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Executive Summary

This document is the first specification for therlwalone in Task 3.3 (data link layer) in the OPTHWbroject. The
specifications and work described in this docunwétitbe detailed further in follow-up documents Bésk 3.3, namely
D3.3b and D3.3c. The purpose of this document [mréwide a fist phase specification and desigrhef@PTIMX data
link layer functionalities. Besides the basic mggsspassing mechanisms, the data link layer funaliiies considered
here include header compression techniques, pointtitipoint transmission, and message scheduéiofrtiques.

The role of the data link layer is to provide thasic medium access control and data link contrah@aeisms to enable
data transfer across a physical link. At the sesdtr, the data link layer accepts packets frormttevork layer entity,

encapsulates them into transmission frames, anahigaithem to the physical layer for transmissianthe same time
managing the media access and controlling thedidigery. In the receiver, the data link layer iiges messages from
the physical layer, decapsulates them, and forwpadg&ets containing payload data to the networ&rlayhe data link

layer also interacts with the physical layer totcolting the physical link error handling and déitaw.

The implementation of the data link layer is tedogy specific. The OPTIMIX project focuses on twarglards, that
is, the IEEE 802.11 WLAN and IEEE 802.16 WiIMAX. Thén is to obtain the specification for the basitadlink
layer services from these standards, as the basiicss are not key issues in the project. Thedstahdata link layer
implementations are to be extended with enhancesnfemt multimedia delivery and cross-layer signalim the
project.

This document gives an overview of the data linkefastructures and functionalities supported by |EEE 802.11
WLAN and IEEE 802.16 WIMAX standards. This desdopt includes the basic message passing mechanisms
supported by the standard with solutions to achieliability and Quality of Service (QoS). The diand data link
layer implementations are discussed in the lighthef OPTIMIX system and new interfaces are spetiftavards the
cross-layer signalling frameworks utilized in th®jpct. The standard data link layer solutionsase to be modified

to support forwarding damaged frames to higherraj@ processing, instead of just dropping themiltivhedia flows

can benefit from the damaged frames to enhancejubéty of the media stream compared to the caseravkuch
frames are dropped. Partial checksum mechanisnmasgdered at the data link layer to implemert faature.

The OPTIMIX project considers point-to-multipoimabsmission of multimedia. In this document, th@lementation
of multicast in the data link layer is discussetieTocus is on addressing the bad support for mattia flows in the
multicast implementation defined by the IEEE 802tdndard. Different solutions for the problem analyzed.

The document considers also the interfaces andatiperof the data link layer towards the cross-taggnalling
framework identified for the OPTIMIX system and geated in more detail in the OPTIMIX Task 3.2 sfieafions
document D3.2a. The use case considered here mutigiser scheduling that aims to optimize trarssioin over the
physical medium. In principle, the data link layieterfaces with the cross-layer signalling systamobtain the
necessary feedback information for the schedulipgrations as well as to provide data for otheresygsentities
regarding the data link status (e.g. frame transiomsperformance and buffer state information).

Robust header compression is a solution for reduttia protocol overhead introduced by network ptzigon to the
useful video data. The issue is critical especimlthe case of video transmission over constralvetiwidth wireless
links. In this document, a solution of header caespion for DCCP/IPv6 profile being compliant to Rbdtandard is
described.

This document also includes evaluation of WLAN tilghput models. The modelling of WLAN data link leve
throughput is discussed based on measurementsmpedausing IEEE 802.11b/g. The goal of the measentsnand
analysis is to establish a model for the throughgharacteristics. Once obtained, such a model eansed in the
development of an error detection/correction cederlin the project.

Finally, the data link layer elements for the OPTXMsimulation chain are presented. The basic dia layer
implementation will base on the WLAN and WiMAX stiards. The interface specifications defined in@#TIMIX
document D1.3 will be used in the design of the GNIMN+ modules and are to be detailed further as the
implementation of the modules proceeds.
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1 Introduction

This document provides the first specification ales$ign of the OPTIMX data link layer (DLL) functialities. The
role of the DLL within the OPTIMIX system is to pride the required mechanisms for transferring ded control
information over the physical medium. The DLL meaisans considered in the project are based on tB& 1802.11
WLAN and IEEE 802.16 WiMAX technologies. The baBitL functionalities are adopted from these techgade and
extended with more advanced mechanisms to betmrosumultimedia delivery. The main improvementsisidered
for the DLL here include the use of partial chechsmechanisms for data frames, advanced data lirét haulticast,
efficient multiuser queuing and scheduling solusioand the Robust Header Compression (RoHC) iedh&ext of the
Datagram Congestion Control Protocol (DCCP). Initald to traditional data and control informatioelidery, the
DLL is to be integrated as a part of the crossHagmtrol and feedback signalling framework of @BTIMIX system,
which necessitates the DLL to support the assatiaterfaces and information collection.

Chapter 2 provides an overview of the basic DLLctionalities associated with the IEEE 802.11 WLANIAEEE

802.16 WIMAX technologies. The basic DLL mechanisans required to provide a message passing sefivicie

higher layers over the physical medium. The badit Bervices are not key issues in OPTIMIX, and tlaeg thus
implemented according to the IEEE 802.11 WLAN aBBE 802.16 WiMAX standards. The chapter also disesishe
integration of the DLL with the rest of the OPTIMBYstem, including the interfaces towards the Médiependent
Handover (MIH) and triggering frameworks preseritethe OPTIMIX specifications document D3.2.

In Chapter 3, the data link layer multicast is disged in the context of multimedia transmissiore Thapter presents
available solutions to address the deficienciehefmulticast support defined in the IEEE 802.Hhdard in the case
of multimedia delivery. The main problems with thexisting standard are that there is no support for
acknowledgements in the multicast case and thepmahspeed is limited to the low base rates.

Moreover, this document discusses two data linklleelutions for optimizing multimedia delivery ass a wireless
link: Chapter 4 discusses a solution for multiuselmeduling to be used in the OPTIMIX system. Chaptpresents a
solution developed for header compression for DOBMAY profile being compliant to the Robust Headenpression
(RoHC) standard. RoHC can be used for reducingotbéocol overhead associated with multimedia trassions in

the case of bandwidth constrained wireless linkktans increasing efficiency.

Chapter 6 outlines measurements conducted in ai EER2.11 b/g environment. The measurement resattk bp the
assumptions taken in the project, that is, capguciorrupt frames is worthwhile and that it is pbisito estimate the
future characteristics of a WLAN channel. Howewvitie channel model is hard to be described with iaeusal
equation and parameters, and should be measuteddn®©nce obtained, such a model can be useé ihethelopment
of an error detection/correction code later inghaect.

The envisioned DLL simulation models to be impleteeninto the OMNeT++ simulator are described skoirtl

Chapter 7. This document gives a general levelvaeerof the DLL procedures that will be supportadhiie OPTIMIX

simulation chain. No simulation results are presgnhowever, but they are left for the upcomingvéeables D3.3b
and D3.3c. Chapter 8 finally concludes the document
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2 Generic Data Link Layer Functionalities

2.1 |EEE 802.11 DLL

The IEEE 802.11 DLL consists of two sublayers:Itgical link control (LLC) and the medium accessitol (MAC).
The LLC, which is based on the IEEE 802.2 standfams the upper sublayer of the DLL. The purpokthe LLC is

to exchange data between end users across a LAl asi802-based MAC controlled link, i802.11 in this case. The
LLC is independent of the topology, transmissiondmm, and medium access control technique. During
communications, the higher layers (transport artdiowk layers) pass user data (IP packets) dowhad t C. The IP
packets are encapsulated into a control headextimgean LLC PDU (protocol data unit). The LLC PIdthen sent to
the MAC layer through the MAC SAP (service accesst). Figure 1 illustrates the LLC PDU structure.

Destination Senvice
SAP SAP Contral Data
g bits 8 bits 8 bits wariable bits

Figure 1 — The LLC PDU structure.

The LLC provides three types of services to netwayler protocols:
- Unacknowledged connectionless service
o Datagram-style
o No error or flow control mechanisms
0 Supports individual, multicast and broadcast adsiings
- Connection-oriented service
o Establish connection between peer LLCs
o No support for multicast or broadcast
o Provides error and flow control (continuous angsind-wait ARQ)
- Acknowledged connectionless service
o A successful delivery of datagrams is acknowledged
o Flow and error control is provided using stop-araitvaRQ

The IEEE 802.11 MAC service [13] defines the protoand compatible interconnection for peer LLC &edi to
exchange MAC service data units (MSDUSs). The MA@suthe underlying physical layer services (defibgdEEE
802.11 PHY standard) to transport the MSDUs topber MAC entity which will forward it to the peel.C entity.
MSDU delivery is best effort by default and thesenio guarantee that the transmission is succedEfaE 802.11e
standard defines mechanisms to introduce Qualityes¥ice (QoS) to the frame transmission. The MA@viges both
multicast and broadcast data services in additonnicast. The nodes are identified by a 48-bitEB#AC address.
The IEEE 802.11 standard uses special broadcasnhatitast addresses to support these kinds of agmuation. The
MAC supports two modes of operation: under contfadn access point (AP) and between independeitrstgi.e. ad
hoc). The protocol includes authentication, asdmeiaand re-association services, an optional ygrtion/decryption
procedure, power management to reduce power corigunrip mobile stations, and a point coordinationdtion for
time-bounded transfer of data. The MAC servicessali into station services (SSs) and distributsystem services
(DSSs).

Each IEEE 802.11 station (STA), including the Apr®yvides the following MAC services:
a) Authentication
b) Deauthentication
¢) Data confidentiality
d) MSDU delivery
e) Dynamic frequency selection (DFS)
f) Transmit power control (TPC)
g) Higher layer timer synchronization (QoS faciligly)
h) QoS traffic scheduling (QoS facility only)

The services that are part of IEEE 802.11 distiiouservice (DS) are as follows:
a) Association
b) Disassociation
¢) Distribution
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d) Integration
e) Reassociation
f) QoS traffic scheduling (QoS facility only)

The DS is the architectural component used todntarect basic service sets (BSSs). A BSS is the ba#ding block

of an IEEE 802.11 based LAN and may include twanore STAs. The IEEE 802.11 standard does not gpiecifetail

the implementation of the DS. It may be creatednfimany different technologies including current EEB02 wired
LANs. The standard does not constrain the DS teitheer data link or network layer based. MoreoeeDS may be
either centralized or distributed in nature.

The general MAC frame structure used in IEEE 802MIIAN is shown in Figure 2 Each frame consists dflaC
header, a frame body, and a frame check seque@&) (Fhe header comprises of frame control, dunatddress, and
sequence control information. The fields Addresédjress 3, Sequence Control, Address 4, QoS dpatrd Frame
Body are present only in certain frame types anmdyges. The Frame Body contains information spedifithe frame
type and the FCS contains a cyclic redundancy ¢@iRC). The maximum frame body size is determinedthzy
maximum MSDU size (2304 octets) plus any overheauh fsecurity encapsulation.

Octets: 2 2 6 6 6 2 6 2 0-23424 4
Frame Duration/ Sequence QoS Frame
Control 1D Address 1 | Address 2 | Address 3 Control Address 4 Control Body FCS
-
MAC Header

Figure 2 — General MAC frame structure in IEEE 80211 (Source: [13]).

The IEEE 802.11 uses contention-based channel adoe$STAs with no QoS support. The multiple accesdseme
used in IEEE 802.11 WLAN is called Carrier Senseltidie Access with Collision Avoidance (CSMA/CA).oF
CSMA/CA two basic coordination functions can bedisthe Distributed Coordination Function (DCF) ahd Point
Co-ordination Function (PCF). CSMA/CA is based syrechronous frame transmission (connectionlessYatiders a
best effort service without any bandwidth and layeguarantees. The main advantages of the mettethat it suits
well for network protocols such as TCP/IP, is quitiaptable to variable traffic conditions, andather robust against
interferences. The operation principle of CSMA/GAthe following: When a STA detects that the mediarfree it
begins to decrement its back-off counter from tHED(DCF Inter-Frame Space) period. When the bdtkaunter
reaches zero the STA begins the transmission pedvilat the medium is still free. If the transnmusstollides, the
STA chooses new random back-off counter value aaits\vfor the next transmission opportunity. PClewafl also for
contention-free transmissions through dividingtihee after each transmission into a Contention Pedod (CFP) and
a Contention Period (CP). During the CFP, the S@rs polled by the point coordinator with round-roligorithm
and granted a priority-based access to the meditw PCF thus provides contention free servicesdorQoS STAs.

The IEEE 802.11 MAC includes also a more advanaagtdination function that can be used to achiev& ®apport
for the 802.11 link, namely the Hybrid Coordinatibonction (HCF). The HCF is supported by all QoSASTThe

HCF combines functions from the DCF and PCF withagrted, QoS-specific mechanisms and frame subtgpa®w

a uniform set of frame exchange sequences to ke fos€oS data transfers during both the CP and. ke HCF

uses both a contention-based channel access metlatidd the enhanced distributed channel accessC/D
mechanism for contention-based transfer and a adedr channel access, referred to as the HCF déedrahannel
access (HCCA) mechanism, for contention-free temsfhe EDCA mechanism provides differentiated iserfor

STAs using eight different UPs (user prioritiesheTHCCA employs a QoS-aware centralized coordinaialted a
hybrid coordinator (HC), which is collocated withet AP of a BSS. HCCA can be used to achieve lintigtion

controlled access phase (CAP) for contention-fraasfer of QoS data. Figure 3 summarizes the coemerof the
MAC architecture discussed above.
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Figure 3 — The IEEE 802.11 MAC architecture (Sourcg[13]).

