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* Protocol Components

» Data Transfers (general model)
* Device Notifications

 Flow Control




b,

Beacon
Peﬂod\

Review

I

DRP
WUSB

t=0l/

Wipfledia

Cc

M
M
C

T

M
M
C

O

d

/
Certified Vﬁeless

/|

L.

|

ol

Superframe n

DRP
WUSB

UUU

0=

G

(@<=

|

ﬂnﬂﬂﬂnﬂﬂ

3

|

DRP
WUSB

|

Al

I

i

0=

DRP
WUSB

]

ﬂm

Superframe n+1

lnl

DRP
WUSB

1l

(@R

|

O

K

i

0=

SB Channel @. ‘

W|Med|a Physncal Layer [\

Channel Time

Wl

DRP
WUSB

|

M

UUU

n
Beacon
Period

I

t=0

M HBWireless USB Channe

C

- The Certified Wireless USB Channel is encapsulated by the WiMedia ‘channel’

* The Certified Wireless USB channel is continuous sequence of linked control

packets transmitted by the Host during reserved WiMedia channel time

+ CWUSB time is reserved from WiMedia channel time (DRPs)

+ Called MMCs — Micro-schedule Management Commands

- All Certified Wireless USB Data communications are over the CWUSB Channel
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* WiMedia MAC Packet format
» Utilizes Secure ‘frame’ format
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« MMC — Micro-scheduled Management Command
« Basic structure for maintaining channel and accomplishing data communications
« CWUSB Channel is MMC plus time to next MMC (Transaction Group)
« Time slots after MMC used for data, handshake phases

* Slot time duration is difference between adjacent slot Start Times

* OUTs device know when they can stop listening
 INs devices transmit what was requested (or less)

MMC MMC
Protocol Protocol
% 5| 5 Attributes = Attributes —_ Time Time _ )| QD:
T|®]| <« | Endpoint Info < || Endpoint Info 2 Slot [0] Slot[1] T
£ & || Flags 5[ Flags <
w x > i
== Slot Type 2 Slot Type )
< 2
|8 Start Time Start Time ———
= - - Start Time [0] Start Time [1]
\
Type-Specific Type-Specific
Next MMC Time ?
N Y

Transaction Group
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MMC

* Three basic slot types
« WprCTA (Device Receive)
« W;CTA (Device Transmit)
* WpytsCTA (Device Notification Time Slot)

« WrCTA, W,CTAs are used for Transaction Protocol
« Control, Bulk, Interrupt and Isochronous data streams
» Access is : guaranteed time slot
« Schedule based on client application data flow needs

* Wp\7sCTAs used to emulate USB signaling events
« Connect, disconnect, etc.
« Access is: contention based - Slotted Aloha

» Host schedules sufficient number of slots to provide
adequate service for the cluster

W_CTA HDR




Pretocol Synchrenization

Scheduled Time Slots in MMC

X
Y

MMC MMC
-1y | TS[O] | TS[1] | TS[2] | TS[3] TS[4] (n)

t=0 | Time at which a
receiver must be
Slot start time |istening before MMC start time

_ _ according to the scheduled according to
Time at which a Device’s local start of the MMC Device’s local
tGUARDTIME

t=0

Receiver must be teuaroTivE clock (MMC(n—1) clock
listening before NextMMC)
the
slot start time Transmitter could

begin transmitting

Host could begin
transmitting

anywhere in this MMC(n) anywhere
window in this window
(£tMAXDRIFT)

(£tmAXDRIFT)




S ction Grcmp

Protocol ynchrolnlzatlon (conts)

PHY_ACTIVE

A A —

Sync Delay
‘ 24 OFDM Symbols :
|
Radio Medium PLCP Preamble
) )l

to " ©
30 OFDM Symbols

» 10 is the start time of the first symbol of the
MMC’s preamble

» Devices can ‘calculate’ this from the edge of
P HY_ACTIVE PLCP : Physical layer convergence

protocol

OFDM : Orthogonal frequency division
multiplexing
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MMC

MMC

TSI[0] TS[1] TS[2] TS[3] TS[4]

tBUSTURNlNTERSLOTTIMEE

MMC
Packet

Data Packet
for TS[3]

Data Packet
for TS[2]

tBUSTURNINTERSLOTTIME

Data Packet
for TS[1]

