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1. Introduction1)

The cellular phone network which has been
used mostly for voice service is changing to
include more data and multimedia message
services. High resolution camera phones have
made image transfer more popular. It can only
be expected that multimedia messenger or video
phone service causing increased traffic will be
widely used in the near future. The most
important factors to be considered in wireless
multimedia services are delay, packet loss and
high cost in wireless channel.
For delay sensitive applications such as video
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streaming, transmission control protocol (TCP) is
not usually used at transport layer because TCP
induces long delay to recover lost packets.
Therefore, user datagram protocol (UDP) is used
instead for real time applications.
End-to-end retransmission can be used in

some applications to handle error packets.
However end-to-end retransmission always
requires round-trip delay, which is usually larger
than the tolerable delay limit (e.g., 150ms) for
interactive applications. Many algorithms have
been studied to alleviate this problem: some
algorithms utilize source coding[1,2,3], and others
utilize channel coding with forward error
correction (FEC) at the expense of bandwidth
expansion [4,5].
For delay sensitive applications such as video

conferencing, the receiver does not usually
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request retransmission and tolerates packet
losses. In the paper, we introduce a packet
diversity with FEC (Forward Error Correction)
to improve uplink wireless channel utilization for
these applications. Mobile phone channel suffers
high error rate and limited bandwidth, which
results in high transmission cost for mobile
phone users.
The packet diversity scheme suggested in this

paper allows nearby base stations to capture the
uplink packet from a mobile terminal. In a
traditional cellular phone system, a mobile
terminal communicates with the home base
station of its cell, except when handover is
occurring. With the proposed packet diversity
scheme the utilization of uplink channel is much
improved even when neighbor base stations
receive weak signal from a mobile terminal in
other cell.
Many diversity schemes have been

introduced in wireless communications including
frequency and time domain schemes [6], and in
wired networks including path diversity schemes
[7-11]. However packet diversity scheme similar
to the one proposed in this paper has not yet
been introduced.

2. Packet Diversity Scheme

In the paper, we analyze the link utilization
improvements available by applying the packet
diversity to traditional cellular networks. A
Reed-Solomon(RS) coding is used for FEC in
the packet diversity scheme. A transport layer
message is divided into k packets. With RS(n,
k) coding, k information packets are sent with
r =n-k parity packets. We call the n packets a
block in this paper. At the receiver, forward
error correction can be done successfully when
the number of error packets is less than or

equal to t = 

, where y stands for the

integer part of y.
In a conventional cellular network, a base

station ignores the signals from mobile terminals
out of its cell. However, the uplink signal from
a mobile terminal can be captured by nearby
base stations as well as by the home base
station of the mobile terminal. When the packet
diversity scheme is implemented, each base

station is modified to capture packets from
outside cell terminals and may relay them to
proper destination if requested to do. This
requires additional processing burden at the base
stations. However, the overall wireless link
utilization can be improved dramatically. The
benefits clearly dwarf the processing costs at
base stations.

Let A 0 be the probability that the home

base station of a mobile terminal successfully
receives a packet from that mobile terminal.
Error detecting code is used for each packet for

error detection. A 0 is mainly determined by the

wireless channel environment, transmitting
power and the packet size.

For a higher error rate channel, A 0 will be

smaller and we should use more parity packets
for a given data loss threshold. The more parity
packets are used, the less channel efficiency is
given due to its overhead. The packet diversity
scheme is proposed in the paper to alleviate the
link efficiency problem of a high error channel
especially for the wireless multimedia
applications.

The proposed scheme is described as follows.
MOBILE TERMINAL: The mobile terminal
determines the value of n and r at the beginning
of a session negotiation with the destination
device. A mobile terminal constructs a block
composed of k data packets and r =n-k parity
packets by applying RS coding, and transmits
the block with UDP protocol.
HOME BASE STATION : When the home
base station of a mobile terminal receives a
packet from the mobile terminal, it relays the
packet to the destination if the packet is error
free. However, if the base station receives a
packet in error, it sends queries to neighbor
base stations if they happen to have received
the same packet without error, and asks the
base station that received the packet successfully
to relay the packet to the destination. If no base
station near the mobile terminal has received the
packet successfully, the packet is lost and can
not be delivered to the destination.
NEIGHBOR BASE STATION : Each base
station implementing the packet diversity
algorithm tries to catch uplink packets from
mobile terminals in the neighbor cells. Packets
arrived in error are discarded and error-free
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packets are kept for a time T. When a base
station receives a query from other base station
that asks a specific packet's successful arrival,
ACK will be sent to the inquiring base station if
it has received that packet successfully and the
specific packet is sent to the proper destinations.
After time T, all received packets are discarded.
DESTINATION : At the destination, received
packets are combined to reconstruct the block. If
the number of error packets is less than or
equal to t, the original message will be
recovered with RS decoding , otherwise the
message can not be constructed. If the message
loss rate at destination exceeds a given tolerable
loss probability, then the session may
renegotiate to increase the parity size r in RS
coding.

3. Analysis and Results

Fig.1 shows the operation of the packet

diversity scheme in a cell of a specific mobile
terminal and its neighbor cells.