To address the hidden node problem in IEEE 802.1AM¢$, a mechanism called RTS/CTRequest To Send/Clear
To Send) can be used. The hidden node problemuisedaby the attenuation of the radio signal dutiragsmission,
and thus all nodes may not hear each other bethesdtenuation is too strong between them. Sinedransmissions
are based on the carrier sense mechanism, thicawsg nodes to transmit at the same time. The RIISSi@roduces
a handshaking to the beginning of a data transamss$iefore sending a frame, the transmitter senld$ % and waits
for a CTS from the receiver. The reception of a @idicates that the receiver was able to receigeRIS and that the
channel is clear in its area, so the data trangmnissan begin. Since all the nodes may not hearattteal data
transmission, the RTS and CTS messages contaiexpected length of the upcoming transmission. Thishe
collision avoidancdeature of the RTS/CTS mechanism (also referredstwirtual carrier sense): all the other nodes
restrain themselves from accessing the channel aft€TS even, if they do not sense any transmissaer the
medium.The RTS/CTS also results in shorter collisiongnmet If two nodes attempt to transmit in the safedf the
contention window, theiRTSs collide and they don't receive any CTS. Innibienal scenariadhe whole packet would
be lost.However, because of the overhead of RTS/CTS hakitghat is typically not used for small packetslightly
loaded networks.

In CSMA/CA, the transmitter cannot detect collisoon the medium. The air is also more prominerdradrs than a
wire, so there is a higher chance of packets beimgipted in a WLAN than in a LAN link. To introdeaeliability to
the frame transmission, MAC protocols implementifpges acknowledgement (automatic repeat requestQABRnd
MAC level retransmissions. The ARQ mechanism usis@vledgments (ACKs) and timeouts to detect prwoislén
frame transmission. The receiver sends an ACKddrdmsmitter to indicate that it has correctlyeieed a data frame.
If the sender does not receive an ACK after a pegdened amount of time (defined with a timeoutgraeter), it re-
transmits the frame until it receives an ACK or exds a predefined number of re-transmissions atloBequence
numbering of data frames is used for determinirggdbrrect reception of data packets. The ACKs amebédded" in
the MAC protocol, so they are guaranteed not ttdml According to the standard, broadcast andioadt packets are
not acknowledgedso they are more likely to fail. The use of MAC4&\ACKSs and retransmissions however creates
the possibility that a frame may be received mbentonce, so the receiver MAC also needs to imphmietection
and filtering of such duplicate frames.

Frame retransmission is not very efficient in tlase of long frames (a single error causes thenstission of the
entire frame). Thus, frame fragmentation can beal useincrease performance under high error ratesgrRentation
means that big packets are sent in small pieces theemedium. Fragmentation always adds some oadrhs the
frame headers are duplicated in every fragment.eler, each fragment is individually checked archresmitted, if
necessary. The benefits of this method howevettteaein case of error, the node needs to retransnijt a small
fragment, making it faster, and if the medium isyveoisy, a small packet has a higher probabilftgetting through
without errors, increasing the chance of succedsfuisfer under bad conditions. According to thendard, only
MPDUs with a unicast receiver address are fragndembelticast and broadcast frames should not lygrfeanted.

The MAC interacts with the underlying physical lay®HY) through the PHY-SAP interface [13]. Therpitives
associated with communication between the IEEE BORAC and the IEEE 802.11 PHY are divided intovasy
primitives that support MAC peer-to-peer interanticand service primitives that have local signifima and support
sublayer-to-sublayer interactions. The PHY-SAPrytegeer service is realized using PHY-DATA reduexication,
and confirmation primitives. The PHY-SAP sublayessublayer service primitives and their parametgeslisted in
Table 1 through Table 3. A more detailed descriptib each primitive is also included below to gevdetter view of
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the interactions between the IEEE 802.11 MAC amrdIBEEE 802.11 PHY. The reader is advised to sthdystandard
for the PHY related details as they are out ofstt@pe of this document.

Primitive Request Indicate Confirm
PHY-TXSTART X X
PHY-TXEND X X
PHY-CCARESET X X
PHY-CCA X
PHY-RXSTART X
PHY-RXEND X

Table 1 — PHY-SAP sublayer-to-sublayer service priitives.

Parameter Primitive Value
DATA PHY-DATA.request Octet value X'00’-X'FF’
PHY-DATA.indication
TXVECTOR PHY-TXSTART.request A set of parameters
STATUS PHY-CCA.indication BUSY, IDLE
RXVECTOR PHY-RXSTART.indication | A set of parameters
RXERROR PHY-RXEND.indication NoError, FormatViolati, CarrierLost,
UnsupportedRate

Table 2 — PHY-SAP service primitive parameters.

Parameter Primitive Value
DATARATE TXVECTOR, RXVECTOR | PHY dependent. The naofehe field used tg
specify the Tx data rate and report the Rx data
rate may vary for different PHYs.
LENGTH TXVECTOR, RXVECTOR | PHY dependent

Table 3 — Vector descriptions.

PHY-DATA.request

Function and use:

The PHY-DATA.request primitive is generated by MAC sublayer to transfer an octet of data to therRitity and
it can only be issued following a transmit initition response (PHY-TXSTART.confirm) from the PH¥hen the
PHY entity receives the octet, it will issue a PBATA.confirm to the MAC sublayer.

Semantics:
The primitive includes the following parameters: RBATA.request(DATA). The DATA parameter is an octef
value X'00' through X'FF".

PHY-DATA.indication

Function and use:

This primitive is generated by the PHY entity téoiim the local MAC entity about the transfer of aafhe receiving
PHY entity issues a PHY-DATA.indication to transfae received octet of data to the local MAC enfitiie effect of
receipt of this primitive by the MAC is unspecifigdthe standard.

Semantics:
The primitive provides the following parameters:YRBATA.indication (DATA). The DATA parameter is aoctet of
value X'00' through X'FF".

PHY-DATA.confirm

Function and use:

This primitive is sent by the PHY to the local MAStity to confirm the transfer of data from the MA@tity to the
PHY. The PHY will issue this primitive in responsge every PHY-DATA.request primitive issued by theAM
sublayer. The receipt of this primitive at the MA@l cause the MAC to start the next MAC entity uet.
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Semantics:
The semantics of the primitive are as follows: PEXTA.confirm. This primitive has no parameters.

PHY-TXSTART.request

Function and use:

The MAC sublayer uses this primitive to request libeal PHY entity to start the transmission of afPMJ. This
primitive will be issued by the MAC sublayer to tiRHY entity when the MAC sublayer needs to begia th
transmission of an MPDU. When receiving this priveit the PHY entity will start the local transmiaite machine.

Semantics:
The primitive provides the following parameters:YRAXSTART.request (TXVECTOR). The TXVECTOR is atlisf
parameters that the MAC sublayer provides to thallBHY entity in order to transmit an MPDU.

PHY-TXSTART.confirm

Function and use:

The PHY entity issues this primitive to the localhM entity to confirm the start of a transmissiomeTPHY will issue
this primitive whenever it receives a PHY-TXSTAREquest primitive from the MAC sublayer and is reémlyegin
accepting outgoing data octets from the MAC. Theeig of this primitive will cause the MAC entity tstart the
transfer of data octets.

Semantics:
The semantics of the primitive are as folloRs$lY-TXSTART.confirm. This primitive has no paramese

PHY-TXEND.reguest

Function and use:

The MAC sublayer uses this primitive to request libeal PHY entity to complete the current transiissof the
MPDU. The MAC sublayer generates this primitiveeafihe reception of the last PHY-DATA.confirm fraime local
PHY entity for the MPDU currently being transferréithe receipt of this primitive will cause the 1b&HY entity to
stop the transmit state machine.

Semantics:
The semantics of the primitive are as follows: PHXEND.request. This primitive has no parameters.

PHY-TXEND.confirm

Function and use:

The PHY-TXEND.confirm primitive is sent by the PH{ the local MAC entity to confirm the completiori a
transmission. This primitive is generated in regeoto every PHY-TXEND.request primitive received thg PHY
immediately after transmitting the end of the laistof the last data octet indicating that the sgimpntaining the last
data octet has been transferred. The receipt sfphimitive by the MAC entity provides the time esfnce for the
contention backoff protocol.

Semantics:
The semantics of the primitive are as follows: PRXEND.confirm. This primitive has no parameters.

PHY-CCARESET.request

Function and use:

The MAC sublayer issues this primitive to the loBaflY entity to reset the CCA (clear channel assegghrstate
machine. This primitive is generated at the endaolNAV timer. This request can be used by some PHY
implementations that may synchronize antenna diyenssth slot timings.

Semantics:
The semantics of the primitive are as follows: PBEARESET.request. This primitive has no parameters.

PHY-CCARESET.confirm

Function and use:
The PHY entity issues this primitive to the locahM entity to confirm that the PHY has reset the C&ate machine
after receiving a PHY-CCARESET.request. The efédetceipt of this primitive by the MAC is unspeei.
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Semantics:
The semantics of the primitive are as folloR$lY-CCARESET.confirm. This primitive has no paraerst

PHY-CCA.indication

Function and use:

This primitive is used by the PHY to inform the &&AC entity about the current state of the medidinis primitive
is generated as a response to a change in the sifathe channel, that is, from channel idle toncteh busy or from
channel busy to channel idle. The effect of recefghis primitive by the MAC is unspecified.

Semantics:

The primitive includes the parameter: PHY-CCA.iradion (STATE). The STATE parameter value can be BUWS
IDLE. The parameter value is BUSY, if the channstessment by the PHY determines that the channebtis
available, otherwise the value is IDLE.

PHY-RXSTART.indication

Function and use:

The PHY issues the PHY-RXSTART.indication primititee the local MAC sublayer when the PHY has sudodigs
received a valid header at the start of a new pgagifter generating a PHYRXSTART.indication, the Pli$ expected
to maintain physical medium status as BUSY durivggperiod required by the PHY to transfer a frarhe indicated
LENGTH at the indicated DATARATE. The effect of eggt of this primitive by the MAC is unspecified.

Semantics:

The primitive provides the following parameter: PHRXKSTART.indication (RXVECTOR). The RXVECTOR
represents a list of parameters that the PHY pesvidr the local MAC entity upon receipt of a vaRtiCP (physical
layer convergence procedure) header. This vectgramatain both MAC and MAC management parameters.

PHY-RXEND.indication

Function and use:

This primitive is used by the PHY to inform the &®AC entity that the MPDU currently being receivis complete.
The success of the MPDU reception is also indicatethe primitive. If RXERROR value is NoError, tMAC uses
the PHY-RXEND.Indication as reference for chanrmatess timing. The effect of receipt of this pringtiis for the
MAC to begin inter-frame space processing.

Semantics:

The primitive provides the following parameter: PHRXEND.indication (RXERROR). The RXERROR parametan
include one or more of the following values: NoEjréormatViolation, CarrierLost, or UnsupportedRalehe
parameter values returned for each possible eomdition are explained in the following:

- NoError signal indicates that no error occurredr the receive process.

- FormatViolation signal indicates that the formo&the received PPDU was erroneous.

- CarrierLost signal refers to a situation where tlarrier was lost during the reception of the mitg MPDU
and no further processing of the MPDU can be done.

- UnsupportedRate signal indicates that an unsuggodate rate was detected during the receptiothef
incoming PPDU (PLCP protocol data unit).

2.2 |IEEE 802.16 WIMAX DLL

WIMAX MAC acts as an adaptation layer between PHWM apper layers and also performs data mappinthtodata
exchanged between them. Service Data Units (SDét®ived from the upper layers are segmented anchtamated
into MAC Protocol Data Units (MPDU). MPDUs from ugiplayers are passed down to the PHY layer wittséhected
burst profile and power level for transmission.

IEEE 802.16-2004 [9], also referred to fixed WiIMAMEEE 802.16d), and IEEE 802.16e-2005 [10], reféteMobile
WIMAX (IEEE 802.16¢), divide the WiMAX MAC into thae distinct sublayers, as illustrated in Figure 4.
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Figure 4 — WiIMAX MAC.

The Convergence Sublayer (CS) accepts higher-laipds and performs a classification of them. [1Gdfies CSs
for the following protocols: ATM, IPv4, IPv6, Ethest, and Robust Header Compression (RoHC). The WANWAAC
is connection oriented and uses a unidirectionaheotion identifier (CID) in order to identify a moection between
MN and BS. CS is responsible for the mapping ohbiglayer addresses (often meaning IP) and thegmonding
CID.

