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Abstract: Tile Hybrid Fiber-Coax (HFC) network is being paid close attention to in recent years as a bi-di- 
rectional broadband access network. To achieve seamless connection with the backbone network, an Asynchro- 
nous Transfer Mode (ATM) Network Network Interface (NNI) (:ell fommt is used as the basic transmission 
packet unit in the HFC system. As the transmission condition of the HFC system's upstream channel is bad, 
two improved header etTor control (HEC) schemes, i .e .  the improved HEC and the cell interleaving tech- 
nique, arc employed to guarantee the packet integrity. Tileoretical analysis of the results showed that the im- 
proved HEC and the cell interleaving technique are applicable to isolated random eiTors and burst errors, re- 
spectively. 
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INTRODUCTION 

ATM has great  superiori ty in cer ta in  aspec ts ,  
such as resource al location flexibil i ty,  quali ty of 
service guaranteeing,  integrated traffic support-  
ing,  e tc .  ATM has been  adopted by Internat ion-  
al Te lecommunica t ion  Union ( I T U )  as the ex- 
change and mult iplexing techniques  of the 
Broadband Integrated Services Digital Network 
(B- ISDN)  ( S u n  et a l . ,  1 9 9 5 ) .  The HFC net-  
work based on the traditional Cable TV 
( C A T V ) ,  a bi-direet ional  broadband access  net-  
work,  has been  paid close at tention to by many 
communicat ion communit ies  in recent  years .  For 
the seamless link between the HFC networks and 
the backbone  networks ,  it is reasonable  that the 
ATM cell is se lec ted  as the transmission unit  in 
the HFC network.  ATM is advanced in the high 
performance of the f iber  l ink.  The HEC in the 
ATM cell header  was set up to guarantee the in- 
tegrity of the ATM header  and to decrease  the 
mis-insert ion of ATM cell  caused by virtual  path 
identifier  ( VPI ) and virtual circuit  identif ier  

( V C I ) .  
The signal transmission performanee in the 

cable  distribution network of the HFC system is 
worse than that in the fiber l ink.  The sub-spli t  

band locates in a part of the spect rum fil led with 
both narrow-band noise and ingress interference 
(E lde r ing  et a l . ,  1995 ) .  The  performance of 
the upst ream channel  will be affected greatly by 
the noise funnel ing.  So,  the HEC scheme of the 
cell  header  must be improved to deal  the impact 
of noise on the distribution network.  An im- 
proved HEC scheme is proposed to deal  with 
with random noise problem in the HFC upstream 
channel .  A cell  interleaving technique  is used 
for the burst  noise combined with the burst trans- 
mission. The impact of two improved HEC 
schemes on the cell-loss and cel l  mis-insert ion 

probabili t ies are analyzed,  and the numerical  re- 
sults are p resen ted .  

HEC FOR ATM SYSTEM ~ 

HEC for the ATM system is s tandardized in 
the ITU-T and ATM Forum and employs the 

( 4 0 ,  32 )  Cycle Remnant  Code ( C R C ) ,  a sin- 
gle-bit error  correct ion mult iple-bi t  error detec-  
tion code .  It is very important for HEC to guar- 
antee the routing because  the functions of the 
ATM cell  are realized based on the ATM cell 

header  and 'not on the cell  pay load .  

(i) ATM User-Network Interface Specification, in the ATM Forum. 
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Suppose the receiving cell header bit-stream 
is R ( x )  and the H E C ' s  generator polynomial is 
G( x ) .  If R ( x ) rood G ( x ) = 0 ,  HEC indicates 
no errors in the ATM cell header,  ff R ( x )  

m o d G ( x )  = x i m o d G ( x )  ( i  = 0 ,  1, 2 , - ' - ,  
3 9 ) ,  HEC indicates single-bit errors. Other pat- 
terns mean multiple-bit errors. HEC operates in 
two modes : the correction mode and the detec- 
tion mode. The principle of HEC is shown in 
Fig. 1. In the correction mode, a single-bit error 
can be corrected and cells with multiple-bit er- 
rors are discarded. In the detection mode, all 
cells with detected errors are discarded. Some- 
times, when multiple-bit errors occur,  if the out- 
put syndrome is R ( x ) rood G ( x )  = 0 or R ( x ) 
m o d G ( x )  = x i m o d G ( x )  ( i  = 0 ,  1, 2 , ' " ,  
3 9 ) ,  HEC indicates no error or a single-bit error 
in the ATM cell header,  and cell mis-insertion is 
created. 

