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1

Overview

The model currently implemented is based on the IEEE 802.16 standard (802.16-2004) [1] and
the mobility extension 80216e-2005 [2]. A shapshot of available and missing features is listed

below:

Available features

Summary of features NOT implemented

WirelessMAN-OFDM physical layer
with configurable modulation

Time Division duplexing (TDD)
Management messages to execute
network entry (without authentication)
Default scheduler providing round
robin uplink allocation to registered
Mobile Stations (MSs) according to
bandwidth requested

IEEE 802.16e extensions to support
scanning and handovers
Fragmentation and reassembly of
frames

- WirelessMAN-OFDMA

- Frequency Division duplexing (FDD)

- ARQ (Automatic Repeat Request)

- Service Flow and Quality of Service
(QoS) scheduling

- Periodic ranging and power
adjustments

- Packing

- Error Correction

It is important to note that many components are not defined in the standard. Therefore the model
implements one solution, which may or may not fit the user’s need. This is the case for the
bandwidth scheduler, and flow handler, or scanning scheduler. The model was designed to be
relatively extensible.

2

ARQ:
BS:
CID:
CS:
DL:
MAC:
MIB:
MS:

Glossary

Automatic Repeat Request
Base Station

Connection Identifier
Convergence Sublayer
Downlink

Media Access Control
Management Information Base
Mobile Station

OFDM: Orthogonal Frequency Division Multiplexing
OFDMA: Orthogonal Frequency Division Multiple Access

PDU:
PMP:
PS:
QoS:
RTG:
SAP:
SS:
TTG:
UL:

Protocol Data Unit

Point to MultiPoint

Physical Slot

Quality of Service
Receive/transmit Transition Gap
Service Access Point

Subscriber Station
Transmit/Receive Transition Gap
Uplink
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3 Packet CS

The convergence sublayer (CS) resides on top of the media access control (MAC) sublayer and
performs the following functions:

- Receives higher-layer protocol data units (PDUs)

- Perform classification

- Deliver the CS PDUs to the MAC service access point (SAP)

- Receives CS PDUs from the peer entity

In the current implementation, the Packet CS only performs classification. The method used to

classify packets is implementation dependent. It may also be useful to implement multiple
solutions in order to find the appropriate connection. The model supports user-defined classifiers.

3.1 Classifier class structure

SDUCIass ifier

+priarity_int

<-<cohstructorz==4+5DUC lazsifier(

+commandd argc : int, argy . char™canzt™ ) :int
<-<getters=4getPriorityd :int

<= setters==+zetPriorityd prio ;. int ) waid
+clazzify p o Packet"™ Y jnt

+inzert_entry_heady head : sduClazsifier™™ ) ;waid
+inzert_entry ! elem  SDUClassifier™™ Y waid
+hext_entry woid ) sDUClazsifier"™{ queryt
+remove_ehntryd D woid

+LIST_ENTRYE : SDUCIazsifier )
<-<zetters=>=4zetMacd mac : Mac802_16""™ % :waid

|

DestClassifier

=-<constructars=4+DestClazsifierd
=-<constructar>=+DestClazsifier mac : Macd0z2_1a""™ %
=-<constructars=4+DestClazsifierd mac : MacB02_1&"™, priority_:int )
+classify p : Packet"™ 3 @ int

Figure 1: Packet classifier class diagram

To implement a new classifier, subclass the SDUClassifier class and implement the classify
(Packet *) method. The SDUClassifier supports priority, which can be used to specify the order
in which the classifiers are called. The smaller the priority value, the sooner it will be called

(default value=0).
Note: The priority must be set prior to adding the classifier into the MAC, since it is used to order
the list of classifiers.

3.2 DestClassifier example

The DestClassifier class can be used as a reference to implement more complex packet
classifiers. It uses the destination IP address to classify the packets.

National Institute of Standards and Technology — Draft 1.2 -5-
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Figure 2: Flow diagram for DestClassifier

As shown in Figure 2, the DestClassifier uses the destination MAC address located in the packet
(and computed at the routing level) and the packet type to determine the proper connection
identifier (CID). If there is no match, it will return -1.

3.3 TCL commands

‘ S$classifier set-priority $prio \
Change the classifier’s priority. Default value is 0.

‘ $mac reset-classifiers \
Clear the list of classifier in the MAC. This must be called before adding custom packet classifier.

| $mac add-classifier $classifier |
Add classifier to the list of packet classifiers to use.

4  MAC sublayer

This section presents the MAC sublayer that currently supports point to multipoint (PMP).

National Institute of Standards and Technology — Draft 1.2 -6-
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4.1 MAC module structure

List

Mac02_16 +classifier_list ]sdu(:lassifier| SDUCIass ifier
+macmib_: MacB0Z_1GMIE +mac_ 1
+phymib_ : PhyS02_1aMIb =
Fframe_number_:int
Flast_tx_delay_: double
Frx_data_timer_: StatTimer"™

#rx_traffic_timer_: StatTimer™" +serviceFlowHandler_ Fflow head

#x_data timer_ : StatTim er" {—mac ServiceFlowHandler = ser\ticeflnw| |Ser\riceFluw|
#tx_traffic_timer_ : StatTimer™™ =

Fprint_stats_ ; int ~

. e +peer_list
+pkiRx_ : Packet"™ = f =~

. o peerNode | |Peer|'~.lude | -
+pktBuf_ : Packet"™ | -

+type_: station_type_t .
+hs_id_:int - +connectioniManager_ - +down_con_list m = “|Lists
+state_: Macd02_165tate Zmac ConnectionManager

+up_con_list_

+rxTimer_ D WimaxRxTimer :
+collision_: kool -connections_ w
+notify_upper_ : boal

+last_tx_time_ : double #mac

+last_tx_duration_: double <—|—‘
b
Wimax5Scheduler

#zcheduler_

#delay_natch_

#jitter_watch_ |BSS|:heduler| |SSscheduler|
#loss_match_

#tx_data_watch_

#rx_data_watch_ | ThroughputWatch

Frx_traffic_watch_
#rx_traffic_natch_

Figure 3: MAC 802.16 class diagram

The Mac802_16 is a subclass of the Mac class. It is an abstract class that contains the common
elements of the base station (BS) and mobile station (MS). For example it stores the MAC
management information base (MIB) and PHY MIB. It is the interface with other layers for
sending and receiving packets. Figure 3 shows the class and the relations with other modules.

A MAC has a list of packet classifiers (SDUClassifier) that maps each outgoing packet with the
proper connection identifier (CID). Using TCL, the user configures the list of classifiers to be
used (see section 3). The current implementation uses the destination IP address as the classifying
element.

The ServiceFlowHandler is responsible for handling flow requests/responses. It also stores the
list of flows for the node.

A subscriber station (SS) is registered to a BS, and a BS can be connected to multiple SSs. The
class PeerNode contains information about the peer, such as its connections and status. The
Connections are also accessed via the ConnectionManager, which contains the list of incoming
and outgoing connections.

The WimaxScheduler abstract class is used to create an interface with the MAC. There are mainly
two types of schedulers: one for the BS, and one for the SS. Since the scheduler is specified in
TCL, it is easy to implement the abstract class and to change it.

Finally, the MAC computes statistics via StatWatch and ThroughputWatch objects for packet and
traffic information. The values are used to trigger events, but can also be printed during the
simulation for post processing.

Since a BS and an SS have different state machines, we defined two subclasses, namely
Mac802_16BS and Mac802_16SS, as shown below.