In contrast to CS, MAC common part sublayer is petelent of the higher layer protocol. Common palolayer is the
basis of WIMAX MAC and handles, for example, pack&PDU encapsulation/decapsulation, packet scheglulin
Automatic Repeat-Request (ARQ), bandwidth allocetjomodulation, and code rate selection [11]. Tingperted
modulations schemes for data bursts in [10] arelkQR8 QAM, and 64 QAM with various error codingeat

WIMAX MAC layer allows flexible allocation of tramsission capacity to different users. Variable $i#eDUs can be
included into one data burst handed down to the Riy¥r. As well, multiple SDUs can be embedded orte MPDU,
or an SDU can be fragmented into multiple MPDUsisTWay the MAC header overhead can be decreasedhand
overall performance increased.

WIMAX MAC supports ARQ for improving the reliabilit In addition, Hybrid Automatic Repeat-Request (Rid)
scheme is an optional feature in the OFDMA PHY fagfelEEE 802.16e. ARQ brings reliability over thi interface
and thus protects against transient signal desditors, but WiMAX MAC also provides QoS assurance NIPDUs
belonging to the following traffic types:

Unsolicited Grant Services (UGS) assures bandvedthmaximum delay for delay and jitter sensitive
application with fixed size data packets at cordbérate.

Real-time Polling Services (rtPS) provides QoSises/for real-time applications with variable sttaa
packets, such as video stream.

Non-real-time Polling Services (nrtPS) is similartPS but does not offer as strict delay varigmogection.
Thus, nrtPS is reasonable with data transmissions.

Extended Real-time Variable Rate (ert-VR) guarantgtrate and delay requirements of applicatiorth wi
variable bitrate.

Best Effort (BE) provides minimal amount of QoS afada is sent when resources are available.

Each MPDU consists of a 48-bit header followed hyagtload and a cyclic redundancy check (CRC) pé&itgure 5
shows DL MAC and UL MAC header generic to each MRRdntaining either management or data.
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Figure 5 — Generic MAC Header Format (Source: [10])

Figure 6 illustrates the structure of the type | MIAC header format for MAC signalling messages ssithout
payload. This is used by the MN for bandwidth resgsietransmission power reports, Carrier-to-Interiee-plus-Noise
Rate (CINR) reports, Channel-Quality Indicator Oheln(CQICH) allocation requests, PHY channel reposteep
control, and MPDU sequence number report used iifQARhe BS assigns DL bandwidth to the attached MNs
according to the inbound data from the network .sitlee UL bandwidth is allocated to each MN basedttogir

requests.

== e
= Header Content MSB (11)
ol v
Header Content LSB (8) CID MSB (8)
CID LSB (8) HCS (8)

Figure 6 — MAC Signalling Header Type | Format (Souce: [10]).

Type Il UL MAC header format for MAC signalling shown in Figure 7. It is used for feedback, forragke, on
MIMO channel.

Tl % Header Content MSB (13)
S S
T |m]|F
Header Content (16)
Header Content LSB (8) HCS (8)

Figure 7 — MAC Signalling Header Type Il Format (Sairce: [10]).

For more detailed information on the header foramat for the field values for each message typer tef[10].
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Security sublayer (SS) provides MN privacy, autleion, and confidentiality and network side e@afitprotection
against unauthorized access. MPDUs sent over thatarface between MN and BS are encrypted. Sgcsublayer
provides MN and network side key management prétomchanisms to authenticate each other and torgienand
exchange symmetric keys for MPDU encryption. The k&nagement protocol is based on Extensible Atittation
Protocol (EAP) or X.509 digital certificates togettwith RSA.

2.3 Perspectives

The OPTIMIX system requires that the DLL providis basic mechanisms for L2 data transmission d&€EI802.11
and IEEE 802.16 links. The implementation of thesehanisms in the simulation environment will natlude all the
features discussed above, but rather an approximati them. In addition to the standard-specifiatfiees of the
WLAN and WIMAX DLLs, additional requirements aretioduced to the DLL by the OPTIMIX system. These
requirements are discussed in this section. Anvisrerof the DLL simulation model is given in Secti@.1.

In the OPTIMIX system, DLL interfaces with the IEEED2.21 MIH Function and the Mobile Observer rugnin
Triggering Engine functions, as illustrated in Figlb. The specification of these interfaces (i.édHM.INK_SAP,
MIH_NET_SAP, and TRG) is presented in [12], and DieL implementation is required to support them.e$é
interfaces provide internal, end-to-end event répgrand dynamic link condition monitoring. At tilsender side, the
data stream travels from the network layer and Ra@itities to the DLL, which then processes the ptckand
forwards them to the physical layer for transmissiwer the communications medium. At the receiber firocess is
reversed.

®
°
®
- TRG -
ROHC
f
Mobile Lo ol MIHF |y, ",
Observer "”ﬂ’q ,“,‘8 ;4!4- s
/s
“‘Sjﬁ’. A Y
TRG
DLL
- TRG: -
- TRG > PHY

Figure 8 — DLL module placement within the OPTIMIX system.

In OPTIMIX system, the DLL is also required to sopppassing of corrupted payload data to higheersyfor
processing, as this is required for multimedia dietasmission. The OPTIMIX system requires that@ié is capable
of passing corrupted payload data to higher laf@rprocessing in the receiver. This means thatupded data packets
should not be dropped by the DLL module. Insteamalged packets are sent to upper layers (netwoiradsport
layers) and finally to the application layer. Tdimwve this operation, partial checksum or no checkat all needs to
be used at the DLL, provided that partial checksiosed at the transport layer of the simulatioairch
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3 Data Link Layer Multicast

In the case of the current 802.11 standard theicasttimplementation is not multimedia friendlyadit The problems
are that there is no acknowledgement on the remeptid the transport speed is limited do the batss (1 or 2 Mbps).
Many researchers already investigated this prolalechtried to propose a solution for that. Here warmmarize all the
different approaches that handle the multimedidinast situation.

3.1 Leader Based Protocol (LBP)

This protocol is proposed by Joy Kuri and Sneha Huiasera in their Reliable Multicast in Multi-asseWireless
LANs publication in 1999. This could be the oldgstoposal that tries to fix the problem of the migsi
acknowledgements utilizing other 802.11 features.

The protocol is based on RTS and CTS (Ready to SaddClear to Send) messages. The 802.11 promoobddified
so that these two messages could be used for astlfitirposes as well. Furthermoreaderis elected in the multicast
group whose role is to send feedbacks to the aquaiss about frame reception. When all the framasgeharrived
successfully, then the leader sends an ACK (Ackadgément) message, otherwise it sends a NACK (NegaCK)
message. All the others signal only the missinghés via NACK messages. When the Access Point regein ACK
from the leader, and nothing else, then the trassion was correct. In case of any NACK message#dticess Point
repeats the transmission.

First the Access Point sends a CTS message to dlteeast group signalling that it would like to semulticast data.
This also allocates the channel for the time oftthesmission. This procedure is shown in Figure 9.

' SIFS : : DIFS

CTS-t0-|g o e !
AP self [€” ulticast Data i'<—> R
' | SIFS i
: «—» ACK R
Recv 1 ! | | >
: | SIFS |
Recv 2 ' —PINACK -
SET ‘Update >

NAV

v

Figure 9 - LBP message timing.

The Access Point stores the addresses of the kafleach multicast group. When a new receiver avdiké to join
the group then the access point looks up the leafdére group first. If there is no leader yet focertain group, then
the newcomer receiver will be the leader. If, hogrewa leader exists then the request is acknowtedgly. When the
leader leaves the group and there are receiverstttiavould like to receive the multicast flowhen they must rejoin to
the same group.

The drawbacks are that this approach does not sbé/elata rate problem. The leader election isdedined. And
nodes that do not receive the RTS and CTS may ¢ateséerence.

3.2 Broadcast Medium Window (BMW)

This solution is provided by Ken Tang and Mario l&én the publication named MAC Reliable Broaddasad-hoc

Networks. The main idea of the protocol is thatrieeghbouring nodes send frames to each other asiaund Robin
like scheduling. To achieve this functionality eawdde has to maintain three lists: the list of mlegghbours and the
lists of the sent and received frame sequence ntegnbhe nodes always know who their neighbours Reeeiving a

frame makes the sender node to be listed. Howéteerie is no frame from a neighbouring node féoray time, then

this node is deleted from the list. For the neighttiscovery nodes periodically send Hello messages

During transmission the sender first sends an R€Ssage specifying the sequence numbers that idviel to send.
The receiver replies with a CTS message and spedili those sequence numbers that are not reckivédelf yet.
Upon receipt of the CTS, the sender sends all thmds that are requested by the receiver. If tcepté®n is
successful, the receiver sends an ACK message.pfoicgdure is repeated between the neighboursalhthe nodes
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have all the frames. The procedure is reinitializdten there is a new frame ready to be sent forgtbep. If the
number of unsuccessful sending exceeds a certashbld then the sender deletes the neighbour thertist.

The algorithm implements a feedback system by wttiehlost or corrupted frames can be reported. draeback is
that the transmission speed cannot be modifiedtipeICTS replies for a given RTS message can cprdgems as
well.

3.3 Batch Mode Multicast MAC Protocol (BMMM)

This work is provided by Min-Te Sun, Lifei Huangnish Arora and Ten-Hwang Lai in their Reliable MA@yer
Multicast in IEEE 802.11Wireless Networks publicati They further developed the BMW algorithm inwothg a
RAK (request for ACK) message. This message isvoiding frame collision and idle channel problems.

Here the sender first waits for the channel tolearcand gets it. At the beginning of the transiois# sends an RTS
message specifying all the group members and arvait value. Upon receiving the CTS message, tha da
transmission begins. At the end of the transmist#ienRAK message is sent out to each member waiingn ACK
message.

BVIMM
% ................ (s crs]| p— [re] ack] EnE -
— / — _/ v
g Y
n pairs n pairs
BMW
1st 2nd n-th

m<_>nten5i0n| RTS| CTSl DATA | ACK |<—P|Conten5ion RTS| CTS| DATA |ACK| """""""""" %

>

Figure 10 — BMMM protocol.

The main advantage of the BMMM protocol is thataduces the number of concurrent states which mganes
sparing. The reduced time consumption remains fitgnt despite of the introduction of a new mess@@K). The
method is compatible with other MAC protocols, too.

The drawback is that the transmission speed cdmatodified. Moreover, in heavily congested netwdie amount
of messages degrades the performance.

3.4 Broadcast Support Multiple Access (BSMA)

This is a new work from the authors Ken Tang andid&erla. They published this protocol in theirfdam Access
MAC for Efficient Broadcast Support in Ad Hoc Netske work. This protocol is supposed to overcomerthsticast
frame collision problem by using RTS, CTS and ACKssages.

In a DCF (Distributed Coordination Function) systeath nodes can get the channel with equal protigbivhen the
channel is clean then the sender is able to tranktare the sender sends an RTS message and satsnogr to wait
for CTS messages. The receivers send CTS messageeiup a timer to receive the data. ReceiviegGhSes the
sender sets up a new timer to wait for the NAK rages. If no NAK message is received the sendeadesithe
transmission to be successful, and prepares falirsgthe next piece of data.

The method provides a coordination scheme thateptsvcollision. Also, it reduces the number of mgss in the
network. The drawback is that the transmission dpaanot be modified.

3.5 HIMAC

This algorithm is provided by Ai Chen, Dongwook | e@ayathri Chandrasekaran and Prasun Sinha in High
Throughput MAC Layer Multicasting in Wireless Netike publication. The protocol focuses on two proide
creating a good feedback system and providing mé&amthe transmission speed modification. Alsohandles the
interference problem caused by broadcast messélgere are two mechanisms inside: Unary Channellized(UCF)
and Unary Negative Feedback (UNF). These are sisigleals that contain the information in their ldngrhe good
thing is that a node can receive multiple of sughas, while in the previous cases only one sigoald be received at
a certain time.

Whenever the sender would like to transmit an mfation piece to the neighbours, it should reseineechannel first.
After successful reservation, it sends an RTS ngessath the list of the group members. In the oafsa receiver, it
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should reply with an UCF message. The UCF lengthrdenes the best data rate. The shortest signahsnthe best
available data rate, while the longest means theest one. In the case where there is no UCF redeithen the
procedure is repeated. The UNF could further imerthe performance of this algorithm. If no UCFeéseived, then
the procedure is repeated. The UNF could furthg@rawve the performance of this algorithm. If inteefiece occurs, the
receiver may already know the content of the frasm,t may decide that the retransmission of tlzen& is not
necessary. Figure 11 and Figure 12show the UCRUatEimessages.

UCF
contsgfon SFS Max. UG- Duration SFS
Sender ¢ »| RIS [P P> DATA >
Receiver 1 e o
(36Mbps) i
Receiver 2 UGF g
(24Mbps) >
36 Mbps
24 Mbps;
6 Mbps
Figure 11 - UCF message.
UNF
cont;g:son SFS Max. UCF Duration SFKS
Sender <—>E|<—> < < DATA cancelled >
Receiver 1 UNH UG:cancelled| o
Receiver 2 UNHUGCFcancelled | g

Figure 12 — UNF message.