C:Correction 

Single-bit error (Correction) 

D:Detection 

Fig. 1 P r i n c i p l e  o f  H E C  

In the isolated random noise condition, the 
probability of no error bit in the 40-bit  cell head- 
e r  i s  : 

(4o) 
Q ~  0 

Where,  p is the Bit Error Rate ( B E R ) .  
The probability of single-bit error in the cell 

header is : 

( 4 0 ) p l ( 1 _  p)39 (2 )  
Q1 = 1 

As Fig. 1 shows, the steady state probabil- 
ities of the correction mode and the detection 
m o d e  a re  : 

(4O) o 1_ 
Pc = 0 

Po = 1 -  Pc = 1 -  ( tO) p ~ 1 7 6  

(3) 

(4 )  

Therefore, the cell loss probabil i ty(CLP) is: 

Plo~l = P c ( 1  - Qo - 01)  + Po(1  - Qo) = 
1 - (1 - p)40 _ 40)9(1 - ] 9 )  79 (5 )  

As mentioned-above, HEC regards some 

multiple-bit errors patterns as no error or a sin- 
gle-bit error in the ATM cell header,  and cell 
mis-insertion is created. The cell mis-insertion 
probabil i ty(CMP) is : 

= ( 1 -  p)40-j + 
�9 i=0 i j=2 

0 ~ (1 - p)4O-j = 

Z-S[1 + 39(1 - p)4O _ 40(1  - p)SO _ 

1 6 4 0 p ( 1  - p )79~  ( 6 )  

IMPROVED HEC SCHEME OF THE HFC NET- 
WORK 

For improving the H E C ' s  performance with 
isolated random noise, one method is to 
strengthen the H E C ' s  correction capability, by 
expanding the HEC region for correction of mul- 
tiple-bit errors. The shortcoming of this method 
is the incomplete compatibility of the ATM cell 
structure between the HFC networks and the 
backbone networks. The cell header must be 
transformed in the interface between the HFC 
networks and the backbone networks, which will 
increase the processing overhead. 

Now, the (44 ,  32)  or ( 56 ,  32) shortened 
BCH code (Aikawa et a l . ,  1996) takes the 
place of the ( 4 0 , 3 2 )  CRC. Two types of BCH 
codes can correct 2-bit errors and 4-bit errors, 
respectively. In the case of employing the ( 4 4 ,  
32) BCH code,  4-bit data will be padded in the 
cell header and the cell has 54 bytes. In the 
case of employing the ( 5 6 ,  32)  BCH code,  no 
bit data will be padded and the cell has 55 
bytes.  Fig. 2 shows the transformation of the im- 
proved HEC and the standardized HEC.  

Firstly, considering the (44 ,  32) shortened 
BCH code as the improved HEC,  whose correc- 
tion capability is 2-bit errors, that is, it cannot 
correct the error patterns with more than 2-bit er- 
rors. Therefore, the CLP is: 

2 

Plos~2 = ( 1 -  ~=o ( ? ) P i ( I  - p ) 4 4 - J ) ( 1 - p ) 4 4 +  

When the decoder indicates the more than 2- 
bit error patterns that occurred as 2-bit or less 
that 2-bit error, cell mis-insertion is created. 
So, the CMP is: 
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Fig.  2 T r a n s f o r m a t i o n  of the improved HEC from the standardized HEC 

2 44 

Pmis2 = ( 1  - P )  44 x 2-12 2 i ~ 2  
i=o j=3 

2-12 ~ ( j 4 4 ) #  ( 1 - p)44-j ( 8 )  

j=l 
Considering the ( 56, 32 ) shortened BCH 

code as the improved HEC, its correction ability 
is 4-bit errors. The CLP and CMP are: 

Plo~2=(1- /~o(~6)pi(1-p)56-J)(1-p)56+ 
( 1 _  (56) p O ( 1 _  p)56) .  

( l  - ( 1  - p ) 5 6 )  (9) 
, 

P,nis2 = (1 - p)56 x 2-24>_~ i 
i=0 j=5 

(~6)pi(1- p)56-J + (1- (1-  p)56) • 

2-24 ~2, (56)/~ (1 _ p)56-j (10)  
j=l 

Fig. 3 and Fig. 4 show the curves of the cell 
loss and the cell mis-insertion probabilities of the 
mentioned HEC schemes. As Fig. 3 and Fig. 4 
show, the cell loss and the cell mis-insertion 
probabilities of the improved HEC are decreased 
obviously compared to that of the standardized 
HEC. VC]aen the correction capability of the 
BCH codes increases, the performance is im- 
proved at the expense of resource and cell trans- 
formation overhead. 

CELL INTERLEAVING TECHNIQUE IN THE 
UPSTREAM CHANNEL OF HFC NETWORK 

As mentioned-above, HEC is used for guar- 
anteeing the cell integrity. It is a single-bit error 
correction multiple-bit error detection code. The 
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Fig.  3 Curves of cell loss probability 
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F i g . 4  Curves of cell mis-insertion probability 

standardized HEC is designed under condition of 
low error rate and isolated random error. The 
burst noise exists in the upstream channel of the 
HFC network. The improved HEC increases the 
error correction capability. At the same time, it 
not only causes resource and hardware transfor- 
mation overhead but also is not an ideal method 
for coping wi th  the burst noise. To spread out 
the burst 6rrors of the upstream channel and ira- 
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prove the HEC'  s function, the interleaving tech- 
nique, such as the block interleaving technique 
which is used for spreading out the ATM cell 
header bit, is employed. The block interleaving 
technique interleaves ( Sheu, 1997) headers of 
cells in a block unit consisting of n ceils. Once 
transmitting, a bit will be read from one cell. 
This method can cope with the burst errors with 
burst length not longer than n. And this method 
has a large processing delay for interleaving and 
only adapt to the continuous transmission mode. 
So, we employ the cell interleaving technique for 
the burst transmitting ATM cells of the upstream 
channel in the HFC network. 