Data Packet The first packet transmitted in a protocol
for TS[0] time slot must have a standard preamble

thTERSLOTTIME
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Data BUrst Timing
|

MIFS :Minimum Inter-

« MMC to first Data OUT: - IPGs between burst packets frame Spacing

MIFS (1.875 ps) is fixed (MIFS) IPG : Inter-packet Gap
SIFS : Standard Inter-
« MMC to first Data IN: - First packet Preamble must frame Spacing
Bus Turn Time be Standard Length
* Bus Turn + Guard Time » Host determines
(SIFS + 1us) (11 us) subsequent preamble to use

OUT Data Phase Time Slot |

e - - - -
tl NTERSLOTTIME
1t
{ |:tSTREAMIPG STREAMIPG

tBUSTURN|NTERSLOTTIME

- . ‘e

IN Data Phase Time Slot |

Y

10



* Protocol Components

- Data Transfers (general model)
* Device Notifications

 Flow Control
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Basic Mogdel
* Protocol-level support for Transii Recsive
reliable data delivery Lo, DEafadeRast
[] L] 8 ‘ y 8 2
* |[dentifies: : 3 ; 3
65 4 : 4
« Data ordering requirements 0 6
- Guarantees advancement of T, Ackoomedgement " £ .
data stream only after reliable 7 ;< . - ;
data delivery 675 675 ¢
e Terms: « Transmitter sends data packets associated

_ _ with Transmit window Sequence numbers
« Maximum Burst Size

_ » Receiver acknowledges with new receive
- Maximum Sequence window (what is available now)

* Maximum Sequence Distance ° Protocol rules for recovering lost packets,
avoiding sequence range wrap, etc.
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|

« MMCs are transmitted at ‘base’ signaling rate (53.3 Mb/s)

« Host dictates transmit bit rate for data and handshake
phase transmissions

» Transmit bit rate applies to entire phase

« OUTs: host uses only TBRs supported by device (assumes
Tx/Rx symmetry)

* INs: W;CTA.PHY_TXRate directs which TBR device must
use during protocol time slot

« Handshakes:

» Host must use ‘base’ signaling rate for a handshake time slot
(OUTSs)

» Host must ensure a data phase time slot is always large enough
to accommodate a handshake transmitted at ‘base’ signaling rate

13
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General

Model

For

Idle

i | Direction=IN=1
L — bvDINAck
I PHY_TXRate

} Data not Ready, or Internal Error ~

NAK or

DATA STALL

(Seg# N)

HNDSK

DATA

(Seq# N+1)

DATA
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Y

Token MMC HDR
émaéheci MMC ’
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X

Q
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Handshake
MMC HDR

WprCTA %

I
L — bvDINAck

ouT

HDR

WprCTA WprCTA

" Smashed MMC

Data OUT Phase Data Packets

I ]

| L — Direction =0OUT =0
|

I

|

¥ ~

|
|
|
|
|
|
DATA | Number of packets in
(Seq# N) | data phase depends on
Transaction Burst Size
| or available data.
DATA | The next Sequence
(Seq# N+1) I number is always
| derived (N+1) modulo
| MaxSequence.
L B B | I
|
DATA :
(Seq# N+Y) |
| _
L———4
ACK (bvAckCode)
or NAK or STALL

ldle

14



Data I? f%nsfe\\
=

Idle
IN
g MMC :
. I irecion= =1 e [Bir Hostld ChanTs FoTA0 [ | S Endp [ SR bDinAck
P Tkate 403 sl = |0:BEEF | D WCTA_IE || DMT 16 oT | 1 N 0010000001
: éma‘she;j MI\-/IC. o Iﬁata‘no(‘Rea’dy orInternal Error “
- iISE Packet |* N - HostldS DaATA  Addr [SGECEDI Seq# Lis.y Data Frm Duration PHY_ACT Idle
3 404 BN - |0:BEEF| O 1 1 |ou |w. 36 bytes|| 5625ps | 7.300ps| 2.386 ms
% DATA
=
L i WILISE Packet I MM - Haostld Chan TS FOCTAD [ | s LI Endp R=e0a  byDINACK
IR R EREEE 409 A --- | 0:BEEF WCTA_IE DNTS 16 oT 1| 1 L Ul 0:00000002
5w (R USB Packet | EBEEESEN DaTA  Addr End EIZII Eeq# Ly B Do Frm Duration PHY_ACT e
L»WNACW 410 BN - |0:BEEF| O 1 w | |13 bytes|| 5625ps | 7.300ps| 3.262ms
Idle

