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Abstract—In this paper, we study the packet scheduling prob-
lem in wireless LANs with the One-Sender-Multiple-Receiver
(OSMR) transmission technique. OSMR allows the Access Point
(AP) to send distinct packets to multiple nodes simultaneously,
and has great potential in improving the network downlink
throughput. We note that the AP needs a packet scheduling
algorithm to make the decision of when a packet should be sent
and whether it should sent together with other packets using
OSMR. In this paper, we focus on the problem of maximizing
downlink throughout when packet fragmentation is not allowed.
Since the processor of the AP is not powerful and cannot
execute complicated algorithms in real time, we propose a simple
algorithm and prove that it has a performance ratio of — 73 We
evaluated our algorithm with packet traces collected from 802.11a
networks, and the results show that our algorithm improves the
network throughput significantly.

I. INTRODUCTION

Wireless Local Area Networks (LAN) are widely deployed
due to their convenience. In this paper, we study the One-
Sender-Multiple-Receiver (OSMR) technique, which allows
one sender to send to multiple receivers simultaneously [1].
In a wireless LAN, if the Access Point (AP) is the OSMR
sender, it can send distinct packets to multiple nodes simulta-
neously, hence improving the downlink performance. OSMR
uses multiple antennas, and is a form of Multiple-Input-
Multiple-Output (MIMO). However, it is different from the
MIMO scheme proposed for 802.11n networks [2], because
the MIMO transmission in 802.11n is still one-to-one, while
OSMR allows one-to-many transmissions. OSMR has been
studied in the context of multi-user MIMO in the signal
processing community [3], [4] for cellular phone networks.
However, existing works on multi-user MIMO typically as-
sume homogeneous and constant traffic load of the nodes,
while in a wireless LAN, the traffic load of the nodes are
heterogeneous and random.

To take full advantage of OSMR, a packet scheduling
algorithm is needed at the AP. The challenge is that only
some pairs of nodes are compatible, i.e., allow the AP to send
to them simultaneously with OSMR, where the compatibility
relations are determined by the channel states. In [12], a packet
scheduling algorithm was proposed for OSMR. However, for
simplicity, the algorithm in [12] assumes nodes are at the same
data rate and packets are of the same size. In this paper, we

consider the more general case when nodes can be at different
data rates and the packets can be of different sizes. We for-
malize the problem of maximizing network throughput when
packet fragmentation is not allowed as finding a c-matching
in a graph, and propose an algorithm with a performance ratio
of ﬁ compared to the optimal algorithm. We evaluated
our algorithm based on traffic traces collected from 802.11a
networks, and the results show that it significantly improves
the downlink throughput.

The rest of the paper is organized as follows. Section II
discusses the background of OSMR and the basic transmission
procedure. Section III describes our packet scheduling algo-
rithm. Section IV evaluates the packet scheduling algorithms.
Section V concludes the paper.

II. BACKGROUND OF OSMR AND THE BAsIiCc OSMR
TRANSMISSION PROCEDURE

Before discussing the packet scheduling problems, for com-
pleteness, we first briefly explain the physical layer back-
ground of OSMR, as well as the basic OSMR transmission
procedure.

A. Background of OSMR

The following explanation is based on [1]. For simplicity,
we consider a flat-fading channel. If the sender has two
antennas, the sender can send a different symbol on each
antenna, denoted as x; and xo, respectively. When there
are two receivers, each with one antenna, let h;; be the
channel coefficient from sender antenna j to receiver ¢ where
1,7 € {1,2}. Suppose the received signal at node i is y;.
Suppose the noise at receiver ¢ is n;. The received signals can
be represented as the product of the channel matrix and the
transmitted signal vector, plus the noise:

[yli|_|:h11 th][x1:| l:n1:|

= +
Y2 hai  hoo T N2
We denote the channel matrix as H. Suppose d; and dy are
the data symbols for receiver 1 and receiver 2, respectively.
The data vector can be multiplied with a processing matrix U

to produce the signals sent by the antennas:

[iﬁl}[uu U12}{d1]
T2 U1 U2 do
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Let h; denote a row vector of H and let u; denote a column
vector of U. If hjus = 0 and hou; = 0, y; = hy[diu; +
dzllg] +n1 = dihjuy + ny. Slmllarly, Y2 = dohousy + no.
Since y; is only relevant to d;, different information is sent to
to different receivers with no interference. We refer to h;u;
as the channel coefficient of the effective channel for receiver
i. We say two receivers are compatible if matrix U can be
found such that the Signal to Interference and Noise Ratios of
their effective channels are above a threshold.

