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Purpose of Wireradapter @ ,

|

 To provide a USB-to-Wireless USB bridge
* Host side wireless extension

* To easily convert wired USB devices
to wireless

 Device side wireless extension

* To be an enabler of Certified Wireless USB
technology and inherit the popularity of the
most successful interface in the world
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Two Types of VV\ire Adapter RSB ,

Host Wire Adapter and
Device Wire Adapter

Host Wire Adapter: HWA l

Device Wire Adapter: DWA
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Existing USB Device Drivers
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Native Device




Data/Transter Cberview: USB @ ,

|

Hardware Driver Stack
Transferred Data to
Data Pipes Transfer
Virtual Connection USB Device
64 KB Y ITTTE 64 KB Driver I

USB Host
USB Host l — 64KB Driver l

USB Device Max Packet
Size




Data Tran&fer CNerview: @

Certifidd Wireless USB

Hardware Driver Stack
Transferred Data to
Data Pipes

Transfer

Virtual Connection .
USB D I
.@ 64 KB Y ITTTE 64 KB Driv(:gce
| Juss2
DWA

USB Device Max. . C%ft]fjed ......................................... USBD'
|
V.

Packet Size Vireless USB

uUsSB Hostl — 32KB| (32 KB USB Hostl
DWA Max. Packet Size /

HWA Max. Packet Size
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‘heory o%ata Delivery @ ,
| =

Certified
Wireless >

USB
Host

< Wireless USB >
Dev ID = 02h

EP # = 3h

Direction = OUT
Transfer type = bulk
MPS =2 KB

Speed = 480 Mbps

Burst size = 4
Data \ /

Let’'s assume this host is like the current USB host.
In this case, the driver knows all of the transfer
information and sets the registers with appropriate
values to transfer the data to the DWA.
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Basic ﬁheory off[Data Delivery@ ‘

|

Certified

Wireless >
USB
Host

< Wireless USB > <USB >

Dev ID = 02h Dev Address = 01h
EP # = 3h EP # = 4h

Direction = OUT Direction = OUT
Transfer type = bulk Transfer type = bulk
MPS =2 KB MPS = 512B

Speed = 480 Mbps \Speed =HS /

urst size = 4 /

\ Same Information
< USB >

Data

Dev Address = 01h

g'.’ =000 Let’'s add all the transfer information on the
irection = OUT

Transfer type = bulk top of the data packet.

MPS = 512B

\Speed = HS /
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Basic I'heory o%ata Delivery ==US[E3

Certified
Wireless >

USB
Host

< Wireless USB >
Dev ID = 02h

EP #=3h

Direction = OUT
Transfer type = bulk
MPS =2 KB

Speed = 480 Mbps

\Burst size =4 /

DWA retrieves the transfer
information from the data
packet and uses it to
initiate the transfer.

Data

\Speed = HS /

< USB >ﬁ

Dev Address = 01h
EP # = 4h

Direction = OUT
Transfer type = bulk
MPS = 512B
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Basic Theory ofiData Delivery ==
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Certified
Wireless >
USB

oelivereq ,
T ow

Host




Local B Iatf%se o\\

Transfe/r Info\rmatlon

Certified
Wireless
USB

USB
Device

Host
< Wireless USB >
ID=2 W g;v#llg ;h02h ID | Dev Addr, EP#, Dir, T.Type, MPS, Speed
Direction = OUT 0 | 01h, Oh, CTL, 512B, HS
Transfer type = bulk
MPS = 2 KB 1 | 01h, 1h, IN, INT, 64B, HS
=480 M
Speed = 480 Mbps 01h, 4h, OUT, BLK, 512B, HS

Burst size = 4
Data \ /

03h, Oh, CTL, 64, FS
03h, 3h, IN, ISO, 1023B, FS

Al WOIDN

Data packet to DWA only has to have transfer information ID
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Local B Iata/b%se o\
Transfe/r Info\rmatlon

