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CROSS LAYER OPTIMIZED MEDIUM 
ACCESS CONTROL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the benefit of priority under 
35 U.S.C Section 119 from U.S. Provisional Patent Applica­
tion Ser. No. 60/945,363 entitled "CROSS LAYER OPTI­
MIZED MEDIUM ACCESS CONTROL", filed on Jun. 21, 
2007. 

TECHNICAL FIELD 

[0002] The subject disclosure relates to wireless network­
ing and, more specifically, to cross layer optimizations for 
Medium Access Control (MAC) technologies. 

BACKGROUND 

[0003] Wireless local area networks (WLANs) are becom­
ing increasingly popular because of the high level of flexibil­
ity gained from wireless networking and the considerable 
cost savings available by mitigating cabling costs. Conven­
tional designs for such systems follow a layered approach 
where there is no cross-optimization across the physical 
(PHY) layer and the medium access control (MAC) layer. 
However, the rapid increase in the demand for high data rates 
in WLAN systems requires a rethinking of the design prin­
ciples, so that the system performance can be further 
enhanced by exploiting the interaction between the PHY and 
MAC layers. 
[0004] Most WLANs are specified in the Institute of Elec­
trical and Electronics Engineers (IEEE) 802.11 standard. The 
802.11 protocols adopt a distributed coordination function 
(DCF) as a fundamental mechanism to access the medium. 
DCF is a random access scheme based on carrier sense mul­
tiple access with collision avoidance (CSMA/CA) protocol. 
The performance of such protocols has been investigated in 
depth. In some of these systems, it has also been shown that by 
tuning the 802.llbackoffparameters, the protocol capacity 
can be significantly increased. 
[0005] However, these systems were all designed purely 
from a MAC layer's point of view, regardless of the PHY 
layer characteristics. In particular, all of these designs 
adopted a simplistic collision model, which only supports one 
simultaneous transmission. Nevertheless, with advanced 
techniques of signal processing, multi-packet reception 
(MPR) has become a feasible solution in practical systems. 
While this brings new challenges, it also creates opportunities 
for the MAC design as well. Recently, random access proto­
cols that are based on MPR models have been considered. 
However, all these previous works are restricted to the ALO­
HAnet system ( or ALOHA, which is a computer networking 
system developed at the University of Hawaii and first 
deployed in 1970) and cannot be directly applied to 802.11 
systems. 
[0006] Another shortcoming of most existing 802.11 MAC 
designs is that such designs did not incorporate the channel 
state information (CSI) or channel condition into the active 
users' transmission process. In practice, the CSI or channel 
condition ( e.g., characteristics of PHY channels in a wireless 
environment, such as fading and noise) has an important 
influence on the system performance. In order to deal with 
this problem, recent work has been done to improve the 
throughput by adjusting the transmission probability based 

1 
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on the exploitation of CSL However, such work either 
assumes no MPR capability, or are limited to ALOHA sys­
tems. 

[0007] As a result, conventional 802.11 MAC protocols 
that have been designed separately from the characteristics of 
the physical layer do not optimize the overall performance 
from a system point of view. Cross-layer optimized MAC 
systems and methods are desired for improving the overall 
system performance. The current WLAN MAC designs with 
above-described deficiencies are merely intended to provide 
an overview of some of the problems encountered in imple­
menting a WLAN MAC, and are not intended to be exhaus­
tive. Other problems with the state of the art may become 
further apparent upon review of the description of the various 
non-limiting embodiments of the disclosed subject matter 
that follows. 

SUMMARY 

[0008] In partial consideration of the above-described defi­
ciencies of the state of the art, various non-limiting embodi­
ments of the disclosed subject matter provide channel state 
based random access protocol systems and methods that can 
facilitate taking advantage of multi-packet reception in wire­
less local area networks. In exemplary non-limiting embodi­
ments, MAC systems and methods of the disclosed subject 
matter can facilitate dynamically adjusting each network 
node's transmission probability according to the network 
population, current channel condition, as well as the maxi­
mum number of packets that can be decoded simultaneously. 
System throughput can be analyzed and optimized by taking 
adaptive modulation and transmission errors into consider­
ation, and an optimal transmission policy can then be 
obtained. 

[0009] In various non-limiting embodiments, the disclosed 
subject matter provides systems and methods for accessing 
wireless networks that determine a current channel condition 
or state information for a network node and a channel state 
threshold. The current channel condition for the network 
node can be compared with the channel state threshold. Based 
in part on the comparison, at least "request to send" signal(s) 
can selectively be sent by the network node. 

[0010] A simplified summary is provided herein to help 
enable a basic or general understanding of various aspects of 
exemplary, non-limiting embodiments that follow in the more 
detailed description and the accompanying drawings. This 
summary is not intended, however, as an extensive or exhaus­
tive overview. The sole purpose of this summary is to present 
some concepts related to the various exemplary non-limiting 
embodiments of the disclosed subject matter in a simplified 
form as a prelude to the more detailed description that fol­
lows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Embodiments of MAC systems and methods are 
further described with reference to the accompanying draw­
ings in which: 

[0012] FIG. 1 illustrates an exemplary non-limiting block 
diagram generally illustrating a network environment suit­
able for incorporation of various embodiments of the dis­
closed subject matter; 
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[0013] FIG. 2a illustrates a flowchart of an exemplary non­
limiting process of accessing a wireless network according to 
various non-limiting embodiments of the disclosed subject 
matter; 
[0014] FIG. 2b illustrates a process of accessing a wireless 
network according to further exemplary non-limiting 
embodiments of the disclosed subject matter; 
[0015] FIG. 3 illustrates interaction and operation of sys­
tem components in exemplary non-limiting embodiments of 
the disclosed subject matter; 
[0016] FIG. 4 illustrates exemplary non-limiting formats of 
control frames suitable for use in various embodiments of the 
disclosed subject matter; 
[0017] FIG. 5 illustrates an exemplary non-limiting wire­
less device suitable for performing various aspects of the 
disclosed subject matter; 
[0018] FIG. 6 tabulates parameters that can be used to illus­
trate benefits available via incorporation of various non-lim­
iting embodiments of the disclosed subject matter; 
[0019] FIG. 7 illustrates throughput benefits available via 
incorporation of various non-limiting embodiments of the 
disclosed subject matter; 
[0020] FIG. 8 illustrates the comparative throughput ben­
efits via incorporation of various non-limiting embodiments 
of the disclosed subject matter in varying Signal to Noise 
Ratio (SNR) conditions; 
[0021] FIG. 9 illustrates optimal values ofp 0 and y° versus 
different network sizes; 
[0022] FIG. 10 illustrates a block diagram representing an 
exemplary non-limiting networked environment in which 
embodiments of the disclosed subject matter can be imple­
mented; 
[0023] FIG. 11 illustrates a block diagram representing an 
exemplary non-limiting computing system or operating envi­
ronment in which embodiments of the disclosed subject mat­
ter can be implemented; and 
[0024] FIG. 12 illustrates an overview of a network envi­
ronment suitable for service by embodiments of the disclosed 
subject matter. 

