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ABSTRACT

The advance of technologies has changed the way people access
the Internet - from narrow band modem dialing to xDSL broadband
access. This change stimulates..more and more new applications,
including multimedia audio/video " services, and thus increases the
demand of network bandwidth.

The development of wireless communication technologies makes it
more convenient for people to network access anytime, anywhere, and
even when moving. Several well-known wireless technologies, such as
Bluetooth and IEEE 802.11 standard, have already been equipped with
modern Internet or telecommunication products. Among them, IEEE
802.16 is the most promising wireless communication standard and is
regarded as the most important technology for the next-generation
wireless networks.

Compared with wired networks, wireless networks are more



sensitive to the environmental interferences and is relatively unstable.
Moreover, bandwidth utilization of a wireless network is considerably
lower than that of a wired network. One intuitive way is to develop new
wireless technologies with higher bandwidth. Alternatively, increasing the
utilization of available bandwidth is also a good approach to extending the
throughput of a wireless network.

In this thesis, we propose a Channel-Quality-Aware Maximum
Transmission Unit (MTU) adjustment mechanism for real-time
communication in IEEE 802.16e networks. The proposed method can
dynamically adjust MTU of Protocol. Data Units (PDUSs) in accordance
with the current Bit Error Rate: a.mobile station experienced. By
decreasing the MTUs when BERS are high, a mobile station can help to
reduce the packet loss ratios and-thus increase the system throughput.

However, decreasing the size of MTUs may introduce extra framing
overhead, such as MAC headers and Cyclic Redundancy Check codes.
As a consequence, a mobile station may need an extra cycle to complete
the transmission of the PDUs that the mobile station can transmit in one
cycle before adjusting the size of MTUs. Therefore we also propose a
Lazy MTU adjustment scheme to eliminate such delay. Performance

results show that our proposal is very effective.
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fﬁ B fo fﬁ %%
BER Bit Error Rate

BS Base Station

BSN Block Sequence Number

CDMA Code Division Multiple Access

Cl CRC Indicate

CID Connection ldentifier

CINR Carrier-to-interference-and-noise Ratio
CPS Common Part Sublayer

CQICH Channel Quality Information Channel
CRC Cyclic Redundancy Check

CS Convergence Sublayer

EC Encryption Control

EKS Encryption Key Sequence

ertPS extended real-time Polling Service
ESF Extended Subheader Field

FCH Frame Control'Header

FDD Frequency Division Duplex or Duplexing
FSN Fragment'Sequence Number

GMH Generic MAC Header

HCS Header Check Sequence

HT Header Type

IE Information Element

MIMO Multiple Input Multiple Output

MS Mobile Station

MSB Most Significant Bit

MTU Maximum Transmission Unit

nrtPS non-real-time Polling Service

PDU Protocol Data Unit

PHY Physical Layer

PMP Point-to-multipoint

RTG Receive / Transmit Transition Gap



rPS real-time Polling Service

Rx Receiver

SAP Service Access Point

SDU Service Data Unit

SFID Service Flow Identifier

Sl Slip Indicator

SS Subscriber Station

TDD Time Division Duplex or Duplexing
TEK Traffic Encryption Key

TTG Transmit/Receive Transition Gap
TX Transmitter

UGS Unsolicited Grant Service

xDSL x Digital Subscriber Line
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IEEE 802.16e& % 5 1 & & 4 Point-to-multipoint (PMP) -3¢ [4- ]
2-1]4rMesh s\ [4- B 2-2]5 6 Ho5¢ o

PMP#:5¢ 5 - ¢ ¥« Base Station (BS) §- % i Subscriber Station'
(SS)#7 = e )% &L o

PMP#:5¢ ™ » ® ¢ (downlink) £.45i¢BS5|SS1> & » 7 BSE = »
P e o B AT e (TR 7 F & RUE PR o A dk i
SS» ¢ 5 ¢ mzuConnection identifier (CID) & » #4535 p = CID ~ group
ID% broadcast ID » F & Fiuje ™ £ /2 o + @ (uplink) &4, SST|BSh
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2.2 I|EEE 802.16e %% & 3

IEEE 802.16e MAC protocol & ¥ % & & = &+ & [4-RB] 2-3] > 4 %] A_
Service-Specific Convergence Sublayer (CS)[8] - MAC Common Part
Sublayer (CPS)4r Physical Layer (PHY) » & 3+ & 7 # & iz iz At o
LU (alL