B. The Basic OSMR Transmission Procedure

To support OSMR transmissions, some extensions to the
802.11 MAC protocol are needed. As the focus of this paper
is the packet scheduling algorithm, we give a short, high-level
description of a basic OSMR transmission procedure adopted
in our simulation, and leave the detailed MAC layer design
issues to our future works. Basically, when the AP gains
access to the medium, it may carry out an OSMR transmission,
which consists of three phases: (1) channel estimation (2)
data transmission (3) acknowledgments. Channel estimation
is needed because the OSMR sender needs to process the
channel according to the channel states. The AP may send
a short packet, called Channel Estimation Request (CRQ),
which contains a list of IDs of the nodes it wishes to send
to. A node in the list should estimate the channel state and
inform the AP of its channel state by sending a short packet
back to the AP, called the Channel Estimation Report (CRP).
To avoid collisions, nodes should send the CRP packets in turn
according to the order of IDs in the CRQ packet. After getting
all channel state reports, the AP may start the data transmission
with OSMR. Once the transmission finishes, the nodes that
received data correctly should send acknowledgments (ACK)
to the AP, also in turn according to the ID list in the CRQ
packet. The consecutive CRP packets and the ACK packets
should be separated by SIFS.

III. DOWNLINK OPTIMIZATION

In this section, we study the packet scheduling problem with
OSMR. In particular, we focus on maximizing the throughput
on the downlink when packets are not fragmented. The main
constraint is that the processor in the AP is usually inexpensive
and not very powerful. In addition, the time to make the
scheduling decision is short, e.g., less than the transmission
time of a packet. We will therefore focus on simple algorithms
that are capable of giving reasonably good schedules in
common cases, although they may not always give the optimal
schedules.

Before getting access to the medium, the AP inspects the
packets in its buffer, and schedule one or multiple packets
to send. To maximize the throughput, the AP should send
out packets in minimum time. We assume that the AP first
attempts to find an optimal schedule, with which the packets
in the buffer can be sent in minimum time. The AP then selects
one packet or a group of packets in this schedule and sends
the selected packet(s).

In a wireless LAN, nodes may have different data rates. For
example, 802.11a and 802.11g support data rates of 6, 9, 12,
18, 24, 36, 48 and 54 Mbps. Also, packets may have different
sizes. It is possible to use OSMR to send packets of different
sizes to nodes at different data rates because the AP can make
the signal to one node appear as zero at the other node, and
vice versa. In an 802.11 LAN, the packet transmission time
involves not only the transmission time of the data, but also
overhead such as DIFS, the possible random back-off, etc. We
first focus on minimizing the data transmission time, because
the data transmission time dominates the packet transmission
time in most cases. At the end of this section, we will discuss
our algorithm when the overhead is considered.

A high-level description of our approach is given in the
following. Basically, we first formalize the problem of finding
the optimal schedule as finding a maximum weight c-matching
in a graph, then propose a greedy algorithm to solve it
approximately. To maximize throughput, we need only run the
greedy algorithm until it finds one sfar, which will be used to
determine the group of packets to be sent.

A. Problem Formulation

For simplicity, we assume that the AP knows exactly the
compatibility relations of nodes in the LAN. In practice, the
AP may obtain this information approximately based on the
received channel estimation reports. We also do not consider
packet fragmentation in this paper. If only to minimize the
packet transmission time, the schedule may become sending
packets in a continuous stream of packet pairs, as shown
in Fig. 1(a). However, this is not practical for two reasons.
First, the channel coefficients may be outdated during the
transmission. Second, a wireless LAN must ensure a certain
level of fairness and sending the packets in a stream forbids
other nodes from transmitting. We therefore focus on the
practical case when one OSMR transmission involves sending
one main packet along with one or multiple side packets, as
shown in Fig. 1(b). We refer to such transmission as a group
transmission. Clearly, in a group transmission, if there are v
side packets, the transmission time of the main packet should
be more than the total transmission time of the first v — 1 side
packets, because otherwise packet v can be sent as a stand-
alone packet. Note that the side packets may have different
destinations.