DETAILED DESCRIPTION 

Overview 

[0025] Simplified overviews are provided in the present 
section to help enable a basic or general understanding of 
various aspects of exemplary, non-limiting embodiments that 
follow in the more detailed description and the accompanying 
drawings. This overview section is not intended, however, to 
be considered extensive or exhaustive. Instead, the sole pur­
pose of the following embodiment overviews is to present 
some concepts related to some exemplary non-limiting 
embodiments of the disclosed subject matter in a simplified 
form as a prelude to the more detailed description of these and 
various other embodiments of the disclosed subject matter 
that follow. It is understood that various modifications can be 
made by one skilled in the relevant art without departing from 
the intended scope of the disclosed subject matter and the 
claims appended hereto. Accordingly, it is the intent to 
include within the scope of the exemplary non-limiting 
embodiments of disclosed subject matter those modifica­
tions, substitutions, and variations as may come to those 
skilled in the art based on the teachings herein. 
[0026] As described above, conventional 802.11 MAC pro­
tocols that have been designed separately from the character-
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istics of the physical layer do not optimize the overall perfor­
mance from a system point of view. In conventional 802.11 
protocols, a node immediately transmits if the backoff time 
counter reduces to zero, regardless of the channel condition. 
In contrast to such schemes, in the cross-layer approach of the 
exemplary non-limiting embodiments of the disclosed sub­
ject matter, probability of the transmission can be controlled 
based on the estimated CSI or channel condition. 
[0027] In consideration of these limitations, in accordance 
with the disclosed subject matter, exemplary non-limiting 
embodiments of MAC systems and methods can facilitate 
dynamically adjusting each node's transmission probability 
according to the current channel condition, as well as accord­
ing to network population and a maximum number of packets 
that can be decoded simultaneously. In an aspect of the dis­
closed subject matter, an optimal transmission policy can 
depend on a determination and knowledge ofMPR capability 
of a system and a number of active nodes in the system. In a 
further aspect of the disclosed subject matter, each node can 
determine whether to transmit or not in a distributed way, as 
long as it has such knowledge. 
[0028] According to a further aspect of the disclosed sub­
ject matter, because the MPR capability of a system can 
remain relatively fixed over a relevant time period, it can 
become known to active nodes. In addition, a number of 
active nodes can be estimated based on an observation of 
channel status along with the number of idle slot, collisions, 
and successful transmissions. Moreover, according to various 
embodiments, each node can acquire its uplink channel state, 
for example, by estimating the channel gain during the down­
link transmission from an access point (AP) to the nodes. As 
a result, each node's transmission can be dynamically con­
trolled in a distributed way to achieve maximum throughput. 
[0029] In various non-limiting embodiments of the dis­
closed subject matter, a CS I-based random access approach is 
provided for a WLAN network with MPR capability. Specifi­
cally, various non-limiting embodiments of a 802.11 DCF 
mode that adopts CSMA/CA with request-to-send/clear-to­
send (RTS/CTS) mechanism is provided. In accordance with 
exemplary non-limiting embodiments of the disclosed sub­
ject matter, when the backoff time counter reduces to zero, 
each node can selectively transmit according to a transmit 
policy, which, according to various embodiments can com­
prise a function of network population, current CSI, and MPR 
capability of a system. Unlike conventional approaches 
where a centralized controller is assumed to decide the 
retransmission probability, nodes implemented according to 
various non-limiting embodiments of the disclosed subject 
matter can decide in a distributed fashion by using, for 
example a signal-to-noise (SNR) threshold. 
[0030] Moreover, in various embodiments of the disclosed 
subject matter, modulation types can be dynamically and 
adaptively selected to efficiently utilize system resources. 
Based on exemplary non-limiting MAC systems and methods 
of the disclosed subject matter, a throughput expression can 
be derived, and the optimal channel threshold can be obtained 
to maximize this throughput. As a result of using MPR, col­
lisions can be effectively reduced while increasing the num­
ber of simultaneous transmissions. Additionally, controlling 
transmission probability with the use of CSI or channel con­
dition can advantageously avoid considerable transmission 
errors, thereby facilitating efficient utilization of system 
resources by exploiting multi-user diversity. As a result, 
throughput can be significantly increased, without sacrificing 
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system resources such as bandwidth and transmission energy, 
compared to the schemes using conventional models. 
[0031] According to further non-limiting embodiments of 
the disclosed subject matter, MPR at the PHY layer can be 
implemented using various multiple access schemes, such as 
time division multiple access (TDMA), frequency division 
multiple access (FDMA), code division multiple access 
(CDMA), as well as orthogonal frequency division multiple 
access. As described below for various non-limiting embodi­
ments of the disclosed subject matter, orthogonal CDMA can 
be used to demonstrate the efficiency of MPR. 
[0032] According to further non-limiting embodiments of 
the disclosed subject matter, adaptive modulation techniques 
can be utilized to increase the spectral efficiency by adapting 
the transmission rate while maintaining an acceptable bit 
error rate (BER). According to still further non-limiting 
embodiments of the disclosed subject matter, a throughput 
expression can be derived by taking the transmission errors 
into consideration (e.g., as a function of the SNR threshold). 
Based on the throughput expression, the optimal transmission 
policy corresponding to the optimal SNR threshold can be 
obtained to enable the system to achieve the maximum 
throughput. As will be appreciated, this can be shown to result 
in significant improvement in system throughput, compared 
to the schemes where no MPR is adopted, or where nodes 
immediately transmit when the backoff time counters 
become zero, regardless of the channel conditions. 
[0033] FIG. 1 is an exemplary non-limiting block diagram 
generally illustrating a network environment 100 suitable for 
incorporation of various embodiments of the disclosed sub­
ject matter. Network environment 100 contains a number of 
nodes 104 operable to communicate with a wireless Access 
Point (AP) or access component 102 over a wireless commu­
nication medium and according to an agreed protocol ( e.g. 
IEEE 802.11 b ). FIG. 1. illustrates that there can be a number 
of nodes, and it can be appreciated that due to differences in 
transmission path, node characteristics, and other variables, 
channel state at each node is likely to be different than a 
neighboring node. Alternatively, access point 102 can be con­
nected to other suitable network systems. 
[0034] FIG. 2a illustrates a flowchart 200a of an exemplary 
non-limiting process of accessing a wireless network accord­
ing to various non-limiting embodiments of the disclosed 
subject matter. Accordingly, at 206a a channel state threshold 
for transmitting can be determined. At 212a, current channel 
condition can be estimated.At, 214a, the channel state thresh­
old can be compared with the estimated current channel con­
dition ( e.g., CSI) to determine whether the current channel 
condition satisfies the channel state threshold for transmit­
ting. At 216a, nodes 104 of the system can selectively trans­
mit216a to the access point 102, based in part on the outcome 
of the determination at 214a. 
[0035] FIG. 2b illustrates a process 200b of accessing a 
wireless network according to further exemplary non-limit­
ing embodiments of the disclosed subject matter. According 
to various embodiments of the disclosed subject matter, wire­
less network multi-packet reception (MPR) capabilities at the 
PHY layer (not shown) can be implemented through using 
various multiple access schemes, such as TDMA, FDMA, 
code division multiple access, as well as orthogonal fre­
quency division multiple access. 
[0036] Accordingly, in various embodiments of the dis­
closed subject matter, at 202b, a network population ( e.g., 
number of active nodes) can be determined. In addition, at 
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204b, the wireless network MPR capabilities can be deter­
mined. As a result, a threshold channel state can determined at 
206b based at least in part on the wireless network MPR 
capabilities 204b and network population 202b ( e.g., number 
of active nodes). 
[0037] According to further aspects of the disclosed subject 
matter, a determination of whether a medium is idle can be 
made at 208b. At 205b, the medium can wait based on the 
determination that the medium is not idle at 208b. At 209b, a 
backoff counter can be decreased based on the determination 
that the medium is idle at 208b. At 210b, a determination can 
be made whether backofftime is equal to zero. If the outcome 
of the determination at 210b is that the backoff time is not 
equal to zero, then according to various embodiments of the 
disclosed subject matter, the determination of whether a 
medium is idle can continue or repeat at 208b. 
[0038] According to various embodiments of the disclosed 
subject matter, if the outcome of the determination at 210b is 
that the backofftime is equal to zero, then the determination 
of whether transmit ( e.g. selective transmission) on the basis 
of estimated channel conditions and channel state threshold 
for transmitting can proceed. Accordingly, at 212b, current 
channel condition can be estimated. At, 214b, the channel 
state threshold can be compared with the estimated current 
channel condition (e.g., CSI) to determine whether the cur­
rent channel condition satisfies the channel state threshold for 
transmitting. At 216b, nodes 104 of the system can selectively 
transmit 216b to the access point 102, based in part on the 
determination at 214b that the current channel condition sat­
isfies the channel state threshold for transmitting. Alterna­
tively, at 218b, nodes 104 of the system can return to the initial 
stage (MEDIUM IDLE?) 208b to the access point 102, based 
in part on the determination at 214b that the current channel 
condition does not satisfy the channel state threshold for 
transmitting. 
[0039] It is to be appreciated that, while for ease of illus­
tration the various blocks of FIGS. 2a and 2b depict a par­
ticular order or sequence of determinations or other actions, 
the various embodiments of the disclosed subject matter are 
not so limited. For example, although determinations or other 
actions are shown to be performed in a particular sequence it 
should be understood that the disclosed sequence may be 
altered such that some determinations or other actions, or 
portions thereof can be performed concurrently, or otherwise. 
[0040] In the below description, various exemplary system 
model(s) and frame structures according to embodiments of 
the disclosed subject matter are presented as a foundation for 
presenting further embodiments of the disclosed systems and 
methods. Next, exemplary non-limiting embodiments of sys­
tems and methods of the disclosed subject matter are pre­
sented. Then, benefits available via incorporation of various 
non-limiting embodiments of the disclosed subject matter are 
presented. 