CS:CS i & Z &3t g8 cnFofl > Liae 2 A 4p > T R-4
Hp4F enT R > B id )% & ¢ Service Flow Identifier (SFID) 4= CID -

MACCPS : MACCPS # &7 MAC i it » @ 7 ke3P 8

fe @ ME 2 e RMPMEE o PP R EINE - RFLIHEE SR NE 2

PHY : PHY %% 7 & BRH1Z, Xt 2 p 3 2l » Sl B2 &

I3 RZF A ABEFTHE {;”grj Service Access Point (SAP) ;
Application = CS i {%%’E’ CS SAP ; CS 4= MAC CPS il 4_
%%r_* MAC SAP ; MAC CPS fePHY " id R %’jﬁd PHY SAP -

mx iRp @Eap 3T A L TR (Data Plane) fef3411% (Control

Plane) -

% |EEE 802.16% & WirelessMAN-SC ~ WirelessMAN-SCa - WirelessMAN-OFDM ~ WirelessMAN-OFDMA 4

FEPHY s -
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) ! Convergence Sublayer L , , :
i ! (cS) L Service-Specific !
Eo) i i Convergence Sublayers | |
: I — MAC SAP [l I
1 g I i 141 1
| E | | MAC Common Part Sublayer | ||| :
e (MAC CPS) <1t [ Management Entity ;
co '1l'| MAC Common Part Sublayer [T
¢ | Security Sublayer B | e g s |
: 1 : - ::: = Security Sublayer :
'd i L
1 (__PHYSAP ) e :
i : 1 |
Y Physical Layer 3 :
L I 1 Management Entity I
Do (PHY) o g |
' T ey i
1 1 Il 1
: l I [ I
v i Management Plane :
P Data/Control Plane it :
: b e e e R e g e 4 :l. ___________________ 4
& 2-371EEE 802.16e protocol layer
# 2-1 OFDMA frame duration codes
Code Frame duration P
™) (ms) e

a N/A AAS only gap up to 200 ms following (see £.4.6.3)

1 2 300

2 2.3 400

3 4 250

4 i 200

3 2 125

6 10 100

7 12.5 an

8 20 ms in

8-255 reserved




2.3 OFDMA Frame# { (TDD")

PHY {/* Frame = ¥ = » & 1 BT F & & (Frame Duration) %
#[4e % 2-1] - OFDMA TDD frame format[4-®&] 2-4]5_4 UL-Subframe f-
DL-Subframe = i Subframe #t % = - % j_ DL-Subframe # 3
UL-Subframe p¥ > ¢ [ % %2 Transmit/Receive Transition Gap (TTG) » &
# Gap €3:% BS 7 E’?«‘Eﬁ*ﬁl@ﬁ%}%éi@l&: v m SS AR S @31?] ° %
UL-Subframe #& = DL-Subframe p#> ¥ F % 32 Receive/Transmit Transition
Gap (RTG) iz Gap k|47 f= TTG 4p & > v & BS 3 PF 3% {c i 5 @ﬁ%] ’
@ SS 4’5;»;@%?]@ T

OFDAA symbol number .L
J ok ket k3 kS BT R0 B3 kel (REIT  RH20 23 k26| | EH30) B3T3
L5 FCH FCH
E+2 ] UL burst #1
2] DL burs: #3
5 Ea
=] =L
W E T s ]
7 0 UL barst 72
5 i =
= i DL burst #1
el dz2 —— =
= = | = By
= 418 = : " B |=
R I O DL burst #4 UL burst #3 5 |=
3 47 B = |2
£ | 7 DL burst #2 DL burs: #5 UL burst #4
= UL burst #3
E+L Banging subchannel
= DL "™ oL P R1G

B 2-4 OFDMA frame format

% |EEE 802.16 < $£TDD#{IFrequency Division Duplex or Duplexing (FDD) [Eifk o

7



DL-Subframe &4 BS #7%m = > H %2 < i ¢ 7 Preamble -~ Frame

Control Header (FCH) ~ DL-MAP ~ UL-MAP ~ DL bursts % » %4 it 4™

(1) Preamble : iz & -  F 2_ie » SS ] * iz % Preamble %4 BS
P od & el o

(2)FCH: v # z p = Frame % 3§ 8 DL-MAP £ & - DL-MAP
repetition coding % -

(3) DL-MAP : DL-MAP[4r# 2-2]% & 7 T fehf - B¢ 1 & ¢ 37
% ixdte BSID > & iy wie pFi%d Vi SS T fLenf
DL-MAP Information element (IE) % - ¥] = DL-MAP 12 Broadcast
BB Flp SS 3R g e