Certified
Wireless
USB
Host

USB
Device

ID | Dev Addr, EP#, Dir, T.Type, MPS, Speed

TR | Transfer Request Packet with
RPipe Index

Data Packet in MPS on Wireless 1 01h, 1h, IN, INT, 64B, HS
01h, 4h, OUT, BLK, 512B, HS

0 01h, Oh, CTL, 512B, HS

One Transfer

2
3 03h, Oh, CTL, 64, FS
4 03h, 3h, IN, ISO, 1023B, FS

Each transfer information set is called

/ ‘Remote Pipe”, or “ RP i pe”

Data
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Data /Delivery Sbmmary @ ’

Host Wire Adapter and
Device Wire Adapter

Host Wire Adapter: HWA l

Device Wire Adapter: DWA




Data /Delivery Stummary =US/5

Host Wire Adapter and
Device Wire Adapter

Host Wire Adapter: HWA
Device Wire Adapter: DWA
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Data D

Bulk, Control l

Certified

Wireless USB
Host

Step
Number

TR

@
IVEry.

Step 1: Send Data}

Data

Step 2: Send Data >

Data

Step 3: Send Data

Data

>

Step 4: Send Data >

Step 0: RPipe Setup m

D) e\@ 1k

Data Data

Step 5: Send Data

Data

Step 6: Send Data

Data

)

Data

Step 7: Send Data

4
>
>
>

Step 8: Send Data

This Period varies

Upstream BUS 0

Downstream BUS

)

1 2 34

5

Execution Timing

67 8

USB
Device

Data

Data

Data

Data
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Data Delivery Detail1SO

Dozl Step 0: RPipe Setup
Wireless USB »
Host

Step 1: Send Data

Data » | Data

Step 2: Send Data

Data

» | Data

)

Step 3: Send Data

Data » | Data

1 Upstream BUS Service Period

)

Step Upstream BUS 0 1 2

Number
Downstream BUS

Data

Step 4: Send Data

Data

Step 5: Send Data

Data

Step 6: Send Data

Data

vV Vv Vv Vv

Step 7: Send Data

Execution Timing

USB

Device

Data

Data

Data

Data

1 Downstream BUS Service Period

3123123123123
4567456745674567
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Hardware Archit\ectu e =US|8,

|

Device Port Ctl/Status
Ctl/Status (DWA Only)

(11 L))
“Media” Host
Device Transaction

Controller Remote Pipes Engine  (DWA Only)
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Media Device Csntroller ==UIS[S;

|

« Handles upstream * Processes wire adapter
communications class-specific requests
with host . Handles USB / Certified

» Choice of upstream Wireless USB standard
media type is dependent requests
on the type of WA » Usually implemented as

« HWA: USB 2.0 device endpoint controller
controller
« DWA: Certified Wireless S—

USB device controller

evice
Remote Pipes
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Device/Control ;d Status @ ,

|

* Provides device - Standard requests
control and status - Get device descriptor
information . Set address

» Controlled using  Class-specific requests
standard and class - Get wire adapter status
specific USB - Set/clear wire adapter

command feature

Porit Ctl/Status
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Port Control and\Status =US5,

|

 Ports are only  Controlled using class
present on DWAs specific CWUSB requests

- Similar to port control ~ ° g'arf?'SpeC“tciC root
of wired USB 2.0 hub e

» Controls the physical » Enable/disable
downstream ports  Suspend/resume

on a device wire
adapter

Port Ctl/Status
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Remote Pipe
\E

* RPipe attributes
* Endpoint context
« Amount of buffer /RPipe
* Number of requests
* Type of transfer

» Re-configuration of RPipe

« Get RPipe and save
« Set RPipe w/new

- Restore w/set RPipe w/old
descriptor accept transfer
requests and data from host

 Min. 1, max. 3937

 Recommended — 2x
number of supported devices

 Functions

« Convert transfer requests to
individual transactions

« Pass transactions to host
transaction engine

« Return transfer status and data
to host
« QUT: transfer result

e |N: transfer result + data
received from device

Device Port Ctl/Status
Ctl/Status

“Host”
Transaction

“Media”
Device
Controller Remote Pipes
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Host T/r,ansactiobEngine @ '

|

* RPipes provide the * Priority service to periodic
work to be done RPipes
- Data and control  Isochronous, interrupt
information * Round-robin service to
- Transaction control asynchronous RPipes
« SOF and token « Bulk, control

generation (DWA)