System Models 

[0041] FIG. 3 illustrates interaction and operation of sys­
tem components in exemplary non-limiting embodiments of 
the disclosed subject matter FIGS. 1-3 can provide founda­
tion for the various embodiments of the disclosed subject 
matter described in more detail below. Implementation envi­
ronments and operation of exemplary non-limiting embodi­
ments of the claimed MAC systems and methods are shown in 
FIGS. 1 and 2 and more specifically in FIG. 3. 
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[0042] Consider uplink transmission of a WLAN (100, 
300) where a number of nodes 104_1 -104_K communicate 
with an access point 102. It is assumed for example that there 
can be n nodes 104 in the system 300, and the total system 
bandwidth is B,. According to various embodiments of the 
disclosed subject matter, different nodes 104 can be allowed 
to transmit simultaneously by using MPR at a receiver (not 
shown) of the AP 102. Specifically, it can be assumed that a 
CDMA protocol can be adopted based on the use of orthogo­
nal sequences (e.g., Walsh-Hadamard codes). Accordingly, 
the receiver at the AP 102 side can consist of a bank of 
matched filters (not shown). The maximum number of pack­
ets that AP 102 can decode simultaneously, N, which can be 
referred to as MPR capability, can be said to be equal to the 
number of available code sequences in the network. As a 
result, it can be assumed that the symbol rate of each trans­
mission is B=B/N. 
[0043] The channel state between each node 104 and the 
AP 102 can be parameterized by the value ofSNR y. Specifi­
cally, 

where h denotes the instantaneous channel gain, No denotes 
the noise power spectral density, and P, is the transmit power. 
It can be assumed that the channels for all the nodes 104 are 
independent and identically distributed (i.i.d.) random vari­
ables with a probability density function (PDF) f(y). The 
associated cumulative density function (CDF) can be denoted 
as F(y). 
[0044] Note that, according to various embodiments of the 
disclosed subject matter, each node 104 can acquire its uplink 
channel state (212) by estimating the channel gain during the 
downlink transmission from AP 102 to the nodes 104. In the 
conventional 802.11 protocols, the node 104 immediately 
transmits if the backofftime counter reduces to zero (e.g., at 
209b of FIG. 2), regardless of the channel condition. In con­
trast to such schemes, various non-limiting embodiments of 
the disclosed subject matter can utilize a cross-layer approach 
where the probability of the transmission can be controlled 
based on the estimated channel condition or CSI ( e.g., at 212 
or 308) using a transmission control policy or control policy 
(e.g. at 216 or 308). 
[0045] Advantageously, such a control policy can be used 
to facilitate reducing nodes' collision and improve transmis­
sion rate by exploiting multi-user diversity, according to vari­
ous embodiments of the invention. Referring to FIGS. 2 and 
3, before nodes 104 initiate a transmission, the nodes 104 can 
sense the medium to determine whether there is any pending 
transmission (e.g., at 208b or 302). If the medium is found to 
be idle (208), for example, for an interval that exceeds the 
distributed inter-frame space (DIPS) 316, each node can 
choose a backoff counter value. According to an aspect of the 
disclosed subject matter, nodes can choose a backoff counter 
value that can be uniformly distributed in the range of [0, 
W,-1], where W, stands for the contention window (i denotes 
the backoff stage. W, is maintained in units of slots and is 
initially set to be W 0). 

[0046] According to various embodiments of the disclosed 
subject matter, after the backoff time ( e.g., affirmative deter­
mination that backoff time equals zero), node 104 can check 
its y (212 or 308). Based on the estimated channel condition 
and the transmission control policy, node 104 can decide 
whether to transmit or not (214-216 and 312). If the channel 
condition satisfies the transmission control policy (214 or 
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308) such that the node 104 chooses to transmit 216 (if the 
node decides not to transmit (218), it can return to the initial 
backoff stage (205)), a code sequence can then be randomly 
selected for the RTS packet 309 to send the request for access 
to AP 102. After a short inter-frame space (SIPS) 318, the AP 
102 can then broadcast access grant signals (e.g., including 
information of specified code sequences) via a CTS packet to 
notify nodes 104 whose RTS packets are successfully 
detected (e.g., at 3 10). 
[0047] Once the CTS packet is received by selected nodes 
104, admitted nodes can wait for a SIPS interval 318, and can 
then transmit data packets 312 using the chosen modulation 
( e.g., a modulation which can be determined based in part on 
channel conditions). If the data packet 312 is correctly 
received,AP 102 can return an acknowledgement (ACK) 314 
to nodes 104 after a SIPS interval 318. Note, according to an 
aspect of the disclosed subject matter, a retransmission can be 
required if there is no CTS or ACK detected within a prede­
termined period, ( e.g., CTStimeout or ACKtimeou,). According 
to further aspects, in such case where retransmission is 
required, the backoff stage can be increased by an amount 
( e.g., one (1 )), and the contention window can be correspond­
ingly doubled until it reaches Wm' where m can denote the 
maximum backoff stage. 
[0048] FIG. 4 illustrates exemplary non-limiting formats of 
control frames suitable for use in various embodiments of the 
disclosed subject matter. According to various embodiments 
of the disclosed subject matter, the structure of suitable RTS 
frame 402 can be the same as that defined for 802 .11. Accord­
ing to further embodiments of the disclosed subject matter, 
suitable CTS frames 404 can comprise multiple receiver 
address (RA) fields 406 (e.g., RAl to RAkin404).According 
to still further embodiments of the disclosed subject matter, 
suitable ACK frame 408 can comprise multiple RA fields 410 
( e.g., RAl to RAi in 408). Advantageously, the multiple RA 
fields enable the CTS frames 404 and ACK frames 408 to 
accommodate multiple transmissions. According to an aspect 
of the disclosed subject matter, the number of RA fields 406 
in the CTS frame 404 can be equal to the number of success­
fully received RTS packets 309, while the RA fields 410 in the 
ACK frame 408 can be used to acknowledge the nodes 104 
with successful data transmissions. 
[0049] FIG. 5 illustrates an exemplary non-limiting wire­
less device 500 suitable for performing various aspects of the 
disclosed subject matter. The wireless device 500 can be a 
stand-alone device or a portion thereof or a specially pro­
grammed computing device or a portion thereof ( e.g., a 
memory retaining instructions for performing the techniques 
as described herein coupled to a processor). Wireless device 
500 can include a memory 502 that retains various instruc­
tions with respect to selectively transmitting based on channel 
state. 
[0050] For instance, wireless device 500 can include a 
memory 502 that retains instructions for determining a cur­
rent channel condition for a node of the wireless network. The 
memory 502 can further retain instructions for determining a 
current channel condition for the wireless device. Addition­
ally, memory 502 can retains instructions for determining a 
channel state threshold, upon which, the wireless can transmit 
according to the disclosed subject matter. In addition, 
memory 502 can retains instructions for comparing the cur­
rent channel condition for the node with the channel state 
threshold. Still further, memory 502 can retains instructions 
for selectively transmitting at least a request to send signal, 
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based on the comparing of the current channel condition for 
the node with the channel state threshold. The above example 
instructions and other suitable instructions can be retained 
within memory 502, and a processor 504 can be utilized in 
connection with executing the instructions. 

Performance Analysis 

[0051] Denoting P(Aly) as the conditional probability that 
an event A occurs with respect toy. In particular non-limiting 
embodiments of the claimed invention, A can denote the event 
that node 104 transmits when its backoff counter reduces to 0 
( e.g., at 209b ). p0 can denote the average probability that the 
event A occurs as follows: 

Po= LP(A I y)f(y)dy. 
(2) 

[0052] According to particular embodiments of the dis­
closed subject matter, nodes 104 associated with a high y 
transmit using a higher probability, while transmission prob­
ability is reduced when the value of y is low. Although it is to 
be appreciated that suitable alternatives to a step function 
could be substituted for transmission control, for ease of 
demonstration and explanation of embodiments of the dis­
closed subject matter, it can be assumed that transmission 
control is a step function with respect to an SNR threshold. 
That is, 

{ 
1 r ;a: ro 

P(A Ir)= 
0 Y < Yo-

From Eqn. (2) and Eqn. (3): 

[0053] 

Po = 100 

f(y)dy = 1 - F(ro), 
YO 

(3) 

(4) 

where Yo can denote the threshold for controlling the trans­
mission. According to an aspect of the disclosed subject mat­
ter, selection of y O can depend on the number of nodes 104 and 
MPR capability of the system (e.g., system 100, 300). 
According to particular embodiments of the disclosed subject 
matter, Yo can be chosen (e.g., at 206) to maximize system 
throughput as further provided below. Moreover, from the 
above equation, it can be appreciated that p0 is an injective 
function ofy 0 . 

[0054] The development and explanation of the throughput 
expression as a function of p0 and the optimization of trans­
mission probability p0 (and hence SNR threshold y0 ) that 
maximizes system throughput are provided below. 

Throughput Expression 

[0055] According to particular embodiments of the dis­
closed subject matter, a throughput expression can be pro­
vided by first examining the behavior of a single node 104 
based on transmission control. For example, it can assumed 
that the average frame error rate of the data packets is FER 
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and the probability that the RTS packet encounters a collision 
is Pb· Using an established Markov model, the stationary 
probability, -i:, that a node 104 transmits a packet in a generic 
slot time can be derived as 

(5) 

where Pc=po(pb+FER-pb·FER). Note that Pc can represents 
the total collision probability, due to the RTS 309 collision as 
well as the data packet errors. 
[0056] It can be appreciated that because each node 104 
randomly selects a code sequence for sending its RTS packet 
according to an aspect of the disclosed subject matter, colli­
sion can occur if different nodes 104 select the same 
sequence. As a result, Pb can be obtained as 

~( (N- l)')(n-1) 1 k Pb= U 1-------;;;- k 1'(1-rr-. 

