Performance Evaluation of Medium Access Control Schemes for MBS

Dietmar Petras
Communication Networks, Aachen University of Technology
D-52056 Aachen, Germany
EMail: petras@dfv.rwth-aachen.de

Abstract: This paper presents different
approaches for the Medium Access Control
(MAC) Scheme for the Mobile Broadband Sys-
tem (MBS), which aims to be a mobile extension
of an ATM based network like B-ISDN. In order
to enable the comparison of different protocols,
performance parameters have been determined
using the simulation tool SIMCO3++ [1], which
contains realistic models for propagation, mobil-
ity and data traffic load. The simulation results
are presented and compared with conventional
MAC protocols.

1 Introduction

Present cellular mobile radio networks like GSM are
designed to support speech services that are character-
ized by constant data rates and maximum acceptable
time delays. This has led to a specific kind of Medium
Access Control (MAC) schemes on the uplink based on
a TDMA structure, which are subdividing the stream
of transmission slots into frames of fixed length. Ev-
ery logical channel is assigned to a fixed slot position of
the cyclic repeated frame, so that transmission slots are
available in equidistant time intervals. This reduces the
part of the channel capacity occupied by signalling mes-
sages because a previous assigned slot position will be
available for the specific logical channel in all following
frames without additional signalling procedures. Fur-
thermore, none of the assignments will be lost caused
by erroneous transmission.

The allocation of constant transmission capacity to
logical channels is possible because the constant data
rates of speech services are guaranteeing a certain
amount of data at transmission time. Thus, the trans-
mission delay can be minimized due to a specific combi-
nation of source coding and MAC scheme, so that data
packets will be transmitted directly after their genera-
tion without waiting period.

It can be seen, that services with variable data rates
will cause higher transmission delays and a reduction
of channel throughput. The reasons for this lower per-
formance are on the one hand the additional waiting
periods for transmission slots in case of too early or too
late generated packets, and on the other hand unused
transmission slots, if no packets have to be transmitted
caused by short-time lower data rates.

To extend service integrating fixed networks to mo-
bile users (UMTS<+ISDN, MBS<+B-ISDN) an adapta-
tion of the MAC schemes specialized in transmission of
constant data rates of speech services to the variable
and high dynamical data rates of broadband services is
necessary [2, 3].

This paper presents considerations on the MAC
scheme for MBS which has to be adapted to the trans-
mission of virtual channels of ATM based networks like
B-ISDN.

2 Requirements on Medium Access Control Schemes
for MBS

The goal of MBS is to extend B-ISDN to mobile users.
It has to be able to support most of the broadband ser-
vices like video transmission, file transfer or interactive
communication as well as the conventional narrowband
services of ISDN like speech transmission over the air
interface without a great loss of quality.

In order to reach this aim the air interface of MBS
has to adapt the Asynchronous Transfer Mode (ATM)
of B-ISDN. The basic idea of ATM is the separation of
services, their data and data rates. Thus an ATM-Net
does not have to make available service specific chan-
nels. Because of the great number of different services
this leads to a flexible, service independent and uniform
network structure [4].

ATM is a packet oriented transmission scheme. The
transmission path of the packets of constant length, the
so called ATM-Cells, will be established during connec-
tion set-up between the two end-points by assigning a
virtual channel. At this time, the necessary resources
are provided and the logical channels are assigned. All
packets of a virtual channel are carried over the same
path. The transmission capacity of a virtual channel
can freely be chosen in a wide range and is character-
ized by the parameters mean bit rate and peak bit rate
during connection set-up. ATM-Cells are generated ac-
cording to the need of the data source. Thus, ATM is
a very good method to meet the dynamic requirements
of connections with variable data rates.

MBS will be the interface between the fixed ATM-Net
at the base station side and the mobile ATM-Net at the
mobile station side. Normally, the ATM-Net at the mo-
bile station side will only consist of one end system, e.g.
a handy-telephone or a HDTV camera. For every end



system it is possible to operate several virtual channels
with different data rates at the same time. In the case
of a portable camera, there will be virtual channels for
video and audio data as well as channels for computer
control or speech connections between camera operator
and producer.

The uplink of the MBS air interface is the critical
part of the MAC scheme. As depicted in figure 1 it
consists of a system of mobile stations each having a
different number of virtual channels as message sources
and one base station as message sink. Furthermore
there is a certain number of frequency channels each
having a TDMA structure with slots being the basis
for ATM-Cell transmission.
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Figure 1: VC queuing in mobile stations

The generation times of ATM-Cells of virtual chan-
nels can only be estimated by using stochastic processes
characterized by the above mentioned parameters mean
bit rate and peak bit rate. Unlike GSM the cells will not
be generated synchronously to the transmission slots,
so that they have to be buffered in queues. But it is
not advisable to buffer the cells of all virtual channels
of a mobile station together in one queue because they
have to be handled with different priorities due to their
different data rates. Thus, there has to be a separate
queue for each virtual channel as shown in figure 1.

