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Parameter Value

Frequency 5 — 42 MHz edge to edge

+8 to +55 dBmV (16 — QAM)
Level Range (one channel)
+8 to +58 dBmV (QPSK)

Modulation Type QPSK and 16 - QAM

Symbol Rate (nominal) 160, 320, 640, 1,280 and 2,560 ksym/s

Bandwidth 200, 400, 800, 1,600 and 3,200 MHz

Output Impedance 75 ohms

Output Return Loss > 6 dB (5 - 42 MHz)

Connector F connector per [ISO-169-24] (common with the input)
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Parameter Value

Center Frequency 91 — 857 MHz + 30 kHz
L-evel Range (one channel) -15 dBmV to +15 dBmV
Modulation Type 64 — QAM and 256 - QAM

5.056941 Msym/s (64 — QAM) and
Symbol Rate (nominal)

5.360537 Msym/s (256 — QAM)
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M319N 3.2 (AD)

Parameter Value

Bandwidth 6 MHz

Total Input Power (40 — 900 MHz) <30dBmV

Input (Load) Impedance 75 ohms

Input Return Loss > 6 dB (88 — 860 MHz)
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Abstract- Data~Over—Cable Service Interface Specifications
‘DOCSIS) permit the addition of high-speed data transfer to an
:xisting Cable TV (CATYV) system. In DOCSIS standard, the
binary exponential back-off (BEB) algorithm has been studied in
many papers {5, 7 and 8]. These papers resolved collision in the
request mini-slot contention process since this algorithm normally
illocates unnecessary large contention window. In this paper, we
propose simple contention resolution algorithms, called
random slot multiple access algorithms. These algorithms
which use p-persistence value, which are the transmission
required probability of each station in analysis method. We
simulate the system and the analyzed models of random
slot multiple access algorithms by randomly selected mini-
slots. The mini-slots are selected from p-persistence value
of transmission required probability and individual
address of each station.

I. INTRODUCTION

Data-Over-Cable Service Interface Specifications (DOCSIS)
by the Multimedia Cable Network System Partners (MCNS) [1]
and IEEE 802.14 [2]-[4] is de facto standard developed to
define communication and operation support interface
requirement a data-over-cable system. It is employed by many
cable television operators to provide Internet access over their
existing Hybrid Fiber Coax (HFC) network. Cable operators
are interested in deploying high-speed packet-based
communication system on cable television system that is
capable supporting a wide variety of service

The intended service will allows transparent bi-directional
transfer of Internet Protocol (IP) between the cable system
head-end and customer locations over an all-coaxial or Hybrid
Fiber Coax (HFC) network. This is shown in simplified form
in Fig. 1. And, it has been widely used as two broadband

accesses to home.

[ Cable
Modem

. g*H Termina

5 ¥ Cable
N C“IS-d :g?\:-‘;;l Network Cable ModemCM Customer Premises
etwark side (CM) Equipment Interface  Customer
Interface Promises
L | Equipment

I

Transparent IP Traffic Through the System

Fig. 1 Transparent IP Traffic Trough the Data-Over-Cable System.
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The transmission path over the cable system is realized at the
head-end by a Cable Modem Terminal System (CMTS) and at
each customer location by a Cable Modem (CM). At the head-
end, the interface to the data-over-cable system is called the
Cable Modem Terminal System Network Side Interface. At the
customer location, the interface is called the Cable Modem
Customer Premises Equipment Interface. The intent is for
operators to transparently transfer IP traffic between these
interfaces, including but not limited to data grams, Dynamic
Host Configuration Protocol (DHCP), Internet Control
Message Protocol (ICMP), and Internet Protocol (IP) Group
addressing (broadcast and multicast).

The Media Access Control (MAC) protocol [5] defined in
the DOCSIS RFIvl.l is based on Time Division multiple
Access (TDMA).It uses MAC management messages, referred
to as MAP messages, to describe the usage of the uplink
channel. A given MAP message indicates the. upstream
bandwidth allocation over the next MAP time, termed the MAP
length. The MAP assigns some uplink mini-slots to particular
cable modems (CMs) to transmit data, other slots are available
as contention mini-slot to request bandwidth. This is one of the
critical components of the DOCSIS MAC layer and the
DOCSIS specification purposely does not specify these
bandwidth allocation algorithms so that are able to develop
their own solution.