bvDIMACK

m Y TR cTA Addr =

WCTA IE || DNT 16 oT 1 il (1:00000004
s, e

Frrm Duration PHY_ACT T

4375 ps Ta08ps| 2354 ms

Chan TS

“WIISHE Facket

- Host Id

--= | 0xBEEF

Tl

416
“WUSH Packet §* Bl IHEEHEN DaATA  Addr =]l Seq # R

417 S - | 0:BEEF | O 1| 1 [ou !W. 12 bytes

Disclaimer : early prototype host and devices used for traffic capture

15



Data I!y f%nsfe\ .
. .

End Of/ Transfer, Example

bvDINAcK=002H

VMG |« > MMC
O o @]
<(_

< = <<\«
x|t S |ooo rlEclbE oo o A
0|2 0|Qe Q0o
| o0 T oo| oW

= =£ | =

| A
< > < »
Transaction Group N Transaction Group N + 1

At end of Transfer, need to acknowledge last
data phase

« Uses ‘Blank’ IN Token (Wy;CTA)
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Data IN ”ﬁ%nsfeN‘

Short Packet Exeklmple

Tokenl.bvDINAcK=001H Tokenl.bvDINACK=002H

V4
VMG < > MMC |
o o o
<= < =
' lL_) S|eo°o x 5 Sloooe 0
Q|5 LastPacketFlag = 1B| 2 | 5§ %
- -
= =N Blank WprCTA
| A
Transaction Group N Transaction Group N + 1

Host may commence next transfer immediately (if buffer available)

17



Data 6/ f%rangf%rs

Streamin ExamFIe

Idle
OUTl
gMMC HDR WprCTA WpCTA
- T T ]
| | Lo jon = OUT = 0 agn agn
smastedMMC 1 3T NG NG Initial Condition:
e [ Out Endpoint Window (0x0000FFFF)
© 3 DATA !
g 8% |(GeatNe) s '
35 | pyoam
go (Seq# N+Y)
|
Lo —— Data Phase CTA
g SR * L Handshake Phase CTA
£ ACK (bvAckCode)
e or NAK or STALL
* Yo¥

g e 2.y
i c1~2 FRET EDir M
Lo | | 1 ourpet

= N
li ouT ’“ Host Id ATA  Addr (ST RERIELS: | o " Dats Frm Duration  PHY_ACT Idle

10.714 ps [479.668 us
! iF Host 1d
Hand }‘ =

T 4EE400520

[dle Time Stamp

"I.l"'l,|'|._.| SB Packet l

400 1.875 s 7308 ps| 2630ms 7466890902

W, Handshake Acks the Seq # (0) by advancing (by one)
receive window : 0x0000FFFF<<1 = 0x0001FFFE

Disclaimer : early prototype host and devices used for traffic capture
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Data O fQI'ran\f\ers

Short Packet Example

LastPacketFlag =
MMC < > MMC o o o
—7 | | Data (S0) F
<O <O N
= = o
S5l0%| 0w bvAckCode| |G
T3 |25 002H| | T
- T 4
A
< > >
Transaction Group N Transaction Group N + 1

Host may commence next transfer immediately (if data available)
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Contrdl Transaction Format

Setup Sta/g'e w/D\ata Stage

Setup + first IN Data Stage Idle Setup + first OUT Data Stage
transaction transaction
o '
HDR WorCTA  Setup BytesHSSS HDR WprCTA FSetup Bytes| WprCTA
; et *
Token  \vc | Setup Flag = 1B U |
w/Setup | ControlStatusFlag = 0B : Sierijcﬁigl]ag 6&18- =0 |
L — — Direction =IN =1 Y Direction = OUT = 0B
PHY_TXRate |
|

bvDINAck = 001H

Data not Ready, or Bad Command :

_____ 1
Q o
s 23 ¥ v s g e \
Data 5 T8 DATA HNDSK NAK or 3l &% DATA
< ze (Segq# 0) STALL 2l 5a (Seq# 0)
g ol sl Og
©
2 ae »| £0 \ ]
a |
Y ] : ‘v
! ACK (bvAckCode)
Handshake ~MMC| | HDR WprCTA T NAK or STALL
I 1
i L vaINAﬂ
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ControI’I/rgnsac\tlbn Format = VSEY

Setup wiNG Datal Stage; Bare Status Stage

Setup + No Data Stage \die Status Stage

Token MMC HDR WptCTA

00#
Setup Bytes %*1*10 HDR WprCTA %
00

: Setup Flag = 1B
—» ControlStatusFlag = 1B

: : Setup Flag = 0B
I Direction = IN = 1

|- - - .« . .