(6) 

k=O 

Moreover, FER can be calculated given the target bit error rate 
BER,, 

FER=l-(1-BER,l, (7) 

where L=l +MAChdr, 1 can denote the packet payload size, and 
MAChdr can denote the MAC header length. By substituting 
Eqns. (6) and (7) into (5), r can be defined as a function of p0 . 

[0057] Denoting X
1

k as the conditional probability that, 
given j nodes 104 transmit RTS 309 packets, k out of j are 
successfully detected. In particular embodiments of the dis­
closed subject matter, X

1
k can be derived as 

(8) 

(
N)rminl~J-kl(-lY(N-k). j! (~)k+x( 1 _k+x)J-k-x1· 
k U x (j-k-x)! N N 

x=O 

[0058] Additionally, P,r denotes the probability that there is 
at least one transmission in the slot time. Accordingly, 

(9) 

Denoting P,k as the probability that k data packets simulta­
neously transmit, which is equivalent to the probability that k 
RTS packets are successfully received. Then, 

n 

P,, = I X1,P1, 
j=l 

(10) 

where P1 denotes the probability that j nodes 104 simulta­
neously transmit RTS packets, e.g., 

(11) 
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Moreover, denoting Ps/ as the conditional probability that 
given k data packets 312 transmitted, i of them are success­
fully received. According to an aspect of the disclosed subject 
matter, the channel conditions and transmissions of different 
nodes can be assumed to be independent, so that P s/ can be 
expressed as 

· ( k) · k • P,, = i (1 - FER)'(FER) -, , i = 0, 1, ... , k. 
(12) 

[0059] The system throughput Scan be defined as the ratio 
of payload information bits being transmitted to the total 
amount of time spent to successfully transmit the payload. 
Specifically, S is given by 

S = £[payload information bits transmitted in a slot time] 

£[length of a slot time] 

N 

IkP,,(1-FER)E[l] 
k=l 

N 

(1 - P1c)CF +LP,, 1 P,,E[T),l + 

k=l 

(13) 

In equation (13), E[l] denotes the average packet payload 
size. According to particular embodiments of the disclosed 
subject matter, it can be assumed that all packets have the 
same length, e.g. E[l]=l. a can denote the duration of an idle 
slot time, and E[T s/l can denote the average time spent when 
k data packets 312 transmit and i of them are correctly 
received. Likewise, E[T ekl can denote the average time spent 
when k data packets 312 transmit and all of them are received 
in error, and the associated probability is Pek=P,~ 5 /. Tc 
denotes the average time spent for collisions. In various 
embodiments of the disclosed subject matter, the values of 
E[Ts/l, E[Tekl and Tc are specified as follows: 

(14) 

RTS + CTS, + 3S/ FS + DI FS +ACK;+ 46 + PHYhdr + E[t,], 

E[T,,] = RTS + CTS, + 2SIFS + DIFS + 36 + PHYhdr + E[t,], (15) 

T, = RTS+DIFS+6. (16) 

Here Ii can denote the propagation delay and PHY hdr can 
denote the physical header length. CTSk denotes the length of 
CTS 404 packet which includes k RA fields 406 and similarly 
ACK, includes i RA fields 410. E[tk] can denote the average 
time spent for the transmission ofk simultaneous data packets 
312 (including the payload and MAC header.) 
[0060] Next, the value of E[tk] with respect to p0 can be 
provided as follows. It can be understood that data transmis­
sion time can be dominated by the node 104 with the worst 
channel, which can result in reduction of transmission rate to 
a minimum. Assuming that adaptive Multi-Level Quadrature 
Amplitude Modulation (M-QAM) can be used, the number of 
bits that can be transmitted within each symbol can be 
approximated as 

(17) 
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where c=-1.5/ln(5BER,). On the other hand, Rayleigh fading 
can be assumed for wireless channels with PDF 

f(y)~(l/y)e-<Y 1i>(y~O), 

where y is the average SNR. From Eqn. ( 4) 

Yo9lnpo. 

As a result, E[tk] can be obtained as 

E[t,] = E[rnin(~(r)J I Po] 

where F(·) denotes the CDF ofy. 

(18) 

(19) 

(20) 

[0061] By substituting Eqns. (14), (15), (16) and (20) into 
(13), Scan be defined as a function of p0 . 

Implementation of Transmission Control 

[0062] Recall that, according to various embodiments of 
the disclosed subject matter, the SNR threshold y O can be used 
to control transmission, which according to an aspect can be 
exclusively determined by p0 . Based on the derived through­
put expression, according to an aspect of the disclosed subject 
matter, the value of Po or the corresponding y O can be adjusted 
such that the throughput can be maximized. Accordingly, the 
optimal value of p0 can be denoted by p* 0 . Advantageously, a 
one-dimensional search procedure such as the Bisection 
method, Newton-Raphson method, Secant method, and the 
like can then be applied to obtain the optimal solution, 
according to various embodiments of the disclosed subject 
matter. 
[0063] As provided above, the selection of the optimal y 0 

can depend, at least in part, on the determination and knowl­
edge of the MPR capability and number of active nodes 104 
in the system (e.g., system 300). Accordingly, as described 
above, each node 104 can decide whether to transmit or not in 
a distributed way, as long as it has such knowledge. Because 
MPR capability of the system remains stationary during a 
relatively long time period, according to an aspect of the 
disclosed subject matter, MPR capability can be known a 
priori to a relative degree of certainty, or at least within an 
allowable degree of uncertainty. Moreover, the number of 
active nodes can be estimated, according to a further aspect, 
based on the observation of the channel status along with the 
number of idle slots, collisions, and successful transmissions. 
As a result, various embodiments of the disclosed subject 
matter can advantageously facilitate dynamic control of each 
node's transmission in a distributed way to achieve maximum 
throughput. 

Adaptive Modulation Using Discrete Constellations 

[0064] For the purposes of illustration and not limitation, it 
has been assumed above that the rate of M-QAM scheme is 
continuous. However, in practical implementations, a set of 
discrete rate M-QAM can be adopted. For example, it can be 
assumed that the transmission rates available in the system 
are b,,i=l, ... ,M. In such a case, a set of corresponding 
thresholds can determine the SNR regions for the transmis-
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sionrates, according to various embodiments of the disclosed 
subject matter. Such thresholds can be denoted by y,,i=l, ... 
'(M+l) with r M+l=oo, where, for example, ifr,~y<ri+l' the 
rate ofb, will be selected. Specifically, to guarantee the target 
Bit Error Rate (BER), r, can be selected as 

r; = -ln(SBER,)/ g;, i = 1, ... , M, where 

g; = { l.5/(2b; -1) b; is even 

6/(S-2b; -4) b; is odd. 

(21) 

(22) 

Then, the FER and E[tkr 3 can be derived. If BER, is small 
enough, 1-(1-BER,Cy)t,.,L-BER,(y). Letting a,+

1

(p
0

)=max 
(r,+

1

,-yln p
0

) and a,(p
0

)=max(r,,-yln p
0

), 

L [ M la;+JIPol l 
FER(p 0)" - I BER;(y)f(y)d/y 

Po i=l ai(Pol 

M 

_ L L { l [ -(g;+l)a;IPol -(g;+l)a;+1 IPoiJ} - - -- e Y -e Y . 
Spo yg; + 1 

i=l 

On the other hand, E[tk] can be derived as 

M 

=-L V(e 
(po)'·BU 

i=l 

(23) 

(24) 

Note that in the conventional scheme, each node transmits 
once its backoff time counter is reduced to zero, regardless of 
the channel condition. This implies that, in such scheme p

0

= 1 
and accordingly r 1 is set to be zero. As a result, 

M rr• 1 

FER= I Jr t+ [l - (1 - BER;(r)l]J(y)d/y, and 
i=l ri 

M 

E[t,]=iL(e -e 

i=l 

Performance Evaluation 

(25) 

(26) 

[0065] In this section, the performance of particular non­
limiting embodiments is demonstrated to illustrate the effi­
cacy of the various embodiments of the disclosed MAC sys­
tems and methods. Assume, for example, a system having a 
total bandwidth of20 Mega-Hertz (MHz) and the number of 
available code sequences (Walsh-Hadamard sequences) N to 
be 4. The wireless channels can be modeled as i.i.d. flat 
Rayleigh fading channels for all the stations. In addition, the 
near-far effect can be assumed to be compensated by using 
power control. The target BER can be chosen to be BER,= 1 o-
6, and the packet pay load size can be 1023 bytes. According to 
particular non-limiting embodiments, the RTS 402, CTS 404, 
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and ACK 408 frames can be transmitted at a mandatory rate of 
1 Mbps. The values of the other parameters for the particular 
non-limiting embodiments are summarized in the table of 
FIG. 6, which comprise typical specifications for IEEE 802. 
11 b. Finally, it can be assumed that the modulation types 
available in the particular non-limiting embodiments are from 
Binary Phase-Shift Key modulation (BPSK) to 256 QAM. 
[0066] FIG. 7 illustrates throughput benefits available via 
incorporation of various non-limiting embodiments of the 
disclosed subject matter. For example, FIG. 6 shows the 
throughput achieved 702 by the particular non-limiting 
embodiments of the disclosed subject matter as well as simu­
lations 704, under different numbers of nodes 104 in the 
network (e.g., n=l0, 50, 100).Anaverage SNR of25 Decibel 
(dB) is assumed. As can be seen in FIG. 7, the simulation 
results are shown to be consistent with the analysis in all 
cases. In addition, it is recognized that the throughput 
increases as the number of nodes 104 becomes larger, due to 
the efficiency of the channel utilization being improved in the 
case of a larger network size. FIG. 7 also shows that when the 
number of nodes 104 increases, the optimal value of p