(4) UL-MAP : UL-MAP[4e% 2-3)% 7 + @ehFm > 27 4 8 247
3 rxent @B 4spE I (Allocation Start Time) » 2 & #SSF @fe ¥
epF Y (UL-MAPLIE) b UL-MAP s & 1 B $Fen™ V@i > F]pt SS
g T o

(5) DL burst : DL bursti BS#r/e# & » g 4 i Fl4 %s1SS2 PDU &
& > &zl eSS PEDL-MAP ¥ criDL-MAP_IE {7 4r3% e = %

3t p e eoburst o



% 2-2 DL-MAP message format

Syntax Size Notes
DL-MAP Meszage_Format() {
Management Message Type=1 3 bits
PHY Syvnchronization Field variable | See appropriate PHY specification.
DCD Count L hits
Baze Station ID 4E bits
Bagm PHY Specific Section { See applicable FHY subclanse.
AT
No, OFDMA svmbol: Shats HNumber of OFDIA svmbols in the DL
pEnuuiation zons
1
fori=1;1==mi+){ Fer each DL-MAP element 1 fo s,
DL-MAP_TE() variable | See corresponding PHY speeification
¥
¥
if I{byte boundary) {
Padding Nibhle 4 bats Paddmg to reach byte boundary.
¥

% 2-3. UL-MAP"message format

Syntax Size Notes
UL-MAP Message Format() {

Management Message Type =3 8 bits

Resarved & bits Shall be set to zero.

UCD Count 8 bits

Allocation Start Time 32 bits

Begin PHY Specific Section { See applicable PHY subclause.

if (WirelessMAN-OFDMA) {
No. OFDMA symbols 8 bits Mumber of OFDMA symbols in the UL

subframe

_}_

for(i=1:1<=nm;i++) {

For each UL-MAP element 1 to n.

UL-MAP_IE()

variable

See corresponding PHY specification.

!
4

if I{byte boundary) {

Padding Nibble

4 bits

Padding to reach byte boundary.

et

——t




UL-Subframe #_d4 SS*r e a & » H 2 & = # & % Ranging
SubchannelfrUL burst » %« 4 i 4o -

(1) Ranging Subchannel: i& ¥ - & % § * % i¥ Code Division Multiple
Access (CDMA) code = subchannel> & OFDMA ¢ >»CDMA code
£ 3 w % & % E_initial-ranging codes - periodic-ranging codes -
bandwidth-request codes - handover-ranging codes -

(2) UL burst: UL burst & SS #rem = pt 5 - # SSPDU 9§ & >
& SS 4 UL-MAP ¥ (hUL-MAP_IE 7 4v3% vt - R
3 1% i burst -

2.3.1 OFDMA Time Relevance of DL.-MAP and UL-MAP (TDD)

% DL-MAP {= UL-MAP ¢ > Timing 3 it £_4p B 55 e3> DL-MAP ¢ “74
WP R R g 4y LA P wiRjEIErame ¥ - UL-MAP ¢ “ify ift et FF %
B ¢dp L™ - B Frame ¢ - [4-® 2-5] - DL subframe {= UL subframe
PEMMIBE TP FEG TIG 2 RTG il g o

DL-MAP fc UL-MAP #%3; fie ¥ chps B > A 4o
(1) DL-MAP :

B E el MAP

zF

)
~ 1

iy

: P w Frame %2 & @

I

(2) UL-MAP :
B]

BB AT - B Frame & &=

: AT — B Frame Jjc = MAP i

@F

5 FE > ¥ SS e F| Grant FF o B P-r & AT B frame time PF A i #

10



Frame n-1 Frame n Frame a+1 Frame n+2
DL-MAP 7-1 DL-MAR n DL-MAP 41 DL-MAP £+2
i UL-MAF N UL-MAP m+1 LIL-FAP 5=l LL-MAPF +3
" ATOD Spiit ATDD Spint '/J ATDD Split ATDD Spit
Frams + ﬁ { +
Control
\H"‘-m___ - | “'--..\_\___\_l_
Dowrilinik R — - S
e kl:nm ~ e b
Uiplink b S
Subframe m

