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ABSTRACT

In this work, the effect of the channel allocatesheme on the priority based Slotted ALOHA (S-ALOHANndom
access protocol when blocked packets return to¢heork is presented. Service differentiation isgidered for high
and low priority users. Priority based S-ALOHA mplemented using a Geometric Backoff (GB) schemenbgns
of two retransmission probabilities. Two channdb@tion schemes that implement priority queues denvice
differentiation in a TDMA based cellular networlearonsidered: Bitmap Channel Allocation (BCA) anglibk State
Flag Channel Allocation (USFCA). In order to impeothe system performance, new packet transmis$urisw

priority packets are differed (DFT) effectively neasing the throughput on the random access chandeleducing
the average waiting time and access delay.

Keywords: Priority based Slotted ALOHA, Geometric Backoff (I;Bitmap Channel Allocation (BCA), Uplink
State Flag ChannelAllocation (USFCA).

1. INTRODUCTION

TDMA based cellular networks currently represenimaportant market share in mobile communicationyst&ns such
as General Packet Radio Services (GPRS) and EGER&riced GPRS) are still being used as the 2G énd 3
networks respectively. Both GPRS and EGPRS are epaskitched systems that upgrades and uses the GSM
infrastructure to offer data services in an effitienanner (Brasche and Walke, 1997). For simpliditis work is
focused on the GPRS system, but the mathematiedysas can easily be applied to EGPRS systems BAsGRRS
offers data rates in the range of 14.4 kbps (simid) and 115.2 kbps (multi-slot) depending onruseminal
capabilities and system interference (Brasche amatk&y 1997). In such wireless networks, there israneasing
demand for multimedia traffic with different leved$ Quality of Service (QoS). In particular, thiager focuses on two
types of services: a) delay-sensitive servicesclvkshould be given higher priority, and b) non gelarvices, which
should be given a lower priority.

In the uplink, the GPRS MAC sublayer is based endlbtted ALOHA (S-ALOHA) random access packet ineson
protocol (Brasche and Walke, 1997). It is import@aniention that EGPRS also uses S-ALOHA like mols for the
uplink transmissions. In S-ALOHA, users that arrigghe system trying to reserve a data channgdlgimait for the
beginning of the next time slot and transmit thegcket. If more than one user attempts to tranampiacket, then a
collision will occur and the packets involved iretleollision enter the backoff procedure in orderattempt a
retransmission in a random time. If only one padkahsmission attempt occurs in a time slot theis iteceived
without any errors and the base station replieth¢éomobile with a positive acknowledge (ACK). Onhbe user has
been successfully registered the packet is prodegsmrding to the channel allocation scheme. €keaf the paper is
organized as follows: In Section Il the analysistteé priority based S-ALOHA is presented, the clehrailocation
strategies are described in Section Ill and ini&edy numerical results are presented. Finallyneaonclusions are
obtained.
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2. PRIORITY-BASED SALOHA
A partial DFT (Differed First Transmission) systésnused, where new high priority packets are trattsdhat the
beginning of the next time slot while new low pifprpackets enter the backlog procedure with prdiald-t, and
transmit at the beginning of the next time slothwirobability t,. The new packet arrivals (packets that have not
suffered any collision) follow a Poisson procesthwiormalized rate oGy packets per time slot. Packets that have
suffered at least one collision are retransmittetbading to a Geometric Backoff (GB) policy. Highiquity packets
retransmit with probabilityz, until they are successfully received by the bastiom, while low priority packets
retransmit with probabilityy,. It is assumed that there could be as mudid asimultaneously backlogged high priority
packets and as much sl simultaneously backlogged low priority packetshia systemNl, = M, = 250) as it is done
in (Rivero-Angeles et al., 2007).
After a successful packet registration, if there aeither available traffic channels nor any spaicthe buffers, the
packet is blocked and has to enter the registratimse again. Blocked packets are considered apaekets at the
registration phase. The total new packet arrivigl ah the registration phase can be calculated as:

Gy =Gy + %, (1)
where S is the throughput of the S-ALOHA protocdPs is the blocking probability of the resource allbga scheme,
G; =G, +G,, G, is the total high priority new packet arrival raed G, is the total low priority new packet arrival rafehe
condition of the GPRS system considered is thatnwthe prioritization scheme has a higher impagit tb, when most of the
packets in the network are low priority packetgcdifically G, = 0.1Gt (G, = 0.9Gy1), because under this condition few high priority

packets have to contend with a high number of lowrity packets and the system has to guarantegverlaccess delay for these
few packets over the rest of the packets in theorit