- MMC and W,CTA
generation (HWA) |

* Prioritize RPipe
by transfer types
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Wireless USB m USB 2.0 USB 2.0
=== Device
Bus B Bus C

|
|
| N2
| | | -
|
| | ! :
: : | Bus Timings : |
X microseconds ! | Y microseconds |
:d%ﬂ [ i »l |
BusB | MMC : ' | MMc :
| | ] : | .
| Synchronize ] Synchronize
Drift i
]L: Counter (pwa) H ot Counter owa)
| | :
|
Busc | |soF v | SOF ! | SoF ¢| SOF
FrameNumber =N Framé|\lumber =N Frame'Number = N+1 FrameNumber = N+1
| ) |
clocks under an are synchronize 17-bit 8-bit

v
Frame counter m
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Archltecture Summary @ ‘

|

» Wire adapters expose a USB interface

- Host wire adapter is a USB 2.0 device
« Device wire adapter is a Certified Wireless USB device

 Scalability

* No data rate relationships between layers

« Specification allows vendors to develop both complex wire
adapters as well as simple dedicated wire adapters

 Cost sensitivity

« Managed within the USB device framework
- Buffer oriented data delivery model

- DWAs synchronize their downstream USB clock to the
upstream Certified Wireless USB clock

28
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Wire Adapter Dg)ice Class ==USS )

» The class definition describes the USB interface to a WA
 Descriptors (standard and class-specific)

» Describes wire adapter data delivery model

* Applies to both host and device wire adapters

. WA Data Transfer
UWB Radio Control Interface Isochronous Data

Interface Streaming Interface

Device Control
/ /(Default Control Pipe)

Remote Pipes _ _ Remote Pipes o2
— 88 88 5
2l x%s 3 5 35| 55 83
5| 8% 0o 00| £3 28

n
o | 8¢ S 5
._g <L <L
s | 2 °g
lz= =
% Host Transaction Host Transaction
Engine Engine
UWB Radio USB 2.0 Ports & Electricals

HWA DWA
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Wire Adapter Dgliﬁce Control ==USSS

|

* The default endpoint is used to manage
the WA device

 Categories of requests:
» Wire adapter control
» Remote pipe control and status
 Port control and status (DWA only)
 Association and security (HWA only)
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\

Wire A}c[!apt[er Co \

* Ability to reset,

tro|
\

enable/disable the
wire adapter

« Set/clear wire
adapter feature

» Get the current
status of the wire
adapter

WA Enable
Enabled Disabled
WA Disable
(wusB Channe?rstop and HWA)

READY

Un-Initialized

- Get wire adapter
status
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Host Wire Adapt\er Gontrol  ==US/S),

|

 Add/remove information elements from
an MMC

 Add/remove MMC IE

« Set the interval and number of DNTS slots
« Set Num DNTS Slots

» Set the device availability info
« Set device info

« Time-related information

 Get BPST time
 Get WUSB time
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Remot/eﬁe Co trol and @ )

Status’| |

 This is the heart of the wire adapter

« The number of RPipes is returned in the
WA class-specific WA descriptor

» Each RPipe is described by an
RPipe descriptor

- Get RPipe descriptor

» Set RPipe descriptor is used to change the
buffer size, transfer type, number of retries,
endpoint context on an RPipe
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Remoteﬂe C\ﬁtrol and @ r

Status/ = 2

 Transfers on an RPipe may be aborted
» Abort RPipe

* An RPipe can be temporarily paused
- Pause RPipe

» Host software can get the current state
of the RPipe

- Get RPipe Status




HWA Assttiation)

and Se/curitly

* A host wire adapter provides support to connect
a device with a Certified Wireless USB host