] 2-5 Timing of DL/UL MAP design

2.4 MAC PDU # 3¢

MAC PDU #: 7 4ck B 2-6 #77 > & 3 PDU B 5§ £ % %= # bytes
=7 MAC header- # ¥ ¥ i *x PDU 1 Payload- 4% 3 PDU Payload 5 %>
% PDU Payload p ¢ 52z 2 > ¥ extended subheaders » 4% % 5<%
B % i d subheader 4k Service Data Unit (SDU)en'e & o

MAC PDU ¥ iz # ¥ _Z £ 2.2 Cyclic Redundancy Check (CRC) > e
PHY layer = OFDMA & » A5a4] & #CRC 4c » o

o @
W
= 4
s
7/
Generic MAC header Fayload (optional) CRC (optional)
s
P

B 2-6 MAC PDU 3¢

11



el e = S |=| LEN
e Type (6 — ERS IS :
‘= ypEdO) w =| @ |z|MsB@)
T | w o o
LEN LSB (8) CID MSB (8)
CID LSB (8) HCS (8)
B 2-7 Generic MAC header format
— 1= Type 3
o o ype (3) Header Content MSB (11)
Elo
o LLJ

Header Content LSB (8)

CID MSB (8)

CID LSB (8)

HCS (8)

B 2-8 MAC signaling header type | format

12




2.4.1 MAC header % 3\

MAC header ¥ » 5 = A 5 » — ¥ 5 3 ¢ 7z Payload 7 Generic MAC
header (GMH)[4r®] 2-7]° ¥ - #f 5 % # z Payload ¢ header > @ 7 #
Payload - MAC header ~ % % 3 » 4 5| f 5 MAC signaling header type
I[4- @ 2-8] » 2 MAC signaling header type ll[4-B] 2-9]% & it 4c
Generic MAC header: #p* header z ¥ » ¢ # MAC ¢ 33t & & &
CS k @™ chE L » Generic MAC header & ff =4 it 4T
(1) HT : Header Type » & %@k 2.5 0
(2) EC : Encryption Control > 3% %_Payload &_F & 4c % -
(3) Type : 7+ PDU # £ F 3 subheaders # special Payload - #;*
Bid 5 E @bt RA e Aok 2-4 955 o

(4) ESF : Extended Subheader:Field > 3k = GMH 2t &% 7 1%
extended subheader °

(5) Cl : CRC Indicate®> .57 PDU* & % ¢ 7 CRC -

(6) EKS : Encryption Keyi'Sequence > # = * &k 4¢ % =1 Traffic
Encryption Key(TEK)4r initialization vector 7 index -

(7)Len: * &+ &g PDU & & > ¢ 7 GMH -~ Payload 2 CRC >
e % ¢ 7z Preamble -

(8) CID : Connection Identifier » 35 @ = ¢ PDU &1 Connection

|dentifier -

(9) HCS : Header Check Sequence » * % i Header 45 3% jp] o

13



‘[ ‘; E o Feedback Feedback Content MSE (8)
Flolg|la Type (4)
T |wl~ o
Feedback Content (16)
Feedback Content LSB (8) HCS (8)
B 2-9 MAC signaling header type Il format
% 2-4 GMH type encodings
Type bit Value
#5 Mesh subheader
#4 ARQ FeedBack Payload
#3 Indicates whether the present Packing or Fragmentation
subheaders is Extended
#2 Fragmentation subheader
#1 Packing subheader
#0 Downlink : FAST-FEEDBACK Allocation

Uplink : Grant management subheader

14




MAC signaling header type | : i & 7% ¢ # Payload 7 header > i 7
¢ »HT-EC-~CID 2 HCS v GMH p ehif =2 &4l » 2 8 = 2
H AT

(1) Type : Type tf =3 wm{ & > 2 BEF H A& PR & > 4k 2-5 47

T oo
(2) Header Content : Header Content ¢ %17 [ ch Type #f =& > @ 3
LR a R

MAC signaling header type Il : i4= MAC signaling header type | 4p
iz o A7 ¢+ Payload header » B RO =g A