0 

cor­
responding to the maximum throughput decreases. This can 
be understood qualitatively by noting that more collisions can 
occur in the system with a larger size, such that a lower p

0 

is 
required to reduce these collisions. 
[0067] FIG. 8 illustrates the comparative throughput ben­
efits via incorporation of various non-limiting embodiments 
of the disclosed subject matter in varying Signal to Noise 
Ratio (SNR) conditions. Accordingly, the throughput of par­
ticular non-limiting embodiments under different values of 
average SNR is shown with a network population of 50 nodes 
104 (n=50). The particular non-limiting embodiment that 
adopts adaptive modulation and the optimal p

0 

with MPR 
capability N=4 is referred as to Adaptive Scheme using Opti­
mal p

0 

and MPR (ASOM) 802. In the conventional schemes, 
no MPR is adopted and p

0

= 1. Both adaptive modulation and 
fixed modulation are shown for such conventional schemes. 
For convenience, the scheme using adaptive modulation is 
referred to as Adaptive Scheme using Non-optimal p

0 

without 
MPR (ASN w/o MPR) 804, and the one using fixed modula­
tion (specifically, QPSK is depicted) is referred to as Fixed 
Scheme using Non-optimal p

0 

without MPR (FSN w/o MPR) 
806. Another scheme used for comparison is the one that uses 
adaptive modulation and the optimal value of p

0 

but without 
MPR, (N=l). It is referred to as Adaptive Scheme using 
Optimal Po without MPR (ASO w/o MPR) 808. 
[0068] Note that both of ASOM 802 and ASO w/o MPR 
808 are special cases of the particular non-limiting embodi­
ments. Moreover, inASO w/o MPR 808, ASN w/o MPR 704 
and FSN w/o MPR 806, no spreading is used and as a result, 
the symbol rate is higher in these schemes. As shown in FIG. 
8, however, due to the advantages of MPR ( e.g. 802), which 
can advantageously reduce the collisions while increasing the 
number of simultaneous transmissions, ASOM 802 still sig­
nificantly outperforms the other schemes in most cases, 
expect in the extremely low SNR region. 
[0069] FIG. 9 illustrates optimal values of p

0 

800a and y° 
900b versus different network sizes, where y° denotes the 
optimal Yo normalized by y. Note that the larger p

0 

is, the 
smaller is y0

. Three cases ofy=l0 dB, 25 dB and 40 dB are 
shown, respectively. It can be seen from FIG. 9 that the higher 
the SNR is, the larger the optimal p

0 

is. Moreover, the optimal 
p

0 

decreases as the number of nodes increases. Nevertheless, 
as shown in this figure, the decrease of the optimal value for 
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p0 is negligible when SNR = 10 dB. As mentioned above, p0 is 
very small at such low SNR. This implies that, there is no need 
to further reduce the value of p0 to avoid collisions, even if the 
network size increases. In contrast, an optimal p0 can be 
required to balance the trade-off between the number of idle 
slots and the data packets' transmission rate. As a result, the 
optimal values of p0 are basically independent of the network 
sizes, in the case oflow SNR range. 

Exemplary Computer Networks and Environments 

[0070] One of ordinary skill in the art can appreciate that 
various embodiments of the disclosed subject matter can be 
implemented in connection with any computer or other client 
or server device, which can be deployed as part of a computer 
network, or in a distributed computing environment, con­
nected to any kind of data store. In this regard, the disclosed 
subject matter pertains to any computer system or environ­
ment having any number of memory or storage units, and any 
number of applications and processes occurring across any 
number of storage units or volumes, which can be used in 
connection with the various non-limiting embodiments of 
Medium Access Control in accordance with the disclosed 
subject matter. The disclosed subject matter can apply to an 
environment with server computers and client computers 
deployed in a network environment or a distributed comput­
ing environment, having remote or local storage. The various 
non-limiting embodiments of the disclosed subject matter can 
also be applied to standalone computing devices, having pro­
gramming language functionality, interpretation and execu­
tion capabilities for generating, receiving and transmitting 
information in connection with remote or local services and 
processes. 
[0071] Distributed computing provides sharing of com­
puter resources and services by exchange between computing 
devices and systems. These resources and services include 
the exchange of information, cache storage and disk storage 
for objects, such as files. Distributed computing takes advan­
tage of network connectivity, allowing clients to leverage 
their collective power to benefit the entire enterprise. In this 
regard, a variety of devices can have applications, objects or 
resources that can implicate the Medium Access Control 
operations of the disclosed subject matter. 
[0072] FIG. provides a schematic diagram of an exemplary 
networked or distributed computing environment. The dis­
tributed computing environment comprises computing 
objects 1010a, 1010b, etc. and computing objects or devices 
1020a, 1020b, 1020c, 1020d, 1020e, etc. These objects can 
comprise programs, methods, data stores, programmable 
logic, etc. The objects can comprise portions of the same or 
different devices such as PDAs, audio/video devices, MP3 
players, personal computers, etc. Each object can communi­
cate with another object by way of the communications net­
work 1040. This network can itself comprise other computing 
objects and computing devices that provide services to the 
system of FIG. 10, and can itselfrepresent multiple intercon­
nected networks. In accordance with an aspect of the dis­
closed subject matter, each object 1010a, 1010b, etc. or 
1020a, 1020b, 1020c, 1020d, 1020e, etc. can contain an appli­
cation that might make use of an API, or other object, soft­
ware, firmware and/or hardware, suitable for use with the 
design framework in accordance with embodiments of the 
disclosed subject matter. 
[0073] It can also be appreciated that an object, such as 
1020c, can be hosted on another computing device 1010a, 
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1010b, etc. or 1020a, 1020b, 1020c, 1020d, 1020e, etc. Thus, 
although the physical environment depicted may show the 
connected devices as computers, such illustration is merely 
exemplary and the physical environment can alternatively be 
depicted or described comprising various digital devices such 
as PDAs, televisions, MP3 players, etc., any of which can 
employ a variety of wired and wireless services, software 
objects such as interfaces, COM objects, and the like. 
[0074] There are a variety of systems, components, and 
network configurations that support distributed computing 
environments. For example, computing systems can be con­
nected together by wired or wireless systems, by local net­
works or widely distributed networks. Currently, many of the 
networks are coupled to the Internet, which provides an infra­
structure for widely distributed computing and encompasses 
many different networks. Any of the infrastructures can be 
used for communicating information used in the Medium 
Access Control according to embodiments of the disclosed 
subject matter. 
[0075] The Internet commonly refers to the collection of 
networks and gateways that utilize the Transmission Control 
Protocol/Internet Protocol (TCP/IP) suite of protocols, which 
are well-known in the art of computer networking. The Inter­
net can be described as a system of geographically distributed 
remote computer networks interconnected by computers 
executing networking protocols that allow users to interact 
and share information over network(s). Because of such 
wide-spread information sharing, remote networks such as 
the Internet have thus far generally evolved into an open 
system with which developers can design software applica­
tions for performing specialized operations or services, 
essentially without restriction. 
[0076] Thus, the network infrastructure enables a host of 
network topologies such as client/server, peer-to-peer, or 
hybrid architectures. The "client" is a member of a class or 
group that uses the services of another class or group to which 
it is not related. Thus, in computing, a client is a process, e.g. 
roughly a set of instructions or tasks, that requests a service 
provided by another program. The client process utilizes the 
requested service without having to "know" any working 
details about the other program or the service itself. In a 
client/server architecture, particularly a networked system, a 
client is usually a computer that accesses shared network 
resources provided by another computer, e.g., a server. In the 
illustration of FIG. 10, as an example, computers 1020a, 
1020b, 1020c, 1020d, 1020e, etc. can be thought of as clients 
and computers 101 Oa, 101 Ob, etc. can be thought ofas servers 
where servers 101 Oa, 1010b, etc. maintain the data that is then 
replicated to client computers 1020a, 1020b, 1020c, 1020d, 
1020e, etc., although any computer can be considered a client, 
a server, or both, depending on the circumstances. Any of 
these computing devices can be processing data or requesting 
services or tasks that can use or implicate Medium Access 
Control in accordance with various non-limiting embodi­
ments of the disclosed subject matter. 
[0077] A server is typically a remote computer system 
accessible over a remote or local network, such as the Internet 
or wireless network infrastructures. The client process can be 
active in a first computer system, and the server process can be 
active in a second computer system, communicating with one 
another over a communications medium, thus providing dis­
tributed functionality and allowing multiple clients to take 
advantage of the information-gathering capabilities of the 
server. Any software objects utilized pursuant to various non-
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limiting embodiments for Medium Access Control of the 
disclosed subject matter can be distributed across multiple 
computing devices or objects. 
[0078] Client(s) and server(s) communicate with one 
another utilizing the functionality provided by protocol layer 
(s). For example, HyperText Transfer Protocol (HTTP) is a 
common protocol that is used in conjunction with the World 
Wide Web (WWW), or "the Web." Typically, a computer 
network address such as an Internet Protocol (IP) address or 
other reference such as a Universal Resource Locator (URL) 
can be used to identify the server or client computers to each 
other. The network address can be referred to as a URL 
address. Communication can be provided over a communi­
cations medium, e.g. client(s) and server(s) can be coupled to 
one another via TCP /IP connection( s) for high-capacity com­
munication. 
[0079] Thus, FIG. 10 illustrates an exemplary networked or 
distributed environment, with server(s) in communication 
with client computer (s) via a network/bus, in which the 
various non-limiting embodiments of the disclosed subject 
matter can be employed. In more detail, a number of servers 
1010a, 1010b, etc. are interconnected via a communications 
network/bus 1040, which can be a LAN, WAN, intranet, GSM 
network, the Internet, etc., with a number of client or remote 
computing devices 1020a, 1020b, 1020c, 1020d, 1020e, etc., 
such as a portable computer, handheld computer, thin client, 
networked appliance, or other device, such as a VCR, TV, 
oven, light, heater and the like which can implicate various 
non-limiting embodiments of the disclosed subject matter. It 
is thus contemplated that embodiments of the disclosed sub­
ject matter can apply to any computing device in connection 
with which it is desirable to communicate data over a net­
work, or incident thereto. 
[0080] In a network environment in which the communica­
tions network/bus 1040 is the Internet, for example, the serv­
ers 1010a, 1010b, etc. can be Web servers with which the 
clients 1020a, 1020b, 1020c, 1020d, 1020e, etc. communi­
cate via any of a number of known protocols such as HTTP. 
Servers 1010a, 1010b, etc. can also serve as clients 1020a, 
1020b, 1020c, 1020d, 1020e, etc., as can be characteristic of 
a distributed computing environment. 
[0081] As mentioned, communications can be wired or 
wireless, or a combination, where appropriate. Client devices 
1020a, 1020b, 1020c, 1020d, 1020e, etc. may or may not 
communicate via communications network/bus 14, and can 
have independent communications associated therewith. For 
example, in the case of a TV or VCR, there may or may not be 
a networked aspect to the control thereof. Each client com­
puter 1020a, 1020b, 1020c, 1020d, 1020e, etc. and server 
computer 1010a, 1010b, etc. can be equipped with various 
application program modules or objects 1035a, 1035b, 
1035c, etc. and with connections or access to various types of 
storage elements or objects, across which files or data streams 
can be stored or to which portion(s) of files or data streams 
can be downloaded, transmitted or migrated. Any one or more 
of computers 1010a, 1010b, 1020a, 1020b, 1020c, 1020d, 
1020e, etc. can be responsible for the maintenance and updat­
ing of a database 1030 or other storage element, such as a 
database or memory 1030 for storing data processed or saved 
according to, or incident to, various non-limiting embodi­
ments of the disclosed subject matter. Thus, the disclosed 
subject matter can be utilized in a computer network environ­
ment having client computers 1020a, 1020b, 1020c, 1020d, 
1020e, etc. that can access and interact with a computer 
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network/bus 1040 and server computers 1010a, 1010b, etc. 
that can interact with client computers 1020a, 1020b, 1020c, 
1020d, 1020e, etc. and other like devices, and databases 1030. 

