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In the paper we study the performance of a two-hop star network 
which uses a single channel for bidirectional communications 
between stations and the central repeater. Two t~ansmission 
strategies, the station priority and the repeater priority scheme, 
which are based on S-ALOHA multiple access are presented and 
analyzed. 
The maximum network throughput and the delay-throughput tradeoffs 
for the two-hop star network topology in the case of finite buffer 
at the central repeater are analysed and compared for different 
values of buffer size. 

1. INTRODUCTION 

In the paper we consider a star packet radio network conSisting of a large 
number of low rate bursty users distributed around the Central Repeater, CR. 
The terminals are assumed to be hidden one from the other. They can com
municate only through the CR which can receive the transmissions from all of 
them. The Central Repeater retransmits the received packets without creating 
any traffic of its own. 

One of the most important issues in the design of such broadcast networks is 
the method that the terminals and the CR use to get their access right to the 
common channel. When the channel access demand is un~redictable, distributed 
and bursty, random access schemes are usefully applied [1, 2, 3]. In these 
schemes, users are allowed to transmit at random and collisions among packets 
may occur. Because of collisions, stations must be acknowledged whether their 
transmission was successful or not in order to undertake appropriate actions 
[4, 5, 6J. In most studies acknowledgments are assumed to be transmitted on a 
separate channel. 

In this paper, we study the performance of a two-hop network which uses a 
single channel for bidirectional communications b~tween stations and the 
Central Repeater. Furthermore, the Central Repeater is assumed to have the 
capability to store up to K packets waiting for retransmission. 

We present and analyze two transmission strategies, the station priority and 
the repeater priority scheme, which are based on S-ALOHA multiple access 
scheme. 

The time axis is divided into slots of length T' = T + 6, 
packet transmission time and 6 is the time needed to transmit 
or to sense channel activity. For sake of simplicity but 
generality we neglect the packet processing time t and 
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delay T, as they are small compared to packet transmission time. When this is 
not the case, the slot length becomes T" = T + fl + 2(t + T). The stations are 
assumed identical, each with a single buffer for data packets. 

In section 2 and 3 we present the two new schemes together 
performance evaluation and comparisons. 

with their 

2. STATION ' PRIORITY SCHEME (SPS) 

Let us consider a star configuration packet network with the Central Repeater 
(CR) and N stations. The CR can hear the transmission from any station and 
stations can only hear from the repeater. The CR is assumed tQ have the 
capability to store up to K packets in its buffer. The stations and the CR 
operate according to the following Station Priority Scheme (SPS). 

StaliOl-j Priority Scheme 

- When a station has a data packet to transmit, it operates according to S
ALOHA protocol and starts transmitting at the beginning of a time slot. 

- The central repeater transmits the acknowledgment of a correctly received 
packet in the same time slot. 

- If packet is not acknowledged by CR, the station repeats its transmission 
after a random delay. 

- If eR has a packet to transmit it waits for a slot not used by the stations. 

An example of channel operation according to SPS is shown in fig. 1. 

5T PCK ~f:'~~stO~~ AC K ': ~ :" ' , " " , '-~~, CR PCK JI 5T PCK ~ 
T fl T fl fl T T fl 

T' T' T' T' 

Fig. 1 - Example of channel operation according to SPS 

Note that a station packet transmission is successful only if there 
collision with packets transmitted by other stations and if the CR 
buffer available for storage. 

is no 
has a 

The CR maintain a queue of correctly received packets which are retransmitted 
to the stations on a first-come first-served order using the empty slots. 

The CR recognizes an empty slot by sensing the channel activity for a period 
~ at the beginning of a slot. 

The absence of ACK in the time slot used by a station to tr~nsmit a packet 
signals the need of the packet retr~nsmission thus minimizing the retransmis
sion delay. 

Transmissions from the CR to stations are not acknowledged because no 
collision occurs and the management of transmission errors is left to higher 
level protocols. 

To study the behaviour of the network the simple Markov chain presented in 
fig. 2 can be used [73. The state of the system is described by the number of 
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Fig. 2 - Markov chain model for the Station Priority Scheme 

packets, k, in the CR buffer. The network throughput per slot, Sk, and the 
average number of packets stored in the CR, Nk, are given by 

wher"e 

h 
\" 
L 

k=1 

Po J - c+ 
(---- - hph+l) 

1-P ·1-P 

"1- 0 
Po = -----

l-" p~ -:-+ 1 

"' p = I'. 

1J 

= l1 C1 - Po ) (1 ) 

(2) 

(3) 

The transition probability ~ is the probability of having a successful station 
packet transmission which is given by 

~ = Np Cl-pHJ-"1 (S) 

where p is the probability that a station transmits in a slot. Similarly, the 
t roans i t ion probabi I i ty 11 is the probabi I i ty that no station has transmitted in 
a slot and is given by 

11 = (-l-pHJ (6) 

If the number of stations N tends to infinity, while the probability p tends 
to 0, so that lim Np = G, the offered traffic becomes Poisson and the values 

N-)oo 

p->O 

of ~ and U given by equations (5) and (6) reduce to 

A = G e-G and U = e-G. 

Under such conditions, from eq. (1), the network throughput SK is given by 
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In the case of a single packet buffer, K=1, we have 

G e-G . 