Through the reduction of collisions and unwantgoktiions this feedback mechanism results in a guerbrmance,
and also allows for an increase in transmissioedpe

3.6 RMAC

This approach is proposed by Weisheng Si and Clméngzn their A Reliable Multicast MAC Protocol faVireless
Ad Hoc Networks work. This approach introduces ayone signal to overcome the problems of the ioagt data
transmission. A peculiarity of this approach isttira order not to disturb the data communicationcan-of-band
busy/tone signal is used. Two messages are usedceiver Busy Tone (RBT) and an Acknowledgment Blisge
(ABT) message. RBT provides solution for the hidderminal problem and also replaces the Networloddtion
Vector (NAV) during the RTS/CTS massages. The AB&ssage is used to signal successful data transmisEie
advantage of the ABT is that there is no procesisirige physical layer is needed and there is adsneed for message
header ABT is as short as possible. However, it distinguish the ABT message from one anotherge is a new
control message called Multicast Request-to-SendTB). The receivers send feedback according to fositions in
the MRTS message. Thus only one control messatgcisssary.

The procedure of the algorithm is the followinge ttender sends an MRTS message. When a node eeiteiven it
looks up itself in the message. If its MAC is Itinen it stores the index and sends an RBT mes$hgesender waits
for the RBTSs for a certain amount of time thentdirts to send the data to the receivers. If theleereceives an ABT,
then the transmission was successful. OtherwiddRIRS message is resent.

3.7 802.11MX

This is a work done by S. K. S. Gupta, V. Shankat &. Lalwani. They published their solution isiRlele Multicast
MAC Protocol for Wireless LANs publication. The maidea is analogous with the RMAC protocol. In the
abovementioned BMMM and BMW protocols the numbenaofle control message cycles is way too high atehds

to more frequent collisions. This problem is oveneoby Busy/Tone signals. The 802.11MX introduces tvew
messages: NCTS and NAK. NCTS means that the recisivet ready to receive the data and NAK meaas ttiere
was an error in the last transmission.
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The sender should reserve the channel first ami ithgéhould send an RTS message. However, insteaaiting for

CTS messages it listens for NCTS signals. If tHerao such signal, the sender sends the data. éAetid of the
transmission the sender waits for NAK messagethdfe is no NAK, then the transmission was succéséi the
receiving side, when a node gets an RTS messatgtatmines if it is a unicast or a multicast messag case of
unicast transmission the node sends a CTS medsacgse of multicast transmission, the node camasithat it is not
ready for reception by sending out an NCTS mesdéagiee transmission is erroneous, or there israngmission at all
after a certain time, the node sends the NAK messag

The advantage is the reduced number of collisiam$ the global handling of unicast and multicaswio The
drawback is the lack of transmission speed moditiceand the necessity of the new control messedgesiuction.

3.8 Leader Based Protocol with Auto Rate Fallback

This approach is presented by Sungjoon Choi, Nakjohoi, Yongho Seok, Taekyoung Kwon and Yangheei @ho
their Leader-based Rate Adaptive Multicasting foiraldss LANs work. The protocol seeks solution fbree
problems: the already mentioned multicast problgias the problem of fairness. In certain cases inagt traffic
might inhibit unicast traffic. The solution is basen two approaches. A Leader Based Protocol iedoted to handle
the multicast issue while the Auto rate Fallbackhdias the fairness. The LBP is already describedeab

The Auto Rate fallback mechanism maintains a tiarat a list to record the actual transmission spaeddthe number
of successful and unsuccessful transmissions. @iees checks the list after each transmission aoitids to increase,
decrease or to keep the speed. After 10 successiusmissions the speed is increased. After twaicgessful

transmissions the speed is decreased. After amraserand an immediate unsuccessful transmissiospibed is

restored to its previous value immediately.

3.9 Receiver Based Auto Rate (RBAR)

This approach is similar to the Auto Rate Fallbaskchanism. The difference is that the speed ism@ted by the
receiver and not the sender. The receiver analjizeshannel and sets the highest data rate tpasible for itself.

3.10 Opportunistic Auto-Rate (OAR)

This solution is published by B. Sadeghi, V. Kamdi. Sabharwal, and E. Knightly in their An Oppmistic Autorate
Media Access Protocol for Ad Hoc Networks publioati The solution is similar to the RBAR or the ARIgorithm.
The difference is that in the OAR protocol, the tes are equal for everybody. Every node get theestame for
sending data, regardless of the speed of the tiasiem. Thus faster receivers may have higheritraff

3.11 Summary of the Protocols

Some of the protocols deal only with the feedbaekimanism of the multicast transmission. Thesetead.BP, BMW,
BMMM, BSMA, RMAC, 802.11MX protocols. The HIMAC isutstanding as it provides both feedback and speed
adaptation. Some of the protocols use new contessages and thus they could be introduced quinkbythe current
systems. However the collision of the control mgesais a new source of problems. The great amadunbrarol
messages degrades the performance of the netwloekRIMAC and 802.11MX use busy/tone signals instéasbntrol
messages thus reducing the number and the colisibrcontrol messages. The busy/tone signals aasrjurther
information. The problem is that they require assafe channel and therefore cannot be easily intexdi to the current
system.

The LBP-ARF, RBAR, OAR protocols form the other gpoas they utilize other protocols to adapt thesmnaission
speed.
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4 Queue System and Multiuser Scheduling

The multiuser scheduling algorithm included in 88 Controller (see [14], section 3.2) relies on kinewledge of
some specific information about the packets torbasmitted through the air interface, e.g. theltbtae spent in
queue. Its working principles are very general amay be applied to serve transmission buffers difidy located
within the protocol stack. In the current approaehassume to have a system of buffers within the,[@bntaining the
video data destined to the different users. Theugusystem logically follows the SVC adaptationrgwelly performed
at the Application Layer and the multicast procegsit Network and DL layers.

Figure 13 — Example of DLL queue system for 3 useind 2 SSI data class.

As depicted in the Figure 13, data destined toetkffit users are kept logically separated (i.e.iffierént buffers).
Moreover, different queues for each user permiistinguish packets characterized by different $$this way each
single queue is associated to a particular SSkaas contains data for one particular user. MaedDL multicast
groups can be seen as virtual macro-users, sutnjegbe same treatment of standard single userBigare 13 each
buffer has been indicated with a binary stringwifgy to easily identify the receiver/group of ra@as to which the
corresponding data have to be sent (see the positithe ‘ones’ in the string). WitNsg different data classes ahg
distinct users, the maximum number of buffers mEH queue system is given by

Nbuf,max = NSSI ><2NU - 1)

Clearly, this number refers to the maximum thedricdue, including all possible combinations, white practical
situations a significantly lower number of buffdements is sufficient and a dynamical allocationtted buffers is
advisable.

The multiuser scheduling algorithm selects the gqaevtom which drawing the packets according toveemipriority

function, based on SSI values, CSI, total time spebuffer, quality requirements, etc. (see [18§¢ction 3.2.2). Then
the selected data are sent to the Physical Laydul@pwhere they are channel encoded, modulate@dssembled into
the transmission frame. The DLL buffer system sisitkept monitored, in order to avoid any packetpghing at this
level: thus, proper information is sent to the pading stream adaptation module and, in case itmgattion process is
not enough, to the Master Application Controllehiethn may be able to significantly change the enmtggiarameters
and, as a consequence, the bitstream characteristic

Finally, we point out that, in some particular smeos and according to the adaptation policy imgetad by BS
controller, some sort of multicast rearrangemeny owur also on the data drawn from the buffers.
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5 RoHC for DCCP

When considering multimedia streaming applicationsr IP networks coupled to wireless transmissitimes,problem
of bandwidth cost is crucial. Indeed, network pdicletion adds non negligible protocol overheadh® tiseful video
data, therefore introducing a lot of redundancyt ikanot a concern for wired IP links but is crudier constrained
bandwidth wireless links. An interesting approactcope with this problem is to process network kesdh order to
decrease their inner redundancy. The potential geleved in this way can be used for a targesiréssion rate on
the application side to decrease the constrairthervideo source bit rate, allowing then a bettet ® end final video
quality. In this section we describe a proposaltioh of header compression for DCCP/IPv6 profiéénly compliant to
RoHC standard described in the following.

5.1 Interest and overview of network header comgien

The issue of IP protocol performances on constcaib@endwidth links has started as early as 1984 Witmwire
protocol [4] and in 1990 with Van Jacobson [5] cerming TCP/IPv4 compression mechanisms based omiation
redundancy. Several proposals have followed inodCTCP [6] compression handling several IPv6 stie@and
CRTP [7] extending the previous principal to congsrdRTP headers to finally achieve IETF's standatidia for
multimedia streams header compression RoHC (Raétestler Compression) defined in RFC 3095 [8].

The general scheme depicted in RoHC standard, amdst other header compression techniques, istraies
in Figure 14. The main characteristics of the protocol are:

- aclassification of the network header fieldsaading to their variation profile as i) INFERREDeived from
other parameters), ii) STATIC (expected not to vduying the lifetime of the point to point connect), iii)
SEMISTATIC (fields changing according to a knownofle of variation) or iv) IRREGULAR (fields
changing in an unpredictable manner);

- the storage both at sender and receiver sidecohtext with the STATIC fields, thus enabling thechanisms
to remove redundancy inside one packet or betweearal consecutive packets. A key issue for theafise
RoHC over error prone channels is the ability tegkéhose contexts synchronised despite of errarsrong
during the transmission;

- compression algorithms used to process semeshilids as the RTP sequence number or timestardp an
improve overall compression efficiency;

- robustness tools allowing the user to staticatldynamically adapt some parameters to the charomalitions
allowing the compression objective to remain confgh@twvith transmission errors;

- separation of protocol handling through the useompression profiles.

The interest in compressing network headers is énigher when considering multimedia application roleve
networks for which the protocol overhead can b&aege as 60 bytes. With typical encapsulated paldad 188 bytes
(e.g. for MPEG-TS standard), the ratio between odgtwheader and video data can be as high as 25¢icaly
performance achieved by RoHC protocol shows anaaeeof 5 bytes for compressed headers when usiijUOP (-
lite)/IPv6 profile in Unidirectional mode.

Figure 14 — General header compression scheme.

The case of application of RoHC to video over iiea@hing has already been subject of studies alspled to the use
of UDP-lite transport protocol of high interest fenror resilient video codecs. Real improvementsehzeen achieved,
for example, in IST PHOENIX project using robusatier compression associated with video coding ataisdH.264
and MPEG 4.
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5.2 The DCCP protocol

For multimedia applications, the perspectives uiced by new IETF transport protocol DCCP are of ieterest.
Indeed DCCP helps improving the mechanisms alr@adyided by UDP and UDP-lite for audio and videamming
over IP by adding control congestion mechanisms.

The results achieved both in terms of compressan gnd robustness enhancement, due to the useheisRHeader
Compression over traditional transport protocolsPRUend UDP-lite, obviously open a path to an evoiutbtf RoHC
protocol application to new network and transpadtgcols. Furthermore, as detailed in the followiparagraph,
DCCP'’s additional features (including CCID hand)imgtroduce an overhead cost which is even moreoitapt than
compared to UDP/UDP-lite. Typically, a DCCP heager2 to 16 bytes long and can increase much mdrenw
extensions are used.

In opposition to UDP which has a simple unique padbrmat including an 8 bytes long header, DCCé&vigees
several types of packets as described in next:table

Type of packet Role Minimum Header size (bytes)
DCCP-Request Sent by the client to initialize the 20

connection
DCCP-Response Sent by the server in response to a DCCP- 28

request packet.

DCCP-Data Used to transmit application data. DCCP 12-16
uses sequence numbers to deal with

reordering but does not involye
retransmission mechanisms as it is a non-
connected protocol.

DCCP-Ack Used to send acknowledgement packets 12-24

DCCP-DataAck Used to send at the same time 12-24
acknowledgement and data packets.

DCCP-CloseReq Sent by the server as a request towards the 24
client to close the connexion

DCCP-Close Sent by the client or server to close the 24
connection

DCCP-Sync These 2 packets deal with improving the 24

DCCP-SyncAck validity and synchronisation of the
connection.

Table 4 — DCCP packets.

Each DCCP packet header includes at least a geheaider whose size varies from 12 to 16 bytes,extension
header are often used thus increasing again theqmicoverhead. Compared to UDP header includingast 8 bytes,
it seems obvious that header compression mecharigmsven more interesting in the case of DCCRderato limit

the protocol overhead and optimize the bandwidsioueces. On the other hand, the use of multipl&giaypes and
bidirectional transport link will complexify RoHC eehanisms originally designed for unidirectionall @ngle packet
protocols and IETF RoHC working group has not mh#d yet a new profile concerning DCCP.

5.3 Classification of DCCP header fields

In this paragraph we propose a classification ofCPCheader fields which will be used as a base tenexRoHC
algorithms to DCCP compression. Each DCCP packet ity built from the same general structure compase

- A generic header, common to all packets

- Additional subheaders, specific to each typeauflet

- An option sub header with a size multiple of 38 b

- The application payload (including RTP headersiéd)

The generic header can be 12 to 16 bytes longstdd on Figure 15 and Figure 16:
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[ L]

[ 1 L]

[ 2 | |

Source Port Destination Port
Data offset Ccval | CCcov Checksum
Res | Type | x=1 Reserved Sequence Number (high bits)
Sequence Number (low bits)
Figure 15- DCCP Generic header (12 bytes)
2 1 1 6 s I A O B
Source Port Destination Port
Data offset Ccval | CCcov Checksum
Res Type X0 Sequence Number (low bits)

Figure 16 — DCCP Generic header (16 bytes).