Exemplary Computing Device 

[0082] As mentioned, the disclosed subject matter applies 
to any device wherein it may be desirable to communicate 
data, e.g. to or from a mobile device. It should be understood, 
therefore, that handheld, portable and other computing 
devices and computing objects of all kinds are contemplated 
for use in connection with various non-limiting embodiments 
of the disclosed subject matter, e.g. anywhere that a device 
can communicate data or otherwise receive, process or store 
data using systems or methods as disclosed. Accordingly, the 
below general purpose remote computer described below in 
FIG. 11 is but one example, and exemplary non-limiting 
embodiments of the disclosed subject matter can be imple­
mented with any client having network/bus interoperability 
and interaction. Thus, embodiments of the disclosed subject 
matter can be implemented in an environment of networked 
hosted services in which very little or minimal client 
resources are implicated, e.g. a networked environment in 
which the client device serves merely as an interface to the 
network/bus, such as an object placed in an appliance. 
[0083] Although not required, various non-limiting 
embodiments of the disclosed subject matter, and/or portions 
thereof, can be partly implemented via an operating system, 
for use by a developer of services for a device or object, and/or 
included within application software that operates in connec­
tion with the component(s) of the disclosed subject matter. 
Software can be described in the general context of computer­
executable instructions, such as program modules, being 
executed by one or more computers, such as client worksta­
tions, servers or other devices. Those skilled in the art will 
appreciate that the disclosed subject matter can be practiced 
with other computer system configurations and protocols. 
[0084] FIG. 11 thus illustrates an example of a suitable 
computing system environment 1100a in which embodi­
ments of the disclosed subject matter can be implemented, 
although as made clear above, the computing system envi­
ronment 1100a is only one example of a suitable computing 
environment for a media device and is not intended to suggest 
any limitation as to the scope of use or functionality of 
embodiments of the disclosed subject matter. Neither should 
the computing environment 11 OOa be interpreted as having 
any dependency or requirement relating to any one or com­
bination of components illustrated in the exemplary operating 
environment 1100a. 
[0085] With reference to FIG. 11, an exemplary remote 
device for implementing embodiments of the disclosed sub­
ject matter includes a general purpose computing device in 
the form of a computer 1110a. Components of computer 
1110a can include, but are not limited to, a processing unit 
1120a, a system memory 1130a, and a system bus 1121a that 
couples various system components including the system 
memory to the processing unit 1120a. The system bus 1121a 
can be any of several types of bus structures including a 
memory bus or memory controller, a peripheral bus, and a 
local bus using any of a variety of bus architectures. 
[0086] Computer 1110a typically includes a variety of 
computer readable media. Computer readable media can be 
any available media that can be accessed by computer 1110a. 
By way of example, and not limitation, computer readable 
media can comprise computer storage media and communi-
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cation media. Computer storage media includes both volatile 
and nonvolatile, removable and non-removable media imple­
mented in any method or technology for storage of informa­
tion such as computer readable instructions, data structures, 
program modules or other data. Computer storage media 
includes, but is not limited to, RAM, ROM, EEPROM, flash 
memory or other memory technology, CDROM, digital ver­
satile disks (DVD) or other optical disk storage, magnetic 
cassettes, magnetic tape, magnetic disk storage or other mag­
netic storage devices, or any other medium which can be used 
to store the desired information and which can be accessed by 
computer 1110a. Communication media typically embodies 
computer readable instructions, data structures, program 
modules or other data in a modulated data signal such as a 
carrier wave or other transport mechanism and includes any 
information delivery media. 

