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ABSTRACT 
 
A novel satellite multiple access scheme called PR-CFDAMA (Predictive Request-Combined 
Free/Demand Assignment Multiple Access) is proposed in this paper. The delay performances 
between PR-CFDAMA and R-CFDAMA (Round Robin-CFDAMA) scheme were compared by 
computer simulation. Simulations were carried out with the Interrupted Poisson Process (IPP) and 
Interrupted Fluid Process (IFP) traffic models. Simulation results demonstrate that comparing with 
R-CFDAMA scheme, the PR-CFDAMA scheme achieves a lower delay, meets a much lower delay 
constraint. 
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INTRODUCTION 
 
In broadband satellite network, the Medium Access Control (MAC) protocol plays an important role 
in the efficient utilization of scarce bandwidths resource while supporting the quality of broadband 
services. In situation where the traffic is bursty, fixed allocation of satellite bandwidth leads to 
inefficient use of channel capacity. It is desirable to dynamically allocate the channel bandwidth in 
response to ground station requests. Dynamic bandwidth allocation using on-demand reservations 
increases channel throughput. The reservation process can be explicit or implicit. In explicit 
reservation over a TDMA satellite channel, a single reservation slot is assigned to each ground 
station within the control sub-frame of every TDMA frame. In implicit reservation, the ground 
station employs slotted Aloha to compete for the reservation slots. There exist several DAMA 
(Demand Assignment Multiple Access) protocols that operate in this efficient on-demand reservation 
mode. Pure-DAMA (P-DAMA) scheme assigns bandwidth based on present traffic load of ground 
stations without considering how to utilize the unassigned free bandwidth. Combined Free/Demand 
Assignment Multiple Access (CFDAMA) protocol [1-4] removes this shortcoming by allocating the 
free bandwidth according to some strategies (such as Round Robin, referred as R-CFDAMA).   
In this paper, we proposed a new scheme called PR-CFDAMA to improve the delay/throughput 
performance of CFDAMA protocol with ON-OFF traffic. In PR-CFDAMA scheme, the ground 
station employs the predictive request strategy to request the demand assignment slots. To focus on 
the utilization of data sub-frame, we will consider explicit reservations only, although PR-CFDAMA 



can work in both explicit and implicit reservations. The relative performances of the R-CFDAMA 
scheme [5] and our proposed scheme are compared by computer simulation in the paper. Section 2 
describes two protocols. The traffic models are described in section 3. Simulation results comparing 
the performance of two schemes are presented and discussed in section 4. At last, we draw a 
conclusion. 
 
 

THE PROTOCOL DESCRIPTION 
Protocol Frame Structure : The protocol system scenario is shown in Figure 1 below. The ground 
station makes a request in the Pre-Assigned request slot in every frame. The requests send by ground 
stations will be received and processed by the On Board Scheduler (OBS) located in GEO satellite. 
Scheduling is normally implemented in a centralized manner, either at the satellite or by a hub station 
on the ground. A satellite On Board Scheduler is considered in this paper, which is advantageous due 
to the shorter DAMA request to acknowledgement time (one satellite Round Trip Delay). 
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Figure1: The satellite scenario 

The uplink frame format for two protocols is shown in Figure 2. The uplink frame consists of a 
number of Pre-Assigned request slots followed by the uplink data traffic slots assigned by on-board 
scheduler in free/demand assignment fashion. The control packets used to notify the ground stations 
the slot assignment information and downlink data packets are transmitted in downlink frame. In PR-
CFDAMA scheme, the frame duration is set to one Round Trip Delay, which means the ground 
station’s prediction cycle for traffic source is one Round Trip Delay. 
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Figure2: Uplink frame structure for PR-CFDAMA and R-CFDAMA protocols 

Algorithmic Protocol Descriptions: In order to facilitate an algorithmic description of two schemes, 
we define the following system parameters. 

_ ique num : Number of packets queued in i th ground station at current requesting time. 