The sequence number length depends on the X hit fie
The header includes the following fields:

Source and destination ports:

These fields are similar to UDP and UDP-lite pamtsl are used to define the point to point connedbietween two
entities. They are constant during the lifetimahaf connection and are consequently classifiedTasT IC for RoHC
compression.

Data Offset:

This field defines the length of the DCCP headawnly changes when there is a different type ofdP(Qracket used or
a change in the X bit of the generic header. Tieisl fwill be classified as DYNAMIC because it caote inferred
from other values .

CCVval:
This field is only used in specific cases of usecintrol congestion, it is generally set to zenod so will be classified
as INFERRED.

CsCov:

This field defines the portion of the DCCP packetered by the checksum in a similar way of whaddse in UDP-
lite transport. This field will follow the comprdaes strategy defines for UDP-lite RoHC profile,dan be either
classified as INFERRED when the whole packet iseced, DYNAMIC when only the header is covered or
CHANGING when a portion of the packet is covered.

Checksum:
This is the DCCP checksum calculated over the Cgg2ot/of the packet. It has not a predictable wayaniation and
will be classified as CHANGING.

Res & Reserved:
These fields are set to zero and will consequerttybe transmitted.

Type:
This field defines the type of DCCP packet sent agrite following:

Type Paquet

DCCP-Request
DCCP-Response
DCCP-Data
DCCP-Ack
DCCP-DataAck
DCCP-CloseReq
DCCP-Close
DCCP-Reset
DCCP-Sync
DCCP-SyncAck

©Ooo~NOOOUODSWNEO
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10-15 Reserved
This field can change during a connection and bélkclassified as DYNAMIC

DX:
This field defines the extension of the generic Bt@ader. It will be classified as DYNAMIC for corapsion of data
transfer.

Sequence Number:

Each DCCP packet carries a sequence number, egidbérdetection and report of packet losses. Segueamber is
incremented after each packet, containing dataotr the DCCP sequence number cannot be directiyried from
RTP sequence number, when those two protocols sa@ together over the same stream. They don’t tlteveame
profile of evolution; indeed DCCP SN is incremenfed every packet including acknowledgements whereaP
sequence number is only used for data. Still, DE&BPwill be encoded with the same algorithm avaéaibl RoHC,
though modifications are expected to handle thbi&format (whereas 16 bits for RTP).

Once the classification of header fields is obtdjnge can define the RoHC packets that will be fsedCCP/IPv6
compression. First of all, the static part of tlemtext will be very similar to UDP/IPv6 case, thasluding all fields
that are not subject of variation during a clieetver connection as indicated on Figure 17.

Static part

G2 I O O A B O O O

Version Flow label Next header

Source address

Destination address

Source port | Destination port
Figure 17 — DCCP/IPv6 static context part I( , ).

The dynamic part of the context is depicted on Fagl8. It includes the DCCP dynamic header fieldgaDOffset,
CCVal, CsCov, Type, DX, Sequence number and Checkegether with the IPv6 Traffic Class and Hop Lifields.
The RoHC mode of operation is also included leadling total of 10 bytes for dynamic part.

Dynamic part
T Lo L Ll L ALl |4
Traffic Class Hop Limit Genenlci:sltz?ct)%gzlr?gl)header Offset data
CcVal | CsCov Checksum Type |Mode|DX|O
Sequence Number Sequ(((e)r;(t:ic(e)r:\'latlj)mber
Sequence Number (optional)
Figure 18 — DCCP/IPv6 dynamic context part ( , ).

Once the static and dynamic parts of the contextdafined, we can now build the RoHC packets thlitbe used
during the different compression phases and foh eacde of operation. The state machine of ROHC Cesgor is
reported inFigure 19,
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Optimistic approach
Optimistic ~ / ACK Optimistic
approacn 7 approacn 7
ACK ACK

First Order
(FO)

Initiation (IR) Second Order

(SO)

IR

IR-DYN, UOR-2 uUo-1, R-1,..

R_timeout/
NACK STATIC

pO_timeout/
Update/ NACK

IR timeout/NACK_STATIC
Figure 19 — Compression level for each mode of opaion.

The RoHC compressor operates in 3 states: Inididin and Refresh (IR), First Order (FO) and SecOnder (SO).

The states describe the increasing level of confidabout the correctness of the context at thendgiessor side. This
confidence is reflected in the increasing compoassif packet headers. In case of error conditioxdicated by the

decompressor using feedback packets, the compressanove to a lower compression state. Howevergtimpressor
can also periodically move to a lower state of apen: the IR TIMEOUT is used to come back to IRngpmession

level, the FO TIMEOUT is used to come back to F@hpoession level.

In the IR (Initialization & Refresh) phase, the gats structure will be similar to UDP/IPv6 profilejth the previous
modifications of static and dynamic contexts ineddThis leads to the following IR and IR_DYN paiske

0 7 15 23 3L
Add-CID | 1 | 1 | 1 | 1 | 1 | 1 | 0 | D | CID info (optional) for large CIDs
Profile | CRC | Static part
Static part

Dynamic part (if D=1)

Payload

Figure 20 — IR packet.

0 7 15 23 4
Add-CID [1]1fa2fa2fa2]ofo]0] CID info (optional) for large CIDs
Profile CRC Dynamic part

Dynamic part

Payload

Figure 21 — IR-DYN packet.

The first order (FO) state of the compressor dsfime intermediate compression state in which tlokgiaype used is
common to all modes of operation, it is called U®Racket. The DCCP sequence number is encodeddvies using
W-LSB algorithm which is similar to RTP Sequencenier compression and the CRC covering the packetisced
to 6 bits (compared to 7 for RTP profile) to remaiyte-aligned. The UOR-2 packet extensions proviftedRTP
profile are used mostly to compress the Timestampadarger scale, when DCCP is only used, thosensiins
become useless, though a one byte extensionliprstposed to extend the SN compression to 9 kitsuggested by
the standard for RTP profile. The remaining bifsdan be used to update the DX and Type fields)\fRCCP header.
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0 7 15 23 3
Add-CID | 1 | 1 | 0 | SN | CID info (optional) for large CIDs
SN | X | CRC | Extension | DCCP Checksum
Payload
Extension:
| DX| SN Type

Figure 22 — UOR-2 packet.

The following described packets are used in thefg©rder (SO) state which is the highest compoessiate of the
protocol. For each packet, a parallel is done withRTP/UDP/IPv6 profile described by the standard.

In the RTP/UDP/IPv6 profile description (profile, Jpackets UO-1 and UO-0 differed only from the afemb RTP
Timestamp length. For DCCP/IPv6 profile, UO-1 an@®-0 will be identical and used only to transmit equence

Number encoded over 3 bits and the DCCP Checksu®0 acket header offers a minimum compression &ize
bytes.

0 7 15 23 3
Add-CID [o] SN CRC | CID info (optional) for large CIDs
DCCP Checksum | Payload
Payload

Figure 23 — UO-0 packet.

The R-1 packet structure, used in Bidirectionalid&tdé mode is quite different from profile 1condept It does not
include extensions that were previously used folPRimestamp encoding. Furthermore, the sequenceébeuis

encoded over 9 bits, and the DX and Type fields igpdated. These choices are made to meet both essipn
efficiency and robustness requirements.

0 7 15 23 3L
Add-CID 1 | 0 | SN | CID info (optional) for large CIDs
SN | DX| Type DCCP Checksum Payload
Payload

Figure 24 — R-1 packet.

Finally, the R-0 packet and its CRC covered versemain similar to profile 1 as they only transthi¢ compressed
sequence number.

0 7 15 23 3L
Add-CID | 0 | 0 | SN | CID info (optional) for large CIDs
DCCP Checksum | Payload
Payload

Figure 25 — R-0 packet.

0 7 15 23 3
Add-CID 0 | 1 | SN | CID info (optional) for large CIDs
SN CRC DCCP Checksum Payload
Payload

Figure 26 — R-0-CRC packet.

FP7 ICT Call 1 Key line 1.5 “Networked Media” Page 26/49



OPTIMIX FP7-ICT Grant agreement n°214625 project Deliverable D3.3a version 1.0

The results obtained with the definition of RoHOmmessed packets for DCCP/IPv6 profile are recahietthe next
table showing the coherence between packet heas and compression level which they belong tahihighest
level of compression , the header size is decreggad 90% of its original value.

"%
$% 1&
w4l

|

T )
I
[T )

Table 5 — RoCH compressed packets for DCCP.

Typical application cases are identified and summnedh the next table and the overall compressain ¢ indicated
(considering both headers and useful data).

Application RoHC profile Original packeRoHC packet sizef Compression gain
size

H.264 videg DCCP/IPv6 240 194 20%

streaming

Volp audio| DCCP/IPv6 88 42 50%

streaming

5.4 Performance evaluation

In order to validate the correct behaviour and tiestcompression and robustness performance aiodel, a simple
point to point scenario, depicted in Figure 23rist fconsidered.

Figure 27 — Point to point scenario

Each wireless device includes the stack describé&kc. 7 and a simulated channel is also includéeist the influence
of errors behaviour of header compression algosthm

The parameters characterizing RoHC behavior afellasving:

1. L:In U-mode and O-mode the ROHC compressor asemfidence variable (L) in order to ensure theexct
transmission of header information.

2. Timer 1 (IR TIMEOUT): In U-mode, the compressses this timer to return to the IR compressioell@and
periodically resends static information.

3. Timer 2 (FO TIMEOUT): The compressor uses timet in U-mode and to return to FO compressionlléve
the compressor is working in SO compression level.

4. kand n: The decompressor does not assume talatarage and stays in the current state until ketaarrive
with error in the last n packets. The k1, nl valassused to assume dynamic context damage ankd,
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assume static context damage.

Unidirectional Mode

Original DCCP/IPv6 header size = 56 bytes
IR_TIMEOUT = 1000

FO_TIMEOUT =40

L=3

k= 1000

n, =20

ko= 900

n,= 1000

The evolution of the compressed header size in ithutional mode is depicted in Figure 28. We casevve the
major aspects of ROHC compression behaviour:
- The compressor stays in each state for a duratfoh packets, this mechanism is referred as opgtimi
approach, the parameter L being dependant of therltayers and channel impact.
- Periodically, every IR_TIMEOUT, the whole contégtupdated by transmitting IR packets. The RoHaZest
machine transits then to its lower compressionlleve
- Similarly, every FO_TIMEOUT, the dynamic part tife context is updated thanks to IR-DYN packets
transmission.
- The highest compression state is achieved dfees¢quence of packets (IR-DYN UOR-2® UO-1).

< IR_TIMEOUT >

IR packet IR-DYN packet UOR-2 packet UO-0 packet
57 bytes 17 bytes 5 bytes 4 bytes

O_TIMEOUT

—

> <>

Figure 28 — Compressed header size in U-mode.

Bidirectional Optimistic Mode / Bidirectional Relisle Mode

Original DCCP/IPv6 header size = 56 bytes
IR_TIMEOUT = 1000

FO_TIMEOUT =40

L=3

k]_: 15

ni= 20

ko= 900

n,= 1000

In bidirectional optimistic mode, the transitiontte highest compression state is quickly achierstithe compressor
stays in this state permanently if no NACK feedbickent by the decompressor to inform that ongewveral packets
were discarded.
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Uo-0
packet

Figure 29 — Compressed header size in O mode.

In Reliable mode, the compression is optimum witiedodic transmission of R-0 and R-0-CRC packets t the fact
not all packets include CRC as feedback is gergfatecach correctly received packet.

R-0-CRC packet R-0 packet
5 bytes 4 bytes

Figure 30 — Compressed header size in R mode.

5.5 Perspectives
We have introduced a new header compression scf@nieCCP/IPv6 profile based on IETF standard RoM@ose
use can be very interesting in the OPTIMIX approddtis work will be extended to include multi-poissues which

will have an impact on the RoHC CID handling prooed.
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6 |EEE 802.11b/g Data Link Measurement Experiences

We have measured WiFi (more preciously 802.11kvgffi¢ and its throughput characteristics in thediion of
distance and terrain objects. The goal was to ksited model for the throughput characteristics.

6.1 Bit Error Models

In order to describe the model we have considdnegbtoptions:

The Gilbert — Elliot model that has two states: djand bad
The Fritchman model that has more than two states
And the bipartite model that are special Markov gied

6.1.1 The Gilbert — Elliot Model

The Gilbert-Elliot model is the most often used mlod’he model was constructed in the 60s to desdsiberrors.
Despite the many years that are already passedstilli applicable to describe current wirelessnmeks. It is a two
state Markov chain and allows describing burstrstro

1-pgg

Bad

Figure 31 — Gilbert — Elliot model.

6.1.2 The Fritchman Model

The Fritchman model is a generalization of the &ills- Elliot model constructed by B. D. Fritchmarttee end of the
60s. This is a partitioned, N state Markov chairerehthe good state of the Gilbert — Elliot modeéitended to k
number of good states and N-k number of bad statekis model there are no sate transitions batvtkee good states.
EGD is the Error Gap Distribution and used to cardtthe matrix of the transitions. The values bandetermined
using measurements.
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Errorless state
< ' >

Error prone state

Figure 32 — The Fritchman model.