[0087] The system memory 1130a can include computer 
storage media in the form of volatile and/or nonvolatile 
memory such as read only memory (ROM) and/or random 
access memory (RAM).A basic input/output system (BIOS), 
containing the basic routines that help to transfer information 
between elements within computer 1110a, such as during 
start-up, can be stored in memory 1130a. Memory 1130a 
typically also contains data and/or program modules that are 
immediately accessible to and/or presently being operated on 
by processing unit 1120a. By way of example, and not limi­
tation, memory 1130a can also include an operating system, 
application programs, other program modules, and program 
data. 
[0088] The computer 1110a can also include other remov­
able/non-removable, volatile/nonvolatile computer storage 
media. For example, computer 1110a could include a hard 
disk drive that reads from or writes to non-removable, non­
volatile magnetic media, a magnetic disk drive that reads 
from or writes to a removable, nonvolatile magnetic disk, 
and/or an optical disk drive that reads from or writes to a 
removable, nonvolatile optical disk, such as a CD-ROM or 
other optical media. Other removable/non-removable, vola­
tile/nonvolatile computer storage media that can be used in 
the exemplary operating environment include, but are not 
limited to, magnetic tape cassettes, flash memory cards, digi­
tal versatile disks, digital video tape, solid state RAM, solid 
state ROM and the like. A hard disk drive is typically con­
nected to the system bus 1121a through a non-removable 
memory interface such as an interface, and a magnetic disk 
drive or optical disk drive is typically connected to the system 
bus 1121a by a removable memory interface, such as an 
interface. 
[ 0089] A user can enter commands and information into the 
computer 1110a through input devices such as a keyboard 
and pointing device, commonly referred to as a mouse, track­
ball or touch pad. Other input devices can include a micro­
phone, joystick, game pad, satellite dish, scanner, or the like. 
These and other input devices are often connected to the 
processing unit 1120a through user input 1140a and associ­
ated interface(s) that are coupled to the system bus 1121a, but 
can be connected by other interface and bus structures, such 
as a parallel port, game port or a universal serial bus (USB). A 
graphics subsystem can also be connected to the system bus 
1121a. A monitor or other type of display device is also 
connected to the system bus 1121a via an interface, such as 
output interface 1150a, which can in tum communicate with 
video memory. In addition to a monitor, computers can also 
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include other peripheral output devices such as speakers and 
a printer, which can be connected through output interface 
1150a. 
[0090] The computer 1110a can operate in a networked or 
distributed environment using logical connections to one or 
more other remote computers, such as remote computer 
1170a, which can in tum have media capabilities different 
from device 1110a. The remote computer 1170a can be a 
personal computer, a server, a router, a network PC, a peer 
device or other common network node, or any other remote 
media consumption or transmission device, and can include 
any or all of the elements described above relative to the 
computer 1110a. The logical connections depicted in FIG. 11 
include a network 1171a, such local area network (LAN) or a 
wide area network (WAN), but can also include other net­
works/buses. Such networking environments are common­
place in homes, offices, enterprise-wide computer networks, 
intranets and the Internet. 
[0091] When used in a LAN networking environment, the 
computer 1110a is connected to the LAN 1171a through a 
network interface or adapter. When used in a WAN network­
ing environment, the computer 1110a typically includes a 
communications component, such as a modem, or other 
means for establishing communications over the WAN, such 
as the Internet. A communications component, such as a 
modem, which can be internal or external, can be connected 
to the system bus 1121a via the user input interface of input 
1140a, or other appropriate mechanism. In a networked envi­
ronment, program modules depicted relative to the computer 
111 Oa, or portions thereof, can be stored in a remote memory 
storage device. It will be appreciated that the network con­
nections shown and described are exemplary and other means 
of establishing a communications link between the computers 
can be used. 
[0092] While the disclosed subject matter has been 
described in connection with the preferred embodiments of 
the various figures, it is to be understood that other similar 
embodiments can be used or modifications and additions can 
be made to the described embodiment for performing the 
same functions of the exemplary embodiments of the dis­
closed subject matter, and/or portions thereof without devi­
ating therefrom. For example, one skilled in the art will rec­
ognize that the disclosed subject matter as described in the 
present application applies to MAC systems and methods and 
can be applied to any number of devices connected via a 
communications network and interacting across the network. 
In addition, it is understood that in various network configu­
rations, access points can act as nodes and nodes can act as 
access points for some purposes. Therefore, the disclosed 
subject matter should not be limited to any single embodi­
ment, but rather should be construed in breadth and scope in 
accordance with the appended claims. 

Exemplary Communications Networks and 
Environments 

[0093] The above-described optimization algorithms and 
processes can be applied to any network, however, the fol­
lowing description sets forth some exemplary telephony radio 
networks and non-limiting operating environments for com­
munications made incident to the Medium Access Control 
systems. The below-described operating environments 
should be considered non-exhaustive, however, and thus the 
below-described network architecture merely shows one net­
work architecture into which various embodiments of the 
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disclosed subject matter may be incorporated. One can appre­
ciate, however, that embodiments of the disclosed subject 
matter can be incorporated into any now existing or future 
alternative architectures for communication networks as 
well. 

[0094] The global system for mobile communication 
("GSM") is one of the most widely utilized wireless access 
systems in today's fast growing communication systems. 
GSM provides circuit-switched data services to subscribers, 
such as mobile telephone or computer users. General Packet 
Radio Service ("GPRS"), which is an extension to GSM 
technology, introduces packet switching to GSM networks. 
GPRS uses a packet-based wireless communication technol­
ogy to transfer high and low speed data and signaling in an 
efficient manner. GPRS optimizes the use of network and 
radio resources, thus enabling the cost effective and efficient 
use of GSM network resources for packet mode applications. 

[0095] As one of ordinary skill in the art can appreciate, the 
exemplary GSM/GPRS environment and services described 
herein can also be extended to 3G services, such as Universal 
Mobile Telephone System ("UMTS"), Frequency Division 
Duplexing ("FDD") and Time Division Duplexing ("TDD"), 
High Speed Packet Data Access ("HSPDA"), cdma2000 lx 
Evolution Data Optimized ("EVDO"), Code Division Mul­
tipleAccess-2000 ("cdma2000 3x"), Time Division Synchro­
nous Code Division Multiple Access ("TD-SCDMA"), Wide­
band Code Division Multiple Access ("WCDMA"), 
Enhanced Data GSM Environment ("EDGE"), International 
Mobile Telecommunications-2000 ("IMT-2000"), Digital 
Enhanced Cordless Telecommunications ("DECT"), etc., as 
well as to other network services that shall become available 
in time. In this regard, the techniques according to embodi­
ments of the disclosed subject matter can be applied indepen­
dently of the method of data transport, and does not depend on 
any particular network architecture, or underlying protocols. 

[0096] FIG. 12 depicts an overall block diagram of an 
exemplary packet-based mobile cellular network environ­
ment, such as a GPRS network, in which embodiments the 
disclosed subject matter can be practiced. In such an environ­
ment, there are a plurality of Base Station Subsystems 
("BSS") 1200 ( only one is shown), each of which comprises 
a Base Station Controller ("BSC") 1202 serving a plurality of 
Base Transceiver Stations ("BTS") such as BTSs 1204, 1206, 
and 1208. BTSs 1204, 1206, 1208, etc. are the access points 
where users of packet-based mobile devices become con­
nected to the wireless network. In exemplary fashion, the 
packet traffic originating from user devices is transported 
over the air interface to a BTS 1208, and from the BTS 1208 
to the BSC 1202. Base station subsystems, such as BSS 1200, 
are a part of internal frame relay network 1210 that can 
include Service GPRS Support Nodes ("SGSN") such as 
SGSN 1212 and 1214. Each SGSN is in turn connected to an 
internal packet network 1220 through which a SGSN 1212, 
1214, etc. can route data packets to and from a plurality of 
gateway GPRS support nodes (GGSN) 1222, 1224, 1226, etc. 
As illustrated, SGSN 1214 and GGSNs 1222, 1224, and 1226 
are part of internal packet network 1220. Gateway GPRS 
serving nodes 1222, 1224 and 1226 mainly provide an inter­
face to external Internet Protocol ("IP") networks such as 
Public Land Mobile Network ("PLMN") 1245, corporate 
intranets 1240, or Fixed-End System ("FES") or the public 
Internet 1230. As illustrated, subscriber corporate network 
1240 can be connected to GGSN 1224 via firewall 1232; and 
PLMN 1245 is connected to GGSN 1224 via boarder gateway 
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router 1234. The Remote Authentication Dial-In User Service 
("RADIUS") server 1242 can be used for caller authentica­
tion when a user of a mobile cellular device calls corporate 
network 1240. 
[0097] Generally, there can be four different cell sizes in a 
GSM network-macro, micro, pico and umbrella cells. The 
coverage area of each cell is different in different environ­
ments. Macro cells can be regarded as cells where the base 
station antenna is installed in a mast or a building above 
average roof top level. Micro cells are cells whose antenna 
height is under average roof top level; they are typically used 
in urban areas. Pico cells are small cells having a diameter is 
a few dozen meters; they are mainly used indoors. On the 
other hand, umbrella cells are used to cover shadowed regions 
of smaller cells and fill in gaps in coverage between those 
cells. 

[0098] The word "exemplary" is used herein to mean serv­
ing as an example, instance, or illustration. For the avoidance 
of doubt, the subject matter disclosed herein is not limited by 
such examples. In addition, any aspect or design described 
herein as "exemplary" is not necessarily to be construed as 
preferred or advantageous over other aspects or designs, nor 
is it meant to preclude equivalent exemplary structures and 
techniques known to those of ordinary skill in the art. Fur­
thermore, to the extent that the terms "includes," "has," "con­
tains," and other similar words are used in either the detailed 
description or the claims, for the avoidance of doubt, such 
terms are intended to be inclusive in a manner similar to the 
term "comprising" as an open transition word without pre­
cluding any additional or other elements. 