National Institute of Standards and Technology — Draft 1.2 -7-
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Mac02_16

+macmib_: MacB02_16ME
+phymib_: Phy802_1EMIE
#scheduler_ : WimaxScheduler™"
#initTimer _: InitTimer""

#map_: Framehap'"
#irame_number_ - int

Ril_timer_ : DITimer"*"

Aul_timer_: UITimer""
#iolelay_watch_: Statwatch
Rlast_tx_delay_: double
jtter_watch_ Statvatch
RHloss_watch_ . Statvatch
#r=_chata_watch_ : Throughputviztch
& _tratfic_watch_: Throughputistch
#tx_data_watch_: Throughputiviatch
#x_traffic_watch_: Throughputiatch
#r=_ciata_timer _: StatTimer'"
#rx_tratfic_timer_: StatTimer'*"

At cista_timer . StatTimer™"
#tx_traffic_timer_: StatTimer""
#print_stats_: int

#Hlogtarget_ : NsObject™"

#pkiRx_: Packet""

#pkBuf_: Packet""

#type_ - station_type_t

ArxTimer _: WimaxRxTimer

#colision_: kool

#notify_upper_: bool

#last_tx_time_: double
last_tx_duration_: double
#connectionfdanager _; Connectiontdanager’
#zervicelrloweHandler_ : ServiceFlowHandler'*"
+peer_list_: peerblode™"

+nb_peer int

+nbr_db_: MeighbarDE™"
+classifier_list_: sduClassifier

upn

Mact02_16B5

Mac802_1655

#zendDCD kool

#ollcco_: int
#3endUCD : hool
#ulcce_: int

17 _head_: 1 7element

ol_head_: new_clisnt_t""

ol tail_: new_client 1"
+Howe_node_index_:int

-+ _peer_: Peerblode™"

+dcdtimer_ : WimaxDCDTimer"s!
+ucchimer_ : VWimaxUCDTimer"="
+nbracivtimer_: Wimaxhdabhlbr Ay Timer"="
+zcan_stations_; scanningStation
rotrlagent _: WimaxCirlagent ™"
+fast_ranging_head_: fastRanginginfo

-pkBuUf_: Packet™™
-state_: MacB02_165tate
-nb_reg_retry_ o u_int32_t
-nb_scan_req_: u_int32_t
AHtimer_ - Wimeo:T1 Timer"*"
A2timer_ : Wimax T2 Timer""
A6timer_ : Wimax TG Timer""
A 2timer_ WimaxT12Timer"="

A21timer_ WimaxT21 Timer'*"
-ln=tDLMAPtmer_ - WimzzxL ostDLMAPTimer"*"
lostULMAPtmer_ : WimaxLostULMAPTimer""
Addtimer _ VWimaxT44 Timer""

+zcan_info_: scanning_structure"*"
+soan_fleg_ - bool

+odefault_diuc_: u_char

==constructor==+Maca02_18()
==getter==+getChanager() . Connectionkiznager*”*
==getter==+petServiceHandler() : ServiceFlowHandler'™"
= xgetter==+getScheduler() : Wimazscheduler™
<=getter==+getFrameDurationt) : double
==zetter=>+setFrameDuration] durstion : double ) : woid
==getter=-+aetFrametumber() ; int
==getter==+petocie Type() : station_type_t

cammand( arge ; int, aray | charsconst™™ 1 int

= =setter==+setChanne!| channel  irt 1 void
==getter==+getChannel() - int

==getter=-+astChannel( freq : double 1 it
+nesxtChannel() | void

+sendDownt p : Packet's" ) : vaid

ransmit( p - Packet™" ) - void

+sendlpl p: Packet"* ) void

+receive) | i

==setter==+sethotify_upper notifty ool ) woid
==getter==+getPecrMode_head() : Peeriode""
==getter==+getPesriodel index - int ) - Peerblode™"
+addPeerhode( node : Peerhode™" ) : void
+removeReeriiodel node | Pesriode"™" 1 void
==getter==+getilbPeeriodes() © int

+start_disubframer) : vaid

+start_ulsubframet) : void

+expire] id - timer _id ) : woid

==getter==+aetMap() | Frametdap"™"
==getter==+getPhyr) | OFDMPHy™"

&init() : void

= =getter==#getPacket() : Packet'*"
==getter==#getFramelurationCode!) © it
==setter==#setFrameDurationCoder code | int ) void
#FaddClassifier( : SDUCIassifier"" ) woid

Rclazsifel p Packet™" ) int

#update_watch( watch - Stativatch" velue - double ) - void
RFupdate_throushputi wstch © Throughputatch™, size © double ) void
Amac_lool o Packet™ 1 void
==setter==#setStationTypel type © station_type_t ) void

==constructor==+Maca02_1BES()

+commandl arac : int, argy ;. char*const™ ) ©int
+sendDowen( | : Packet™" ) : vaid

ransmit( p: Packet™ 1 : void

rsendUpt p - Packet" ) void

receivel) : void

#init ) void

#init_clefault_connections() : void

#update_westchil vwestch : Statvistch™ value : double ) woid
#update_throughput( weatch © Throughputistch ™" size : double ) woid
expire( id - timer_jd ) : void

#start_disubframe() : void

#start_ulsubframel) : void

=z=getter==#isPeerScanningl nodeid : int ) : bool
==setter==#setCirlagent agent | WimeClrlAgent™" ) : void
#addNewFastRanging( time - double, macAddr - int ) © void

#zend_scan_response( rsp . macB02_16_mob_scn_rsp_frame"" cicint ) woid

-process_mac_packet| con: Connection™", p: Packet"™™ ) void
-process ranging_reql p o Packet™" ) waid

-process_bw_tedl p o Packet"™" ] void

_process_reg_reqi p - Packet™" ) - void

-process_msho_redl red  Packet™" ) waid

-process_ho_ind( p: Packet"™" ) void

-zend_nbr_adw(): void

-addtimerd 7( indes - it 1 void

-removetimer! 7 index : int ) void

==constructor=»+Maca02_16SS()

+oommand arge | int, arg : char'*const™ ) ; int
<=sefter==+sethlacState( state : MacB02_16State ): void
<agetter==+gethacState() : MacB02_165tate

+hackup_state() : state_infa"s

+restore_statef state © state_info™" 1 void

Hransmit p: Packet™ ): void

+zendDowenl p ; Packet™ ) : vaid

+zendUp( p | Packet™" ) : void

+receivel) : void

#init() - woie

#init_cefault_connections() : void

#lost_synchi) © void

#start_disubirame() : void

#start_ulsubtrame() : void

#resume_scanning() : void

#pause_scanning) | woid

#update_watchl watch | Statwatch™", value : double ) waid
#update_throughputl watch : Throughputsistch™, size © double ) @ void
#expired id : timer_id 1 void

_process_mac_packet( p - Packet™" ] void

-process_dl_map( frame  macB02_16 _dl_map_frame"™" ) : void
-process_dod frame : mac802_16_dod_frame"™" ) : void

-process ul_map( frame  mac302_16_ul_map_frame"* ) woid
-process_ucd( frame - mac&02_16_ucd_frame™" ) - void
-process_ranging_rspl frame | mac802_16_rng_rsp_frame"™" ) : void
-process_red_rsp( frame : macB02_16_red_rsp_frame"*" 1 void
-init_ranging() © void

-zend_registration() : void

-send_scan_reguesti) : void

-process_scan_rsp( frame : macB02_16_mob_scn_rsp_frame"*" ) void
-process_bsho_rspl frame : mac02_16_mob_bsho_rsp_frame"*" ) : void
-process_nbr_advl frame : macG02_16_mob_nbr_adv_frame"" ) void
-zend_msho_red) : void

-check_rdvi) : void

==getter>>-setScanFlag( flag : bool ) : void
==getter==-isScanRunningl) : bool

Figure 4: classes Mac802_16, Mac802_16BS and Mac802_16SS

4.2 Addressing and connection
Each MAC has a unique address coded as an int that is defined in the MAC class of NS-2.

The model also defines connection identifiers as int but they are carried as 16-bit in the messages.
The CIDs are assigned according to section 10.4 of [1] during initialization and dynamic setup of

connections.

