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Abstract

Ultra-Wideband (UWB) is a wireless technology features high transfer speed and short
distance range communication. UWB aims personal devices (i.e. PC, PDA, and others) at
wire-replacement. By connecting with. UWB; personal devices becomes convenient and easy

o use.

In thus paper, we design an media access.control unit (MAC) of UWB based on IEEE
802.15.3 specification by hardware/software co-design. The merit of software implementation
comes from shorter design time and easier version update. However, software implementation
is lack of interrupt scheme handles packet receiving. We still need some hardware

implementation and thus we adopt hardware/software co-design.

The timing accuracy of superframe and TDMA is the main problems of UWB MAC
design by software implementation. We propose a software scheme that approaches hardware
timing accuracy of superframe and TDMA. In addition to timing problem, a memory
management scheme used to accelerate packet sending and receiving efficiency in order to

achieve high transfer speed feature of UWB.
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#m Access MCTA | MCTA | CTA CTA
Period 1 2 1 h
qaﬁl 4 |EEE 802.15.3 superframe
3.1.1 Beacon
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Beacon kL't PNC 7t &~ i superframe [l gl i (19> 1) i 4 = s i
%)% 11 PNC i DEVs = Beacon ElfJﬁJﬁ FLAGERIG T~ RSyt [

R eYSH1 piconet /[~ ﬁlifgﬂpum

3.1.2 CAP (Contention Access Period)

¥ 7 Beacon I & [ivRL CAP < CAP 7' I'[ 7| ﬁlﬁfﬁ F} 5= asynchronous & 7R ]
& o CAP fR*| CSMA/CA | J?ﬁi&ﬁfu [RIF=FE | FY DEVS IHE&:F i Fv N RS Sl
H ER Ff eup J)E\&;F

3.1.3 CTAP (Channel Time Allocation Period)

CTAP kL superframe p@g@, B (553 - CERM] TDMA ol - [+ IEEE 802.15.3

Sk[J CTAP R+ % JEJjTEE . CTAs(Channel Time Allocation)ry MCTA(Management
CTAs) MCAT 7™ CTA pr— 7 [l el tishs F PNC $§% (9 DEVs {5, lﬁ{ﬁfﬁ

FHOEAG YN CTAP [ GTABE PNC J57Ha(-5 DEV » H[IDEV fi'I'[ 7 ! IF“CTA
e R 54 ek o DEV UM fonfiii—BlarBg fl ik evk] - = DEV “w CAP 7]
RISty £ WA PNC - PNCH8G .V i > DEV 1 gt&le[— i CTA » F=CTA [’ il
] &l Eﬁﬁlfl‘/ﬁ PR o
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ﬁ JPHYETR o [RF=» ZH {3 EJI;, 7 +"MAC Switch » | IHURLEIFRIEEE 802.15.3 MACH'I')

B IETAEHIMBOAPHY -

BRI Y YRS O 5 -

AT (B RY Y MBOARTHEY

Software
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UWE Host

Othar High Lavers

@ 802.15.3

302153
MAC-EW

Hardware 302153
MAC-HW
@ MAC Switch
MBOA

MBOA
MAC-BB Interface

| MBOA BB

| MBOA RF

UWE Host

Other High Lavers

g02.15.3

802153
MAC-8W

802133
MAC-HW

MAC Switch

MBOA

MBOA
MAC-BB Interface

| MBEOA BB

| MEOA RF

it S

Q7

UuwB —,”—?ﬁ%lﬁéj iy

Hardware

RIS PEOU o 1 B R 802.15.3 MACTIRERUT L + FS L

CoWare ** f' A praConvergenSC Tools {38 2% {pUWB /1 ’Eﬁ‘?;?vﬂfﬁu
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Switch » = ' % ConvergenSC IPs[* [iYARM Processor - AMBAZP libraries » =5 i I')
‘H{i@fﬁﬁfrﬁtliARM-based PIatformElfJﬁ?%%iiﬁZ/anﬁ' 65 = ConvergenSC Tools}i* I'| =5
MER ([ ARM-based Platform > & — f[iPlatform2&gghsf e [RUMAC-SW » = Z& &l