_ _ ipre que num  : Number of packets queued in i th ground station at previous requesting time. 

_ ireq num : Number of slots requested by i th ground station at current requesting time. 

_data num : Number of data traffic slots. 



m : Number of requesting ground stations at current frame. 

_left slots : Number of data traffic slots left in a frame after demand assignment. 

_ iass slots : Number of slots assigned to i th ground station at current frame. 

Based on above parameters, we give concise algorithmic descriptions of two schemes. The ground 
station makes a request in the pre-assigned request slot in every frame. The number of slots 
requested by two schemes is quite different as explained bellow. 
For R-CFDAMA scheme, the number of slots requested is calculated according to equation (1). 

                                               _ _i ireq num que num=                                                                  (1) 
For PR-CFDAMA scheme, the ground station will first calculate the minus between _ ique num  and 

_ _ ipre que num  according to equation (2). 

                                                _ _ _i ique num pre que num∆ = −                                                        (2) 
If ∆>0, the ground station will request the demand assignment slots according to equation (3). In 
equation (3), k  is the prediction factor. 

                                                 _ _i ireq num que num k= + ⋅∆                                                            (3) 
Else, the ground station will request the demand assignment slots according to equation (4). 

                                                    _ _i ireq num que num=                                                                    (4) 
The scheduling algorithms of two schemes are explained bellow.  
The On Board Scheduler maintains a reservation request table and a Round Robin free assignment 
table. The reservation request table queues ground station requests for demand assigned slots. Each 
time a request is received, the scheduler will place a record in the bottom of the reservation request 
table indicating the identity (ID) of the requesting ground station and the corresponding number of 
slots requested. The Round Robin free assignment table consists of the ID numbers of all active 
ground stations in the system. For two schemes, at the beginning of slot allocation, the scheduler will 
first calculate the number of left over slots, based on following equation. 
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If _left slots≤0, no free slot is left for further assignment, the requesting ground stations will share 

the resource in proportion to their demand slots number according to equation (6). 
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Alternately, if _left slots >0, free assignment is available for further assignment to ground stations. 
After assigning up the demand assignment slots, the scheduler will assign the left over slots for all 
active ground stations in Round Robin free assignment fashion till the data traffic slots in a frame are 
assigned up. 



TRAFFIC SOURCES 
The traffic model is important in evaluating the performance of medium access control protocol. The 
bursty behavior of traffic is often modeled by ON-OFF model, such as the IPP, IFP traffic model.  
The state transition diagram for IPP and IFP models is shown in Figure3. The process is in either the 
ON or OFF state. Arrivals occur in the ON state, and no arrival occurs in the OFF state. The 
transition from ON to OFF state occurs with a probability β , and the transition from OFF to ON 
state occurs with a probability α . In IPP model, arrivals occur in the ON state according to Poisson 
process with rate λ , and the time spent in ON and OFF states is exponentially distributed with mean 
1/ β , and 1/α , respectively. IFP model differs from IPP in that arrivals occur deterministically at a 
constant rate λ  in ON state. The burstiness of the traffic is defined in equation (7). 
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In the paper, the IPP and IFP traffic models with different burstiness are used to evaluating various 
schemes respectively. 
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Figure3: Transition diagram for IPP and IFP traffic models 

 
 

THE SIMULATED PERFORMANCES 
The schemes have been simulated for a star based satellite network consisting of a number of ground 
stations via GEO satellite with On Board Scheduler (see Figure1). The simulations were carried out 
with IFP and IPP traffic respectively. The chosen simulation tool was powerful network simulation 
software. The simulation parameters are given in Table 1. The overheads of Pre-Assigned request 
slots were not considered in simulation. 