The following connections are created during initialization at the BS

- Initial Ranging (incoming and outgoing)

Broadcast (outgoing)

Padding (incoming and outgoing)

- Adaptive Antenna System (AAS) (outgoing, not used)

The following connections are created during initialization at the SS:

- Initial Ranging (incoming and outgoing)
- Padding (incoming and outgoing)

National Institute of Standards and Technology — Draft 1.2
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- Broadcast (incoming)

Additionally, during network entry the following connections are setup and CIDs assigned:
- Basic CID (incoming and outgoing)
- Primary CID (incoming and outgoing)
- Secondary CID (incoming and outgoing)
- Data CIDs. Currently the model only supports one data connection.

4.3 MAC PDU format
The model defines a new header for carrying IEEE 802.16 packets.

4.3.1 Packet header structure
The class diagram of the hdr_mac802_16 class is shown in Figure 5.

hdr_mac802_16 phy_info_t
- - +phy_info
+arg)_ie: arg_fh_ig"[10]" [0..%] +frec_: double
+nurm_of_acks : u_int16_t +modulation_ : Ofdm_mod_rate
+offget :int +g_: couble
+offset() : int"a"

+access( p: Packet"™™ 1: holr macS02 16"

+header |gen_mac_header_t | [bw_req_header_t

+ht : u_char +hit 2 u_char
+Bc [ u_char +ec | u_char
+Hype_mesh : u_char | |+type : u_char
Hype_argth o u_char | |+be u_ird32_t
+frag_subheader | +pack_subheade +grant_subheader +tth_subheader +ype_ext : u_char +oid - u_int16_t

+Hype_frag : u_char +his  u_char
frag_subheader_s pack_subheader_s grant_subheader_s ffb_subheader_s +Hype_pck: u_char
+fc: : char +fe: o w_char +pigyback_red  u_int16_t +alloc_offset | u_char ::iﬂiffﬁg:h:af‘Char
+fzn : char +=n: u_int16_t +ype : u_char ey u.cﬁar
+zn: u_int16_t +length : u_irt16_t +ek§ U char
+E L U_char v J_char
+en :u_int16_t
+cid : u_int16_t
+his  u_char

Figure 5: Class diagram of MAC header

The header contains three main elements:

- Avirtual physical header of type phy_info_t. This structure is used to carry physical
information such as frequency, modulation and cyclic prefix.

- Ageneric MAC header of type gen_mac_header _t containing the generic MAC
information. The structure can be cast to bw_req_header_t when the packet is a
bandwidth request.

- Structures to store the different sub headers. The structures are present in all the packets
but the type attribute of the generic header indicates if the entry is valid or not.

When ARQ is enabled, the header also contains feedback information.

For MAC management messages, the payload contains the variable size information.

Note: Since it is not advised to use pointers in packets, we implement lists as arrays and include
the number of elements in the list. The maximum number of elements can be updated if needed.

National Institute of Standards and Technology — Draft 1.2 -9-



NIST

HNational Institute of Handards and Technology

4.3.2 Defined Management messages

The following table indicates the packets currently defined in the model. All the packet
definitions are located in the file mac802_16pkt.h. To compute the packet size, utility functions
have been implemented in the file mac802_16pkt.cc.

Category Messages defined

Synchronization DL-MAP /DCD
UL-MAP /UCD
RNG-REQ/RSP
REG-REQ/RSP

Service flows DSA-REQ/RSP/ACK

Mobility MOB_NBR_ADV
MOB_SCN-REQ/RSP
MOB_BSHO-REQ/RSP
MON_SSHO-REQ
MOB_HO-IND
MOB_SCN-REP
MOB_ASC-REP

4.4 Construction and transmission of MAC PDUs

The construction and transmission of packets can be divided into three steps:

1- Reception of outgoing packet from the upper layer: The MAC runs through the classifiers
to find the proper CID. If a valid CID is found, it appends a default MAC header and puts
the packet in the connection queue.

2- Scheduling: For every frame the schedulers go through the list of connections to find the
packets to transmit. At the BS, the scheduler performs burst allocation then transfer
packets from the connection queue to the bursts. At the MS, it uses the received UL MAP
to find the allocation and transfer the packets to the bursts.

3- Transmission: two timers are going through the DL and UL MAP to transmit the packets
stored in the burst queues.

4.4.1 Fragmentation

Fragmentation can be enabled/disabled on a connection based. Currently the default value is to
enable the fragmentation.

When scheduling packets for transmission, the scheduler checks if fragmentation is enabled for
the connection and splits the packet to fit into the burst. The fragmentation context is stored in the
Connection. The method transfert_packets in the file scheduling/wimaxscheduler.cc takes care of
transferring packet from their connection queue to the bursts.

4.4.2 Packing
Packing is currently not implemented

National Institute of Standards and Technology — Draft 1.2 -10-
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45 ARQ

ARQ is not currently implemented in the NIST model. The WiMAX forum is extending the
model to support this feature (http://www.wimaxforum.org).

4.6 Scheduling services

The class structure allows for specifying different data services namely UGS, rtPS, nrTPS, and
Best Effort. The services are specified in the ServiceFlow class. See section 4.11 for detailed
information on QoS.

The scheduling of the packets is done by a Scheduler. This scheduler is interacting with the MAC
via a well defined API allowing custom implementations.

4.6.1 Schedulers

Different types of nodes require different packet schedulers. In IEEE 802.16, the BS controls the
bandwidth allocation and there are an infinite number of implementations. The model includes
an abstract class, WimaxScheduler, created to easily use different packet schedulers. As shown in
Figure 6, this class already contains two implementations, an SSscheduler for SSs and a
BSscheduler for BSs. These schedulers can be replaced by using the TCL as defined in section
6.1.3.

WimaxScheduler

#mac_: MacB0zZ_16"*"

<=constructor==+\imax Scheduler))

==zefter==+sethlac) mac : MacS02_1E6"+" ) : void

+Hnit( : woid

==getter=~+gethlacl) : Macgo2_16"*"

Hransfer_packets( c: Connection™*", b : Burst"", b_data:int 3 int
+schedulel) : void

S5scheduler B5Scheduler
#default_mod_ : Cfdm_mod_rate
==constructor==+55schedular) dcontention zize it
+command; arge : int, argy - char'*const* 7 int _dlratin * double
+nit() : waicd nextDL - int
+zchedulel) : void el int

dcreate_request( con: Connection™" 1 woid

s=constructor==+BEScheduler )

+command( arge : int, argy | char"*const* 7 int

+init() : woid

+zchedule) : void

==getter==#uetBviopporunity( ; int

==getter==¥uetintRangingoppartunity()  int

#addDIBurst burstid © int, ¢ : Connection™*", iuc : int, diduration © int, maxdidurstion : int 1 : int
=agetter==-gettlac() . MacS02_16ES""

Figure 6: Packet scheduler class diagram

When implementing a new scheduler, the following methods must be implemented:
- init (): initialize the scheduler.
- process (Packet *): This method is used to process packets received by the scheduler
(such as synchronization messages).
- start_ulsubframe (): code to be executed at the beginning of a new uplink subframe.
- start_dlsubframe (): code to be executed at the beginning of a new downlink subframe.