MAC-HWS:H o [KII= » [y [HUWB A = 2 b - PR Bty 802.15.3 MACT AT

il -
ConvergenSC
MAC-5W MAC-5W
(1)802.15.3 MAC (1)802.15.3 MAC
(2)Buffer Management (2)Buffer Management
«___-AHB Bus AHB Bus—_ >
— p—
= — L o
ARM | | RAM RAM L | ARM
Processor Processor
MAC-HW MAC-HW
=  (1)Register Set < > (1)Register Set —
(2)Timers & Interrupts (2)Timers & Interrupts

Q%‘ﬂ 6 ConvergenSC ./ ARM-based Platform #8125l

[ BT ZS IR ECH A FIMAC-SW - MAC-HW([] & £iMAC Switch) -
i/[lqﬁa\' BFT- o MAC-SWiF%Sﬁ[U} ]'#7_1'5“9 (el ]"Eﬁfjiﬂﬁﬁj} &y F',_J' 802.15.3 MACH Buffer
Management&%ﬁﬁﬂ - Buffer Management%%ﬁﬁﬂﬁ Y PR R b EIU]?TE"IELFE@% b gy %
ETHIf E'JFTE"I‘EL?E} P EUWBRY i RV © MAC-HWERARETRVRIFGE » @ r‘j
7 802.15.3 MAC= 802.15.3a PHY?FE'F%%J;V Register Set#/ITimers & Interruptsté&}ﬁj[JoTimers &
InterruptsBFflIF 11 RLfe IR 2 PURSTE I VAR ST v Superframe Timing (!
TDMA Timing -
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Froko A SIS MUWB /1 BT VLI e =57 802.15.3 MACUIE » # ¥ i
[HESMEE :‘”&]F‘EjﬁﬁuﬂﬂRegiSter Set ~ Timers & Interrupts%rﬁ[JﬂIBuffer Management%ﬁjﬂp gy

% 3 802.15.3 MAC ¥/ ["Eﬁ[ﬁﬁ

Ve 802.15.3 my prototype
Scan channels O O
Start / Stop a piconet O O
PNC handover O O
Association / Disassociation O O
Stream Management O O
Fragmentation / Defragmentation O O
Dynamic piconet parameters O O
Multiple rate O O
Power management O O
Security O X

4.2 Register Set

2 [P 2 UWB /BT OB IRR 2517 MAC-HW [* |25 K1(1] DMA
Controller Elivfjrﬂi » S MAC-HW 'thﬁﬁ i AHB El FER1RT B - Memory s2EHEY R U5 FT S0 E]
Memory [[1 » [ {SHIEIF] 0o overhead » [ IAORLER [ PR = i Jl:%}‘?fj\_l[ ;yﬁgwrﬁ{?a@
&THY Timing -

PR 75 {7 45 Register SetEﬁ » $¥IRegister Sets; Z‘%Z/D%ﬂ 75t ﬁﬁ TX Buffer ~ RX

Bufferl -~ RX Buffer2 - Timers & Interrupts ~ 802.15.3 MAC#! MAC Switch - £l {[IMAC
Switch= EILLEH (EZ A f{IMBOA-PHY « 7+ [ /| ;Tﬁ}ﬁ %55~ JgiRegister [ EFE o
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TE Buffer B Buffer
| T EUF_sTaRT | R Bufferl F3 Buffer2
(e im | | B3 EUF_STARTL | | B2 EUF_sTARTZ |
[T srant oz | | R BUF LEML | | P EUF LEN2 |
(@ pvraTon | | Ry BUF_TRMEOTTI| | B pUF_TOMEOUTS|
B | R pUF sEEl | e
Tirners & Internmts 202153 hWisc A Switch
| TRMER1 | [ suPERFRAME_TDME | [compamn |
| TR | [ E_sUPERFRAME_TIME | | corm |
[ MTERRIPT_STATUS | [ supERFRANME_DURATION | | T2 eTL CHAN |
[ MTERRUPT M&SE | [ car_mm | s
[cramm | | RESET |
| rIsF TIME |