[0099] Various implementations of the disclosed subject 
matter described herein can have aspects that are wholly in 
hardware, partly in hardware and partly in software, as well as 
in software. Furthermore, aspects can be fully integrated into 
a single component, be assembled from discrete devices, or 
implemented as a combination suitable to the particular appli­
cation and is a matter of design choice. As used herein, the 
terms "node," "access point," "component," "system," and the 
like are likewise intended to refer to a computer-related entity, 
either hardware, a combination of hardware and software, 
software, or software in execution. For example, a component 
can be, but is not limited to being, a process running on a 
processor, a processor, an object, an executable, a thread of 
execution, a program, and/or a computer. By way of illustra­
tion, both an application running on computer and the com­
puter can be a component. One or more components can 
reside within a process and/or thread of execution and a 
component can be localized on one computer and/or distrib­
uted between two or more computers. 

[0100] Thus, the embodiments of the disclosed subject 
matter, or certain aspects or portions thereof, can take the 
form of program code ( e.g., instructions) embodied in tan­
gible media, such as floppy diskettes, CD-RO Ms, hard drives, 
or any other machine-readable storage medium, wherein, 
when the program code is loaded into and executed by a 
machine, such as a computer, the machine becomes an appa­
ratus or component of a system for practicing embodiments 
of the disclosed subject matter. In the case of program code 
execution on programmable computers, the computing 
device generally includes a processor, a storage medium read­
able by the processor (including volatile and non-volatile 
memory and/or storage elements), at least one input device, 
and at least one output device as described above. 
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[0101] Furthermore, embodiments of the disclosed subject 
matter can be implemented as a system, method, apparatus, or 
article of manufacture using standard programming and/or 
engineering techniques to produce software, firmware, hard­
ware, or any combination thereof to control a computer or 
processor based device to implement aspects detailed herein. 
The terms "article of manufacture", "computer program 
product" or similar terms, where used herein, are intended to 
encompass a computer program accessible from any com­
puter-readable device, carrier, or media. For example, com­
puter readable media can include but are not limited to mag­
netic storage devices (e.g., hard disk, floppy disk, magnetic 
strips ... ), optical disks (e.g., compact disk (CD), digital 
versatile disk (DVD) ... ), smart cards, and flash memory 
devices (e.g., card, stick). Additionally, it is known that a 
carrier wave can be employed in a computer readable trans­
mission medium to carry computer-readable electronic data 
such as those used in transmitting and receiving electronic 
mail or in accessing a network such as the Internet or a local 
area network (LAN). 
[0102] The aforementioned systems have been described 
with respect to interaction between several components. It 
can be appreciated that such systems and components can 
include those components or specified sub-components, 
some of the specified components or sub-components, and/or 
additional components, and according to various permuta­
tions and combinations of the foregoing. Sub-components 
can also be implemented as components communicatively 
coupled to other components rather than included within 
parent components, e.g., according to a hierarchical arrange­
ment. Additionally, it should be noted that one or more com­
ponents can be combined into a single component providing 
aggregate functionality or divided into several separate sub­
components, and any one or more middle layers, such as a 
management layer, can be provided to communicatively 
couple to such sub-components in order to provide integrated 
functionality. Any components described herein can also 
interact with one or more other components not specifically 
described herein but generally known by those of skill in the 
art. 

[0103] In view of the exemplary systems described supra, 
methodologies that can be implemented in accordance with 
embodiments of the disclosed subject matter will be better 
appreciated with reference to the flowcharts of various figures 
herein. While for purposes of simplicity of explanation, the 
methodologies are shown and described as a series of blocks, 
it is to be understood and appreciated that the claimed subject 
matter is not limited by the orderof the blocks, as some blocks 
can occur in different orders and/or concurrently with other 
blocks from what is depicted and described herein. Where 
non-sequential, or branched, flow is illustrated via flowchart, 
it can be appreciated that various other branches, flow paths, 
and orders of the blocks, can be implemented which achieve 
the same or a similar result. Moreover, not all illustrated 
blocks may be required to implement the methodologies 
described hereinafter. 

[0104] Furthermore, as will be appreciated various portions 
of the disclosed systems above and methods below can 
include or consist of artificial intelligence or knowledge or 
rule based components, sub-components, processes, means, 
methodologies, or mechanisms ( e.g., support vector 
machines, neural networks, expert systems, Bayesian belief 
networks, fuzzy logic, data fusion engines, classifiers ... ). 
Such components, inter alia, can automate certain mecha-
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nisms or processes performed thereby to make portions of the 
systems and methods more adaptive as well as efficient and 
intelligent. 
[0105] While the disclosed subject matter has been 
described in connection with the preferred embodiments of 
the various figures, it is to be understood that other similar 
embodiments can be used or modifications and additions can 
be made to the described embodiments for performing the 
same functions of embodiments, or portions thereof, of the 
disclosed subject matter without deviating therefrom. 
[0106] While exemplary embodiments may refer to utiliz­
ing the disclosed subject matter in the context of particular 
programming language constructs, specifications or stan­
dards, the various embodiments of the disclosed subject mat­
ter is not so limited, but rather can be implemented in any 
language to perform the Medium Access Control in accor­
dance with the exemplary non-limiting embodiments of the 
disclosed subject matter. Still further, embodiments of the 
disclosed subject matter can be implemented in or across a 
plurality of processing chips or devices, and storage can simi­
larly be effected across a plurality of devices. Therefore, 
embodiments of the disclosed subject matter should not be 
limited to any single embodiment, but rather should be con­
strued in breadth and scope in accordance with the appended 
claims. 

What is claimed is: 
1. A method of accessing a wireless network comprising: 
determining a current channel condition for a node of the 

wireless network; 
determining a channel state threshold; 
comparing the current channel condition for the node with 

the channel state threshold; and 
selectively transmitting at least a request to send signal, 

based on the comparing of the current channel condition 
for the node with the channel state threshold. 

2. The method according to claim 1, wherein the determin­
ing includes determining the current channel condition for the 
node of a wireless network substantially conforming to an 
Institute of Electrical and Electronics Engineers (IEEE) 802. 
11 standard wireless network specification. 

3. The method according to claim 1, the determining the 
current channel condition includes determining the current 
channel condition based at least in part on a current channel 
signal to noise ratio. 

4. The method according to claim 1, the determining the 
channel state threshold includes determining the channel 
state threshold based at least in part on determining a signal to 
noise ratio (SNR) threshold. 

5. The method according to claim 4, the determining the 
SNR threshold includes determining the SNR threshold 
based at least in part on at least one multi-packet reception 
capability of the wireless network. 

6. The method according to claim 4, the determining the 
SNR threshold includes determining the SNR threshold 
based at least in part on a network population of the wireless 
network. 

7. A computer readable medium comprising computer 
executable instructions for performing the method of claim 1. 

8. A system for providing wireless network access com­
prising: 

a wireless access component having multi-packet recep­
tion capabilities; 

at least one wireless network node, the at least one wireless 
network node further comprising a selective transmit-
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ting component for selectively transmitting to the wire­
less access component, the at least one wireless network 
node having an associated current channel condition; 
and 

the selective transmitting component configured to 
dynamically determine a transmitting decision based at 
least in part on the multi-packet reception capabilities of 
the wireless access component and the current channel 
condition associated with the at least one wireless net­
work node. 

9. The system according to claim 8, the wireless access 
component substantially conforms to an Institute of Electrical 
and Electronics Engineers (IEEE) 802.11 standard wireless 
network specification. 

10. The system according to claim 8, the multi-packet 
reception capabilities is provided according to one of time 
division, frequency division, code division, and orthogonal 
frequency division multiple access schemes. 

11. The system according to claim 8, the associated current 
channel condition is based at least in part on an associated 
current channel Signal to Noise Ratio. 

12. The system according to claim 8, the transmitting deci­
sion is further based on a network population. 

13. A wireless device for accessing a wireless network 
comprising: 

a memory that retains executable instructions for compar­
ing a channel state of the wireless device with a channel 
state threshold and for selectively transmitting at least a 
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request to send signal, based on comparing of the chan­
nel state with the channel state threshold; and 

a processor communicatively coupled to the memory and 
operable to execute the executable instructions. 

14. The wireless device of claim 13, the wireless device 
substantially conforms to an Institute of Electrical and Elec­
tronics Engineers (IEEE) 802.11 standard wireless network 
specification. 

15. The wireless device of claim 13, the channel state is 
determined based on a channel Signal to Noise Ratio of the 
wireless device. 

16. The wireless device of claim 13, the channel state 
threshold comprises a Signal to Noise Ratio threshold. 

17. The wireless device of claim 16, the Signal to Noise 
Ratio threshold is based in part on a multi-packet reception 
capability of a wireless network in communication with the 
wireless device. 

18. The wireless device of claim 17, the Signal to Noise 
Ratio threshold is based in part on a number of wireless 
devices in communication with the wireless network. 

19. The wireless device of claim 17, the multi-packet 
reception capability includes one of time division, frequency 
division, code division, and orthogonal frequency division 
multiple access schemes. 

20. The wireless device of claim 17, the executable instruc­
tions further comprising instructions for decreasing a backoff 
counter if a transmission medium is idle. 

* * * * * 