A detailed description of the default schedulers is available in the PHY sections.
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4.6.2 TCL commands

| $mac set-scheduler $scheduler

Set the MAC scheduler. It removes the previously assigned scheduler if present.

4.7 Bandwidth allocation and request mechanisms

This section describes the implementation of the different mechanisms by which an SS can
request bandwidth.

4.7.1 Contention resolution

The BS allocates slots that are subject to collisions in the uplink direction. These slots are used in
two cases:

- Initial Ranging request

- Bandwidth request

The model supports a truncated binary exponential backoff for contention resolution. The UCD
messages broadcasted by the BS contain the window sizes (as a power-of-two value). The BS
also decides on the number of slots allocated in each frame.

Figure 7 shows the class structure used for contention resolution. An uplink subframe contains a
BwContentionslot and a RngContentionSlot. Both are subclasses of ContentionSlot which
provides the basic mechanisms related to contention.

During Network Entry, the SS performs ranging to adjust its transmission power. During this
step, the SS generates a RangingRequest. The SS picks a random backoff within the windows
provided by the BS and stores it. Then the SS decrements the counter every time a new
contention slot is found in the frame. When the counter reaches 0, the packet is transmitted.
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ContentionSlot

#map_ : Framehap"s"
#hackoff_start_: int
#hackoff_stop_:int
#size_:int

==destructor==+~ContentionSlat)
==getter==+getBackoff_start() : int
==getter==+getBackoff_stop() : int
==getter==+getSizel] : int
==setter==+setBackoff_start( backoff_star : int 3 woid
==getter==+setBackotf_stop( backoff_stop ;int 3 waoid
==getter==+setSizel size : int ) : void

+resumeTimers) ; woid

+pauseTimers() : void
==canstructor==+ContentionSIot map  Framebdap"" )

[ T

BwContentionSlot RngContentionSlot
+request_list_ . contentionRequest ~tequest _: RangingRequest"s*
==destructor==+~BwContentionSiot() ==destructor==+~RngContentionSlot)
+addRequest] p o Packet"*", cid ; int, len: int 1 void +addRequest] p o Packet"*" 1 void
+removeRequest] cid :int 0 woid +removeRequest(l: void
+removeRequests() | void +resumeTimers() © vaid
==getter==+getRequest( cid ; int ) : BwReguest"*" +pauseTimersC) : woid
+resumeTimers() © woid ==constructor==+RnygContentionSlot] mag : Frameiap"" )
+pauseTimers() © void
==constructor=>+EwContentionSlot] map : Framehdap™ 1

ContentionRequest

+5_ . ContentionSlot"*"
+hackaff_timer_: WimaxBackoffTimer"*"
+Himeout_timer_ : ContertionTimer"*"
+Hype_: timer_jid

Himeout _: doukle

+yyinclowe_: int

+nb_retry it

+rigc_ MacBo2_1g""

+p_: Packet"s

==conatructor==+ContertionReguest s ;. ContentionS)
==destructor==+~ContertionRequest()

+expirel) | void

+starttimeout() : woid

+pausel) | void

+resume) : vioid

+insert_entry( elem : ContentionRequest™" ) : void
+next_enteyl © woid ) ContertionReguest"*"{guery }
+remove_entry() : woid

+LIST_EMTRYT, : ContentionRequest )

+insert_entry_headl head : cortentionRequest™" 1 void

ot 1 - Packet™" )

i

BwRequest

RangingRequest

i int
-zize_int

<=zconstructor==+RangingReguest( s : ContentionSiot"", p: Packet"" )
+expirel) : vioid

==canstructor==+BwRequest( s | ContertionSlat"*", p : Packet"*" cid : int, length : int )
+expire() : woid
==getter==+getCID) : int

Figure 7: Contention slots and

4.7.2 TCL commands

contention requests

Mac/802_16 set rng_backoff_start 2
Mac/802_16 set rng_backoff _stop_ 6

Set the backoff window size for initial ranging requests

Mac/802_16 set bw_backoff start 2
Mac/802_16 set bw_backoff stop 6

Set the backoff window size for bandwidth requests
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\ Mac/802_16 set contention_rng_retry 16

Number of retransmission for sending ranging requests.

| Mac/802_16 set request_retry

2

Number of retransmission for bandwidth requests

Note: the backoff windows are MAC parameters while the number of contention slots for ranging
and bandwidth is a BS scheduler parameter.

4.8 MAC support of PHY

The model currently supports TDD. In this mode, uplink transmission occurs after downlink in

each frame.
The DL_MAP and UL_MAP messages sent every frame defines the burst allocation and
transmission opportunities for each station.
The information contained in the UL_MAP belongs to the same frame as shown in Figure 8.

Frame
Control

Downlink
Subframe

Uplink
Subframe

Frame n-1 Frame n Frame n+1 Frame n+2
DL-MAP n-1 DL-MAP n DL-MAP n+1 DL-MAP n+2
UL-MAP n-1 UL-MAP n UL-MAP n+1 UL-MAP n+2
ATDD Split / ATDD Split / ATDD Split / ATDD Spiit

]]]]1

]]]]1

]]]]1

Figure 8: Time relevance of DL_MAP and UL_MAP

4.9 Network entry and initialization

When an SS wants to join a network it needs to perform network entry. As shown in Figure 9 the
model implements the following components of the network entry:
Scan downlink channel

Obtain transmit paral
Initial ranging
Registration

meters
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| Channel Selection ]

Downlink DL_MAP (Downlink map)
synchronization 3

DCD (Downlink Channel Descriptor)

> &
] UCD (Uplink Channel Descriptor)
Uplink «
synchronization
UL_MAP (Uplink map)
> 4

... . Ranging request
Initial ranging < : R
Ranging response

Registration request
Registration Registration response >

( Normal operation )

Figure 9: Network entry

The following parameters can be configured:
- Timers to perform channel scanning
- Frequency of the DCD/UCD messages
- Parameters for initial ranging (backoff window size and number of slots per frame)
- Channel allocation

Some aspects of IEEE 802.16e are implemented, therefore the network entry can be reduced if
the SS has acquired the transmission parameters from the serving BS or during scanning (see
section 4.12).

4.10 Ranging

Ranging is a mechanism to allow an SS to maintain a good link quality by adjusting its
transmission power and modulation.

During the initial ranging, the SS includes the default DIUC profile to use for transmission. This
allows the simulation of nodes transmitting at different rates.

National Institute of Standards and Technology — Draft 1.2 -15-



NIST

HNational Institute of Handards and Technology

Currently there is no algorithm implemented to make use of the ranging capabilities. It is used to
add additional latency to the network entry. Periodic ranging and CDMA request are also not

implemented.
TCL command:

$mac set-diuc ProfilelD ;# 1<= ProfilelD <= 11

Set the profile to use by the MAC. The command is only valid at an MS.

4.11 QoS

The framework defines structures to support the implementation of schedulers that make use of

the different classes of service defined in [1].

Each Connection can be associated with a ServiceFlow and corresponding QoS parameters as

shown in Figure 10.