Random access schemes for packet networks require
contention resolution algorithms and protocol for resolving
packet collisions due to contention by the uncoordinated
terminal. The binary exponential back-off (BEB) algorithm
[6]-[8] has been widely used in many forms of which are
included in DOCSIS, Ethernet [9] and Wireless LAN {10]
standards. Although that algorithm can reduce the collisions in
the next request but the station increases its back-off window
size is doubled when a collision occur. In this paper, we
proposed simple contention resolution algorithm, called
random slot multiple access algorithms, as explained both
algorithms in Section III.

The rest of the paper is organized as follow. Section II, we
presented system overview of DOCSIS. Section III provides a
detailed description of the BEB algorithm and random slot
multiple access algorithms. Section 1V described model of
selection mini-slots 3 models and compared the result of 3
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mnodels that which model is the best. Finally, we make a brief
:onclusion in Section IV

II. OVERVIEW OF DOCSIS OPERATIONS

The DOCSIS network consists of:

e (Cable Modem Terminal System (CMTS) located at
the head-end (HE).

e Hybrid Fiber Coax (HFC) cables network which
uses tree-and-branch architecture.

e Cable Modem (CM) located at the customer
premise.

e  Upstream and downstream channel.

Fig. 2 shows DOCSIS architecture;
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Fig. 2 DOCSIS architecture.
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The CMTS at the HE is connected by fiber cable to fiber
nodes, from where coaxial cables are used to connect to CMs
at homes.

In HFC cable network, each branch is composed of
downstream channel and an upstream channel.

Downstream channel is a point-to-multipoint broadcast
channel. The CMTS at the HE is the only transmitter on the
downstream channel; no downstream MAC mechanism is
needed. While upstream channel is a multipoint-to-point shared
channel which is shared by number of CMs and MAC
mechanism is required. The upstream channel is divided into
fixed length time slot called mini-slots. Each frame of mini-
slots consists of contention mini-slot, are used for CM transmit
a request, and data mini-slots, are used to transmit data. The
detail of each frame is specified via a control message, celled
MAP, which is periodically transmitted by CMTS on the
downstream channel.

When any CM that wants to transmit data on the upstream
channel, it first sends a request via the contention mini-slot on
upstream channel to the HE. Therefore only contention mini-
slot is phone to collision which occurs when more than one
CM attempts to transmit a request in the same mini-slot at the
same time. HE controls the use of contention mini-slot by
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assigning Request Queue value to each contention mini-slot.
After the HE has completely received contention mini-slot, it
uses the downstream channel to send feedback on contention
mini-slot to the station. The feedback indicates whether a
contention mini-slot was empty, successful, or contained a
collision. If a request is successful, the HE will allocate an up
stream bandwidth for the station in a future allocation MAP. If
the request results in a collision, MAC will initiate a collision
resolution process.

11I. THE CONTENTION RESOLUTION ALGORITHMS

A.  Binary Exponential Back-off (BEB) algorithm

The binary exponential back-off algorithm is an algorithm
model that specified by the DOCSIS standard. The aim of the
BEB is to minimize the collision probability between the
requests packets transmitted in the contention " region.
Therefore, each CM has to postpone every transmission
attempt by a random time interval. The length of this time
interval, called the back-off interval, indicates the number of
consecutive unsuccessful transmission increases. This is, at
each attempt to transmit a request packet. The length of he
back-off interval is uniformly chosen in the range [0, CW# — 1],
where CIW is the current contention window size. In the
DOCSIS standard, when channel collision happens, the
colliding nodes exponentially increase the back-off window
and the CW is set to 2, where 7 is the number of collision that
the CM has experienced for the request message it is
attempting to transmit, with equal probability for the next
transmission. If i reaches a predetermined maximum value,
then / is set to a minimum value and the next cycle begin.

Under a heavy load condition, many collisions may occur.
Station which fails reservations will retry those at the next
round. Moreover, by the time the next contention window
arrives, data protocol data units (PDUs) will be generated at
other stations. They will increase the collision probability and
delay for reservation. Thus, a too large or too small contention
window enlarges delay.

B.  Random slot multiple access algorithms

The random slot multiple access algorithms are algorithm
that uses a p-persistence value resolves contention. By process
of this algorithm will random p-persistence value, where p is
transmission require probability of each terminal station. The
values of p are randomly generated in the range 0 to 1. If any
station have the most p value, it will have right to send a
request first. If there are 2 stations which have same p value,
the collision occur. In the selection mini-slots, we chose mini-
slots from p-persistence value that each model will have
differential algorithm. We will describe a detail of each model
in the next section.