Given any optimal schedule that minimizes the packet
transmission time, for any group transmission, we may sort
the side packets according to their transmission time, and
let the side packet with the longest transmission time start
first. The modified group transmission is called a sorted group
transmission. After the modification, if the transmission of the
main packet finishes before some of the side packets start to
transmit, we may let these side packets be sent as stand-alone
packets. Note that the total transmission time of the sorted
group transmission plus the possible stand-alone packets is the
same as the original group transmission. Therefore, there must
exist an optimal schedule in which all group transmissions are
sorted. Therefore, when attempting to minimize the packet
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(a) (b)

Fig. 1. (a). Sending packets in a stream of pairs, which is not practical.
(b). Examples of group transmissions, where packets shown at the top are the
main packets.
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Fig. 2. (a). A graph with six vertices where the capacities of the vertices
are shown in the parenthesis. The heavy edges belong to a c-matching. (b).
The packet transmission schedule based on the c-matching.

transmission time, we need only consider schedules where all
group transmissions are sorted.

We draw a graph G where each vertex represents a packet.
Two vertices are connected by an edge if the packets are
compatible, i.e., are destined to two compatible nodes. We
define the capacity of a packet as the transmission time of
the packet and denote it as C(). The capacity is basically
the size of the packet divided by the data rate of the node.
For example, Fig. 2(a) shows such a graph with six vertices
representing six packets. We define the weight of an edge
ab as min{C(a),C(b)} and denote it as W (ab). Consider a
star with root a denoted as ¢(a) = {aby,abs,...,ab,}. In
this paper, when a star is written as {aby, abs, ..., ab,}, it is
always assumed that W(aby) > W(abz)... > W(ab,). The
star is called “legitimate” if C(a) > Z;’;ll W (ab;). Note that
a legitimate star corresponds to a sorted group transmission
where a is the main packet while b; to b, are the side packets.
For example, in Fig. 2, {AB, AC'} is a legitimate star. Define
a c-matching of GG as a set of vertex-disjoint legitimate stars.
Note that any schedule for sending the packets where the
group transmissions are sorted defines a c-matching, and vice
versa. For example, {AB, AC},{FD,FE} is a c-matching
in Fig. 2(a), which corresponds to the packet transmission
schedule shown in Fig. 2(b). We use W] to denote the total
weight of a set of edges. If ¢(a) is a star in a c-matching
M, we define the actual weight of ¢(a) with respect to M as
Un[é(a)] = min{C(a), W[¢p(a)]}. For example, in Fig 2, the
actual weight of {AB, AC} is 2.5 and the actual weight of
{FD,FE} is 1.2. Note that the actual weight of ¢(a) is the
air time saved for sending packets a, b1, bo, ..., b, by using
OSMR, comparing to sending the packets one-by-one without
using OSMR. Define the weight of a c-matching as the total
actual weight of the stars in the matching. Because the weight
of the c-matching corresponds to the total air time that can
be saved, a maximum weight c-matching in G corresponds to
an optimal schedule. Therefore, in the following, we focus on
finding a maximum weight c-matching in the graph.

B. The Scheduling Algorithm

Note that in the case when all vertices have the same capac-
ity, the problem of finding the optimal c-matching reduces to

finding a maximum matching which still takes O(n??®) time
where n is the number of vertices in the graph [9]. Because
the processors in the APs are not powerful, we focus on faster
greedy algorithms. Before doing so we first define the actual
weight of an edge with respect to a c-matching. Given a c-
matching M, for a star ¢(a) = {aby,abs,...,ab,} € M, if
C(a) > 25:1 W (ab;), define the actual weight of ab; as
Un(ab;) = Wi(ab;) for all 1 < j < v; otherwise, define
the actual weight of ab; as Ups(ab;) = W(ab;) for j < v
and Uy (ab,) = C(a) — Z;’;ll W (ab;). If an edge is not in
M, its actual weight is not defined. For example, the actual
weights of edge AB, AC, F'D, FE are 1.5, 1.0, 0.8, and 0.4,
respectively. Note that the total actual weight of edges in M
is the weight of M. We also need the following lemma.

Lemma 1: C(a) > Ups[¢p(a)] where ¢(a) is the set of edges
incident to a in a c-matching M.

Proof: If ¢(a) is a star rooted at a in M, clearly, C'(a) >
Uni[¢(a)]. Otherwise, ¢(a) belongs to a star rooted at another
vertex, and it must consist of only one edge, say, sa, while
C(a) > W(sa) > Ups(sa). [ |

We propose Algorithm 1 which is a greedy algorithm for
finding a c-matching M. Basically, the algorithm finds the
vertex with maximum capacity denoted as a, and in each
step, it adds the edge incident to a with maximum weight
until Wig(a)] > C\}%), where ¢(a) denotes the set of edges
in M incident to a. We prove that the weight of the matching
returned by the greedy algorithm is at least a 1+1 75 fraction
of the weight of the optimal c-matching, i.e., its performance
ratio is —5- Condition W(¢(a)] > C\%) is used in the
algorithm because it maximizes the performance ratio, as
explained in the proof.