Within the above described structure of the uplink
it is the task of the MAC scheme to assign transmis-
sion slots to the virtual channels in such a way that
the Quality of Services (QoS) parameter of the ATM-
Net and the desired transmission rates of the virtual
channels are guaranteed. Within an ATM-Net, cells
with a delay greater than a specific limit will be re-
moved, so that first of all, the MAC scheme has to keep

the delays at a minimum. As well, it has to maximize
the throughput because of the limited channel capacity.
Within most of the MAC protocols there is an exchange
between throughput and transmission delay, so that it
is necessary to find the optimum ratio between these
two parameters in an iterative way to reach the QoS
parameters as close as possible.

Due to the variable cell generation rates the MAC
scheme has to adjust the allocated transmission capac-
ity to the varying short-term requirements. In the fol-
lowing sections, an examination of two different proto-
cols, Cyclic Slot Allocation and Dynamic Slot Assign-
ment, is presented.

3 Cyclic Slot Allocation

The Cyclic Slot Allocation (CSA) protocol is based
on MAC schemes of conventional cellular mobile radio
networks as described in section 1. The virtual chan-
nels are assigned to specific slot positions within the
frames, so that cyclic repeated slots are available for
transmission. The CSA protocol allows efficient trans-
mission of services with variable data rates by dyna-
mically adapting the number of assigned slot positions
to the current requirements of the virtual channels. In
order to meet this dynamic requirements fast signalling
procedures are necessary. A short-term increase of the
cell generation rate is handled by buffering the cells in
queues. If the waiting period of cells reaches a certain
limit, additional slot positions are requested. Decreas-
ing generation rates are causing unused slots. If the
number of unused slots reaches a limit, the number of
slot positions assigned to the virtual channel is reduced
so that the unused slots are given free. A combination
of the CSA protocol with a Dynamic Channel Alloca-
tion algorithm has been presented in [5].

The CSA protocol operates most efficiently with ser-
vices of high and relative constant data rates, so that
several slot positions are occupied at the same time
(e.g. video applications). A problem are the additional
waiting times cased by buffering in case of short-term
increased generation rates. As well, for virtual chan-
nels with only one assigned slot position long waiting
periods can result from new packets generated just af-
ter the last transmission slot, which have to wait about
approximately one frame for the next slot.

4 Dynamic Slot Assignment

A minimum transmission delay in combination with
maximum throughput will be reached, if the assignment
of transmission slots to virtual channels is controlled by
a central instance with knowledge of all current trans-
mission requirements. For the determination of the slot
assignments, the central instance has to take into ac-



count the connection specific parameters like mean data,
rate and peak data rate (static parameters) as well as
the short term and dynamically changing parameters
like current queue length and waiting period of the first
cell in a queue (dynamic parameters) [6].

Because of the limited transmission capacity of the
air interface, this ideal system can only be implemented
with reduced performance. The informing of the base
station (as central instance) about the changing of the
mobile station’s internal states can only be done by
transmission of the dynamic parameters at discrete mo-
ments. Thus the ideal system can be approximated by
implementation of efficient algorithms for the exchange
of information between mobile stations and base sta-
tions in order to update the dynamic parameters, and
by interpolation of the dynamic parameters during the
update events. The algorithms have to solve the follow-
ing problems:

e Broadcasting of slot assignment messages of every
single slot by the base station. The frame structure
is not longer used.

e Broadcasting of the transmission state of the last
slot as acknowledgement. Because of possible hid-
den stations only the base station can measure the
state of the uplink.

e Informing the base station about the dynamic pa-
rameters of the queues inside the mobile stations.

e (Calculation of dynamic slot assignments dependent
on static and dynamic parameters for every single
slot.

The assignment and acknowledge messages can be
transmitted in every single slot on the downlink. The
slots on uplink and downlink are transmitted syn-
chronously. Thus the mobile stations are informed in
time about the state of the next slot on the uplink.
On the downlink no guard time for the compensation
of asynchronisms between mobile stations in different
distances to the base station is necessary. These addi-
tional bits can be used for the transmission of the short
signalling messages. The position of these additional
bits is depicted in figure 2.
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Figure 2: Structure of slots on Uplink and Downlink

Ideally, the transmission of the dynamic parameters
should happen after every change of a queue. Because

of efficiency reasons this is impossible. But the trans-
mission can easily be done during transmitting a cell
of the corresponding queue. The transmission slot can
contain information about the current queue length and
the waiting period of the next cell in the queue. Al-
though in this way the base station is informed with
some delay from the occurrence of a new cell in the
mobile station’s queue, it is possible to estimate the ur-
gency for a slot assignment to the corresponding virtual
channel.