6.1.3 The Bipartite Model

The bipartite models are further generalized Fritah models, where there are no transitions betwtgas belonging
to the same group (good or bad).

6.2 Measurement Environment

We have modified an access point to provide datdh® measurements. In the driver software of tteess point we
have replaced the original beacon generation proeeand used an alternative one that adjusted ifedess speed of
the beacons and created longer beacons also. iBae#son we used an ASUS WL-500gP router, buivthedess card

of the router was replaced by an Atheros chipsetta&ard. This hardware modification let us to Myottie beacons to
our needs. The beacons in the tests were longerttigausual one and the speed of the beacons \aageth as well.
We used 1134 bytes long beacons and the speed,va$5b, 11, 6, 9, 12, 18, 24, 36, 48 and 54 Mtdgnging in

cycle. The modification of the beacon happened ratieg to the WiFi standard, so the resulted beaezre standard
as well. This way the wireless clients can useatteess points with no modifications.

To be able to detect corrupt wireless packets we ha use a driver that is able to catch them. fiéest Linux

wireless driver architecture introduced the mac80@dver, which is an universal driver for all théreless cards that
support this architecture. These cards only neidhadriver to make a connection between the cadithe mac80211
driver and then wireless card is ready to use. Niays, more and more cards become available thrahigh
architecture. One of the benefits of the architectis that the driver can be changed at one pldee rhac80211
module) and the change affects all the supportedscéoreover, in order to get wireless packet$ it errors, we
did not have to change anything, since the mac8@it&r already supports it. Unfortunately, our espnces showed
that even through receiving erroneous wireless giaskould be available on many models, only thaaelscare

supported perfectly that are using the Zydas 12iifiset. For this reason we used an SMC EZ Conn@2itlag

Wireless USB 2.0 adapter. Figure 33 shows the dewitat we used for the tests.
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Figure 33 — Access Point and the wireless card.

To host the wireless card we used Dell D800 notkbobhe OS was Linux using the 2.6.27.4 kernel.rifea packet
collector software on the notebook. This softwadman SQL database record for all the receiveldepmcAs we

knew all the byte values of the beacons, we alemkwhat bytes are right and wrong in the transmisslhe database
record logged the wrong bytes, if there were ahg, gignal strength of the transmission, the ndiength and the
speed of the wireless packet. Lost frames werectistdoy sequence numbers provided by the beacons.

6.2.1 Measurement Scenarios

We had 8 different measurement scenarios, 5 indodr4 outdoor settings. In the indoor scenariogdliger and the
wireless laptop were placed in different rooms saea by brick walls. In the first scenario theyrevén the same
room, the distance was about 4 meters between timetne further scenarios they were placed in déifé rooms and
along the increasing distance the number of walidased as well. In the outdoor measurements #t@ndie of the AP
and the measurement laptop were 40, 80 and 130 snetepectively. During the outdoor measuremergswbather
was a little rainy and foggy. Between the AP aralribtebook there were some bushes and trees,wkeeeno line of
sight Figure 34 and Figure 35 show the measurestamarios.

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5

\_AM/

Figure 34 — Indoor measurements
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Figure 35 — Outdoor measurements

6.3 Overall Measurement Results

One measurement took 6 hours. During this time axeetsent out about 200000-300000 wireless bea@tesnumber
of received frames depended on the measuremerdarszeRigure 36 shows the relative number of tlhenk errors and
drops in each scenario. The ratio of corrupt framqeresses the ratio comparing the number of coframes to the
received frames.

Frames errors and drops

100% ==
90% ]
80%
70%
60% —
50%
40% M| Corrupt
30%
20%
1o ﬁﬂf B

0%

@ Dropped

Indoor Indoor Indoor Indoor Indoor Outdoor Outdoor Outdoor
1) (2 ©) (4) (5) (6) (7) (8)

Scenarios

Figure 36 - Frame errors and drops in different scearios.

As it can be seen on the figure, as the distano@gthe number of drops and corrupt frames growelk In the case
of the first scenario, almost all frames could beeived correctly, while in the case of tHeiBdoor and % outdoor
scenario, a large portion of the beacon frames \asteand among the received frames a large portias corrupt.
This figure shows that if we could use the corpgtkets as well, then this would cover a large remolb packets.

On Figure 37 we present the average number of &ayt@'s in the corrupt frames. We made 5 categoliesf) byte
errors, 51-100, 101-150, 151-200 byte errors amallfi a group where the number of byte errors waes @00 bytes.
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Number of byte errors in corrupt frames
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bm @ ©6 @ 6 . @O @6

Measurement scenario

Figure 37 — Number of byte errors in corrupt frames

On the figure one can see that in most cases tidb@&uof byte errors is below 50 byes. The exceptime indoor 3
and outdoor 7 scenarios, where there are a greabpof frames with over 200 byte errors. In tlese of the indoor 4
and 5 and outdoor 8, the situation looks bettewewer in this case the severely damaged frames Msteso this is
the reason of the better looking performance.

We have analyzed all the results of the differeaharios, here we presents only some of them.

6.3.1 Measurement Results of Scenario 1

In the first scenario, indoor 1, there were 2132&iit frames and we managed to get 282461 (99.72%es. Out of
the received frames 282113 (99.88%) were correetgd! transmission errors only on the highest rgtés54 Mbps).

In Table 6 we present the calculated state tramsjterameters of the Gilbert - Elliot model. Werfduhat the basic
model describes well the measurement results, nloefiugeneralized model is necessary.

1- 1- Keep state| Keep state
Poo | "M | P | P | (hytes) py | (bytes) p
54 Mbit/s | 0,9656| 0,0344 0,7483 0,2517 29 4
48 Mbit/s | 0,9881| 0,0119 10,7584 0,2416 84 4,1
i
A

36 Mbit/s | 0,9967| 0,0033 0,625¢ 0,3743 303 2,67
24 Mbit/s | 0,9986| 0,0014 0,8324 0,16]6 714 6

Table 6 — GE parameters of scenario 1.

The results also show that the average corrupt bytet is 2-6 bytes long. As the transmission spdmttease, the
length of the errorless bursts is longer

6.3.2 Measurement Results of Scenario 2

In the second indoor scenario we had a 10 cm thigk between two rooms. The notebook was about ®ayerom
the AP. Here we sent out 220140 beacons and weregp?211601 frames. Thus there is already a 3.88% We got
189279 correct frames. Here we already had cofraptes even on the lowest datarate.

In Table 7 we present the calculated state tramsjtarameters of the Gilbert - Elliot model. Werfduagain that the
basic model describes well the measurement resaltirther generalized model is necessary.
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Keep state| Keep state

Poaa | 1Poa | Poo | 1P [ ptes)n | (bytes) p

54 Mbit/s | 0,9710| 0,0290 0,734p 0,26%1 34,48 3,77
48 Mbit/s | 0,9820| 0,018 0,7185 0,28}4 55,55 3,55
36 Mbit/s | 0,9773| 0,0227 0,669¢ 0,33(¢2 44 3

24 Mbit/s | 0,96 0,04 | 0,713% 0,285 25 3,5

18 Mbit/s | 0,9771| 0,0229 0,713l 0,28¢8 43,66 3,48
12 Mbit/s | 0,9906| 0,0094 0,6176 0,3833 106,38 2,61
9 Mbit/s | 0,9887| 0,0113 0,682 0,317J1 88,5 3,15
6 Mbit/s | 0,9875| 0,0125 0,5606 0,4394 80 2,27
11 Mbit/s | 0,9850| 0,015Q 0,577 0,4233 66,7 2,36
5,5 Mbit/s | 0,9613| 0,0387 0,632 0,36]7 25,83 2,71
2 Mbit/s | 0,9904| 0,009 0,670 0,3293 104 3
1 Mbit/s | 0,9921| 0,0079 0,583p 0,41¢1 126,5 2,4

Table 7 — E parameters of scenario 2.

We found that the average length of the corrupe bytrsts lasts 2-4 bytes.

6.3.3 Measurement Results of Scenario 4

In this scenario the room where we set up the ratielvas in 4 room distance to the Access Point. Wélés were 10,
34 and 10 cm thick, respectively. The AP sent @96 beacons, however only 92250 of them wereuoaght which
means a 60.39% loss. The average signal strengtl WdB, and this value is almost on the limit af thireless card.
Among the received packets there were 58125 coomes (63.01 %). In this measurement there waseaazdn
captured at full speed.

In Table 8 we present the calculated state tramsjtarameters of the Gilbert - Elliot model. Werfduagain that the
basic model describes well the measurement resaltjrther generalized model is necessary.

D 1-p, 0 1-p, Keep state| Keep state
% ¢ % ° | (bytes) p | (bytes) pw

48 Mbit/s | 0,5842| 0,4158 0,964 0,03%8 24 28
36 Mbit/s | 0,607 | 0,393 | 0,96 0,04 2,5 25
24 Mbit/s | 0,7739| 0,2261 0,908 0,0913 44 11
18 Mbit/s | 0,941 | 0,059 | 0,8429 0,151 17 6,4
12 Mbit/s | 0,9871| 0,0129 0,5818 0,417 77,5 2,38
9 Mbit/s | 0,984 | 0,016 | 0,7285 0,2715 62,5 3,7
6 Mbit/s | 0,9942| 0,0058 0,4484 0,5516 172,44 1,81
11 Mbit/s | 0,9855| 0,0145 0,572 0,4275 69 2,33
5,5 Mbit/s | 0,9587| 0,0413 0,5995 0,4005 24,2 2,5
2 Mbit/s | 0,9913| 0,0084 0,5348 0,46%2 115 2,14
1 Mbit/s | 0,994 | 0,006 | 0,5057 0,4943 166,7 2

Table 8 — GE parameters of scenario 4.

Here it can be observed that using high data r#tesaverage length of the correct byte burstaflyeshort. Over 12
Mbps the frames are so corrupted that they cammoiskd for any purpose. The table does not telveuteceived more
frames using the 802.11b coding than in the cas®yuke 802.11g coding. This also suggests thaugh situations
(distance and objects) using the 802.11b codingates has more benefit than using the 802.11glaten

6.3.4 Measurement Results of Scenario 7

In scenario 7 the AP and the notebook was 80 meteay. The length of the measurement was 12.5 ldouing this
time the AP sent out 439553 beacons. The notebaptued 159279 frames, so the drop was high: 63, Téltever
the average signal strength was 27 dB, which isaddbw. Among the captured packets 138997 wenecb(87.27%).
Here again, the 802.11g rates had a bad performaudle 802.11b were significantly better.

In Table 9 we present the calculated state tramsjtarameters of the Gilbert - Elliot model. Werfduagain that the
basic model describes well the measurement resaltijrther generalized model is necessary.
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Keep state| Keep state

Poaa | 1Poa | Poo | 1P [ ptes)n | (bytes) p

54 Mbit/s | 0,87 0,13 0,9013 0,097 7,7 10,1
48 Mbit/s | 0,9509| 0,0491 0,840p 0,1591 20,4 6,3
36 Mbit/s | 0,9933| 0,00674 0,637 0,3633 149,25 2,76
24 Mbit/s | 0,9989| 0,0011] 0,7693 0,237 909 4,33

18 Mbit/s | 0,9932| 0,006 0,791] 0,209 147 4,8

9 Mbit/s | 0,9959| 0,0041 0,720F 0,2793 243,9 3,6
6 Mbit/s | 0,4245| 0,5755 0,9736 0,02¢4 1,73 37,9
11 Mbit/s | 0,981 | 0,019 | 0,5771 0,4249 52,7 2,36
5,5 Mbit/s | 0,987 | 0,013 | 0,5475 04545 76,9 2,2
2 Mbit/s | 0,998 | 0,002 | 0,523% 0,475 500 2,09

Table 9 — GE parameters of scenario 7.

The numbers on the no so high data rates are igipee®ut we should not forget about that there avhage portion of
frame loss, so many corrupt packet lost already.

6.4 Measurement Conclusion

Analyzing the measurement results we can also meitthat using old Gilbert — Elliot model is a goway to model
the wireless transmission and its error. Howevergarameters are varying from scenario to scenghierefore, in real
situations, when a model is necessary, the besbapp is to measure the transmission first thenutate the GE
parameters and finally predict the future behavlmaged on the resulted model.

We can also show that during worse circumstancieg tise 802.11b standard is a better solution 8taking into the
802.11¢g standard.

Finally, the measurements also proved that usingutnof box operating system (Linux) and an off dieelf (and
cheap) wireless card it is possible to captureupdrframes. Video and audio decoding may profitrfrthese corrupt
frames, the quality of the media stream could beciased with them.
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7 Data Link Layer Models for OMNeT++

This section provides a brief overview of the DLIeraents to be included in the OPTIMIX OMNeT++ siatidn
chain. An overview of the mobile node model inchgltwo DLL modules, that is, the MAC module and BeCH
module, is shown in Figure 38. The models will l¢adled further in the follow-up documents of T&sR, namely in
the documents D3.3b and D3.3c. Also no simulatesults are included in this document but they béllpart of these
two future documents.