Algorithm 1 A greedy algorithm for c-matching

1. M« 0.

2: if G is empty then

3:  return M

4: end if

5: Let a be the vertex with maximum capacity.

6: repeat

7: Add to M the edge with maximum weight that is
currently not in M and is incident to a.

8: until Wg(a)] > C\}%) or no edge can be found

9: Remove a and all vertices matched to a as well as all
edges incident to them from the graph. Goto 2.

Theorem 1: The greedy algorithm has a performance ratio
of 1+1\/§'
Proof: Let the optimal matching be M *. When the greedy
algorithm adds an edge, for example, ab, to M, we say a is
matched by edge ab if a has not been matched by other edges
before, and similarly for b. When the algorithm terminates, we
check the vertices matched in M in the order when they were
matched. In the case when two vertices were matched by the
same edge at the same time, which only happens when the
first edge is added to ¢(a) for vertex a where a is the vertex
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found at line 5, a is checked first. When checking a vertex,
say, a, we check edges in M* and say an edge is “assigned”
to a if this edge is incident to a and has not been assigned to
other vertex before. Call the set of edges assigned to a vertex
the “assigned set” of this vertex and denote it as O(). Clearly,
the assigned sets are disjoint with each other. Also, any edge
in M* must belong to one of the assigned sets, which we
show by contradiction. Suppose this is not true, then there is
an edge st € M™* not in any assigned set. It follows that both
s and t are not incident to any vertex matched in M. But this
cannot happen because the greedy algorithm will not leave
two adjacent vertices unmatched. Therefore, the assigned sets
for all matched vertices in M form a partition of M*. We say
the algorithm is working on vertex a when it is executing the
repeat loop in line 6, 7, 8 for vertex a. Suppose the greedy
algorithm added edge ¢(a) = {aby,abs,...,ab,} to M when
it finished working on a. We next prove that

1+f +ZUM*

hence the performance ratio of the algonthm. We prove this
by considering the two cases the algorithm exits the repeat
loop.

Case 1. The algorithm exits the repeat loop because no edge
can be added. We claim that in this case, O(a) C ¢(a). This
is because if an edge in M™, for example, sa, can be assigned
to a, s must not have been removed from the graph when the
algorithm started working on a. Since otherwise, suppose s has
been removed from the graph when the algorithm added edge
st to M before started working on a. In this case, sa should
have been assigned to s, not to a. Therefore, all edges in O(a)
were still in the graph when the greedy algorithm started on
working a. Since the algorithm exits the loop because no edge
can be added, all edges incident to a must have been added to
¢(a), therefore ©(a) C ¢(a). We partition the edges in ¢(a)
into two sets: those in ©(a) and those not in O(a). Note that
if the algorithm exits the loop because no edge can be added,
C(a) > Z§:1 W (ab;), and hence for any edge ab; € ¢(a),

Unm(abj) = W(ab;) = C(b;).

Unmlp(a)] > ——={Un-[©

Therefore, for an edge ab; € O(a),
Ui (abj) > Unr-(aby),

since C(b;) > Ups+(ab;). For an edge not in M*, say, aby,
note that due to Lemma 1,

C(by) > Upn+[0(bn)]-

Therefore, if the algorithm exits the loop because no edge can
be added, we actually have

Unmlo(a)] > Up-[O(a)]

+ ZUM*[@(Z)JH

Case 2. The algorithm exists the repeat loop because
Wig(a)] > C\g). Suppose when the algorithm exits the loop,

Wp(a)] = BC(a) where § >
adds edges with largest weight to

C(a)
W > W(aby),

hence /2 > (3. Due to Lemma 1, C(a) > Ups+[©(a)] and
C(b;) > Un+[©(b;)] for all v > j > 1, hence

+ Z Un+[0(b)]

. Because the algorithm
( ) first,

o

(1+6)C(a) > Un+[O(a)]

If1>8> %, Un¢(a)] = BC(a), hence
Unlo@)) = 175 Usr- [O(0)] + Y- U (O8]}

If V2> 3> 1, Uy[¢(a)] = C(a), hence

U]W [¢(a)] > {UM* + Z UM*
Note that in [%,1], i +B decreases as (3 decreases, with

the minimum being

1+\/§ when 6 = ﬁ In [17 f], m
decreases as [ increases, with the minimum being 1+1 7 when
B = \/2. Therefore overall we have