IV. SIMULATION MODELS

In a simulation, we set number of mini-slots to 10 slots. In
the system there are 2 events in the system. The first event is
arrival state which has uniformly distribution. When the CM
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nccess to the system, it checks the contention mini-slot. If the
sontention mini-slot is empty, the CM can send the request to
‘he HE. If the contention mini-slot is busy, the CM must wait
in queue. When first event completely check, we will go to the
second event. In the second event, there are 3 models that we
lescribe following algorithm;

4. The first model

The first model is direct access to the mini-slots. In this
algorithm, the mini-slots are chose from p-persistence value by
set the access mini-slot follow p-persistence value. Example, if
we random p-persistence value is 0.1, it will send in mini-slot
lin the 1* slot as illustrated in Fig. 3. And the flow chart of this
inodel show in Fig 4.

1<0.1 p<02 p<03 p<04 p<05 p<06 p<07 p<08 p<09 p<l

B

]‘2]3‘4 5‘6 7|8 9|10

Fig. 3 The arrival mini-slots for the first model.
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Fig. 4 Flow chart of the first model.

B.  The second model

The second model is reverse direct access. In this model, we will
divide individual addresses of the terminal stations are odd addresses
and even addresses. If the addresses of terminal station are odd
addresses, it will chose mini-slots from the 1% slot to the 10% slot. On
the other hand, if the addresses of terminal stations are even addresses,
it will chose mini-slots from the 10 slot to the 1% slot as shown in Fig.
5. The flow chart of second model illustrated in Fig. 6

Odd addresses #5001 p<02 pv03 p<04 p<0S5 p<06 p<07 p<08 p<0f p<i

A N A N
Fl: |4]5 6]73}9]10

RN

Evenaddresses  p<) p<09 p<08 p<0.7 p<0h p<0S p<hd p<hd p<02 p<0ld

Fig. 5 The arrival mini-slots for the second model.
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Fig. 6 Flow chart of the second model.
C. The third model.

The third model is half division frame access since we will divide
individual addresses same the second model. In the third model,
selection mini-slots are difference from the second model by this
model will divide frames which have 10 mini-slots become to 5 mini-
slots. If the terminal stations are odd addresses, it will choose the first
5 slot. On the other hand, if the terminal stations are event addresses, it
will chose the last 5 slot as shown in Fig. 7. The flow chart of second
model illustrated in Fig. 8.

p<02 p<04 p<0.6 p<08 p<Il-a— Oddaddresses

1,2’3|4|5[6 7|s|:’9‘10

*

Even addresses—~ p<0.2 p<04 p<0.6 p<08 p<l]

Fig. 7 The arrival mini-slots for the third model.
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). The simulation result
Under the simulation, we compare throughput and average delay of
models and the BEB algorithm. Fig. 9 shows throughput versus
«rival time where the system have 25 stations of 3 models and the
®EB algorithm. This figure is comparing throughput total 3 models
and the BEB algorithm. They had shown that the first model has the
ighest throughput. The throughput depends arrival time when the
mival time increases, the throughput also increases. From the result
f the simulation, the first model has the highest throughput because it
.as lest number of back-off (shown in fig. 10). From fig. 10, it means
whe first model has the collision occur less than another processes.
Aoreover in the first model, the terminal station can use all mini-slot
vhen the second and the third model must divided number of the
miini-slot. And the BEB must reserve double mini-slot when the
ollision occur. So it has highest throughput.
Fig. 11 shows comparing average delay versus arrival time of total

8 models. If the arrival time increases, the average delay also increases.

‘rom Fig. 11, we leamn that the first model has the least average delay.
\s the system has high arrival time, the system has large interval
~aiting time so delay increased.
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V. CONCLUSION

In this paper, we propose the simple contention resolution
algorithm which used p-persistence value resolves contention.

We

analyze total 3 models that have difference randomly

selected mini-slots processes. From simulation result, we learn
that the random slot multiple access algorithms can resolved
contention and collision problem. And the first model gives the
best throughput and delay. In addition, it also decreases
contention window that unnecessary loss same BEB algorithm
because it hasn’t double the contention window when the
collision happen. But it retransmits in the next cycle.
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