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ABSTRACT

In WATM networks, in order to perform dynamic slot allocation required slots of mobile terminals are estimated based on DP (Dynamic
Parameter) reflecting characteristics of traffic. In VBR (Variable Bit Rate) traffic, slot allocation is done at MT considering both time-dependent

characteristics and QoS (Quality of Service) requirements. In this paper, DPs-buffer state information and buffer state change-are transmitted

through in-band signaling. BS (Base Station) performs dynamic slot allocation considering traffic characteristics of each MT (Mobile Terminal),

in other words, buffer state information informs the potentiality of ‘buffer

full state’ to BS if MT buffer is over the specific threshold value

and buffer state change notifies change in buffer state of incoming cells to MT. If buffer state information is equal to ‘low {more than threshold)’

and ‘abrupt increase’ it generates ‘buffer full' state cell transmission delay

or cell loss might occur. At this time BS should assign additional

slots to MT, and then MT consumes cells in its buffer. In simulation, the proposed scheme shows better performance in cell delay and loss

than EPSA (Estimation-Prorated Slot Assignment) in-band scheme.

IIE:
signaling), VBR E@iZ/(VBR traffic)

1. Introduction

WATM (Wireless Asynchronous Transfer Mode) is con-

sidered as a wireless access network to interconnect to
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mobile users to the ATM network. Therefore, the ob-
jective of WATM is to extend such broadband mul-
timedia services to the wired line so that users on the
move can be provided with diverse multimedia services
with rapid transmission rates. That is, mobile users are
also offered with different types of services provided for
wired line through wireless channel even in mobile en-
vironment [1-3].

Dynamic reservation-based MAC (Medium Access Pro-
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tocol) is considered as one of the access which satisfy
QoS (Quality of Service) previously defined for the ATM
and accepts VBR (Variable Bit Rate) traffic service ef-
ficiently methods in WATM.

The scheduler at BS (Base Station) should perform dy-
namic slot allocation distributing available slots to the
entire MTs (Mobile Terminals) satisfying QoS of each
MT after understanding bandwidth requirements rapidly
and precisely according to traffic characteristics of each
MT. In order to realize dynamic slot allocation a signaling
system, which sends/receives parameters representing tr-
affic status of each MT and the related control informa-
tion, 1s required.

Each MT must notify its bandwidth requirements th-
rough DPs (Dynamic Parameters). At this time, types of
such parameters and establishing methods according to
the algorithms of slot allocation should be decided. Also,
in order to transmit such DPs an efficient signaling meth-
od, which is mainly divided into in-band signaling and
out-of-band signaling, is required.

In this paper DPs, which are buffer state information
and buffer state change, are transmitted using in-band
signaling. BS performs dynamic slot allocation consi-
dering traffic characteristics of each MT, that is, buffer
state information notifies the potentiality of buffer full
state to BS if MT buffer is over the specific threshold
value and buffer state change notifies change in buffer
state of incoming cells of MT.

This paper is organized as follows. In section 2, the
related studies are presented, and in section 3, a signaling
system for dynamic slot allocation is described. In section
4, a novel bandwidth assignment scheme is proposed.
And in section b, the proposed scheme and existing sch-
emes are compared and analyzed through simulation. Fi-

nally, we close with concluding remarks in section 6.

2. Related Studies

In order to realize dynamic slot allocation slot require-

ments should be estimated based on DPs reflecting traffic
generation characteristics of MT. The slot allocation sch-
eme applied at that time must be able to maximize trans-
mission efficiency in radio access region by simplifying
DPs necessary for scheduling and ; simultaneously a tr-
ansmission scheme for DPs reflecting time-dependent slot
requirements also must be considered.

In previously studied EPSA (Estimation-Prorated Slot
Assignment) algorithm [4], time-dependent slot require-
ments are reflected on schedule minimizing transmission
delay for DPs notifying DPs through in-band signaling.
However, in this scheme since BS estimates slot requi-
rements based on transmitted DPs in two bits, estimating
time-dependent traffic characteristics of VBR traffic is
not easy. On the other hand, in EC-DRSA (Equivalent
Capacity-based Dynamic Release Slot Assignment) sc-
heme [5], efficiency for bandwidth usage is maximized by
assigning basic slots to each MT and allocating idle slots
of others to MTs, which have more slot requirements, at
a specific time.

The objective of this paper is to reduce cell transmi-
ssion delay and cell loss rate by scheduling slot allocation
of BS with the buffer state information and buffer state
change received from MT using in-band signaling for

slot allocation of VBR video traffic to MAC frame.

3. A Signaling System For Dynamic Slot Allocation

In order to realize dynamic slot allocation a signaling sys—
tem, which sends/receives parameters representing traffic
status of each MT and the related control information, is
required. (Figure 1) shows the signaling system.

Each MT must notify its bandwidth requirements th-
rough DPs. At this time, types of such parameters and
establishing methods according to the algorithms of slot
allocations should be decided. Also, in order to transmit
such DPs efficient signaling method, which is mainly

divided into in—-band signaling and out-of-band signaling,
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(Figure 1) Signaling for Dynamic Slot Allocation

In CBR traffics, slots are assigned periodically with a
full reservation according to their cell rate ; in VBR tra-
ffic reservation is dynamically controlled on a frame-by-
frame basis ; and in ABR, traffic is handled as a dynamic
allocation according to number of available and required
slots[6].

In-band signaling can only transmit limited information
even though the necessary information can be transmitted
on time to up-link by piggybacking on a transmitting cell.
For instance, DPs are transmitted via Generic Flow Con-
trol (GFC) field of an ATM cell header.