I

I

—>» ControlStatusFlag = 1B
Direction = IN = 1

I
I
I
-
Data :

Handshake

Smashed MMC
Smashed MMC

ACK or
HNDSK NAK or
STALL

— Idle

ACK or
HNDSK NAK or
STALL

— Idle
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Control. 7I/rgljnsfer\\:

Example ,..(Set Adldress - No\Pata Stage

WUSB Packet 'Dir| Hostld Chan TS JS/N0

--> |OxBEEF | 0:000 DNTS 16

MMC

Idle
\ Setufy + No Data Stage

LRLIQ Endp [[SelJEETNN TX Sz | CtiStat | Rate [PWIT s, [ o e s 35
QL (Hnd) | 128 | 0 |[OUT| 1 0 IEEREE N > e
| - ControIStatusFIag =1B
I | Direction = IN = 1
I Policy vaIN Data % S A
| Std only | 0x0000008&00 05 00 00 00 00 00 |- CLLLE
| 5| (oo ) nicer
0 Endp E 5 STALL
‘ D Idle
Hand SO ACK X Endpf=o/ 3] bvAckCode
250 <- |OXBEEF\_ 1 128 | 0 |OUT |0x00000000

Disclaimer : early prototype host and devices used for traffic capture
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Control 7I/rgnsfer

Example ._,..-((Eontrol VWrite - SétKey)

|

Endp
= |[0xBEFF| 0:000 1 0 150us |25 07 00 zzinu 00 1c 00
CCTA H : 2 Endp T 'd{e Setup Afirst OUT Data Stage
DNTS | 258us,| ,“16 Hnd) | 1 0 |0 WS i
F] A 2 . - o E‘% HDR Setlp Bytes W‘
Ol CTAS Addr Start £ g s et
0x00000000 1 gomrmze 1

9 Direction = OUT = 0B

= pHeEEN CATA  Addr [SEe) EDFEEEE] Last

ol @ - T e e e e
I IR S 4 :
T % DATA
OxBEEF m--nn- El"ﬂ"’ %s{ St } |
sl 0@ |
& £48 o ____ a
B = T 2
iy 2

ACK (bvAckCode)
==l HNDSK' J«— - NAK or STALL

Handshak;

In a subsequent transaction group... the status stage

Palicy | bvDINAck | of | o> Contosimtusriag = 18
53M St only | 0x00000000 ! C oy DretenaNst

Smashed MM

ACK or
HNDSK  [«— NAK or
STALL

e

4andshake Data

/
Hand ACH Endp bvAckCode -—— -
=-- |0xBEEF OUT | Ox00000000

Disclaimer : early prototype host and devices used for traffic capture
23




Controlf’lrrgnsfer \ @

Example :,..(CBontro;I Read — G@t [Descriptor)

|

SRSl T~ 1 Ador [EEEEDir [Setup g

—DNTS 6 JISNAL_| 0 | 0 | N | i

TX Sz |CtiStat| Rate [Pwir[Brst| Folicy | bvDINAck | Data

D

0 | 58M | 0 | 1 |stdonly [0x000000080 06 00 01 00 00 40 00
Idle Setyff +§irst IN Data Stage
trqnsaction
DATA  Addr (Sal/siFEDIE REEIoE-S | &5t e
ENEE ' EEE e
%% | SetupFIag 1B
"UE’ | ControlStatusFlag = 0B

- — — Direction =IN =1
PHY_TXRate
bvDINAck = 001H

\ Eatinit R_eaiy _Ior Bad Command
s = i: ¥ ¥
#Notif TS's || o ﬂ (o J—grar
# M0 'S g 53
""" DTS 16 DT (Hnd] R I P
DM ACK ‘:; HDR WDTCTAI
0x00000000 ECL T i L > buDINAGK
> Idle <

bybckCode

Ea DKBEEF [j [j IR N alalalalalalalal
Disclaimer : early prototype host and devices used for traffic capture