(1) Type : s # =% F - @ bit> E-<:@E 4L 0 % 7L feedback

header -

(2) CII : CID inclusion_ indication'i- % 7+ Feedback content £_% 7 3

CID # =
(3) Feedback Type : 3 #* 3+ % -1 Feedback 255% » [4v% 2-6] -

# 2-5 Type field encodings for MAC signaling header Type |

Type field MAC header type

000 Bandwidth Request (BR) incremental

001 BR aggregate

010 PHY channel report

011 BR with UL Transmitter (Tx) Power report

100 BR and Carrier-to-interference-and-noise Ratio
(CINR) report

101 BR with UL sleep control

110 Sequence Number (SN) report

111 Channel Quality Information Channel (CQICH)
allocation request

15



# 2-6 Feedback type and feedback content

Feedback Type Feedback Contents

0b0000 CQI and MIMO feedback

0b0001 DL' average Carrier-to-interference-and-noise
Ratio (CINR)

0b0010 Multiple Input Multiple Output (MIMO) antenna
feedback

0b0011 Preferred DL channel DIUC feedback

0b0100 UL transmission power

0b0101 PHY channel feedback

0b0110 CQIs of DL multiple AMC bands

0b0111 The recommendeq number of frames for which the
short-term precoding feedback can be used

0b1000 Multiple types-of feedback

0b1001 Long-term precoding feedback

0b1010 Combined DL average CINR of Active BSs

0b1011 MIMO mode. channel condition feedback

0b1100 CINR feedback

0b1101 Close-loop MIMO feedback

2.4.2 MAC subheader - special payloads

IEEE 802.16e 7 - i 3| i - subheaders »

& ¥ ¥ iF & per-PDU

subheader §- per-SDU subheader > per-PDU subheader 3 extended

subheader ~ Mesh subheader - Fragmentation subheader - Fast-feedback

allocation subheader 4= Grant Managements subheader > per-SDU

subheader 73 Packing subheader - # i 1 3L {58 B 5 per-PDU £
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>t per-SDU > @ per-PDU ¢ » iRA S % 5 5 extended subheader > #

is % B & » Mesh subheader - Grant Managements subheader -

Fragmentation subheader - {- Fast-feedback allocation -

% & subheader § B %] g & 0 WA AT

(1) Fragmentation subheader[9] : * * % % 7% SDU #_Z 7 4%

fragment » i 3 4 =% 45 11 Block Sequence Number (BSN) &

Fragment Sequence Number (FSN) -

(2) Grant Management subheader : }* * %% BS & 45 % > ¥ 5 2

% frame latency % 5t o

acking subheader[9] : d6e iyt 5B - B
(3) Packi bheader[9] : IEEE 802.16e i 4§ 2. £ % & SDU ¥ - |

PDU ¥ - Packing subheader # 7+ iz i# SDU 7 BSN # FSN

(4) Mesh subheader : 4% ¢ * Mesh #-;% » Mesh subheader fj-.%g

MR e

(5) FAST-feedback allocation subheader @ * * 35 % FAST-feedback

(6)

allocation <=7 offset'z feedback type -

Extended subheader : v & 5 F@{cT 35 o T 7
SDU_SN extended subheader ~ DL sleep control extended
subheader ~ Feedback request extended subheader ~ SN request
extended subheader ~ PDU SN extended subheader - + @& 2
MIMO mode feedback extended subheader ~ UL Tx Power
Report extended subheader -~ Mini-Feedback extended

subheader - PDU SN extended subheader -
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IEEE 802.16e * k& &} @47 5 i 4]3 = 44> 4 %] i Contention >
Polling 4= Unsolicited Grant = § SS K|k 4 » i > & F 15 e FHF
% pF > SS & g ¢ * Contention == ;% » A Ranging Subchannel # %%
- i# CDMA bandwidth-request code > * %% BS B % » & % } & %k
e H4E B 4 ¥ Bandwidth Request - %] 2 Ranging Subchannle &_#*
Contention 77 3% & FAFF > FIPL A Fen& R - 2 ¢ 7 o

# SS g &4 A L real-time Polling Service (rtPS)[10] # &_
non-real-time Polling Service (nrtPS) F¥ » BS ¢ ik Jpid & = pFor 2 g
$ic o F ¥ ¥tz Connections # Polling «0#- i® » & g4 Connections
7 & 49 o B k8 i Bandwidth, Request -

% SS Hud A i 5 Unsolicited:, Grant Service (UGS)st extended
real-time Polling Service {ertPS)[11}{12] » BS ¢ ix y5:d & = pFer 2 g

i P P enisiz it Connections—-#_ a8 & - ¥ UGS connection
queue FHLiE 5 pEo T %g Grantisubheader = Slip Indicate (SI) ## ==+ BS
B RIph g o