[fa‘]' 7—-Register Set

4.2.1 TX Buffer

TX Bufferij &  TX_BUF_START : TX_BUF_LEN - TX_START_TIME -

IP_DURATIONAIRE_TX_LIMIT - ij[l&;‘q\‘ 7e

T+~ {ii CTA(i.e., TDMA Eajiﬁ‘,l) r'ﬁjg‘zﬁ N ﬁj mgg:r_r%@pﬁh [EGEH AT ty Eﬁ’ﬁ}?a
‘l‘?‘iﬁﬁ%ﬂ/@tﬁ it 4 (TX_BUF_START) %pﬁi‘ 2 V5 byte B (TX_BUF_LEN) - #%
r%gﬁ G ) U EOSTE FE ] (IP_DURATION) 15— ffatfaf sk % i gl o g
(RE_TX_LIMIT) - &t P@gﬁ & ot ] (TX_START_TIME) I Fﬁ rﬂ?{[*ﬁg i
Eﬁ%l#[%@ﬁﬁp R o

i OSSR R0 Superframe |1 T] - FRIFHRIIA, f Memory §2 ) Syastp
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MAC-HW [ it S i i b G2 R0 o I i o g
ImmedlateACKEJj 5 flit & Vel SR SIFS (Short Interframe Spacing) » | IFVRLZ#TRL
EUE] Immediate ACK = FJUSEN TR £ FE S ﬁ'fﬂﬁ PR

I GRS 803 F S Immediate ACK [ - J]ﬁﬁvu V[El €3 =F) MIFS (Minimum

Interframe Spacing) -

4.2.2 RX Bufferl ! RX Buffer2

RX Bufferl &7 4 & 2 RX_BUF_START1 » RX_BUF_LEN1 » RX_BUF_TIMEOUT1

[l fI
HIRX_BUF_SIZE1 - RX Buffer2 57 35 tlJr‘jRX BUF_START?2 - RX_BUF_LENZ2 -

j
RX_BUF_TIMEOUT2 AIRX_BUF_SIZE2 > i/[lqgﬂ 7o

ﬁi?ﬁ'glj $%£ﬁ+ RX Buffer 1/ Memory EJ%HQ ik HHRX_BUF_START1) - }%%”%
- RX Buffer 1 ;EEL 3 EF’*T% f* byte Br(RXIIBUE_SIZE1) - ’ﬁ?ﬂiﬂpﬁﬁﬁ "HiTi | RX Buffer L

Bufferl i Buffer2 - [@F%E '] RXBuffer £-RX Bufferl - j?,fﬁl?ﬂﬂfﬁ SR ﬁfﬁ
i1 RX Buffer 1 53 2oL | kB RX Buffer 17174 (RX_BUF_SIZEL) - ¥\ ikt

ﬁxj EJI l[sfﬁ e E[%@]%{] 17 L[srgl; Fﬁﬁzj‘ NS ,ffﬂlﬁg,ﬁ, JElzj RX Buffer 2 » ™ ' ﬁj]l’r_}Hl'éé’r
R AT Buffer [ JpOff & -

+; RX Buffer 1% Jifxﬂjﬂ& ’ [ET‘E'@FIFE EJﬁE[J ’ 1[5}— F&Eﬁf i/(RX_BUF TIMEOUTl)
% ﬁ]{l’ﬁ%}ﬁ”ﬁi% RX Buffer 2 » =7 =" 373t | 18772 W\ﬁj\?ﬂn PrifgElh L Buffer [*[fugf & -
=) Igrzj’:’v?g B opugt e I ot JjEEfr o RX Buffer 2 fﬁ]‘Eﬁ‘sfﬂfﬁ’ RX Buffer 1 % ,‘[ﬁjo

J - RX_BUF_LEN A1 RX_BUF_LEN2 LRI #1c  » fipid 3 v

PIEE AR T TRPRE U5 2] S ivaid bytes B

4.2.3 Timers & Interrupts
Timers & Interrupts T;{“JFTIMERl TIMER2 ~ INTERRUPT_STATUSH
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INTERRUPT_MASK > D[lﬂ%ﬂ 7o