Satellite Altitude 37,500Km 
Number of Ground Stations 32 

Channel Data Rate 2 Mbits/s 
Uplink Data Traffic Slot Size 53 Bytes 

Number of Traffic Slots per Frame 1280 
Frame Duration 0.27136s 
Channel Load 0.1 to 1.0 

IPP and IFP Traffic Burstiness = 2, 4 
Prediction Factor(PR-CFDAMA) 0.5 , 1.0 

         Table1: Simulation parameters for PR-CFDAMA and R-CFDAMA schemes 
Figure 4 and Figure 5 shows the delay/throughput performance of protocols with carrying IPP and 
IFP traffics respectively. Results show that comparing with R-CFDAMA scheme, the PR-CFDAMA 
scheme achieves a lower delay and higher channel utilization within the whole channel loads.  
At lower channel loads, the delay/throughput performances are very similar between R-CFDAMA 
and PR-CFDAMA scheme. The reason is that at lower channel loads, the packet arrivals do not occur 
frequently at the ground station, then the number of slots reserved by ground stations is less, which 
means the scheduler mainly works in Round Robin free assignment fashion. Hence, at lower channel 



loads, two schemes achieve the similar delay performance. At higher channel loads, the 
delay/throughput performance of PR-CFDAMA scheme distinctly outperforms that of R-CFDAMA 
scheme. The reason is that when channel load increases, the number of slots requested by ground 
stations will increase, then the scheduler will mainly work in demand assignment fashion. In this 
situation, the delay/throughput performance of PR-CFDAMA scheme employing the predictive 
request strategy will distinctly outperform that of R-CFDAMA scheme. 
When traffic burstiness increases, the delay/throughput performance of two protocols will decrease. 
The reason is that at certain channel load, the scheduler will more likely work in demand assignment 
fashion with the increasing traffic burstiness. In this situation, the delay/throughput performance of 
PR-CFDAMA scheme will more distinctly outperform that of R-CFDAMA scheme, which is 
contributed to PR-CFDAMA protocol successfully employing predictive request strategy in demand 
assignment. 
Simulations were carried out with IPP and IFP traffic respectively. The comparative delay 
performances between two schemes with the IFP traffic are similar as those with IPP traffic, which 
demonstrates the fact that the ON-OFF nature of a traffic model is a significant factor in MAC 
protocol performance evaluation [6]. 
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         Figure4: End to end delay performance with the IPP traffic            Figure5: End to end delay performance with the IFP traffic 

                      
       Figure6: Cumulative distribution of end to end delay                    Figure7: Cumulative distribution of end to end delay 
      with IPP traffic (burstiness=2) at 80% channel load                       with IFP traffic (burstiness=4) at 70% channel load 

The Cumulative Distribution Function (CDF) of end-to-end delay indicates how reliably a packet 
could meet a delay constraint at given channel load. The CDF of two schemes with IPP and IFP 
traffic is shown in Figure6 and Figure7 respectively. From the figures, we can see that under a 
certain delay constraint, more packets can match the delay constraint in PR-CFDAMA scheme than 



in R-CFDAMA scheme. As expected, PR-CFDAMA scheme can meet much lower delay constraint 
than R-CFDAMA scheme. 
 
 

CONCLUSIONS 
In order to improve the delay performance of CFDAMA protocol with ON-OFF traffic, a novel 
satellite multiple access scheme called PR-CFDAMA was proposed in this paper. The PR-CFDAMA 
and R-CFDAMA schemes have been simulated for a typical satellite scenario with IPP and IFP 
traffic respectively. Simulation results demonstrate that comparing with R-CFDAMA scheme, PR-
CFDAMA scheme can provide improved delay/throughput performance of a satellite channel, meet a 
much lower delay constraint. The improved delay performances of PR-CFDAMA scheme are 
contributed to successfully employing the predictive request strategy. Simulations were carried out 
with IFP and IPP traffic respectively. Simulation results demonstrate the fact that the ON-OFF nature 
of a traffic model is a significant factor in MAC protocol performance evaluation [6]. In PR-
CFDAMA scheme, satellite on-board scheduler employs a simple scheduling algorithm, which is 
advantageous to satellite on-board processing. 
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