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Context & Overview

> Requirements

» Plug & Play, straightforward, cheap and efficient deployment.
» Distributed manner with unknown number of devices.
» Self-Organized resource management integration for scalability.
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Random access techniques

» Aloha

» Pure Aloha [Ambrasson70 [Yan86]
» Slotted Aloha [Namislo84]

» CSMA (Carrier Sense Multiple Access)

» CSMA/CD (Collision Detection) [Liu87]
» Basic CSMA/CA (Collision Avoidance) [Ho96]
» CSMA/CA - RTS/CTS (Request To Send / Clear To Send)
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Why CSMA/CA?

» Random access techniques :

» operates with an unknown number of devices [Hwang2009]
» operates in distributed manner [Ni2009]
» has cheap deployment [Xiaoben2007]
» do not require :

» much planning

> interoperability

> management complexity

» CSMA/CA - RTS/CTS is a random access technique.

» offers higher performance than Aloha for dense networks.
» adapted to M2M scenarios.
» performance degradation for dense networks.
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Previous works

» Optimized single band CSMA/CA

» Contention window [Xu2012]
» CSMA/CA - ECA (Enhanced Collision Avoidance) [Barcelo2009]

> Multiple channels based on CSMA/CA

» Multiplexing users through different channels [Chong2009] [Kwon2010]
» Separating physically the control and the data planes [Basagni2009]
> crowded : CSMA/CA still runs on a common channel and suffers from
collisions between control messages.
> low traffic : high rates users are penalized.

PhD Defense Baher Mawlawi November 26, 2015
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Analytical approach

» Development of analytical model based on Markov chains under some

assumptions [Bianchi98] :

» No capture effect.
» Failed transmissions only occur as a consequence of collision (perfect

physical channel).

> All nodes are saturated, always having packets to send.
» For any given node, the probability of collision, p;, is constant and

independent of the node’s collision history of the node and all other

nodes.
The probability of collision does not depend on the backoff stage at

which the transmission is made.

> All users have same bitrates and same amount of time to transmit.
» All users are divided into sets and each set of users is assigned to a

predefined sub-channel.
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Analytical derivations

Bianchi model M - CSMA/CA - RTS/CTS model
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Performance evaluation

» Home-made event-driven matlab simulator models the protocol behavior.

Packet payload
MAC header
PHY header
ACK length

RTS length

CTS length
Channel Bit Rate
Propagation Delay
SIFS

Slot Time

DIFS

8184 bits
272 bits
128 bits
112 bits + PHY header
160 bits + PHY header
112 bits + PHY header
72.2 Mbit/s
1 us
10 us
9 us
28 us

TABLE: PHY layer parameters for 802.11n 20Mhz
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Performance evaluation

» Home-made event-driven matlab simulator models the protocol behavior.

» Saturation conditions, no PHY,...

Packet payload 8184 bits

MAC header 272 bits

PHY header 128 bits

ACK length 112 bits + PHY header
RTS length 160 bits + PHY header
CTS length 112 bits + PHY header
Channel Bit Rate 72.2 Mbit/s
Propagation Delay 1 us

SIFS 10 us

Slot Time 9 us

DIFS 28 us

TABLE: PHY layer parameters for 802.11n 20Mhz

PhD Defense Baher Mawlawi November 26, 2015
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Performance evaluation

» M- CSMA/CA - RTS/CTS vs. Single band CSMA/CA - RTS/CTS

» 3 RTS bands and 100 nodes, we can achieve :
Collision probability gain = 70 %

» Saturation throughput gain = 30 %

» Transmission delay gain = 40 %

> Packet drop probability is divided by ~ 3

v
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Assumptions

Noise is dominated by interference.

The interference is seen like AWGN.

MCS=0 (R=1/2, QPSK) for RTS & CTS.

Perfect channel sensing.

All messages are decoded perfectly.

Stations are randomly distributed in the cell (uniform).

Only the RTS collision effect is treated.
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Interband Interference

» What are the constraints if OFDM is considered ?

» OFDM is not well localized in frequency.
> Interband interference occurs if the received signal over all the

sub-bands are not time synchronized.

> Position in the cell.
> Imperfect hardware implementation (response time...)

FrequencyA

RTS Band O

| RTS Band 1

Time

PhD Defense Baher Mawlawi November 26, 2015



Joint PHY-MAC analysis

Interband Interference

SIR(K,i)

Band #k Band #k+1)

PhD Defense Baher Mawlawi November 26, 2015



Joint PHY-MAC analysis

Interband Interference

SIR(K,i)

Band #k Band #k+1)

» Interband interference due to asynchronous transmissions.

PhD Defense Baher Mawlawi



Joint PHY-MAC analysis

Interband Interference

SIR(K,i)

Band #k Band #k+1)

» Interband interference due to asynchronous transmissions.

» Analytical model based on OFDM.

PhD Defense Baher Mawlawi November 26, 2015



Joint PHY-MAC analysis

Interband Interference

SIR(K,i)

Band #k Band #k+1)

» Interband interference due to asynchronous transmissions.

» Analytical model based on OFDM.
» SIR analytical expressions considering capture effect.
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» If the time misalignment is lower than the guard interval duration, the

orthogonality between sub-bands is guaranted.
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M - CSMA/CA - RTS/CTS is adapted for dense networks.

v

Scheduled M - CSMA/CA - RTS/CTS enhances the system performance.

v

M - CSMA/CA - RTS/CTS vs. single band CSMA/CA - RTS/CTS.

> introduces better performance for dense networks.
> when capture effect is not dominant.

> is more spatially fair.

v

Multicarrier waveforms already introduced into latest 802.11 standards can
fulfill the requirements for such implementations.

» OFDM is a good candidate if the Gl is small enough (and adapted to
the cell size).

» The proposed strategy may be easily implemented by allocating many
sub-carriers for different RTS messages.
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» Take the advantages offered by spatial diversity.

Extend the analytical model to take into consideration the effects of more
realistic communications.

Propose an analytical model related to the scheduled M - CSMA/CA -
RTS/CTS.

Consider the FBMC modulation.
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PhD Defense

Baher Mawlawi November 26, 2015



Scientific Contributions

3 Patents.

v

v

9 Conference papers.

v

2 Journals under preparation.

8 Technical contributions.

v

Grant from COST Action IC 0902.

v

PhD Defense Baher Mawlawi November 26, 2015



1.

3.

Scientific Contributions
List of patents
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Backup slides

> How to implement the M-CSMA/CA?

» Multicarrier waveforms (OFDM) are by construction good candidates.
> Carriers allocations

T -

Sub-band #1 Sub-band #2 Sub-band #3 Frequency
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Low bitrate with coexistence

DATA

High bitrate without coexistence
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MCS index Coding rate | Modulation
0 1/2 QPSK
1 2/3 QPSK
2 3/4 QPSK
3 1/2 16QAM
4 2/3 16QAM
5 3/4 16QAM
6 1/2 64QAM
7 2/3 64QAM
8 3/4 64QAM

TABLE: List of MCS Index Values.
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— FEC Mapping OFDM

T=L-STF+L—-LTF+L—SIG+ Data

T = 20us + M(N. + GI)/B (1)
&1
M=l = I 2)

where R is the coding rate, m is the modulation order and N, is the number of
active sub-carriers used to send the packet of length P bits.
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