Figure 38 — Snapshot of the OMNeT++ model of the nhile node.

7.1 Basic DLL Functionalities

In the OPTIMIX OMNeT++ simulation chain, the MAC uhale will be present in nodes communicating over a
wireless link (i.e. base stations and mobile nodBsg MAC module will be implemented between theyPahd RoCH
modules. Only a selected set of DLL functionalitiedl be modelled into the MAC module to includesafficient
approximation of the DLL operation into the simidat chain. The first phase implementation will beséd on the
IEEE 802.11 and will include the essential IEEE .802LLC and MAC functionalities. The OMNeT++ mod#l the
IEEE 802.16 WIMAX functionalities will be follow tar in the project. The main interest in this pobjeelates to the
common part sublayer of WiMAX MAC and its functioperforming QoS, packet segmentation and burstilprof
selections. The rtPS QoS scheduling service isasting in the OPTIMIX point of view as it assutgendwidth and
maximum delay and jitter for real-time variableraie data stream.

The following WLAN specific functionalities will & present in the OMNeT++ MAC model:
- Encapsulation of the packets coming from the pnétwayer and RoCH modules into MAC frames at the
sender side prior to their delivery to the physlager module. At the receiver the process is aer
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- Basic mechanisms for enabling packet deliveryvbeh two STAs over a physical medium, including STA
addressing, channel access scheme, etc.

- An automatic retransmission (ARQ) mechanism tpl@ment reliability for the frame transmission

- Simple QoS support through frame prioritizatiow griority-based queuing

- Enabling corrupted payload data to be passetjtehlayers for processing

The MAC operation implemented to the OMNeT++ mofldlows the state machine shown in Figure 39. The
transmitter operation follows four states: in tiH_E state no messages are in transmission queuehang are no
received packets to be handled. The DEFER statadies radio resource check and is followed by th&lWDIFS
state involving the transmitter to wait for DIFSripel of silent radio channel and then send mess&gthe receiver,
the IDLE state is followed by the RECEIVE statettisatriggered by the reception of a frame. In REECEIVE state,
the received message is handled by the MAC modulé,disseminated to the upper layers if it is aaéssage. The
ACK mechanism and frame transmissions will be idetlito achieve reliability to the frame transmissio

Figure 39 — State diagram of the WLAN MAC operation

The main functionalities presented above remain shme whether the DLL resides on MN or an accedst.po
However, MAC on the access point requires more istiphted routing functionalities in the cases vehewltiple MN
has connected to it. This comprises both the uhaas multicast routing.

7.2 Robust Header Compression

The RoHC protocol will be implemented between neknend data link layer in Base Stations and Molbgeminals.
The RoHC module receives as input the IP packependrates as output a packet with a compresseéhea
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8 Conclusion

This document describes the first specification design of the data link layer functionalities itiéed in Task 3.3 of
the OPTIMIX project. The document presented anvieer of the basic data link layer mechanisms asgediwith the
IEEE 802.11 WLAN and IEEE 802.16 WiMAX technologiés addition, various enhancements to the standatd
link functionalities were considered in the conteft multimedia transmission. The document discusseldtions
related to header compression techniques, pointibipoint transmission, and message schedulindinigaoes.
Modelling of the data link performance was analyzeed on real measurements. The first designsieoDLL
modules to be included in the OPTIMIX OMNeT++ siatihn chain were presented as well.

The work described in this deliverable will conttnunder OPTIMIX WP3 and more detailed specificati@nd
simulation results related to the elements disaigs¢his document will be presented later on isutoents D3.3b and
D3.3c.
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9 Appendix 1: Results from the WiFi Measurement Sa&rios

Table 10 — WiFi measurement, scenario 1 (indoor)

54 48 36 22 18 12 . . 11 55 . _
Al Mbi's | mbivs | mbivs | mbivs | wmbivs | mbiys | OMPIUS [ EMDIUS T s | mpiys | 2 MPIUS | 1 MbiUS
Sentout | 283217 | 23602| 23602 23602 2360 23601 23401 .6023| 23601 23601 23600 2360
oo 756 110 43 58 46 68 34 58 52 5 135 147
P (027%) | (0,47%) | (0,18%) | (0,25%) | ©0,19%) | ©0,29%) | ©,14%) | ©.25%) | ©.22%) | (0.02%) | (0.57%) | (0.62%)
covtured | 282461 | 23492 | 23550 | 23544 | 23555 | 23533 | 23567 | 23543 | 23549 | 23506 | 23466 | 23455
P (99,73%) | (99,53%) | (99,82%) | (99,75%) | (99,81%) | (99,719%) | (99.86%) | (99.75%) | (99,78%)| (99,98%)| (99,43%)| (99,38%)
comect | 282113 | 23320 | 23435 | 23498 | 23549 | 23533 | 23567 | 23543 | 23549 | 23506 | 23466 | 23.455
(99,88%) | (99,27%) | (99,47%)| (99.8%) | (99,979)| (100%) | (100%) | (100%) | (100%) | (100%) | (100%) | (100%)
1-50 189 65 75 43 6
error | (54,31%) | (37,79%)| (60,48%)| (93,48%)| (100%) 0 0 0 0 0 0 0
51-100 49 12 36 1
error | (14,08%) | (6,98%) | (29,03%)| 2.179%) | © 0 0 0 0 0 0 0
101-150 | 19 11 6 2
eror | (5.46%) | 6.4%) | (4.8a%) | 435%) | © 0 0 0 0 0 0 0
151200 | 12 10 2
error (3,45%) | (5,81%) | (1,61%) 0 0 0 0 0 0 0 0 0
over 200 79 74 5
eror | (22,7%) | (43,020)| (8,03%) | ° 0 0 0 0 0 0 0 0
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Table 11 — WiFi measurement, scenario 2 (indoor)

54 78 36 24 18 12 . . 11 55 . .
Al Mbis | Mmbivs | Mbis | Mmbivs | Mbis | mbigs | @MPIUS | EMbIUs |t 1 Mbigs | 2 MPIUS | 1 Mbit/s
Sentout | 220140 | 18.345| 18345| 18343 18345  183h5 184458345 | 18345| 18345| 18344 1834p  18.3
oo 8539 | 3065 | 1981 | 1.278 522 493 264 320 239 62 146 133 36
P | (388%) | (16.71%)| (10.8%) | (6.97%) | 2.85%) | @.69%) | @.44%) | @.74%) | 1.3%) | ©34%) | (0.8%) | ©0.72%) | (0.2%)
cootureq | 211601 | 15.280 | 16.364 | 17.067 | 17.823 | 17852 | 18081 | 18.025 | 18106 | 18.283 | 18199 | 18212 | 18309
P 96.12%) | (83,20%) | (89,2%) | (93.039)| (97,15%) | (97.31%) | (98.56%) | (98.26%)| (98.7%) | (99,66%)| (99.2%) | (99.28%)| (99,8%)
comect | 189279 | 5308 | 10083 | 13703 | 16.876 | 17.022 | 17.883 | 17579 | 18035 | 18074 | 18142 | 18187 | 18207
(89.45%) | (35.33%) | (61.62%) | (80.29%) | (94,69%) | (95.3506)| (98.99%) | (97,53%)| (99.61%)| (98,86%)| (99.69%)| (99,86%)| (99.93%)
1-50 13229 | 4677 | 4378 | 2415 470 469 168 353 61 171 39 16 12
error | (59.26%) | (47,33%)| (69.79%) | (71,79%)| (49.63%) | (56,51%) | (84.85%)| (79.15%)| (85,9200 (81.8206)| (68,4206)| (6a%) | (100%)
51-100 | 2323 | 1.002 744 214 108 80 17 41 1 13 5 8 o
error | (10,41%) | (11,15%) | (11,85%)| (6.36%) | (11,4%) | (9.64%) | (8.59%) | (9.19%) | (1.41%) | (6,.22%) | (8,77%) | (32%)
101-150 | 1.361 809 248 134 72 61 5 16 3 11 2 . .
error ©.1%) | (8.19%) | 3.95%) | @.98%) | (7.6%) | 7.35%) | @53%) | 3.50%) | 4.23%) | (5.26%) | (3.51%)
151-200 |  1.086 724 143 74 68 51 2 19 1 3 1 . .
error | @87%) | (7.33%) | @28%) | 22%) | 7.18%) | (6.14%) | (1.01%) | (4.26%) | (1.41%) | (1.44%) | (1,75%)
over200 | 4323 | 2580 768 527 229 169 6 17 5 11 10 1 o
error | (19,37%) | (26,11%)| (12,23%) | (15,67%)| (24.18%)| (20,36%)| (3.03%) | (3.81%) | (7.04%) | (5.26%) | (17.54%)| (%)

FP7 ICT Call 1 Key line 1.5 “Networked Media”

Page 41/49



OPTIMIX FP7-ICT

Grant agreement n°214625 project

Deliverable D3.3a version 1.0

Table 12 — WiFi measurement, scenario 3 (indoor)

57 78 36 24 18 12 . . 11 55 . .
Al Mbis | Mmbivs | Mbits | mbits | mbis | mbigs | @MPIUS | EMbIUS |t 1 Mbigs | 2 MPIUS | 1 Mbit/s
sentout | 247543 | 20620| 20628] 20628 206248  206ps 20428 0620 | 20620| 20620 20624 2062p 206
oo 25700 | 8795 | 4784 | 2748 | 2234 | 2045 | 1373 | 1350 | 1.256 369 337 318 181
P | (10,42%) | (42.63%)| (23,19%)| (13,32%)| (10,83%)| (©.91%) | 6.66%) | (6.54%) | (6.09%) | (1.79%) | (1.63%) | (1.54%) | (0.88%)
cootured | 221753 | 11834 | 15844 | 17.880 | 18394 | 18583 | 19255 | 19279 | 19373 | 20260 | 20202 | 20311 | 20.448
P 89.58%) | (57.379%) | (76,81%) | (86,68%)| (89,17%) | (90,00%) | (93,26%)| (93,46%)| (93,91%)| (98,21%) | (98.379%) | (98.46%) | (99,12%)
comest | 181700 6 108 | 10567 | 17796 | 18.019 | 18410 | 18215 | 19.145 | 18820 | 19.985 | 20215 | 20.405
81,94%) | (0,05%) | (0.68%) | (59,1%) | (96,75%)| (96,.96%) | (95.61%)| (94,48%)| (98,82%)| (92.94%) | (98.49%) | (99.53%)| (99,79%)
1-50 14.028 48 4339 | 6314 260 109 632 610 181 1.228 206 71 30
error | (35,02%) | (0,41%) | 27.57%)| (86,32%)| (a3.48%) | (19,33%)| (74.79%)| (57.33%)| (79.39%)| (85.81%)| (67,1%) | (73.96%)| (69,77%)
51-100 | 3.576 118 2.644 350 21 26 101 154 12 103 30 10 7
eror | 893%) | 1%) | @aesw) | @79%) | 351%) | 4.61%) | 11.95%)| (14.479)| 5.26%) | 7.2%) | (9,77%) | (10.4206)| (16,28%)
101-150 | 2.654 349 1.864 165 18 60 49 84 8 36 17 2 2
error | 6.63%) | 2.95%) | (11,85%)| (2.26%) | (3.01%) | (10.64%)| (5.8%) | (7.89%) | (3.51%) | (2.52%) | (5.54%) | (2,08%) | (4,65%)
151200 | 2.876 933 1.601 133 14 60 29 74 2 19 6 4 1
error | (7.18%) | (7.89%) | (10,179%)| (1.820%) | (2.34%) | (10.64%)| (3.43%) | (6.95%) | (0.88%) | (1.33%) | (1.95%) | @,17%) | (2,33%)
over200 | 16.919 | 10380 | 5288 351 285 309 34 142 25 45 48 9 3
error | (@2.2a%) | (87,76%)| 33.6%) | (4.8%) | (a7.66%)| (54.79%)| (4.029%) | (13.35%)| (10,96%)| (3,14%) | (15.64%)| (9,38%) | (6,98%)
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Table 13 — WiFi measurement, scenario 4 (indoor)