On the other hand, even though out-of-band signaling
method can transmit a lot of information, since the desi-
gnated signal slot such as Random Access Channel (RA
CH) accesses through competition, the information may

not be transmitted on time.

4. Proposed Scheme

In this paper, DPs, which are buffer state information
and buffer state change, are transmitted using in-band
signaling. BS performs dynamic slot allocation consi-
dering traffic characteristics of each MT, in other words,

buffer state information notifies the potentiality of ‘buffer

o
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full' to BS if MT buffer is over the specific threshold
value and buffer state change notifies change in buffer
state of incoming cells to MT.

MT transmits DPs using three out of four bits in GFC
field of an ATM cell to BS. One bit represents buffer
state information of MT, and the other two bits buffer
state changes. The buffer state information are classified
into two different states : buffer low (BL) and buffer high
(BH). BH means cells in a buffer are less than a specific
threshold T, which may be one of mean rate, sustained
rate, and MT'’s buffer size/2. BL means cells in buffer are
more than T, therefore, MT’s buffer may become ‘full’
causing cell delay or loss. The buffer state information is

shown in <Table 1>.

(Table 1) Buffer State information of MT

Buffer state information | Represented by Description
BH 0 Less than T
BL 1 More than T

Buffer state information are transmitted using two bits
of ATM cell. Since it is not possible to transmit absolute
information with two limited information fields, relative
information on increase/decrease of buffer length are
encoded in those two bits. Let's call two bits, b0 and bl
respectively. If buffer length increases, b0 is set to 1
otherwise b0 is set to 0. If the difference between increase
and decrease is over or under the threshold values Al
and A2, bl is set to 1. That is, b0 indicates simple in-
crease/decrease and bl represents abrupt increase/de-
crease informing buffer changes of MT to BS and may
allocate more idle slots or release slots. The buffer state

changes are shown in <Table 2>.

(Table 2> Buffer State Change of MT

Buffer state change BO B1
Simple decrease 0 0
Abrupt decrease 0 1
Simple increase 1 0
Abrupt increase 1 1
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Let’s consider one example. If buffer state information
is equal to low and ‘abrupt increase’ it generates ‘buffer
full’ cell transmission delay or cell loss might occur. At
this time BS should assign additional slots to MT, and
then MT should consume cells in its buffer. BS releases
unused slots with highest priority which has high table
value if the buffer state of MT is BL and ‘buffer state
changes’ is abrupt decrease. The released slots are al-
located to the MT requiring more bandwidth.

BS applies suggested scheme of EPSA in cases buffer
state information changes of MT is equal to ‘Simple in-
crease’ ‘Simple decrease’, and ‘Abrupt increase’. BS redu-
ces waste of bandwidth caused by over-estimation in as-
signing slots of MAC decreasing the ratio to the prede-
fined ratio in case of Abrupt ‘decrease between’ MT and
BS.

Besides the slots allocated with buffer state change if
buffer station is equal to BL delay and loss are reduced
by allocating additional slots, e, to MT by consuming
cells in queue in BS’ buffer. @ is exponentially changing

value

5. Simulation And Results

Cell transmission delay and loss of MT in the proposed
scheme and EPSA in-band signaling scheme are com-
pared. For experiment, encoded MPEG-1 VBR traffic,
“Bonds”, is used. Ten (10) MTs connected to BS are as-
sumed. The MAC frames in this paper were adopted from
TDMA/TDD MAC frame structure of EPSA. The para-
meters used are identical to the ones in EPSA in-band
signaling are shown in <Table 3>. Also, the value of «
is chosen as 8.

In (Figure 2), cell transmission delays per offered load
of MT are compared. The proposed scheme shows better

performance in cell delay than EPSA scheme.

(Table 3> MAC frame parameters and bandwidth partition

Channel bit rate 25Mbps
Frame duration 2ms
Slot size 8 bytes
Slots per frame 781
Data Cell Size 7 Slots
Cntrl packet size 1 Slots
Preamble size 2 Slots
Frame header 2 Slots
B-R control 8% of frame
R-B ALOHA control 15%
VBR + ABR data 1%

In (Figure 3), cell losses per offered load are compared

The proposed scheme also demonstrates better perfor-

mance in cell loss than EPSA scheme.
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(Figure 2) Average Cell Transfer Delay against Offered Load
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EPSA assigns using two bits representing buffer state
change by estimating incoming cells to MT from BS.
However, in this paper loss and delay are reduced by
considering buffer state information and buffer state cha-
nge simultaneously by assigning additional remaining sl-
ots and expediting consumption of buffer if buffer state is

equal to BL.

6. Conclusion

In WATM in order to perform dynamic slot allocation
required slots of MTs are estimated based on DP refl-
ecting characteristics of traffic. In VBR traffic, slot allo-
cation is done at MT considering both time-dependent
characteristics and QoS requirements.

In this paper, DPs for VBR video traffic are transmitted
to BS through in-band signaling. The parameters are com-
posed of three bits, in which the first bit represents buffer
state information of MT and the other two represent buf-
fer state change of MT. With buffer state information and
buffer state change BS allocates slots through estimation
if it is required. If buffer state information is equal to ‘low
(more then threshold), ‘abrupt increase’ may ‘bring buf-
fer’ full state causing cell transmission delay or cell loss.
Therefore, BS should allocate additional slots to MT, and
then MT expedites consumption of cells in its buffer.

In simulation, the proposed scheme demonstrates better
performance in transmission delay and cell loss rate as

compared to the previously suggested schemes of EPSA.
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