AR ffofe  4oB 2-10 905 0 ¥ SS 2 F R T * B> SS €91
* Contention 44| » % i¥ CDMA bandwidth-request code » = BS £
# % 0 * i Bandwidth Request - 4 % BS 3 42 3 0 £ ¥ &
CDMA_Allocation_IE » # >+t |E ¢ & fedf 5% SS o

SS £ % ¥ Bandwidth Request 4 % > K,f 7 j¥_CDMA _Allocation _IE
@3t » SS 7w i _Polling ¢ ¥ 3] o BS 4w SS fiE = rtPS 2 nrtPS & 4
P& > € %23 11 Connection 4p B eh%dic > BS k45 iz 4t 43 23 ¢ Polling
SS - #+ Polling 41 - BS 3 # SS i« Bandwidth Request *7 7 & 7 -

SS ",f 7 ¥ 4 Bandwidth Request = BS & F3#g %7¢t » 5 SS 7 UGS
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& ertPS < Connection 3 & » BS » ¢ 3 # e B 4 7% SS -
#_d Contention 4% T4 » B8 ST B
frames pFF A ac #-F x4 > F A4 Polling #8413 T8 > B8 5

= B frames ehps fF 4 g #-FopLix 4> FH 4 BS 2 # Grant» SS . Filie

d B 2-10 # ﬁ

wlx.

Queue fs » BB 5 F BT HE D o

Contention

\

PollingOrCDMA_Allocation_IE

.
i

Frame I

Frame M + 1

Gramt
/ Frame I + 3
Data
Frame I + 4

Bl 2-10 47 % & e ¥ nAn

19



3.1 hmE

Applications

1

Joel

CS

I

5D sDU sDU SoU | |SDU
5DU SDU SDU TOU | |SDU

D e

BR - lleue

SDU SDU SDU soU | |sDU

| UGS ertPS rtPS nrtPS BE
SCH. -

sDU

sDU SDU SDU SD1Y
» >
Desc. Desc. 1 Desc.| [Desc. :l—_

- PDU Constructor

Alr Interface Burst
(RX) Air Interface (TX)|| PPV || FoU

B 3-1 k2 i

S B g [4c B 3-1][13] » & & 5 Application ~ CS ~ Queue -~ PDU
Constructor ~ Bandwidth Request (BR) ~ Scheduler (SCH.){= Air Interface
F-oBEE LR E HEFOE

(1) Application = gt -k ¢ & 2 T 5d fod B e £ 0 BT

BiE N4 o
(2) CS: Converagence sublayer * - ¢ #1<j€_Application ficke @
FT kP4 T ikgp Classify rules » ¥4 3| 7 SDU & #f & & 3

¥t & 7 IEEE 802.16e Connection o
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(3) Queue: ~ -k € & 7 I hrservice type (UGS~ ertPS~rtPS ~ nrtPS
v BE) 2 QoS %-#c > i£ = % % Connection Queues » * kit
CS B# ™ kemy#t SDU & & SS p ¥ & # & Management
SDU - # ¥ » 4 3 #7¢7 SDU & » Queue ¥ » i &v BR #i% o

(4)BR: # Queue i 5~ BR #-/2.4 #7171 SDU i » » & §.SS F & 3 ¢
SHE 3P > BR #2 ¢ 27 Incremental” Bandwidth Request 7
header # PiggyBack i subheader » * 1w BS & 475 o I %
IEEE 802.16e #.%_>SS # ¥ & ¥ BS % ¥ “Aggregate”Bandwidth
Request 7 Header > * % i BS = SS Bandwidth Request =
% o

(5) SCH. : # SS#tpe % ¥4 % 16 > SCH.#- 2 i% £ Connection Queue
57 Q0S[14] %% > fia'd SS A A Fe I Wi B > e d WRE D
-1 PDU description[15] ¢

(6) PDU Constructor = PDU Constructor iz SCH. i = = 7 PDU
description » ‘e ) 588 & % Ly PDU[15] »

(7) Air Interface : ¢ i & % Transmitter (Tx) f- Receiver (Rx) = %
& Tx i & .3 PDUs % = Burst> ¥ 11 Air 3 41 » #- % 4% e Burst
iz UL-MAP_IE ¥ i T pFERFiE A S RX A & F%- Frame ek o
AT IR PTF fr SS AR e F S > K- L MAC layer
#@ o ;IM&;F% v 3 aRAL O RX § & 2 50 SCH.H 25 B> BS 4 0%
L SSeaMp R EPFR o
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N _ﬁzﬁiaa R RS SNL 'ﬁﬁa]:@ﬁiﬂ P AELE A B A
b R o T BAF %Y o R BARF GO R Y F s
o FEd BB T @SR g SRR R S