TG MY AR 2 |[4’E’E5"ﬁ%oTIMER1 FITIMER2 I'] us 1% F|l fib ’ﬁﬁ\%?ﬂtﬁ; Timer
EI'UEﬁFa, % > & 1us T;’jh’r ey 1o £ Timer ?”fﬁa‘ SAUT@EEHS 0> HRLYE % 7 Timeout f| I
HifF o ;EIH TIMERL 1 TIMER2 g & [ 1> 21 ﬁj%‘ﬂtw A J%‘:*[”‘ . ﬁ AT Jﬁﬂjf
o PR ﬁ*‘{lﬁﬁ'%ﬁpl Superframe Timing #[! TDMATlmlng °4.3 ﬁ‘“ﬁ 1Elﬁ17ﬁ
Timers & Interrupts i@%ﬂiﬂ['[?é[‘ey °

B,%’J’fEIPE'Timerﬁ%%;i FgT 9t =R FT B pui] D“A JFlTE o £ )
S INTERRUPTE_MASKIT? B 2 1 ¢ IF’?EI%H’HJF EENT RN S
PRSP i § 53V INTERRUPT_STATUS i - A 427 INTERRUPT_STATUSSf i

ZiprErEei it -

% 4 INTERRUPT. STATUS SpfEfvr| 19 [+

Bit HifF £ i
0~15 number of entries are filled . RX Bufferl g RX Buffer2 [“JEV??T
o S R
(**~’F1 Bit 30/31 ?Hzr%’?‘} enable)
16 Timerl expires TRIPE Timer 5= 0
17 Timer2 expires ’E{’ﬁg Timer2 [FEr= 0
18 Retransmission limit has been SSTARED AP 5 = s NG I i
reached
19 TX is completed F* HEFE ﬁf‘@%%’ﬂ"
20 Beacon reached TR Z] Beacon By
21 Equal Superframe duration SUPERFRAME_TIME
=7 SUPERFRAME_DURATION
22 Equal CAP end time SUPERFRAME_TIME
=% CAP_END
23 Equal CTA end time SUPERFRAME_TIME

=9 CTA_END
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24 CCA busy now E'F] Channel £% Busy ;i
25 CCA clean now f 'ﬁr] Channel £% ldle i

30 RX bufferl is ready RX Bufferl i + 55 timeout
31 RX buffer2 is ready RX Buffer2 i + 55 timeout

4.2.4802.15.3 MAC

802.15.3 MACEI’Q’TT; oy o FA,SUPERFRAME TIME ~ EN_SUPERFRAME_TIME -~
SUPERFRAME_DURATION ~ CAP_END - CTA_END%[IRIFS_TIMEf/Dﬁ%ﬂ 7

SUPERFRAME_TIME #.51- & Superframe [ Ifjijf JEﬁF'E » I'] us EBHTAF < & Superframe
] ﬁFIEﬁ O£ 0 &SI lus ffup 1o [ Z[E7F Superframe duration i<
SUPERFRAME_TIME f{fii £ #7£% Q2 IF%%&? ph— f{f# #rpy Superframe [ F", il
EN_SUPERFRAME_TIME £l PNC%&E"FVJ = SUPERFRAME_TIME ﬁf[ﬁ"ﬁ%{gjﬁi’ (§-
0 B F =) 1us YEIT 1 - il DEV%iD {4 [>%]| Beacon-Ff & iz > ﬁ%}{‘ﬁ' SUPERFRAME_TIME
[ARIETEL 00— F5 lus Y&l 12 CAP_END Z- CAP [ fti]7 Superframe f1ff Eﬁﬂ“ﬁt}[
CTA_END %550 CTA B[t 7. Superframe Hllﬁﬁﬁ’@ﬁm RIFS TIME #.5. RIFS