« DN Received notification sent to the host when
a DN_Connect is received

« Hosts add a WCONNECTACK_IE in response using
the Add MMC |E request
» Uses a security descriptor to identify the encryption
types supported

« Supports using individual encryption types for
each downstream device
« Set device encryption
« Set device key

* Provides a mechanism to set the key used to
communicate with the Certified Wireless USB cluster

« Set Group Key
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Wire Ada/‘?er Da\a

Transfer Interface

* A wire adapter exposes an interface with 3
endpoints

* Notification endpoint

* Interrupt IN endpoint that provides notifications to the
host, including asynchronous wire adapter status
changes and transfer status, port status changes (DWA
Only), WUSB device notifications (HWA Only)

 Data transfer endpoint pair

« Bulk OUT endpoint used to send transfer requests and
transfer data to the wire adapter

« Bulk IN endpoint used to return transfer result and data
from the wire adapter

37



Wire Adapter D;a lransfer @ ‘

|

« Transfer requests and transfer data to a downstream device are
sent on the data transfer OUT endpoint

« All transfer requests contain an RPipe index

» The transfer request is sent as separate packet, followed by ‘n’
transfer data packets

« Packetization information for an isochronous transfer request is sent
immediately before the transfer data on an HWA

« Packetization information is included in the Wireless USB header of
the data packet for a DWA

- Transfer completion notification is returned on the notification
endpoint

« Transfer result and data from a device is returned on the data
transfer IN endpoint

38



Certifie/d/V\?‘.reles \USB ={J&B

Device 'Enu‘meration

Host Driver HWA WUSB Device
: Device sends
MMC with DNTS >
DN_CONNECT
- in one of the
Sent on the DNTS.
Notification '« Device Connect Request |
Endpoint
— «4— DN Received Notification |
Set the device to
unathenticated .
address 0x86 | _ADD_MMC_IE.WCONNECTACK_IE,,|
. MMC with CONNECTACK_IE | —
| SET_DESCRIPTOR (RPipe)
_ MMC with CONNECTACK IE As indicated by Repeat Count
Configures the MIN INTERVAL = 2ms v - s in Add MMC IE
RPipe to address
the default
endpoint at MMC with CONNECTACK IE___]
address 0x86
v v

Continued...
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Certifiedireless USB @ ;

Dewce( Enumeratlon

Control

Transfer

Request to set | | |
the device to Security Enumeration

Address 0. Eet Address 0
oo ouour |
Transfer OUT L MMCwith WdtCTA______

Endpoint

Host Driver HWA WUSB Device

_ - <« ACKfrom device
-« Transfer Completion Notification

MIN INTERVAL =2ms

Configures the . SET_DESCRIPTOR (RPipe)

RPipe to address
the default
endpoint at
address 0x0

Normal USB Enumeration

« Security enumeration i i
» Get Security Descriptor, Set Encryption, 4-Way-Handshake

* Normal enumeration
- Get Device Descriptor, Set Address, Get Configuration etc.

40



DWA I$ochionous

Streami/mg Inlterface

» Optional interface required to support
Isochronous traffic

» Consists of 1 to 27 WUSB isochronous endpoints

* All endpoints support continuously scalable dynamic
switching

- Max. packet size and stream delay for a stream set using Set
Isochronous Endpoint Attributes request

« Mapping from the upstream endpoint to the
downstream endpoint is stored in an
RPipe descriptor

41



DWA., Isa/ﬁrono \s

Data T?ansfer

« A downstream USB isochronous endpoint has a
matching upstream CWUSB isochronous endpoint

- Data to a downstream endpoint is sent to the
corresponding upstream CWUSB endpoint

- The DWA recovers packetization information and presentation
time from the WUSB isochronous packets

- Data from a device is returned to the host on the
corresponding DWA CWUSB isochronous IN endpoint

- The DWA adds the packetization information and presentation
time to the WUSB isochronous packets

- The DWA drops data if the buffer overflows for that
particular endpoint

« No Transfer Completion notification is returned
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Softwa,te/,ﬂxerchitgctu e @