ServiceFlowHandler

-thEc_ MacBi2_1e"="
+flowe_head_: servicetlow
+pendingflow_head_: servicetlow
+atatic_flow_besd_ : servicefow

==constructor==+3erviceFlowHandler)

+process( po Packet"" ) woid

+addFlove( gqos © ServiceFlowQoS"" ) | ServiceFlow"*"
+remaveFlow id :int ) vaid

+zendFlovwRequest] index ; int, out ; kool ) woid
+add=taticFlow arge : int, argy ;. char"*const* ) int
+init_static_floves( index :int 1 void
FprocessDEA_reg( po Packet"™ ) void
FprocessDEA_rspl p o Packet"" 1 void
FproceszsDSA_ack( p: Packet"" 1 void
==setters=+sethac( mac : Mac802_16"*" ) waid

ServiceFlow

ServiceFlowQos

+id_: it
+irection_: dir_t

==constructor==+3erviceFlowl : SchedulingType_t, : ServiceFlowQo3"*"
<=getter==+getiD) : int

<=zetter=r+setiD] id : int ) waid

+pickID) ; woid

==gefter=>+setSchedulingl scheduling | SchedulingType_t 1 waoid
<=getter==+get Scheduling() . SchedulingType_t
<=sefter=r+sat QoS gos | ServiceFlow QoS ™ ) void
<=gefter=r+getDirection) : dir_t

<zzetter==+setDirectiond dir : dir_t 3 void

==getters=+get@oS() : ServiceFlowGoS"*"

+insert_entry_head( head : serviceflow™" ) : woid

+insert_entry elem : ServiceFlow"" ) vaid

+next_entryl ©woid ) ServiceFlow" " {query

+remave_entry() - woid

+LIST_EMTRYT © ServiceFlow )

+acheduling_

==enumeration==
SchedulingType_t

SERVICE_UGE
SERVICE_HPS
SERWICE_niPs
SERWICE_BE

-delay_ : doukble

~datarate_ : double
-hurstsize_: int

-dlata_size_ : double

—period_: u_int16_t
-iz_arg_enshled_: u_char
-arg_retrans_time_ : double
—arg_max_swindowy _u_int32_t
-ack_period_; u_irtS_t

<=constructor==+ServiceFlow QoS delay © irt, datarate | int, burstsize :int )
<=getter==+getDelay) | double

==getter==+yetDatarate) | double

==getter==+yetBurstSize) : int

==getter==+yetDataSize) : double

==getters=+yetPeriod) : u_int16_t

==getter-=+getls ArgEnabled() : u_char
==getter=>+getiraRetransTimer) ;. doukle

==getter==+getd rapseaMndow ) - u_int32_t
<=getter==+getdrgAckPerio) : u_intS_t

<=sefter=r+setDelay] delsy : double ) void

<=sefter=r+setDataratel datarate @ doukle 3 void
<=setter=r+setBurstSizel size :int )1 void

==zetter==+setDataSizel data_size : double ) : void
==zetter==+setPeriod] period : u_irt16_t ) : woid

==zetters=+zetls ArgEnshled] i=_arg_enabled : u_char ) void
==zetters=+setArgRetransTimel arg_retrans_time : double ) woid
<=zettersr+setd roiacdMndow arg_max_window © u_int32_t 1 vaoid
==gefter==+setirogdckPeriod] ack_period ; u_intS_t ) woid

Figure 10: Service Flow

The user configures the list of flows in each SS via TCL. These provisioned flows are stored in
the ServiceFlowHandler as static connections. They are established every time the SS attaches to

a new BS.
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While the structure supports the definition of QoS flows, it is up to the scheduler to make use of
that information.

The ServiceFlowHandler is responsible for handling creation of flows. The default
implementation does not provide any admission control mechanism. It accepts all the flow
requests from the MSs.

4.11.1 TCL commands

’ $mac set-servicehandler FlowHandler

Replace the default service flow handler.

‘ [$wl_node_($i) set mac_(0)] setflow DL 10000 BE 7002 1 0.018 1

The parameters are as follows:

- DL - Downlink, use UL for Uplink

- 10000 — Data Rate (byte/s)

- BE - Scheduling Type BE/rtPS/nrtPS/ertPS

- 700 - Datasize (byte)

- 2 —Period (For UGS traffic)

- 1-Toindicate if ARQ is enabled or not

- 0.01 - ARQ Retransmission timer value (s)

- 8- ARQ Window size

- 1- counter to indicate when ARQ ACKs have to be sent
Configure the list of flows that must be setup after network entry.

4.12 MAC layer handover procedures

The model supports layer 2 mobility. Depending on the configuration, the MS may perform
scanning and handover between BSs. This section presents the configuration parameters that
affect the handover capability.

4.12.1 Scanning

When the link quality deteriorates, the MS can send a MOB-SCN_REQ to the serving BS to
request a scanning interval for the purpose of finding surrounding BSs. Figure 11 shows the
messages sequence during scanning as implemented in the model.
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MS Serving BS Target BS
Decision to search [ Normal operation )
possible BSs > MOB-SCN_REQ
MOB-SCN_RSP
[ Listen to channels ]
Repeat .
sca[:ming Scanning Synchronization message$ (DL_MAP,DCD, UCD, UL_MAP)
and normal
mode
intervals Normal mode

MOB-SCN_REP

MOB-MSHO_REQ
MOB-MSHO RSP

MOB-MSHO_IND

IS

( Switch channel and network entry )
| | |

| Normal operation ]
! | |

Figure 11: Scanning procedure

To trigger the sending of a MOB-SCN_REQ, the MS monitors the signal level of the incoming
packets. When the level crosses a threshold, the message is sent.

By default, the threshold is set to the RXThreshold therefore scanning is not used. To enable
scanning, change the lgd_factor_ attribute of the MIB to a value greater than 1.0. The higher the
value, the sooner the scanning will trigger.

During scanning, the MS collects RSSI values of incoming packets. These values are reported to
the serving BS that uses the information to select the best target BS.

After the MS receives indication of the selected BS, it waits for a few frames before indicating its
intention to perform handover. The introduction of the delay is to allow the traffic buffered during
scanning to be exchanged before switching BSs.

Different scanning modes are implemented:

* In scan without association, the MS attempts to identify and synchronize with one or
more BSs. It also estimates the signal quality.

* Inassociation level 0, the target BS has no information about the scanning MS and only
provides contention-based ranging allocations. After sending a ranging request, the MS
waits for a response from the BS with a default timeout value of 50 ms.

» Inassociation level 1, the serving BS negotiates with the target BSs a time at which the
MS will find a dedicated ranging region. After sending a ranging request, the MS waits
for a response from the BS with a default timeout value of 50 ms.

Association level 2 is not currently implemented.

To allow these different scanning modes and to perform fast handovers, the WiMAXCtrlAgent is
required. The WiMAXCtrlAgent is an Agent performing three functions. The first one is to
exchange DCD/UCD information between the neighbor BSs. The second one is to trigger the
sending of NBR-ADV messages to the MSs. The third one is to synchronize the serving BS and
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the target BSs when performing scanning level 1 or 2. The messages are exchanged over wired
links using standard IP packets.

4.12.2 TCL commands

Mac/802_16 set Igd_factor_ factor ;# factor >= 1.0

Set the factor used to generate a link going down. When the received power is less than
factor*RXThresh_, a trigger is generated to initiate scanning. The higher the factor, the sooner
the trigger is generated.