The system can be modeled as a two dimensionaldMartkain with stated,j) wherei is the number of high priority
backlogged packets afids the number of low priority backlogged packetshe system in thk" slot andrg is the
steady state probability of havindnigh priority backlogged packets aptbw priority backlogged packets in a time
slot. The transition probabilities from statg)(to state K,l), pj«, are calculated in (2) considering thati <M, and
0<j<M,. A numerical solution method is used in orderitw fthe steady state probabilities vector. The ayer
throughput of the system is found in (3).
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wherers; is calculated using the normalization equation:
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Throughput for high priority and low priority padkecan be calculated similarly. The average acdelsy is derived
in (5) according to (Yang and Yum, 2003).

Toot | 2(1+ 7ap)
E D —_slot | “\T" "abj 4 7. -2 5
aYb[ ] 2Ta,b|: Psuccess " ( )
whereTy is the duration of the slot in the S-ALOHA protbaothe GPRS system with a value of 4.615 msggis
the retransmission probability for high) (or low (o) priority packets. Additionallyt, is calculated in order to maintain

the random access channel stable and a total lasatea(new plus backlogged packets) equal toen:th :(1‘&%“.

3. CHANNEL ALLOCATION SCHEMES

Two channel allocation schemes are considered¢dhwlete analysis can be found in (Chia and Cha@g6): a)
Bitmap Channel Allocation (BCA), where a succesphutket transmission by the mobile unit at thegtegiion phase
is processed by the GPRS network which returns ssage with thallocation bitmapindicating the allocated data
traffic channels, the network allocates the radisources in full amount requested by the mobileacdewhen all
traffic channels are assigned out, new uplink retsuseed to wait until a transmitting packet congséts service. B)
Uplink State Flag Channel Allocation (USFCA), whexresuccessful packet transmission by the mobilé amihe
registration phase is processed by the GPRS netwloidh returns a message with {i8F-for-each-timeslot-number
indicating the specific value for each data charaflelcated to the uplink packet request. The nétvimpadcasts a
USF value at each downlink radio block. In the ngpdink radio block, the mobile assigned with thene USF value
can transmit for one radio block. Hence, the nektvean schedule an uplink packet to transmit an# radio block
and a transmitting packet can be suspended attth@fethe radio block even if it has not endedsitssion. Using
BCA, the network cannot suspend the transmissianpEcket under service. With USFCA however, thevok can
suspend a transmission of a non-priority packetjtgaack to the priority queue and start transmitta new priority
packet.

The total number of data channelj (s set to be 4 used in a practical GPRS netw@hig and Chang, 2006). When
all the GPRS data channels are assigned, additigeladk packet requests are put in a priority quetiesize B
maintained by the networB is also set to be 4. In the priority queue packéthie same priority will be served on a
First Come First Served (FCFS) basis. When theriprigqqueue is full, new requesting packets are kddc as
explained in Section II.

4. NUMERICAL RESULTSAND CONCLUSIONS

The new packet arrival rat&y, at the random access channel is set to be Ok&fzaper time slot. In Figure 1, the
system performance for both the random access guoeeand the channel allocation schemes is prekentgal
throughput,S increases as the value@fincreases because more low priority packet trassions are allowed with
a low collision probability as it is seen by ther@asing low priority packets throughp8,; this is done by choosing
a value ofr, that maintains the access channel stable as egglat the end of Section Il. However, the valuef
should not be too high because as the total thjmutgimcreases the blocking probabilifg, also increases. High
priority packets throughpu§,, is decreased as the valueggfis increased because the total arrival rate iseased
and the collision probability increases. Howevkis tlecrement on the throughput is very small (fbA145 to 0.41)
and does not have an impact on the total averagengvéime, E[D], since it can be seen that it is kept constant fo
any value ofn,. For low priority packets, the average total wajttime is considerably decreased as the valugg of
increases. Then a GPRS network operator can ddedelocking probability acceptable for data paakstrs or an
average waiting time acceptable for low prioritgkets and choose the valuemfccordingly.
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Figure 1. System performance for different values of oy.
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