A B4 R BER (T2 2% » JIH dh~ Moz R
Fehp Al R R 5 o F1L & IEEE 802.16e ¢ > ¥ X3 #4]F v & BER
ehig > ¥ o A & UL/DL extended subheader type # » 4 %] $84c » — B

type > & & i “BER extended subheader” - * &k w & BER &g - 404

3-1 #7% o
# 3-1 New UL/DL extended subheader type
ES type Mame (DL Mame (L)

1] SDU 5N extended subheader MIMO mode feedback extended subheader
| DL Sleep control extended subheader | UL Tx Power REeport extended subheader
2 Feedhack request extended subheader|Wini- Feedback extended subheader
3 SH request extended subheader FDU 5H (short) extended subheader
4 PDUT BM(chort) extended subheader |PDU SN (long) extended subheader
5 PDU SM(long) extended subheader |BEER extended subheader
fi BER extended subheader Fezarmed

T-127 | Resemed Razared

% BER g » 4 #- MTU %] » > gra e » 32ty
L g MTU» 7] 5 % Tt F ¥ > Overhead( 4= MAC Header ~subheader
o CRC %) [16] ¢ ;2 % HAF % o FWt » 3%4cw B T 4 enMTU » & 4 - B
Fgiht % o

APy gL X k- B MTU~ § 208 572 * ¥4 BER
R R H oo N e
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Definitions:

R = Bandwidth utilization
B =BER

M=MTU

OH* = Overhead

(1—B)®™ *(M —OH)
YR 1)

$HES(D)FARE > TF @ S MTU > 408 55(2)

R:

R _8M(-B)™**(M -OH) (1-B)™ (1-B)™*(M -OH)
oM M M M?

Flr 5424y heniE k¥ BER % > & i eh B MTU » T w

I E g > R o

3.2.2 Lazy MTU # & = ;2

AR LB ETAEMIU wF MTUS [ P> R A- B PDU 3+ i
MepFR o T g5 BA B PDU A s d > F)pt > Overhead i
B B @ ERAD SSEIGW T A B LFTHT i §uEBRIF K
MR A A N [17] o et - L RATE et AR KGR (Ao i R
) FE - BRFaICE FY o A2 B D - B2 % (Lazy MTU
AR * kPRF] S B A MTU 973 =& et 4 o

Loast Flip JOVerhead}J’,E YRIMAC header ~ Packing/Fragmentation subheader »CRC, NE%Grant Management
subheader™-ZF [ [[*PDU?KIFA 1L TR IR ]
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Bl 3-2 5 - 427 # B E MTU > 48 57 Request > Grant 2 F e
Bix= o HipffieT o

B A KT MTU 5 1024bytes » & @ i% ekl 5 500bytes » H =
# bytes en MAC Header > C &_» i# bytes 7 CRC > G #_% B bytes e
Grant Management subheader -

#HF- 1§ SS 3| BS e1Polling ¢SS # Mg 5 510 (Data + H + C)
bytes & Bandwidth Request PDU -

L % BS Jz 3] SS = Bandwidth Request PDU {$ » BS Grant SS

512 (Data+ H + C + G) bytes =#g & -

2

HF= 1§ SSer| Grant {s - ke di- B & 5 512bytes (h PDU » I &

#t Frame ¢ g 41 - > 3% 500 bytes 3 iz 4y o
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SS BS

Data

O

v

(size=500)
calculate bandwidth required (MTU = 1024) .
polling

] e

bandwidth request

grant with polling

Grant=(500+H+C+G))

_sg_qd' data

e

Data= (S00FHECHG))

Bl 3-2 Bandwidth Request/Grant and data transmission flowchart without

MTU modify

d Bl 3-2 77 5 4 j8SS {3 Polling 3 & i# 500 bytes Data i ;>

A1 3 B Frame Time shpF & o
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SS BS

Data

v

O

(size=500)

calculate bandwidth required (MTU = 1024)

polling

=

bandwidth request

(BR=(500+H+C))

grant with polling and BER report

Grant=(500+H+C+G))

change MTU to 128

send data and bandwidth request

BR538+H+C+F)
grant with polling

(Grant=38+H+C+F+G)

send data and bandwidth request

A 4

(Data=38+H+C+F)