Mac/802_16 set scan_duration_ 50

Set the number of frames to perform scanning.

\ Mac/802_16 set interleaving_interval 50

The number of frames interleaved between two scanning iterations.

\ Mac/802_16 set scan_iteration 2

Set the number of iterations to perform scanning.

\ Mac/802_16 set nbr_adv_interval 0.5 ;#in seconds

The interval time between two MOB_NBR-ADV messages

\ Mac/802_16 set scan_req_retry 3

Set the number of retransmissions for MOB_SCAN-REQ

] Agent/WimaxCtrl set debug_ 0 ;#set to 1 to print debug

Indicates if debug information must be printed regarding the scanning controller.

\ Agent/WimaxCitrl set adv_interval_ 1.0 ;# in seconds

Set the interval time between the exchanges of DCD/UCD information between neighboring BSs.

This exchange is done using the backbone network.

] Agent/WimaxCtrl set default_association_level 0

Set the scanning level to use. The information is embedded in the MOB_SCAN-RSP message
sent by the BS to the MS.

| Agent/WimaxCtrl set synch_frame_delay_ 50 ;# in second

Processing delay between the reception of a MOB_SCAN-REQ and the sending of the
MOB_SCAN-RSP when synchronization with target BSs is needed.
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4.13 Frame structure
FrameMap #map_ +prof|\e_\|st_- 5

-mac_: MacB02_16""
-duration_: douhle
-starttime_: double
-rtg_:int

-mg_:int

-dizubframe

e
<< Constructor>=>+FrameMap( mac : MacS02_1g"™ } x
<< getter>>+getDCD0  Packet"™ +phypdu_list_
<= getter=>+getDL_MAP( : Packet™™ -ulsubframe
<< getter>>+getUCD{  Packet"™ MEEGEm Ltk Ane _ L
<=getters==+aetUL MAP) : Packet™

<< getter>>+gethlacy : Macsd0Z_16""
<< getter>>+getDlsubframed : DISubFrame"™

<< getter>=>=+getUlSubframed : UISubFrame"™
+parseDLMAPframel frame : mac80z2_16_dI_map_frame"™ } : vaid m

+parseDCDframef frame : mac802_16_dcd_frame"™ ) : woid
T

+parseldLMAPframed frame : mac802_16_ul_map_frame" } : void
+parzellCDframe( frame : mac302_16_ucd_frame" ) : woid

<< setter>=+setitarttime({time : double ) : void

<< getter>>+getStarttimed - double

#bwe_req_ #ranging_

|BwContemionSlut | | RngContentionSlot

+request_list_

contention Request

-request
Contenti | | i

Figure 12: Frame class diagram

The design used to represent a frame is similar to the structure defined in IEEE 802.16 for TDD.
A frame (class FrameMap) contains a downlink and an uplink subframe (abstract class
SubFrame, class DISubFrame and UlISubFrame). The subframes are, themselves, separated into
PHY PDU intervals. In each of these intervals, bandwidth is allocated in bursts (abstract class
Burst, class UIBurst and class DIBurst) for the different stations. Each of these bursts can have a
different modulation and frequency called profile (class Profile).

Normally the BS allocates bandwidth for a station to transmit its data. In some cases, generally
initial ranging and bandwidth requests, the SSs need to compete with each other to access the
medium. These intervals (class ContentionSlot) are only present in the uplink since the BS has
total control over the downlink traffic.

The FrameMap class also contains methods to extract and parse the control messages. At the BS,
the scheduler creates the map structure according to an allocation algorithm, and then calls the
functions getDL_MAP, getUL_MAP, getDCD, and getUCD, to retrieve the packets containing the
necessary information to be sent to the SSs. At the SS, the scheduler calls the reverse functions
parseDL_MAP, parseUL_MAP, parseDCD, and parseUCD to recreate the data structure
necessary to handle proper reception and transmission of packets.

4.14 Packet processing
Figure 13 shows the packet flows for incoming and outgoing packets.
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Incoming packet

Figure 13: Packet processing overview

The activity diagrams (Figure 14 to Figure 16) provide more detailed information on how the
packets cross the MAC sublayer.

> Receive outgoing packet |

Try all regiztered
— — |claszifiers until CID
iz walid.

Class ify packet

Enqueue packet

Figure 14: Outgoing packet processing

A packet received from an upper layer is classified using the registered classifiers. Since there
may be multiple classifiers, the MAC accesses them one by one trying until a valid CID is found,
or all classifiers have been tested. If the CID is valid, the packet is added to the matching queue,
otherwise it is dropped.
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When a new packet is received, i.e. its first bit, steps shown in Figure 15 are executed. At the end
of the reception, the packet is processed as shown in Figure 16.

!

First bit
of incoming packet p

Ma
PktRx_ = MULL =
es
" T,
._a-"'—-—-—-—-— R_\-\--_""'\-\. ktRx_ = i
= Compare power levels = P =M

- i start rxTimer_

Hq"‘"-—.. --’__‘__,-'- 4

p level too small

p lewel cauzed collizion

tranzmizsion time af '““n: - ighore
Qlungerthan pkiRx_ - [ 9 : |

drop pkiBRx_ dropp |
pKiRx_ = p —
update rxTimer_ |
S
| )
A @

Figure 15: New incoming packet processing
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rxTimer_ expires
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Figure 16: received packet processing
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5 PHY

5.1 OFDM PHY
5.1.1 OFDM physical layer class diagram

OFDM Phy -modulation_ | < <enumerations =
Ofdm_mod_rate

—tx_powuer_ : int

-g_: double OFDM_EPSK_1_2
-fs_: double OFDM_QPsE_1_2
-fhandwidth_: double CFOM_OPSE_3_4
-activated_: boaol OFDM_leoAm_1_2
<= constructari=+0FDMPhy gEgm_éi%im_g_g
<-setter==+zetfrequency(freq : double ) rvaid OFDM_B4GAM_3_4

<< setters=>=4+setModulation{ modulation : Ofdm_mod_rate ) ; void
<= getter>>=+gethlodulation) : Ofdm_mod_rate
=< =setter>>4setTxPower{ power : double ) : void

<< getters>=+getTxPouwer] : double -state_ [<<ehumerations
==getter=>=+getP5 : double Ofdm_phy_state
<= getters=>=4+getSymbolTimed : double

<<getters=+getTrxTime! :int, : Ofdm_mod_rate ) : double OFDM_IDLE

<< getters>+getMaxPktsize{ nbsymbols ; double, : Ofdm_mod_rate ) : int OFDM_SEND

<< getters=+getiymbalPs0  int OFDM_RECY

<< setter==+setMode! mode : Ofdm_phy_state ) : woid OFDM_RX2Tx
+rode_an{ s waoid OFDihd_To2 R

+node_off) : void

#updateFs{ : woid

#sendDowni p : Packet"™ ) void
#zendUdp( p : Packet™™ ) @ int

<= ERUMeration =
Ofdm_bit_per_symbol

<= C++EnumerationLiteral=>=0FDM_BPSK_1_2_bpsymb{C++Initializer = 88}
==C++EnumerationLiteral>>0FDM_OP5K_1_2_bpsymb{C++Initializer = 154}
<< C++EnumerationLiteral>=0FDM_OPSK_3_4_bpsymb{C++Initializer = 280}
<<= C++EnumerationLiteral>>0OFDM_160AM_1_2_bpsymb{C++Initializer = 376}
== C++EnumerationLiteral>=0F0M_160AM_S_4_bpsymb{C4++Initializer = 578}
== C++EnumerationLiteral>=0F0M_640AM_2_3_bpsymb{C++Initializer = 760}
==C++EnumerationLiteral>=0FDM_a4 QAM_S_4_bpsymb{C++Initializer = 856}

Figure 17: OFDM Physical layer class diagram

The OFDM physical layer is used to transmit packets in the implemented model. The
configuration is done using TCL bindings for the frequency bandwidth and cyclic prefix. Since it
inherits from the WirelessPhy class, attributes such as frequency or transmission power can also
be configured by TCL.
As shown in Figure 17, the physical layer can be in different states. When in sending mode, all
incoming packets are discarded. In receiving mode, packets cannot be sent. Furthermore, the
packet header contains virtual information, such as frequency, modulation, and cyclic prefix,
which are used to filter incoming packets.
The model supports different modulations. The MAC layer allocates bursts that can use different
modulations according to distance or interference. This affects the data rate and transmission
time. The physical layer includes helper functions called by the MAC layers when transmitting
data:

- getTrxTime returns the time required to send a packet given its size and modulation.