Duration o

4.2.5 MAC Switch

MAC SWItCh?’TQ oy FA,COMMAND CCRE ~ TX_CTL_CHAN ~ RX_CTL_CHAN

FIRESETY[If 7 -

LT 2 BULEHEHIMBOA PHY Y iy - COMMAND? L% fiIMBOA
MAC-PHY interface|” i FSMRfiE » J[ik 55?;?{! ElN ?U%EF;‘MW 0 ﬁl_% q%)' 8F- o
CCREECCA Request i}iﬁ’UCCAﬁkﬁfﬂfﬁgﬁﬁ‘/fﬁﬁfoTX CTL_ CHANE’*T; é’éi}iﬁfﬂlmk

E?j ff " llong preamblegiyshort preambleé*’?%ﬁ‘ﬂ@;_pJChanneI,\rijF RX_CTL_CHANPF“’,*TZ«%E

ﬂﬂﬁjﬂ% JJ57#% i1 ™ [long preamblefshort preambleé*’?jfzt‘ﬁjﬂﬁf JspuChanneliis - RESET[RL
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I MAC-HW -

gl
I

% 5 COMMAND Register

Bit FSMIRE S

0~15 The time for switch T2 D us B3 = jEE
16 SWITCH TO RESET To Reset state

17 SWITCH_TO_STANDBY To Standby state

18 SWITCH_TO_TX To TX state

19 SWITCH_TO_RX To RX state

20 SWITCH_TO_SLEEP To Sleep State

@
BTANDBY

q\%\' 8 MBOA-PHY State Diagram

4.3 Timers & Interrupts

P TR FS R O RO R AT R
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Eﬁ?&ﬁp’v Superframe Timing #1 TDMA Timing ==} {{gl E'J’g@?ﬁ} Timer==— =% Fﬁ%ﬁé‘ Timing
{0 Registers eSO < Interrupt 3% ) £ SR~ S AR L A ST
BRI I PR = ?ﬁ*i’i]’l‘}ﬁﬁﬁf{l‘ﬁ?ﬁ/ Timing -

4.3.1 PNC [E1:= Beacon

superframe
B [cap|  cTap

3 "equal superfrarne duration”

1 Zenetate
Bearcon 1

7 Zenerate
Beacon 2

Zenerate Zererate
Beacon 3 Beacon 4

5 zend
Bearon |

fi "equal cap end time”

i send
; Beacon 2

.
'

: senid
! Beapon 2

&
: send
L Beacom 4

B |CAP

CTAP

3

CAP

CTAP

CAP

CTAP

1
o fet SUPERFRAMNE_TIE = 0
Set EH_SUPERFRAME,_TIME=]
Set T3 EUF_START
Set TH_START _TIME=]

Fecet SUPERFEAME TIME=0)
Set CAP_EHD

Eecet STPERFEAME TIME =1

4 Fecet STTPERFRAME TIME =0 Set CAD EMD

Set CAP_EMD

qa[ 9 PNC [E5= Beacon

qiaﬂ QE@PNCfilj’:%BeaconEﬁ’—T»EI@? ?Ei’nﬁ%‘ﬂ o By L HER T — FIRCEPNCH e i > (IR F",
gl (=Beaconff &y - 57 2 HER © G [=Beaconff &5 1 i %%F%%_’SUPUERFRAME_TIME

FYffi£L 0 > FA- SuperframeFWﬁE?j filEL 0 e ﬂi‘%ﬁé’al%?gEN_SUPERFRAME_TIMEE{U R

#7 SUPERFRAME_TIMERHIY; & 1ust! I 1o 1 5T [ TX_BUF_STARTSW: 17

Beacon Fame BufferElfJ@i{F"["\j'ilPo rl%JTJ\L_’TX_START_TIME!E.‘T’E; 0> %A TX_START_TIMEZ"
SUPERFRAME_TIME’F’TFE 0 E?j ’ F#EJYQF", (3= Beaconfsf &y 1A, o iﬁfq{%?%}lﬁ%;ég flit

SuperframeFﬁJizF"[E\*] }ﬂ?ﬁ:ﬁiﬁgfﬁ#lf—iﬂéBeaconﬁﬁw s ZG {4 R Y [EBeacondEf & o [RF=
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57— (WBeacon] (B (B i - Tﬁ%’“ 'r%ljg (i Superframe DurationEIfJE\ﬂJ‘ fi] o