UM [qS(a)] {UM

f )]+ Z Unr+|
|
In practice, the AP may pick one star in the c-matching
as the group of packets to be sent. Regarding to complexity
of Algorithm 1, note that if the vertices are sorted according
to the capacities and the edges incident to any vertex are
sorted according to the weights, the greedy algorithm finishes
in O(n) time, where n is the number of vertices, because every
execution of line 7 removes one vertex. Sorting the vertices
takes O(nlogn) time and sorting the edges takes O(E log E)
time where F is the number of edges in the graph. Overall, the
algorithm takes O(F'log E) time. However, we note that the
complexity is actually much smaller in practice. Note that the
AP needs only choose one group of packets to send. As the
algorithm never removes an edge from M once it is added to
M, a star will remain in M once added to M. Therefore, the
AP needs only run the algorithm until it added one star to M.
Also, the sorting of the nodes and edges can be maintained
incrementally upon packet arrivals and packet departures.
We next discuss the performance ratio when overhead is
included. Because the overhead includes the random back-
off time, a deterministic bound cannot be found, and we will
focus on a bound in the average sense. Assume that the data
transmission time of the optimal algorithm and the greedy
algorithm are T,- and Ty, receptively. Assume the total air
time of the packets is Ty. Based on Theorem 1, we have

TO—Tg L1
Ty - T 1++v2

(D
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We assume that the expected overhead incurred when sending
the packets without using OSMR is oI, where « is a constant
determined by the data rates of nodes in the network. When
overhead is included, the optimal schedule needs at least T},
which happens when the optimal algorithm has no overhead at
all. We also argue that most likely, the overhead in the schedule
given by the greedy algorithm is no more than a7j. To see
this, consider a star with v + 1 vertices in the schedule given
by the greedy algorithm. When using OSMR, the overhead
includes one DIFS, one possible random back-off, one possible
channel estimation process including the channel estimation
packet sent by the AP and at most v + 1 channel estimation
reports, v + 1 acknowledgment packets, and at most 2v + 3
SIFSs. When sending the packets one-by-one, the overhead
includes v + 1 DIFS, up to v + 1 random back-off, v 4+ 1
acknowledgment packets and v + 1 SIFSs. Note that DIFS is
much longer than SIFS. Also, the channel estimation sequence
and the reports are very short packets, while one random back-
off can be substantially longer. Therefore, when overhead is
included, with high probability, the schedule given by the
greedy algorithm takes at most T, + adp time. Due to Equ. 1,
we have

1 1
g 0( 1—1—\/5

+ T ——.

)+ Ty +v2

We also note that T, > %, which is because the optimal
schedule can at most reduce the packet transmission time by

half. Therefore,

2

T, + aTy To 1 1
4 < —(1l-———=+a)+
To* o To*( 1+\@ ) 1+\@
1
2 — + 2a. 3
< T3 3
Therefore,

Theorem 2: When overhead is considered, the transmission
time according to the greedy algorithm is likely at most
2 -7 +1 + 2« times that of the optimal algorithm, where
a denotes the ratio of the expected overhead over the data
transmission time when sending the packets without using
OSMR.

IV. EVALUATIONS

We evaluate our algorithm with the trace data collected from
802.11a networks available at [10]. As we wish to evaluate the
downlink packet scheduling, we used Trace 2 and Trace 3 in
[10], in which the data were collected by TCPDump seen at
the wired port at the AP, because it should preserve the arrival
characteristics of the downlink traffic. More information about
the trace data can be found in [10], [11].

In our simulation, we assume that on average, two nodes
are compatible for o percent of the time, where « is randomly
picked in [0, 0.9]. Two nodes alternate between the compatible
state and the incompatible state, where the duration of the
compatible period is set to be 0.4 second and the duration of
the incompatible period is set according to a. As the network
used for trace collection in [10] was in a confined 20m by

20m area, we assumed that all nodes are operating at 54
Mbps, the highest data rate of 802.11a networks, because
all nodes are close to the AP. For a packet transmission not
using OSMR, the transmission includes DIFS, random back-
off, data transmission, SIFS and ACK. For a transmission of
packets using OSMR, the transmission includes DIFS, random
back-off, the channel estimation process, the OSMR data
transmission, and the ACK packets from the nodes. If the
group consists of n packets to v nodes, the packet transmission
includes n ACKs but only v CRPs. The durations of DIFS,
average backoff time and SIFS are set to be 34us, 68us, and
16us, respectively. The transmission time of the data packet
is assumed to be 20us plus the time needed to send the data.
The CRQ, CRP, and the ACK packets are assumed to take
25ps, 24pus, and 24us, respectively.