The cell interleaving teehnique spreads each 
bit of the header field over the data field within a 

cell. As the payload of the ATM cell is 48 bytes 
and there are 40 bits in the ATM header, the 
maximum depth of the cell interleaving technique 

40 = 9. Fig. 5 shows the principle of 

the cell interleaving technique. After de-inter- 
leaving at reception, any burst errors in trans- 
mission are spreaded out as isolated random er- 
rors into the data field of the cell, thus trans- 
forming most burst errors into single-bit errors. 
As s i@e-bi t  errors in the header are easily cor- 
rected by HEC, this interleaving can reduce the 
cell loss and cell mis-insertion probabilities. The 
processing delay of this method is small. It is ef- 
fective for burst errors shorter than 11 bits. 
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Fig.  5 Principle of  the cell interleaving technique 
(a) cell [)it stream before interleaving; (b) cell bit stream after interleaving 

Now, we give analyses of the cell loss proba- 
bilities with and without interleaving. 

Case 1: Assume that there are only isolated 
random errors and no interleaving is done. In 
this case,  the cell loss probability can be ob- 
tained from Eq. (5)  . 

Case 2: Consider a ease of no interleaving 
and burst errors all assumed to be 2-bit long. 
The cell loss probability is: 

Pio~4 = (~0 ) p ' ~  p') 40 

1 )P (1- P')4c) + 

Where,  p '  is the 2-bit error oecurrence rate. To 
keep the eventual bit error rate the same, we 
take p' = p / 2 .  

Case 3: Consider a ease of eell interleaving 
where only random errors occur. The cell loss 
probability is : 

(40) P1o~4 = 0 p0(| _ p)40 
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4 0  _ )39 ( 1 - ( 0 ) P ~ 1 7 6  p )+ 

( 1 - ( T )  p ~ 1 7 6 1 7 6 1 7 6  

= Pious1 (12)  

C a s e  4 :  Consider a case of the cell inter- 
leaving when burst errors all assumed to be 2-bit 
long. The cell loss probability is: 

Plo~.4 = p'O ( 1 - 

Fig. 6 of the cell loss probability obtained 
from Equations ( 5 ) ,  ( 1 1 ) ,  ( 1 2 )  and ( 1 3 )  
shows that, when only isolated random errors oc- 
cur in the channel,  the cell interleaving does not 
affect the system performance. When only burst 
errors with short burst length occur, the cell in- 
terleaving improves the system performance effi- 
ciently. Assuming that the burst errors are all 2- 
bit long, the performance of the cell interleaving 
is the same as the performance with isolated ran- 
dom errors. That is the result of the error disper- 
sion caused by the interleaving. 

10 ~ 

10 -2 

10 .4 

10 -6 

10-8 - -  _ _  

10 10 / ~  .~ BE, no_inter 

10 -12 / I RE, rater 
X BE, inter 

10-14 ~ . . . . . . . . . . . . . . . .  . . . . . . . .  i . . . . . . . .  i . . . . . . . . . .  i . . . . . . . .  i . . . . . . . .  

10 -8 10 -7 10 -6 10 -5 10 -4 10 -3 l0 -2 10 -1 

BER 

Fig. 6 The CLP in different cases 

Fig. 7 of the cell loss probability corre- 
sponding to different burst error length shows 
that, when the burst length is short, employing 
the cell interleaving technique can decrease the 
cell loss probability obviously. When the burst 
length is long, employing the cell interleaving 
technique will degrade the performance a bit. 
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F i g . 7  C L P  c h a n g i n g  due  to  b u r s t  l e n g t h  

CONCLUSIONS 

The HFC network based on CATV is a kind 
of bi-directional broadband access network. The 
transmission condition of the upstream channel in 
the HFC system is bad. For decreasing the cell 
loss and the cell mis-insertion probabilities, the 
functions of the HEC must be improved. There 
are two improved HEC methods proposed in this 
paper, one is the improved HEC, and the other 
is cell interleaving. Analysis and computation 
results lead to the following conclusions: 

1. 313e improved HEC can improve the system 
performance by decreasing the probability of cell 
loss and cell mis-insertion. But this method will 
cause hardware transformation and resource over- 
head, bad compatibility and processing delay. 

2. The cell interleaving technique cannot 
improve the performance of a system with isolat- 
ed random errors. It will improve performance 
effectively when the burst error length is short. 
When the burst length exceeds the interleaving 
depth, this method will cause errors dispersion 
and the performance will degrade slightly. The 
processing delay of this method is larger than 
that of the improved HEC. 
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