Y3 HER: ,glt[ SUPERFRAME_TIME %7 SUPERFRAME_DURATION fiu i - f;
& % Interrupt Ht{F " equal Superframe duration ;- 37 4 #& : = Interrupt ISR F’ﬁglr,%
SUPERRAME_TIME Z%% 0> & &' F%EE 17| Superframe [*[[* CAP end time [iufifi £ %] -
275 R [NEL SUPERFRAME_TIME J@}Q?t@ 0> NEL TX START _TIME “£5 0 » [H

= 57— [l Beacon fif:kk PNC A=A o

I
G

6 H 5% 2% SUPERFRAEM_TIME %% CAP_END - T;’T_r}ﬁ % Interrupt g1 %" equal
cap end time ;- 577 H B : [ Interrupt ISR Tﬁﬁ",ﬂ* Beacon Thread & % ™ — [ Superframe
fol = A v Beacon 5 &) 27 8 HWER 1 IEE i~ ([ CAT %ﬁqﬁiﬁ % Tﬁl%t—
TX_BUF_START %ﬁf??’?ﬁ' Beacon Fame Buffer Fﬁj@i[ﬁr’\jifo I%Jt TX_START_TIME £%
0- V&~ ffi Beacon f ty U] (E= {U AU R 34~ 5+ 6 ~ 7 RN -

4.3.2 DEV # 1% Beacon
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superframe
B |cap| cTaP

W ] T ] .
B (AP CTAP B (4F  CTAP B AP CTAP B [AR
4 "imer] timnefput
4
1 "baacopraa;:hed" N #f /
HR;: — Ir'; | — :.f"l |
B |CAP| CTAP B |CAP|  CTAP B |CAP| CTAP B |C4P
1 et TIMERI
Buffer iz ready
il 10 ~DEV.H % Beacon
[ 105 DEVH [ Beacon(t (1 Hip - Edbf{l?ﬂ%lg{lﬁi?ﬂﬁ [ P I
10f[1 > = {ff*1Superframe Duration;j 5y HWZSW s £ » 771" ') USWrAA F“HWZ]L = g
i -

5L ER: - LIHCE DEV #€1V B [R5 15 0 2] RX Bufferl {5 RX Buffer2-
P U bl LT Beacon & » 572 #ER : B TIMERL OBl > IR
& DEV Hdh1BF Fﬁ‘ﬁfqﬁi# » PIEE %™ — & Beacon f &y o %?ﬁ J%%|| Beacon $5f &
i RX Buffer i % Interrupt g1{F " Buffer is Ready ;- 57 3 & : = Interrupt ISR ﬁ’ﬁlﬁ,lj\
77 MF?E RX buffer ™" I"| Beacon ff &y £ B s 7El o YR A48 =Beacon £ &/ [* |1 CAP End
Time 'e}?ﬂé?t CAP_END fufyfifi = 57 4 #/58 : Fh[ TIMERL 8] 0 E\HJ‘ » & 2 Interrupt
Hi{F " timerl timeout |- [ Interrupt ISR [ F' e AR T % — [ Beacon £ & o
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4.3.3 [ESE=F Y Command Ff &

superframe
B [cer| cTap

1 "TX is complete”

i 2 "equal cap duration”
i 4

B [CAF CTAP B [CAF CTAP B [CAP CTAP

[fif 11 “PNCEGE==H% Command Jf &
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superframe
B [cap| crap

2 "equal cap duration”
* A Y
B (a1 {CTAP B CAR (CTAP s} CTAP A
Fy
W — H |
B [cap|  cTaPp B [cAP|  CTAP CAP|  CTAP CAP

Ea' 12 DEV {H5E==H J% Command ff &

[ 115EPNC G2 5 i Commandi B Tl - il 1255DEV (==
Commandﬁfﬁ o= Q%‘l‘ o ‘~pxkﬁ“ﬂf PNCZ=2DEV# JtzFllilQCommandﬁEIJEJEiJfFE[J%m\