8] 3-3 Bandwidth Request/Grant and data transmission flowchart with

MTU modify

Bl 3-3 5 BER 2 3 ¢ » SS & a3 B = & i MTU (& > Bandwidth

Request ~ Grant 2 Fflenidix 2 54 > H iz 40T
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SS 424> MTU % 1024bytes > & &% 3 42 2 500bytes > H &= i
bytes =7 MAC Header - C Z_z % bytes 7 CRC > G #_% B bytes 1 Grant
Management subheader> F &_% i# bytes =7 Fragmentation subheader -
S BSwi#H BER 2 3 » SSH i F& iz MTU» & 5 128 bytes -

#H3E- 1§ SS ¥ BS e Polling & » SS i ) & = 510bytes (Data +
H + C) < Bandwidth Request -

L % BS Jz 3] SS = Bandwidth Request ¢ > BS Grant SS 512
bytes (Data+ H+ C + G) “Wg % o

# 2= 1SS 5| BS & ATv F:HBER £ 2 - SS # 3 B MTU = 128
bytes -

# Fe © F SS Yz 3| BS Grant - 512bytes (i & 0 SS e e B E 5
128 bytes » PDU[4- ] 3-4]2%2 ] 5 MTU %] 15 > 48 %5 Overhead 3 *c >
HRAn & Fadf 57 45 5SS R EE ¥ b 2 Bandwidth Request @ & #1
4138 bytes T 4L & 47 F e

#H 31 1 BS e ¥ SS % = = ch.Bandwidth Request i » Grant SS 52
(remain Data+ H+ C + F + G) bytes =g % -

#HF- 1y SSc T Grant s >SS #4138 bytes 7k 4 + Overhead
6 - B PDU T o

d Bl 3-3 27 F 5 - jLSS {3 Polling I # i# 500 bytes Data i ;>

¥ £ 51 Frame Time eopF o
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128 > €123 €128 »le 128 »|€s50 >

4 512 >

dFl 32 W 33 kT Ad 0 F A PG MTU > g T4 @

B 3-5 #7177 o

B L KT MTU 5 1024 bytes » & @iz 3k & 500 bytes » H =
# bytes sm MAC Header > C #_» i bytes smnCRC > G #_% i# bytes ¢
Grant Management subheader - F &_+ # bytes # Fragmentation
subheader:> 5 BS w3 BER 2 {4 »SS & B = & i MTU - & 5 128

bytes -
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SS BS

MTU = 1024
newMTU = 1024

O Data >

(size=500)
calculate bandwidth required (newMTU = 1024)

polling

>l
l

bandwidth request

BR= (500+H+C
‘( ( grant WPI)h polling and BER report

(Grant = (500+H+C +G))

»
L

Data
(size=500)

Y

change newMTU t0128
calculate bandwidth required using newMTU
construct PDUs using MTU

send data and bandwidth request |
(Data= (500+H+C+G) » BR=500+5(H+C+F ))

change MTU to128

Bl 3-5 :z 2 ;% Bandwidth request/grant and data transmission flowchart

# 3~ 1% SS {c5] BS e Polling 4 » SSi% 1 i 5 510bytes (Data +

H + C) bytes 7 Bandwidth Request -

29



#H = 1§ BS J3| SS o1 Bandwidth Request {8 » BS Grant SS 512
bytes (Data+ H + C + G) =g & o

#H 2= 1SS #3] BS s ATwr4FH BER 42 » SS {* BER £ 5 & i&
MTU % 128 bytes> e F] 4 gt BFjc P e % F @ e 5 2.9 * MTU 5 1024
bytes 3 S#crda y 3o Flt> At e pEo 2 PDU R &4 *% MTU %>+ 1024
bytes 7 %#c - 2 i PDU = i » & §_Bandwidth Request f|Z & *
MTU %3t 128 bytes % %#ic> 2 4o 8 D19 B G 5 o

#H 2w g edF Burst o I Burst #2118 0 3 PDU 5 MTU &
128 bytes » ¥ & * 7|{s & #se PDU g% dic -

AR 35F F0 0 hhe AN A fo- LG B EDBEMTU @

ppiu

N it R T LERER SR ST L E R L RS

JRF] G B fe 38 B = B i MTU TS = gl B iz e 32 o
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