- getMaxPktSize is the reverse function and returns the maximum packet size given the

number of OFDM symbols available and the modulation used.

The node_on and node_off functions enable or disable blocking all transmissions and receptions
of packets, but is not currently linked to any power consumption mechanisms.
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5.1.2 OFDM Packet schedulers

5.1.2.1 BSscheduler

The current implementation of the packet scheduler for BS can be configured using the following

commands:

\ set scheduler [new WimaxScheduler/BS]

Creates a packet scheduler for BS.

| $scheduler set-contention-size $size

Set the number of contention slots to be allocated for initial ranging and bandwidth requests in

each frame.

The scheduler implements a Best-Effort scheduler coupled with a Round Robin algorithm to
distribute the bandwidth allocations among the users.

To support BE, bandwidth requests are generated at the SS indicating the amount of data to
transfer.

The ratio between the downlink and uplink subframes is fixed and is configured via TCL

\ WimaxScheduler/BS set dlratio_ 0.3

Indicates 30% of the frame is for downlink and 70% is for uplink.

The scheduler also allows users to have different modulations.

‘ $scheduler set-default-modulation $modulation

Sets the modulation to use for the initial ranging and bandwidth requests slots.

Profile bursts are created by default as follows:

Profile name Modulation
DIUC PROFILE 1, UIUC PROFILE 1 OFDM BPSK 1 2
DIUC PROFILE 2, UIUC PROFILE 2 OFDM QPSK 1 2
DIUC PROFILE 3, UIUC PROFILE_3 OFDM QPSK 3 4
DIUC PROFILE 4, UIUC PROFILE 4 OFDM 16QAM 1 2
DIUC PROFILE 5, UIUC PROFILE 5 OFDM _16QAM 3 4
DIUC PROFILE 6, UIUC PROFILE 6 OFDM 64QAM 2 3
DIUC PROFILE 7, UIUC PROFILE 7 OFDM 64QAM 3 4

The user can select the burst profile to use [1-7] by TCL using the following:

| [$SSWithwiMax set mac_(0)] set-diuc 7

Note: By default, the profile (modulation) is the same for BOTH downlink and uplink for
communication between an SS and a BS.

5.1.2.2 SSscheduler

| set scheduler [new WimaxScheduler/SS]

Creates a packet scheduler for SS.
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5.1.3 TCL Configuration

Phy/WirelessPhy/OFDM set g_ 0 ;#cyclic prefix \

Set the cyclic prefix to use. Valid values are 0.25 (1/4), 0.125 (1/8), 0.0625 (1/16), 0.03125 (1/32)
By increasing the cyclic prefix, the overhead is increasing thus reducing the maximum
throughput.

Mac/802_16 set fbandwidth_ 5e+6 ;# frequency bandwidth (MHz) \
Configure the frequency bandwidth. Setting a higher bandwidth increases the throughput.
Mac/802_16 set rtg_ 10 ;# number of PS to switch from receiving to transmitting

state

The duration required to switch from receiving to transmitting. Increasing the value decreases the
maximum achievable throughput.

Mac/802_16 set ttg_ 10 ;# number of PS to switch from transmitting to receiving
state

The duration required to switch from transmitting to receiving. Increasing the value decreases the
maximum achievable throughput.

Mac/802_16 set channel _ 0 ;# channel number

Set the channel to use. This is configured at the MAC and passed to the physical layer. It is
required to set it at the BS. The MS will scan the channels to detect surrounding BSs.

5.2 OFDMA PHY

Place holder
6  Configuration
6.1 Setup

There are multiple steps required to start using the IEEE 802.16 model in the simulations.

6.1.1 Configure the node
The MAC sublayer and Physical layer are specified using the node-config method in TCL:

$BSWithWiMax node-config
-macType Mac/802_16/BS
-phyType Phy/WirelessPhy/OFDM

$SSWithWiMax node-config
-macType Mac/802_16/SS
-phyType Phy/WirelessPhy/OFDM

6.1.2 Configure a packet classifier

In IEEE 802.16, packets received by the MAC sublayer from upper layers are classified in order
to direct them to the proper connection. The model proposes a classifier based on the destination
MAC address and packet type.
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# Create classifier

set classifier [new SDUClIassifier/Dest]

# Set the classifier priority

$classifer set-priority 1

# Retrieve the MAC layer and delete all registered classifiers
[$nodeWithWiMax set mac_(0)] reset-classifiers

# Retrieve the MAC layer and set classifier
[$nodeWithWiMax set mac_(0)] add-classifier $classifier

Note: A default classifier (DestClassifier) is added to the MAC. To change the classifier, reset the
list and add a new classifier.

6.1.3 Configure a scheduler

To allow flexibility the MAC sublayer can use different types of schedulers. Mainly there is one
for Base Stations (BSs) and one for Subscriber Stations (SSs). Section 4.6.1 shows how to extend
the default schedulers.

For BS, the following TCL code sets the scheduler.

# Create scheduler

set scheduler [new WimaxScheduler/BS]

# Add scheduler

[$nodeWithWiMax set mac_(0)] set-scheduler $scheduler

Note: This scheduler is automatically created when the MAC 802.16 BS is created.

For SS, the following needs to be used

# Create scheduler

set scheduler [new WimaxScheduler/SS]

# Add scheduler

[$nodeWithWiMax set mac_(0)] set-scheduler $scheduler

Note: This scheduler is now automatically created when the MAC 802.16 SS is created.

6.1.4 Configure the channel

To allow multi cell topologies, the MAC sublayers can operate at different frequencies. To set the
frequencies, the user can set the channel number for the MAC.

# Retrieve the MAC layer and set classifier
[$nodeWithWiMax set mac_(0)] set-channel 1 #valid 0-4

The current frequency table contains 5 channels on the 3.5 GHz band and 7 MHz frequency
bandwidth.

6.2 Statistics

Some statistics are collected at the MAC sublayer. The following command is used to display
their values during the simulation.
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Mac/802_16 set print_stats_ true

6.3 Tracing

The IEEE 802.16 model introduces new values in the trace file. Two new reasons for dropping a
packet appear:
- CID: this reason code is used when a packet received at the MAC sublayer cannot be
matched to any connection.
- QWI: each connection has a queue to store pending frames. When the queue is full, the
packet is dropped using this reason code.
- FRG: indicates an error during the transmission of a fragment.
A new packet type is introduced. Sometimes, BSs need to communicate for synchronization
purposes. A new agent called Agent/WimaxCtrl handles this communication, and sends packets
marked as WimaxCitrl.