Hand
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Control. ’I/rgnsfer\‘ s B )

Example (Contro\l Wirite:— RetryPolicy) S

* No response from device on Setup + OUT

» Retry only first OUT of Data Stage

 Device response when missed SETUP is a STALL
handshake

Std. Out Transaction Std. Out Transaction “Handshake” Transaction

—_ — — §
e e o e ; .
QL Qa Length = QY Length 3 et
oo g a2 = L

Setup Bytes (8) bvAckCode = 001H bvAckCode = 002H
Setup Flag = 1 ControlStatusFlag = 1
Setup Stage| | Data Stage | | Status Stage |
» > > >
Transaction Group N Transaction Transaction Group N+2

Group N+1




Control. ’I/rgnsfer\‘ @ )

Example (Controll Read/— Retny/Policy)

* No response from device on Setup + IN
* Host will retry Setup Stage + IN

“Handshake” Transaction

Std. IN Transaction

< >
[ ] [ ] [ ]
_ TR R
< = < = < =
= c 3 = 3 =D ;
5o s g Xlog g O g 5 ©
T X > - X > [ =
| o0 m | oo m o= | w
== Q == Q Ec%
= S @
() [
%] 0

»bvDINAcK = 002H

SetupFlag = 1 StatusStageFlag = 1
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» Packet Layouts

 Transaction Groups

* Timing Constraints

« Data Transfers (general model)
* Device Notifications

 Flow Control




Device otificatio\§ Jime Slots @ ,

DNTS | /|

|

» Devices are only allowed transmitters

 Device notification messages (to the CWUSB
Host) are only allowed data communications

- Nature of notification messages are that they
are asynchronous and infrequent

» Fixed Maximum Size for notification messages
» Take advantage of this in the access method

» Host policy to manage ‘efficiently’
* Unused time is just lost to CWUSB data stream

28



DNTS Accogs Me\\od @

Conten( lon Based Slotted Aloha

* Fixed (maximum) sized

message — 123
- DNTS is a window of uniform e
sized message slots <
« W 7sCTA indicates B
number of message slots z'|#olets M)
* Device selects a message
slot using a uniformly
distributed random integer DNTS CTA Start
value (in range 1 to N) Slot Select = uniform(1, N)

 Device transmits message
a message slot start time

29



DeV|Ce N/Olflca%hs

Rellablllty

* Protocol for Device Notifications is
designed for unreliability of channel

Device Continues to send
Notifications until it observes Host
Response

Host will cease response
when it observes follow-up
device response (when
applicable)

Host must tolerate ,
retransmissions of Device must
notification that occur tolerate Host sponse |

while it is responding response ..
retransmissions

30



» Packet Layouts

* Transaction Groups

* Timing Constraints

« Data Transfers (general model)
» Device Notifications

* Flow Control




54

Flow /Control

/
/|

*Used on All transfer types

* Device provides flow-control information in it's response to the host

« OUTs: the flow control response can be in the ACK handshake
« ACK the data, but tell host that there is no more room
« Or endpoint can use NAK handshake

* Ins: the flow control response is with NAK handshake

* Flow control status from Endpoint results in removal of endpoint
from ‘Active’ schedule

* Resumption of service to a flow-controlled endpoint depends
on transfer type

* Bulk & Control

* Device delivers a Endpoint Ready (DN_EPRdy) notification to the host
during an DNTS

* Interrupt & Isochronous
* Next service interval

32



Contrél Transfer™ @

™

Example .(Gontro\l Read/— FlewiControl)

Std. IN Transaction “Handshake” Transaction

: 4 g

g > 2

> > n = g

) © s O T

s o > @

3 & 3

I » bvDINACK = 002H
SetupFlag = 1 g StatusStageFlag = 1
Setup Data Stage (cont '
Stago|__Data Stage | ge (cont,) [ Status Stage |
LlA

Y

Transaction Group Z+1

le
‘ Transaction Group Z

Transaction Group N Transaction Group Y

» Host stops polling endpoint on NAK
 Device notifies it is ready with DN _EPRdy

« Host resumes polling endpoint
- Retries data phase transaction in this example

33
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