[Fil =

PNC 57 1 HEE : F‘.r’l’@}é%&‘ﬂ[ Beacon ﬁﬁﬂﬁ@ﬁ?*] ES %’7@%} Interrupt Ht{F " TX is
Complete | - ™= Interrupt ISR %’7 5t Command Frame Buffer pu& J%IKIFII* g & FIJ {E Slotted
Aloha ?t%&;ﬁfﬂ ’é.[ Channel | Lf i JE?*] % f @F”ﬂgj\r, FlEe= 0 {{1#°1 Command ] &=t

4 ’SIII Channel ‘I‘iﬁE{IUE\ﬂJ‘ % ﬁ’ﬁlﬁ”fﬁ' Slotted Aloha Count [ v g - E[?U Channel ¥~

P

RIS o 11 8 5 2 401 [N EL 7 (S Beacon &0l Jﬁﬂj‘lx’ 1RIFTE T = Beacon
ﬁﬁll[ JEJ CAP end timer ;}g;ﬂfﬂ CAP_END- Fﬁ, CAP_END =" SUPERFRAME_TIME pJ
Eﬁ % fi;% % Interrupt g1+ " equal cap end time - ["= Interrupt ISR {fif} izf[&?ﬁg Data {32

‘%?}%L[SFFIJP[*][E Fﬂj 4.3.4 Ay -
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DEV 571 HER: Fh[ Beacon Ff e i pro L % o ’EIB’*#/LI' Command Frame Buffer
ﬁﬂéitzf,n‘ Ik ™ ’ES{;;*J Slotted Aloha iﬁ&ﬁfu Fh, Channel il fﬁu]ﬂ?ﬁ % F’?ﬁﬂ F"[f?JE!\’f’ =
0 ffif*I Command f ezt - Flr[ Channel ‘I‘iﬁE{IUE\ﬂJ‘ E5 %’7?’?@ Slotted Aloha Count [ !
FRYERTR - f =] Channel ~HIfES & - F 5 BBk &7 2 W [NEL T 4772 Beacon
ﬁﬁﬂﬁ’vﬁ E %’?EI%‘CAP_END J ?l, CAP_END =" SUPERFRAME_TIME ElfJE\JJ: % ﬁ
& 2 Interrupt g1+ " equal cap end time |- [F= Interrupt ISR {Z1f] F[&fu_@ Data Eu==H %Y
e @17 4.3.4 TR -

434 BSFR Y Data F &

superframe
Beacon CAP CTAP
Guard time CTA CTA can't
TX RX use

‘ can‘t use : Other DEV's CTA / unallocated ‘

(A)
‘ B I CAP I can't use I can't use I X I can't use I RX I ‘
CTA#1 CTA#Z CTA#2 CTA#4 CTA#S
(B)
‘ B I CAP I X I can't use I X I X I RX I
CTA#1 CTA#Z CTA#2 CTA#4 CTA#S
(C)

‘ B I CAP I RX I can't use I RX I RX I TX I

CTA#1 CTA 2 CTA#3 CTA 4 CTA#5

Bl 13 I Data Bt
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RIE HELCTA#L —~ £2 > PHY-FSM 1% Ready F5 Sleep -

?.f[‘ CTAH#2 Al iz rﬁﬁ:% Interrupt Hi{F " equal cta end time ; = = Interrupt ISR Fﬁ
HE ™~ [ CTA £l IFF ? CTA#3 EHTTX o 1&[3{!%{ TX BUF_START =" CTA#3 Fir
HpY Data Frame Buffer EIfJ{é_ltJF"r’\j'ilP’ BE JF%JL TX_BUF_LEN =77 #1323 Data i bytes
B e &F;QUL TX_START_TIME £ CTA#3 i Start Time - Fﬁ, SUPERFRAME_TIME =%
TX_START_TIME i JEHJ: % Ejf!’ﬁ'ﬁ "—AJ » B PHY-FSM d£% TX state » ™ J?FIIE?;\;

Data Ff ey 1 -
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