As long as a transmitted cell informs the base station
about the existence of further waiting cells, the base
station will further assign enough transmission capacity
to the corresponding virtual channel. But whenever
the last cell of a queue is transmitted, the base station
cannot be informed about the arrival of the next cell.
For such queues there has to be another way to transmit
the dynamic parameters. In principle there are two
possible methods:

e The base station queries the dynamic parameters
of the virtual channels (polling)

e Transmission of the dynamic parameters on de-
mand over special slots offering random access
(random access slots)

The method which offers the shortest delay depends
on the current system load. Therefore the best results
can be expected with adaptive algorithms choosing the
currently optimal method.

The above considerations show, that a virtual chan-
nel can stay in one of two possible modes, either reser-
vation mode or contention mode. In reservation mode
the base station is informed about the existence of fur-
ther waiting cells in the corresponding queue. The
transmission of a cell in an assigned slot is guaranteed.
This is not the case with virtual channels in contention
mode.

The development and refinement of the MAC scheme
now subdivides into two steps:

1. Development of an algorithm for the calculation of
dynamic slot assignments

2. Development of a protocol for transmission of mes-
sages over the random access slots

4.1 Calculation of dynamic slot assignments

The calculation of the virtual channel, to which the
next slot should be assigned, can easily be done with
a priority algorithm. This algorithm calculates a dy-
namic priority for every virtual channel, taking into
account its static and dynamic parameters. Then the
next slot will be assigned to the virtual channel with
the highest priority.

The priority algorithm is responsible for the obser-
vance of the Quality of Service (QoS) parameters. Fur-



thermore it determines, in which relation the different
QoS parameters are reached. Section 5 presents re-
sults of simulation based performance evaluations using
a heuristically created algorithm.

The static and dynamic parameters, that are used to
calculate the priorities are listed in table 1.

static parameters

stat_mean: mean data rate (Connection specific
(set-up) parameter)
peak data rate (Connection specific

(set-up) parameter)

stat_peak:

dynamic parameters

dyn_mean: mean data rate in last n frames
waiting_time: waiting period of first ATM-Cell in
queue

idle time (No. slots since last trans-
mitted successful ATM-Cell)
queue_length: last transmitted queue length

idle_time:

Table 1: Static and dynamic parameter used by dy-
namic slot assignment algorithm

4.2 Transmission of the dynamic parameters in con-
tention mode

A certain number of random access slots have to be
included on the uplink in order to enable the transmis-
sion of the dynamic parameters of virtual channels in
contention mode. The stream of random access slots
forms a Random Access Channel (RAC). On this RAC
every protocol for random access can be used, espe-
cially the ALOHA protocols. The priority controlled
slot assignment allows to adapt dynamically the trans-
mission capacity of the RAC to the current require-
ments. Thus fast collision resolution is possible, re-
sulting in short transmission delay. For stabilisation,
splitting algorithms as described in [7] can be used.

The throughput of the RAC can be improved by split-
ting the random access slots into sub-slots [8, 9]. Then
only the dynamic parameters are transmitted in order
to switch the virtual channel in reservation mode. In
case of collisions, no longer the whole slot is lost but
only the sub-slot.

When analysing the protocol, the additional slots for
the transmission of the cells have to be taken into ac-
count, what is not necessary with ALOHA protocols.
Furthermore it has to be considered, that the acknowl-
edgments for all sub-slots of a random access slot are

transmitted together in one message.

If a slot is divided in C sub-slots and n transmissions
have taken place in a slot, equally distributed over all
sub-slots, then the probability for a successful trans-
mission of a sub-slots is:

pe) = (1- ) "

The throughput of this Sub-Slotted-ALOHA Proto-
col has been analysed in [9]. Under the assumption
of negativ exponential distributed arrival intervals and
equal arrival rates of all virtual channels, the maximum
throughput can be calculated by:

C(N—1)N !
by _ NN-14C(N-1)N-1
max — N(c_l)N—l

CN-14N(C-1)N 1

for C<N
for C>N

C': No. sub-slots in random access slot
N: No. virtual channels

Figure 3 shows the maximum throughput dependent
on the number of sub-slots C' and the number of virtual
channels N.

Figure 3: Maximum throughput on Random Access
Channel dependent on No. Sub-slots and No. Virtual
Channels

The dynamic slot assignment algorithm adjusts the
transmission capacity of the RAC to the current re-
quirements so that it is always working to capacity. In
this case the maximum throughput is much higher than
in Slotted-ALOHA (A3 ATOHAmMax = 0-37).

