

AA

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(2"°- 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(2'” -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))

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 SMF's

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(2"° - 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 SMF's

Stimulus from test equipment Result
One SMF with an incorrect CRC-4 within a One E-bit of E = 0, sent within 1 second of the
stream of SMFs with correct CRC-4s errored SMF, the other E-bits being E = 1.
Two consecutive SMFs with incorrect CRC- | Two consecutive E-bits of E = 0, sent within 1
4s within a stream of SMFs with correct second of the errored SMF, the other E-bits
CRC-4s 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(2'” -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)

Continuous frame sequence containing one incorrect frame A=0
alignment signal.

(.2F2F2/F2F2F..)

Continuous frame sequence containing two consecutive A=0

incorrect frame alignment signals.
(.2F2F2/F2/F2F2F..)

Continuous frame sequence containing three consecutive
incorrect frame alignment signals.
(.2F2F2/F2/F2/F2F2F..)

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.

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.
(.2F2F2/F2/F2/FNx(2F 2/F)2F Mx(/2F)2F 2F..))

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.

Continuous frames with two consecutive frames not containing
the frame alignment signal having bit 2 = 0.
(.2F2F/2F/2F2F 2F..)

A=0

Continuous frames with three consecutive frames not
containing the frame alignment signal having bit 2 = 0.
(.2F2F/2F/2F/2F2F 2F..)

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.

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

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 =0toA=1and 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).

X RX
Terminal Test
Equipment Equipment
RX TX

Yy

AA

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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Stimulus from test equipment (see notes 1 and 2)

Result

Continuous frame sequence containing one incorrect frame
alignment signal.

(.2F2F2/F2F2F..)

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

Continuous frame sequence containing two consecutive
incorrect frame alignment signals.

(.2F2F2/F2/F2F2F..)

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

Continuous frame sequence containing three consecutive
incorrect frame alignment signals.

(.2F2F2/F2/F2/F2F2F..)

Any break in the data shall be
less than 20.5 ms.

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.

(.2F2F2/F2/F2/FNx(2F 2/F) 2F Mx(/2F) 2F 2F...)

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.

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

(.2F2F/2F/2F2F 2 F..)

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

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

(.2F2F/2F/2F/2F2F 2F...)

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

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.

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. Multiframe alignment.
(...MF MF MF MF...)

2 A sequence of correct multiframes, followed by three Multiframe alignment shall be
incorrect frame alignment signals, followed by one incorrect | achieved after the first correct
multiframe, one correct multiframe, two incorrect multiframe following the two
multiframes, two correct multiframes, two incorrect incorrect multiframes.
multiframes, continuous correct multiframes.

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

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;
IMF 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.S.
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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 O 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 BOOV. The choice of
000V or BOOV 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 I to 8

Bit no Frame containing the frame Frame not containing the frame
alignment signal alignment signal

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

1

A (see note 1)

S.. (see note 2

5 (see note 2

ab

N[O~ W N~
= O = 2| O ©

.7 (see note 2

)
Sas ( )
S, (see note 2)
Sar ( )
8 1 S, ( )
Note 1: Bit A: RAI.
Note 2: Bits S,, to S,q are for the use of the leased line operator. Their value at the
output port of a leased line is undefined.

s (S€e note 2

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 C, C, C,and C,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
0 C,
1 0

2 C,
3 0

SMF | 4 c,
5 1

6 C,
Multiframe ! 0
8 C,
9 1

10 C,
11 1

SMF I 12 c,
13 E

14 C,

15 E

C.2.1 CRC-4 generation

A particular CRC-4 word, located in SMF N shall be the remainder after
multiplication by x* and then division (modulo 2) by the generator polynomial
x*+ 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, C, is
defined to be the most significant bit of the remainder and C, 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;

¢) 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 Requirement Status
to the clause (see note)
1 411 Protections against overvoltages and overcurrents M
2 41.2 Safety requirements for operators and users M
3 41.3 Protection of users from overvoltages M
4 414 Requirements of electromagnetic compatibility M
5 4211 Signal coding M
6 421.2 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) @)
10 4214 Impedance towards ground M
11 4215 Output jitter M
12 4.21.6 Output structure M
13 4.21.6.1 CRC-4 procedure M
14 4.21.6.21 Terminals not using the E-bits 0.1
15 4216.2.2 Terminals using the E-bits to indicate errored SMFs 0.1
16 4.2.1.6.3.1 Terminals not using the A-bit 0.2
17 4.21.6.3.2 Terminals using the A-bit 0.2
abdef
18 4216.32c If 17 then O
else N
19 4221 Signal coding M
20 4222 Input return loss M
21 4223 Input loss tolerance M
22 4224 Immunity against reflections M
23 4225 Tolerable longitudinal voltages M
24 4.2.2.6 Impedance towards ground M
25 4227 Input jitter tolerance M
26 4228 Input clock tolerance M
27 4.2.2.9.1 Frame alignment M
28 42292 Multiframe alignment If 15 then M
else N

Note: O.1: It is mandatory to support one of these options.
0.2: It is mandatory to support one of these options.

N: Not a requirement.

M: Mandatory.
O: Optional.
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