Our simulation is event-driven. We keep track of 7" which
is the time when the channel becomes free. When an uplink
packet is encountered in the trace, T is incremented by the
amount of time needed to transmit the packet. This, in effect,
is to send the uplink packet immediately after the channel is
free. We took this approach because the traffic in the trace is
recorded at the wired port of the AP, therefore, when an uplink
packet appears in the trace, the actual transmission already
took place. When a downlink packet is encountered in the
trace, it is added to the queue. The scheduling algorithm selects
a packet or a group of packets in the queue to send when the
channel is free and updates 7.

Our algorithm is referred to as OSMR-c. For comparison,
we implemented two other algorithms, referred to as FIFO and
OSMR-s. FIFO does not use OSMR and sends packets in a
first-in-first-out manner. The algorithm used in the commercial
AP should be equivalent to FIFO in terms of throughput.
OSMR-s uses OSMR, but follows a simple matching strategy:
when looking for a star to send, it always regards the packet
at the head of the queue as the main packet, then scans the
packets in the buffer and adds a packet to the star if it is
compatible with the main packet until the duration of the side
packets exceeds the duration of the main packet. For further
comparison, we also ran our simulation with our algorithm but
assuming that all nodes pairs are always compatible and refer
to it as OSMR-l.

We first report the simulation results with Trace 2 in [10],
which was collected in a LAN with 75 nodes for about 10
minutes. We ran our simulations for 500 seconds and show the
throughputs of OSMR-c and FIFO in Fig. 3 for one random
choice of the compatibilities of the nodes. We can see that both
algorithms have almost exactly the same throughput. This is
because the traffic trace was collected at an AP not supporting
OSMR, hence the load is not high.

Because a higher traffic load is needed to evaluate OSMR,
we processed Trace 2 and Trace 3 and created a single
combined trace. We use the traffic trace from 400 seconds
to 500 seconds, when load is more stable. As each trace
contains 75 nodes, to reduce number of nodes, we merged the
traffic of 7.5 nodes into one node on average and produced 20
merged nodes. We then randomly select the merged nodes and
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Fig. 3. Network throughput in 500 seconds.

use their traffic as input to the simulation, where the number
of selected nodes grows from 2 to 20 at a step of 2. The
average network throughput during the 100 seconds and the
average number of packets left in the queue after the 100
seconds are shown in Fig. 4(a) and Fig. 4(b), respectively,
where each data point was obtained by averaging the results
of 100 random seeds. We can see that when there no more
than 12 merged users, the performance of all schemes are
similar. However, when there are more than 12 merged users,
the performance of FIFO is significantly worse than the OSMR
schemes. For example, when there are 16 users, the throughput
of FIFO is about 80% of the OSMR schemes, and the number
of buffered packets is about one magnitude higher than the
OSMR schemes. This confirms that OSMR is capable of
significantly improving the network performance. Note that
the performance of all schemes deteriorates when there are too
many users, because when there are more users, the amount of
uplink traffic also increases. Surprisingly, it can also be noticed
that the performance of OSMR-c is almost identical to OSMR-
fl, which suggests that an average compatibility percentage of
0.45 is sufficient to achieve the performance when nodes are
all compatible. Also, although OSMR-s is better than FIFO,
it is outperformed by OSMR-c when there are more than 16
users, which suggests that the greedy algorithm we propose
is effective. Note that OSMR-c is a simple greedy algorithm
and has a low complexity, so the improvement over OSMR-s
is enjoyed at a low cost.

V. CONCLUSIONS

In this paper, we studied the packet scheduling problem
when the wireless LAN adopts the One-Sender-Multiple-
Receiver (OSMR) transmission technique which allows a
sender to send to multiple receivers on the same frequency
simultaneously. We focused on the problem of maximizing
network throughout when packet fragmentation is not allowed.
We proposed a simple algorithm and prove that it has per-
formance ratio of —1 5 compared to the optimal algorithm.
We evaluated our algorithm with packet traces collected from
802.11a LANSs, and the results show that our algorithm sig-
nificantly improves the throughput. Our future work includes
physical layer implementation and experiments, MAC layer
designs, as well as the scheduling algorithms when packet
fragmentation is allowed.
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Fig. 4. Comparison of different algorithms. (a) Throughput. (b) Queue length.
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