The transmission delay has been examined by simu-
lations. The results of measurements with C' = 4 and
N = 4 are shown in figure 4. For comparison the values
for Slotted-ALOHA are also shown.
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Figure 4: Delay of Slotted-ALOHA and Sub-Slotted-
ALOHA (C =4, N =4)

4.3 Improvements

If multiple virtual channels are associated to one mo-
bile station, then usually a part of them is in reserva-
tion mode and the rest in contention mode. In this case
virtual channels in reservation mode can transmit the
dynamic parameters of channels in contention mode in
order to switch them into reservation mode and mini-
mize the traffic on the RAC. This leads to a further
reduction of the mean transmission delay.

5 Development of a Simulator

The development of the MAC protocols is sup-
ported by a simulation tool used for debugging and
performance evaluation. The simulator is based on
the SIMCO3++ tool [1] (Simulation of Mobile and
Communication), which is currently under development
at COMNETS for performance evaluation of both cel-
lular type as well as short-range communication net-
works. This tool is based on CNCL (Communication
Network Class Library), which is a C++ library consist-
ing of all necessary classes for an event driven simu-
lation. SIMCO3++ offers all basic mobile communica-
tion modules for channel model, medium access control,
data traffic generation, environment scenarios and mo-
bility of stations. Furthermore, SIMCO3++ contains
the tool GIST (Graphical Interactiv Simulation Result
Tool), which allows the interactive control of simulation
as well as the presentation of simulation results during
and after simulation in a graphical manner.

The structure of the simulator together with the in-
formation flow between the various modules is depict in
figure 5. The graphical user interface is given in figure
6. It allows to control the execution of a protocol by
single-stepping through the sequence of events in order
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Figure 5: Information flow between the modules of the
simulator

to validate the functionality.
5.1 Measurements of transmission delay

Among the throughput, the transmission delay is one
of the most critical QoS parameters, that has to be
considered when designing the MAC scheme of MBS.
Therefore, some computer simulations have been done
to measure the transmission delay produced by the pre-
vious described MAC protocols. For the comparison of
the results, also considerations on the best and worst
case have been done.

The lowest values of transmission delay can be ex-
pected, if an ideal system is assumed, transmitting the
cells in the order of their arrival time. This system can
be modeled as a time discrete M/D/1/FCFS node. The
worst case in relation to transmission delays is the al-
location of constant transmission capacity, as with the
CSA protocol of section 3 without adaptive adjustment
of the allocated slot positions. In this case, an extra
amount of transmission capacity has to be added to the
mean data rate of a virtual channel in order to avoid
overflow of the queue.

Simulations have been executed for all three scen-
arios. The transmission delay 7 (in No. slots) has been
measured dependent on the overall cell generation rate
of all virtual channels A = Y7 | \;. Every single vir-
tual channel has a cell generation rate of 0.1 cells per
slot. The measurements have been done for all possible
numbers of concurrently existing virtual channels. The
results are depict in figure 7.

Scenario 1—DSA: The DSA protocol with a simple
algorithm for calculation of dynamic slot assign-
ments is used. A non adapting ALOHA protocol
is used on the random access slots, so that the de-
lays can further be reduced by more sophisticated
algorithms.
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Figure 6: Screen dump of the interactive user interface

Scenario 2—M/D/1/FCFS: The lower boundary
for transmission delays is formed by a time discrete
M/D/1/FCFS node.

Scenario 3—CSA: A constant transmission capacity
is allocated by a virtual channel. In order to reduce
the waiting period, a virtual channel with a mean
rate of 0.1 cells per slot has allocated every 8th slot.
This results in a channel efficiency of 80%. Only
eight virtual channels can coexist at the same time.

When examining the results, the necessity for a dy-
namic slot assignment is obvious. Although the delays
of the DSA protocol can further be reduced by more
sophisticated algorithms, they are much lower than the
delays of the CSA protocol, despite of the low channel
efficiency of 80%.

6 Conclusions

The basic idea of ATM to support different services
with an uniform network structure, requires new ap-
proaches for MAC schemes of future cellular mobile ra-
dio networks like MBS. Todays cellular mobile radio
networks like GSM, which are mainly designed to sup-
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Figure 7: Mean delay for the different examined MAC
protocols

port speech services, offer physical channels adapted to
the constant data rates of speech services. This is not
longer possible in MBS. Instead of this the statistical
multiplexing of ATM-Nets has to be expanded on the
air interface by allowing as much as possible services to
access to the same physical channel at the same time.
This requires new algorithms for dynamic slot assign-
ments. The DSA protocol which has been presented in
this paper seems to meet the required QoS in a sufficient
way, but still offers some possibilities for improvements.
Because of the new physical channel structure sophisti-
cated algorithms for dynamic channel allocation as used
in DECT can not be reused. New concepts have do be
developed for combining the new MAC schemes with
algorithms for channel allocations in order to reach a
high channel efficiency.
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