5"1 = 
1+G 

whose maximum value 51MAX = 0.206 is obtained for G ~ 0.62. 
On the other hand, for K -~ 00 we have 

S = G e-G 

~. nd 

(7) 

(8) 

(9) 

5 MAX = (10) 
00 

e 

These results are identical to those of a single hop slotted ALOHA channel. 

In fig. 3 we plot the network throughput, 5, versus the stations offered 
traffic G for different values of the eR buffer size. The results show that 
the network throughput increases with K and it is maximum for K = 00 even if 
the improvement is negligible for buffer sizes larger than 10. 
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Fig. 3 - Throughput 5 versus offered traffic G 
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To show the effect of ~ on the actual network capacity, e, the behaviour of 

T 
C = SMAX (11 ) 

T+~ 

for different values of K is shown in fig. 4. 
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Fig. 4 - Actual network capacity versus IT 

The delay performance of this system are simply obtained by observing that the 
total packet transmission delay, 0, is given by the sum of the delay to reach 
the Central Repeater buffer, OS, and the delay to be transmitted by the 
repeater to the stations, DR. 

The average delay OS is the same as in a S-ALOHA system and from the results 
available in [7,8J we have 

G~"\ R-1 
DS,K = (-- - 1) (1 + ) + 1 (12) 

Sh 2 

where R is the length, measured in slots, of the retransmission time when a 
collision occur. 

The average delay OR is obtained by Little's result and is given by 
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DR,.< = (13) 
Sh 

Note that both DS and DR are also function of K. In fact, as already mentioned 
before, the Cent~~l Repeater buffer size affects the channel traffic because, 
when full, it may generate packets retransmission. . 

Flg S . 5 and 6 sho~ respectively the repeater delay and ~he total packet delay 
versus the network throughput for different values of K. The numerical values 
have been computed by setting R = 15 which is a value large enough to almost 
reach the ma ~ imum throughput ( R -~ 00). 
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Fig. 5 - Expected delay Db at the eR versus network throughput S 
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Fig. 6 - Total packet transmission delay 0 versus network throughput S 

The increase of transmission delay when K is small, as observed in fig. 6, is 
mainly due to the waste of channel capacity because of the retransmissions 
caused by the packet loss at the Central Repeater. 

To reduce this effect a modified version of SPS can be used. Such a Modified 
Station Priority Scheme (MSPS) requires that the CR transmits a marked ACK 
when its buffer is full. 

This marked ACK acts as a flow control and prevents transmissions from all 
stations. The Markov chain model corresponding to this scheme is presented in 
fig. 7 and differs from that in fig. 2 for the transmission probability in the 
state K which is now 1. The network throughput SK and the average number of 
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1 

Fig. 7 ~ Markov chain model for the Modified Station Priority Scheme 

packets Nh in the repeater buffer are given by: 

h-·l 

St< = W I 
k="1 

P~: + Pt": .. = 

t- 0 
Nt : = ----------------

1-ph+ AO h-"1 (-1- p) 
wher·e 
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1 
{--- [0 

"1-0 1- P 

(16) 

(-17 ) 

The performance of MSPS are shown for K = 2,5 in figs. 3, 4, 5 and 6 together 
wittl those of the SPS. The improvements of this modified scheme are 
significant especially for small values of K which are the most practical 
cases. Delay performance are obtained using equations (12) and (13). 

3. REPEATER PRIORITY SCHEME (RPS) 

Differently from the previous scheme, the eR transmits with priority on the 
stations. This is obtained by allowing the eR to retransmit a correctly 
received packet at the beginning of the next slot. This way of operating 
requires that terminals sense the channel for 6 at the beginning of each slot 
to recognize an empty one. Only a single packet buffer is needed at the eR to 
operate this scheme. An example of channel operation is given in fig. 8. 

ST PCK I CR PCK ~~':~'\..~~~~ 

~""'~" """~ ST PCK 

l:a T T l:a l:a T A T 
T' l' T' T' 

Fig. 8 - Example of channel operation according to RPS 
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The model of this 'scheme is very similar to that of MSPSfor K = 1, but for 
the ACt< which is no' more needed. In fact the immediate retransmission of a 
correctly received packet is itself an ~CK. A further .mall difference is that 
the packet retransmission from the eR is completed 6 seconds before the end 
of a slot. This fact has some positive effect when the packet transmission 
time T and the sensing time 6 are comparable. 

The performance of the RPS are presented together . with the results previously 
discussed in figs. 4, 5 and 6. 

4. CONCLUSIONS 

We have presented and analyzed two schemes which operate on a single slotted 
channel with a central repeater needed to provide broadcast communications 
among hidden stations. 

The use of a single channel simplifies the station transmission equipments and 
presents 8 great advantage over those systems which have two separate channels 
one for stations to the CR and the other for the CR to station transmissions. 
The use of a buffer at the CR, even of limited size, allows to use the empty 
slots, otherwise lost, to transmit from the CR to stations. 

The schemes proposed in the paper can also be applied in networks where 
Peripheral Stations communicate only with a Central Station and viceversa. In 
this case in fact the traffic from the Central Station to Peripheral Stations 
is generated at the Central Station itself. Such a network can be effectively 
used to manage the signalling traffic in radio mobil~ systems. 
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