54 70 36 24 18 12 . . 11 55 . .
Al Mbis | Mmbivs | Mbits | mbits | mbis | mbigs | @MPIUS | EMbIUS |t 1 Mbigs | 2 MPIUS | 1 Mbit/s
Sentout | 232.906 | 19.400| 19.400| 10409 19400  194p9 19409 9400 | 10.400| 19.400] 10404 1940  19.4¢
oo 140.656 | 10.409 | 19.405 | 19325 | 17.401 | 16507 | 11.928 | 11669 | 10901 | 5267 | 3422 | 3033 | 2380
P | 60.39%) | (100%) | (99.98%)| (99,57%)| (89,65%)| (85.050%)| (61.46%)| (60.1206)| (56,16%)| (27.14%)| (17.63%) | (15.63%)| (12.31%)
contured | 92:250 . 4 84 2008 | 2902 | 7481 | 7740 | ss0s | 14142 | 15987 | 16.375 | 17.019
P (39.61%) 0,02%) | (0,43%) | (10,35%)| (14.950%) | (38.54%)| (39.88%)| (43.84%)| (72.86%)| (82.379%) | (84.37%)| (87.69%)
comect | 58125 . o o 8 49 1573 912 7301 | 3868 | 12825 | 14978 | 16611
(63,01%) ©0.4%) | (1.69%) | (21.03%)| (11,78%)| 58.81%)| (27,35%) | (80.2206)| (91,479%)| (97.6%)
1-50 23.025 . o o 39 208 4936 | 4332 | 1139 | 8563 | 2142 | 1.274 392
error | (67,47%) (1,95%) | (7.29%) | (83,550%)| (63.44%)| (94.37%)| (83.35%)| (67.74%)| (91,2%) | (96.08%)
51-100 | 3.097 . o o 25 132 518 1.124 25 918 254 86 15
error | (9,08%) 1.25%) | 4.63%) | 8.77%) | (16.46%)| (2.07%) | (8.9a%) | (8,03%) | (6,16%) | (3.68%)
101-150 | 1.471 . o o 34 204 199 536 17 311 144 25 1
error | (4.31%) w7 | @.15%) | G370) | 7.85%) | (1.41%) | 3.03%) | (4.55%) | (1.74%) | (0.25%)
151200 | 965 . o o 33 284 98 299 5 154 86 6 o
error | (2,83%) (1,65%) | (9.95%) | (1.66%) | (4.38%) | (0.41%) | @.5%) | @.72%) | (0,43%)
over200 | 5.567 . 4 84 1869 | 2025 157 537 21 328 536 6 o
error | (16,31%) 100%) | (100%) | (93.45%)| (70,98%)| (2.66%) | (7.86%) | (1.7a%) | (3,19%) | (16.95%)| (0,43%)
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Table 14 — WiFi measurement, scenario 5 (indoor)

54 28 36 22 18 12 . . 11 55 . .
Al Mbi's | Mbis | Mbis | wmbivs | wmbivs | wbigs | 2MPUS | BMBIUS s | mbivs | 2 MPIUS | 1 Mbits
Sentout | 255.828 | 21.319| 21319 21319 2138 213)0 214191319 | 21310| 21319 2131 2131 213
oo 237217 | 21319 | 21319 | 21319 | 21.317 | 21.315 | 21.306 | 21.303 | 21.200 | 21.108 | 19631 | 17784 | 8.197
P | (92,73%) | (100%) | (100%) | (100%) | (99,99%)| (99.,98%)| (99.94%) | (99.92%)| (99.91%)| (99.01%)| (92,08%)| (83,429%)| (38,45%)
contured | 18611 . o o 2 4 13 16 20 211 1688 | 3535 | 13.122
P (7.27%) 0,01%) | (0,02%) | (0,06%) | (0,08%) | (0,09%) | (0,99%) | (7.92%) | (16,58%)| (61,55%)
comect | 4839 . o o . o 2 2 12 7 46 116 4.654
(26%) (15,38%) | (12,5%) | (60%) | (3,32%) | (2,73%) | (3,28%) | (35,47%)
1-50 10.104 . o o . 0 9 4 6 34 63 1658 | 8.330
error | (73,37%) ©81,82%)| (28.579%)| (75%) | (16.67%)| (3,84%) | (48,49%)| (98,37%)
51-100 | 1.411 . o o . 0 1 4 2 7 21 1.246 130
error | (10,25%) ©,00%) | 2857%)| (25%) | (3.43%) | (1.28%) | (36.44%)| (1,54%)
101-150 | 408 . o o . 0 1 1 . 6 15 377 8
error | (2,96%) 9,00%) | (7,14%) 2,94%) | (0,91%) | (11,03%)| (0,09%)
151200 | 116 1 10 11 94
error | (0,84%) 0 0 0 0 0 O | (7.14%) 0 @9%) | ©.67%) | 2.75%) 0
over200 | 1.733 . o o 2 4 . 4 . 147 1532 44 o
error | (12,58%) (100%) | (1000%) (28,57%) (72.06%)| (93.3%) | (1,20%)
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Table 15 — WiFi measurement, scenario 6 (outdoor)

52 48 36 22 18 12 . . 11 55 . .
Al Mbi's | Mbis | Mbis | wmbivs | wmbivs | wbigs | 2MPUS | BMBIUS s | mbivs | 2MPIUS | 1 Mbits
Sentout | 246.816 | 20568| 20568] 20568  20.56 20568 20468 0.568 | 20568| 20568| 20564 20568 20.5¢
oo 38.982 | 5274 | 4762 | 4642 | 4115 | 3965 | 4066 | 387 | 4438 | 1061 | 1071 | 1080 | 641
P | @a5.79%) | 25.64%)| 23.15%)| (22.57%)| (20.01%)| (19,28%)| (19,77%)| (18.8%) | (21.58%)| (5.16%) | (5.21%) | (5.25%) | (3.12%)
cootured | 207834 | 15204 | 15806 | 15926 | 16.453 | 16.603 | 16502 | 16701 | 16130 | 19507 | 19497 | 19.488 | 19.927
P 84,21%) | (72,36%) | (76,85%) | (77.439%)| (79,99%) | (80.7296)| (80,23%)| (81,2%) | (78.4200)| (94,84%)| (94.79%)| (94,75%)| (96.88%)
comest | 186:329 8 11.077 | 15.831 | 15806 | 16.009 | 16,475 | 16605 | 16.115 | 19.401 | 19.497 | 10488 | 19.927
(89,65%) | (0,05%) | (70,08%)| (99.4%) | (96,07%) | (96.4206) | (99,84%) | (99,43%)| (99.91%)| (99,92%)| (100%) | (100%) | (100%)
1-50 17,706 | 12179 | 4.719 15 57 586 27 98 13 15 . o o
error | (82,33%) | (79.67%)| (99,79%) | (15,79%)| (8.81%) | (98.65%)| (100%) | (98.96%)| (86.67%)| (93,75%)
51-100 | 3.236 | 3.042 1 184 6 . 1 2 o o . .
error | (15,15%) | (19,9%) (1,05%) | (28.44%)| (1,01%) (1,04%) | (13,33%)
101-150 | 314 64 248 1 1
error | (1,46%) | (0,42%) 0 O | (38.33%)| (0,17%) 0 0 0 (6,25%) 0 0 0
151200 | 119 1 1 117
error (0,55%) | (0,01%) 0 (1,05%) | (18,08%) 0 0 0 0 0 0 0 0
over 200 130 10 78 41 1
error (0,6%) 0 ©0.21%) | 82,11%)| (6,34%) | (0,17%) 0 0 0 0 0 0 0
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Table 16 — WiFi measurement, scenario 7 (outdoor)

52 48 36 22 18 12 . . 11 55 . .
Al Mbi's | Mbis | Mbis | wmbivs | wmbivs | wbigs | 2MPUS | BMBIUS s | mbivs | 2MPIUS | 1 Mbits
Sentout | 439553 | 36.630| 36.630] 36630 3663 36680  36.420 6629 | 36620| 36.620| 36624 3662p  36.6:
oo 280.274 | 34.051 | 30177 | 28554 | 28084 | 28.015 | 28037 | 27.83a | 27901 | 14.032 | 13520 | 13432 | 6538
P | (63.76%) | (92.96%)| (82.38%)| (77.95%)| (76.67%)| (76,48%) | (76,.54%)| (75.99%)| (76,42%)| (38.31%)| (36.949%) | (36.67%)| (17.85%)
cooured | 159279 | 2579 | 6453 | 8076 | 8546 | 8615 | 8592 | 8795 | 8638 | 22507 [ 23100 | 23197 | 30.001
P (36,24%) | (7.040%) | (17.62%) | (22,05%)| (23,33%) | (23.5206)| (23,26%) | (24.01%)| (23,58%)| (61.69%)| (63.06%)| (63,33%)| (82,15%)
comeat | 138.997 . o 162 8512 | 8613 | 8592 | 8793 | 8636 | 20823 | 21.602 | 23.083 | 30.001
(87,27%) 2.01%) | (99.6%) | (99.98%)| (100%) | (99.98%)| (99,98%)| (92,15%)| (93.90%)| (99,51%)| (100%)
150 | 10.162 . 3 7.299 34 2 . 2 . 1393 | 1315 | 114 o
error | (50.,1%) 0,05%) | (92,23%)| (100%) | (100%) (100%) (78,52%) | (93,39%)| (100%)
51-100 | 851 107 471 247 26
error (4,2%) 0 w66%) | 5,950 | © 0 0 0 O | a3.020)| (1.85%) 0 0
101-150 | 1.060 880 109 64 7
error | (5.23%) O | zeaw)| @zsw | © 0 0 0 O | 361%) | (0.5%) 0 0
151200 | 2.089 2.025 28 30 6
error | (10,3%) O | (3138%)| ©035%) | ° 0 0 0 O | @eom) | (043%) | © 0
over200 | 6120 | 2579 | 3438 7 0 . . . 2 40 54 . .
error | (30,17%) | (100%) | (53,28%)| (0,09%) 100%) | ,25%) | (3.84%)
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Table 17 — WiFi measurement, scenario 8 (outdoor)

Al Mgrtl/s Mﬁigtg/s Mgi?/s Msi?/s Méi?/s Mlii%/s 9 Mbit/s | 6 Mbit/s Méi%/s MEk)J}Ss 2 Mbit/s | 1 Mbit/s
Sentout | 259524 | 21.627| 21627 21621 21647  216p7  21d27 1622 | 21627 21627 21620 2162f 216
orop | 256871 | 21627 | 21627 | 21627 | 21627 | 21627 | 21627 | 21627 | 21627 | 21620 | 21563 | 21506 | 19166
98,98%) | (100%) | (100%) | (100%) | (100%) | 00%) | (100%) | (100%) | (100%) | ©9.97%)| (99,7%) | (@9,44%)| (88,62%)
Captured (12,'525‘3;)) 0 0 0 0 0 0 0 0 (0,073%) (o?;yo) (0,152610/0) (121.,22%&)
Correct (511',?655 N 0 0 0 0 0 0 0 0 0 (2:’8% ) (52,%320 ”
elr-rsocr) (8%5;65%/0) 0 0 0 0 0 0 0 0 (14,129%) (6,245%) (391,1873%) (161022)
Sror (3,33%) 0 0 0 0 0 0 0 0 0 0 (38?154%) 0
Toror | ez |0 0 0 0 0 0 0 0 0 S e
12rlr'02r0° (0,??9%) 0 0 0 0 0 0 0 0 0 o | 4’254% ) 0
e (5,22%) 0 0 0 0 0 0 0 0 (85,?1%) (93??5%) 0 0
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10.2 Glossary

AP Access Point

ACK Acknowledgement

ARF Auto Rate Fallback

ARQ Automatic Repeat-Request

BE Best Effort

BMMM Batch Mode Multicast MAC Protocol
BMW Broadcast Medium Window

BS Base Station

BSMA Broadcast Support Multiple Access
CID Connection Identifier

CINR Carrier-to-Interference-plus-Noise Ratio
CQICH Channel-Quality Indicator Channel

FP7 ICT Call 1 Key line 1.5 “Networked Media” Page 48/49




OPTIMIX FP7-ICT Grant agreement n°214625 project

Deliverable D3.3a version 1.0

m O

CSl Channel State Information

CSMA/CA| Carrier Sense Multiple Access with Colliskvoidance

CTS Clear-To-Send

DCCP Datagram Congestion Control Protocol

DCF Distributed Coordination Function

DIFS DCF Inter-Frame Space

DL Downlink

DLL Data Link Layer

EAP Extensible Authentication Protocol

EDCA Enhanced Distributed Channel Access

ert-VR Extended Real-time Variable Rate

HARQ Hybrid Automatic Repeat-Request

HCCA HCF Controlled Channel Access

HCF Hybrid Coordination Function

JSCC Joint Source and Channel Coding

LBP Leader Based Protocol

LLC Logical Link Control

MAC Medium Access Control

MAP Maximum A Posteriori

MIMO Multiple-Input Multiple-Output

MN Mobile Node

MPDU MAC Protocol Data Units

NAK Negative Acknowledgement

NAV Network Allocation Vector

nrtPS Non-real-time Polling Service

OAR Opportunistic Auto-Rate

OFDMA | Orthogonal Frequency Division Multiple Access

PCF Point Coordination Function

PDU Protocol Data Unit

PHY Physical Layer

QoS Quality of Service

RBAR Receiver Based Auto Rate

RMAC Reliable Multicast MAC Protocol

RoCH Robust Header Compression

RSA Rivest, Shamir, Adleman

rtPS Real-time Polling Service

RTP Real-time Transport Protocol

RTS Ready-To-Send

SAP Service Access Point

SDU Service Data Unit

SS Security Sublayer

SSI Source Significance Information

STA Station

SVC Scalable Video Coding

TCP Transmission Control Protocol

UDP User Datagram Protocol

UL Uplink

UGS Unsolicited Grant Services

WIMAX Worldwide Interoperability for Microwave Acse WIMAX is a common name f
a technology based on IEE
802.16 air interface standards
provided by WiMAX Forum.

WLAN Wireless Local Area Network WiFi is a commercial nam

11}

for a WLAN realization.
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