Let A 0 be the probability that the home

base station receives a packet successfully from
a specific mobile terminal M, which is in the
cell. Let us assume that there are V neighbor
base stations that might capture the packets

from M. Let A i be the probability that base

station i ( ≦  ≦  ) receives the packet

without error. Then we assume that A i

( ≦  ≦  ) are independent each other

because the distances between the neighbor base
stations are far enough. Further assuming that
the error rate in the wired network (connecting
the base stations and the destination device) is
much less than that of a wireless channel, we
can express the probability that the destination
device will receive a packet without error as

B= 1- ∏
V

i= 0
(1-A i) . (1)

A0
A1

A3

A4

A5
A6

A2

Base Station

Mobile Terminal

Fig. 1 The operation of packet diversity scheme
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A block is composed of n packets. Let the
random variable d denote the number of error
packets out of n packets in a block, then the
probability distribution of d is given by

P[d=j] =
n!

j!(n-j)! (1-B) jB n - j

( 0≤j≤n ). (2)

In RS coding, the original message can be
recovered when the number of error packets is
less than or equal to t, therefore the probability
that a block can be successfully received at the

destination G pd is

G pd=P[d≤t]= ∑
t

j= 0

n!
j!(n-i)! (1-B) jB n - j

.
(3)

For a specific session of communication, if
the tolerable block loss probability at the
receiver is given by x, then the packet diversity
should satisfy

1- G pd ≤ x , or G pd≥1 - x. (4)

Let t pd,min be the value of t which

minimizes G pd that satisfies above equation.

Let us consider the case that packet diversity
is not used, i.e., only one base station receives
packets from a mobile terminal. Let the random
variable g denote the number of error packets
out of n packets, then the probability distribution
of g is given by

P[g=j] =
n!

j!(n-j)! (1-A 0 )
jA n - j

0

(0<= j <= n). (5)

Then the probability that a message is

received successfully at the receiver G npd is

G npd=P[g≤t]= ∑
t

j= 0

n!
j!(n-i)! (1-A 0 )

jA n - j
0

. (6)

Without the packet diversity scheme, if the
tolerable block loss probability at the receiver
for a specific session of communication is given
by x, then we have

1- G npd ≤ x , or G npd ≥ 1 - x. (7)

Let t npd,min be the value of t which

minimizes G npd that satisfies above equation.

A mobile terminal sends data in the unit of
blocks or n (=k +r) packets, and each packet
has an error detection code field. Assuming that
the size of the error detection field is small
comparing to the packet size, we can express
the link efficiency U as

U=
k
k+ r =

k
n =

n- r
n

=
n-2t

n = 1- 2⋅
t
n . (8)

When the tolerable block loss probability at

the receiver is x, U pd and Unpd , the link

efficiencies with and without packet diversity
scheme respectively, are given by

Upd=1-2⋅
t pd,min

n and

Unpd=1-2⋅
t npd,min

n . (9)

The link efficiency is increased from Unpd to

U pd by using the packet diversity.

When a mobile terminal is located close to its

home base station, A 0 will be close to 1.

However A i (i=1∼V) would be very small

because the distance between the mobile
terminal to each neighbor base station would be
far. If the mobile terminal is in the handoff

state, then A 0 and A j (j is the new home

base station after handoff) would have similar
values.
Fig. 2 shows link utilizations with and

without packet diversity as a function of

tolerable message loss probability x, when V

=6, A 0 =0.9, A 1 =0.2, A 2 = A 6 =0.1, A 3 =
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A 4 = A 5 =0.05.

Fig. 2 shows that the packet diversity
improves the utilization of uplink channel even
when packet capture probabilities at neighbor
base stations are relatively small (e.g., 0.1 or
0.05). In packet diversity, the limited and
expensive wireless channel resource can be
efficiently used by sacrificing the efficiency in
relatively cheap wireline links between base
stations and processing overhead at base
stations.
As mobile multimedia services are becoming

increasingly popular, wireless channels will
suffer shortage of bandwidth. In Fig. 2, for
example, packet diversity improves 20% of
utilization, which means that 20% more traffic
can be accommodated in wireless channel by
using the packet diversity scheme.
In traditional cellular networks, cell planning

is a challenging task because finding optimal

locations of base stations not to interfere each
other is difficult. With the packet diversity

scheme, however, cell plan optimality is not a
requirement for efficient use of the uplink
channels, because spillover signals improves the
packet capture probability in neighbor cells. For
further study of the paper, we need to choose
optimal sizes of n and r which can maximize
the link utilization. The error rate of wireless
channel depends on the channel characteristics
and distance between a mobile terminal and
base stations. As a mobile terminal is moving,

the channel characteristics and A i ( =0∼V)
also change in time and location. This means
that the optimal value of n and r should vary in
time, and requires further research.

4. Conclusion

In the paper, we introduced packet diversity
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with FEC to improve uplink wireless channel
utilization. With the packet diversity, each base
station is modified to capture packets from
outside cell terminals. The efficiency of the
limited and expensive wireless channel resources
can be improved with the additional processing
at the base stations and the increased traffic in
relatively cheap wirelinks between base stations.
For example, our analysis showed that the
packet diversity improves the utilization of
uplink channel by about 20% even when the
packet capture probabilities at neighbor base
stations were small. This improvement did not
require any rigorous antenna location
optimization.
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