Note on traces when fragmentation is used:

If MAC traces are enabled and fragmentation is used, the fragments will be shown as sent but not
received. At the last fragment, the complete packet can be decoded and passed to the upper layer
which would then create a trace entry on the receiver side. For example, let’s consider a packet
with 1520 bytes which will be fragmented in four fragments of 396, 396, 396, and 364 bytes. The
trace file will contain four “send” entries for each of the fragments but only one “received” entry
of 1520 bytes for the complete packet.

7 Parameters and Constants

7.1 Parameters

Many parameters exist to configure the MAC sublayer and Physical layer. Below is the list of
parameters, default values, and descriptions as presented in the file ns-wimax.tcl.

# This class contains default value for tcl

#Physical layer configuration

Phy/WirelessPhy/OFDM set g_ 0 ;# cyclic prefix

Mac/802_16 set channel_ 0 ;# channel number

Mac/802_16 set fbandwidth_ 5e+6 ;# frequency bandwidth (MHz)

Mac/802_16 set rtg_ 10 ;# number of PS to switch from receiving to
transmitting state

Mac/802_16 set ttg_ 10 ;# number of PS to switch from transmitting to

receiving state

#MAC layer configuration

Mac/802_16 set queue_length_ 50 s#maximum number of packets

Mac/802_16 set frame_duration_ 0.004 ;# frame duration (s)

Mac/802_16 set dcd_interval_ 5 ;# interval between the broadcast of DCD
messages (max 10s)

Mac/802_16 set ucd_interval_ 5 ;# Interval between the broadcast of UCD
messages (max 10s)

Mac/802_16 set init_rng_interval_ 1 ;# time between initial ranging regions
assigned by the BS (max 2s). Note used

Mac/802_16 set lost_dImap_interval_ 0.6 ;# timeout value for receiving DL_MAP message
(s)

Mac/802_16 set lost ulmap_interval 0.6 ;# timeout value for receiving UL_MAP message
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(O))

#Timers (all values in seconds)
Mac/802_16 set tl_timeout_
wait for DCD timeout

Mac/802_16 set t2_timeout_
wait for broadcast ranging timeout
Mac/802_16 set t3_timeout_
ranging response timeout
Mac/802_16 set t6_timeout_
registration response timeout
Mac/802_16 set tl2_timeout_
descriptor timeout

Mac/802_16 set tl1l6_timeout_
bandwidth request timeout
Mac/802_16 set tl7_timeout_

authentication.

Not used

Mac/802_16 set t21_timeout_
wait for DL_MAP timeout. Replace with 20ms

[expr
[expr

0.2

[expr
0.1
5

0.02

Mac/802_16 set contention_rng_retry_ 16
(contention mode)

Mac/802_16 set invited_rng_retry_
(invited mode)

Mac/802_16
requests

Mac/802_16
Mac/802_16
UL_MAP and
Mac/802_16
Mac/802_16

Mac/802_16
requests
Mac/802_16
requests
Mac/802_16
requests
Mac/802_16
requests

Mac/802_16
Mac/802_16
interval
Mac/802_16
Mac/802_16
Mac/802_16
Mac/802_16
Mac/802_16
Mac/802_16
client

Mac/802_16

set request_retry_

set reg_req_retry_

set tproc_
effectiveness. Note used
set dsx_req_retry_

set dsx_rsp_retry_

set rng_backoff _start_

set rng_backoff_stop_
set bw_backoff_start_

set bw_backoff_stop_

set
set

scan_duration_

set
set
set
set
set
set

scan_iteration_
t44_timeout_
scan_req_retry_
max_dir_scan_time_
nbr_adv_interval_
client_timeout_

set lgd_factor_

(1 for no trigger)

Mac/802_16
Mac/802_16
power

Mac/802_16
Mac/802_16
Mac/802_16
Mac/802_16
Mac/802_16
there

set print_stats_
set rxp_avg_alpha_

set delay_avg_alpha_
set jitter_avg_alpha_
set loss_avg_alpha_

set throughput_avg_alpha_

set throughput_delay

is no traffic

WimaxScheduler/BS set dlratio_ 0.3

16

50

interleaving_interval_ 50

5* [Mac/802_16 set dcd_interval_]] b

5* [Mac/802_16 set init_rng_interval_]] ;#

S#
#

5* [Mac/802_16 set ucd_interval_]] ;# UCD

#

S#

to emulate preamble scanning on channel.

;# number of retries on ranging requests

;# number of retries on ranging requests

;# number of retries on bandwidth allocation

number of retries on
time between arrival

#
SH#

registration requests
of last bit of a

H
2

number of retries on
number of retries on

DSx requests
DSx responses
initial backoff window size for

SH# ranging

;# maximal backoff window size for ranging

;# initial backoff window size for bandwidth

;# maximal backoff window size for bandwitdh

duration (in frames) of scan interval
duration (in frames) of interleaving

number of scan iterations

timeout value for scan requests (Ss)

number of retries on scan requests

max scan for each neighbor BSs (s)

interval between 2 MOB-NBR_ADV messages (s)
timeout value for detecting out of range

;# coefficient used to trigger Link Going Down

statistics
on receiving

H
H#

true to activate print of
coefficient for statistic

statistic
statistic

coefficient for
coefficient for
coefficient for statistic on frame loss
coefficient for statistic on throughput
interval time to update throughput when

H
#
#
H#
SH

on
on

frame delay
frame jitter

;#default DL/UL subframe ratio
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8 Annexes

8.1 Current known issues
Problem when changing channel bandwidth

8.2 FAQ

Q: What does "bash: ns: command not found" mean?
A: The NS-2 simulator is not properly installed/compiled. Execute "./configure; make clean;
make" from the ns-2.29 directory.

Q: What does invalid command name "Phy/WirelessPhy/OFDM" while executing
"Phy/WirelessPhy/OFDM set g_0" mean?

A: The OFDM class is unknown to NS. This means the code has not been recompiled. Execute
""./configure; make clean; make" from the ns-2.29 directory.

Q: What does invalid command name "Mac/802_16" while executing "Mac/802_16 set debug_
0" mean?

A: The Mac/802_16 class is unknown to NS. This means the code has not been recompiled.
Execute "./configure; make clean; make" from the ns-2.29 directory.

Q: Does the current model support class of service (UGS, RTPS, NRTPS and BE)?
A: No. Though the architecture defines the structures to use it, the current scheduler does not
make use of it.

Q: What scheduler is implemented?
A: The default scheduler for OFDM uses a Best Effort algorithm coupled with the Round Robin.

Q: How to set the -DDEBUG_WIMAX switch?
A: Look for the line starting with "DEFINE = -DTCP_DELAY_BIND_ALL" and add the -
DDEBUG_WIMAX.

Q: How to set the datarate?

A: Unlike the 802.11 implementation, the datarate is not something set in TCL. Since each burst
can use a different modulation and therefore have different datarates, we opted for a dynamic
calculation of the datarate. By setting the frequency bandwidth, cyclic prefix and the modulation,
the datarate will change. Other parameters such as number of contention slots for initial ranging
and bandwidth requests or the downlink/uplink ratio affect the maximum amount of data that can
be transferred during a frame.
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2: Physical and Medium Access Control Layers for Combined Fixed and Mobile
Operation in Licensed Bands and Corrigendum 1

National Institute of Standards and Technology — Draft 1.2

-31-