HWA S

l

UWB
Security . Existing SW
&
BW Wire Adapter A E A
Services MiniPort ) New Vendor S/W

*HWA Composite Driver

EHCI Hardware
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- Enabler of Certified Wireless USB technology

» Two types of wire adapters
- HWA and DWA

* Defined as USB and Certified Wireless USB device

« USB device framework

« Utilize current USB infrastructure
* New concept: remote pipe

* Proved concept
 Prototypes from multiple companies
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\

Read'Request Sequence  “=US)S

Set the Rpipe to

target the BULK Host Driver HWA WUSB Device
IN endpoint on

the Device SET_DESCRIPTOR (RPipe)___y,

__ Submit Bulk Transfer >

- . BulkOUT >
Read Request .
from WUSB L MMC with WdrCTA and WdtCTA__,, Repeated until all

Device Driver the data is read or
_ the HWA receives a

short packet from

— q—Handshake packet from device____| the device

Bulk Read
Transfer Request -« Transfer Complete Notification
sent to the HWA
Data Transfer
OUT endpoint

Sent on the HWA
Notification
Endpoint

— v v

Continued. ..
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Read Request Séquence
|

Host Driver HWA WUSB Device

Get the Transfer Result

Host Driver determines
number of bytes read and
which transfer completed

from the Transfer Result

Bulk |N4>

- Transfer Result

Host Driver reads the data
into the corresponding 0 BukIN____
transfer buffer

@ TransferData |
All the data has been

transferred

<« Complete Bulk Transfer

Complete Read
Request from
WUSB Device
Driver
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Data Fl/ovfo Requét Sequence @ )

Open Pipe 'Reunst

Open Pipe1
Mc?::ssgzir\?gf EP Address (2, 8)
Max Packet 200H

Converted to Set RPipe Descriptor
control transfer request

[RPipe1, 2, 8, 200H]

Targeted at EP Address (1, 0)

software

HARDWARE

Device Address 1
The Wire Adapter processes the

Device Address 2 s ADVXIPREER control transfer and configures its

RPipe. All subsequent requests using
WUSB this RPipe Index will be sent to EP
HARD DISK Address 2, 8
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Data Flow/o Reqtht Seqguence @.

Read Reqdest = |BUIk IransferfRequest

Mass Storage Issues a read of
Class Driver 64 KB on Pipe1

This is converted to a bulk transfer
request targeted at RPipe1 on the
wire adapter’s bulk OUT endpoint

m software

HARDWARE

Device Address 1

\ WIRE :
Device Address 2 \ AD APTER The wire adapter proc_:esses the

transfer request and issues an IN to
WUSB the Wireless USB hard disk
HARD DISK
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Data FI@W/O Reqtkt Seqguence @.

Read Request — ﬂ' ranster Gempletion Notification

Mass Storage
Class Driver

The wire adapter driver receives the
transfer completion notification

m software

HARDWARE

Device Address 1
\ After receiving all the bytes
Device Address 2 \ ADVXIPREER successfully from the Wireless USB

hard disk, the wire adapter sends back
WUSB a completion notification on its
HARD DISK interrupt IN notification endpoint
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Data FI@W/O Reqtkt Seqguence @.

Read Request = ﬂ' ransfer; Result

Mass Storage
Class Driver

The wire adapter driver sends down
a read request on its Bulk IN
endpoint to receive the transfer
result from the wire adapter

m software

HARDWARE

Device Address 1

\ WIRE
Device Address 2 \ ADAPTER

WuUSB
HARD DISK
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Data FI@W/O Reqtkt Seqguence @.

Read Request = ﬂ' ransfer; Result

Mass Storage
Class Driver

The wire adapter driver receives the
transfer result and decodes which
transfer completed

m software

HARDWARE
Device Address 1

Device Address 2 s ADVXIPREER The wire adapter r_eturns the transfer

result corresponding to the transfer
WUSB that completed.
HARD DISK
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Data FI@W/O Reqtkt Seqguence @.

Read Request = ﬂ' ranster: Data

Mass Storage
Class Driver

The wire adapter driver sends down
a read request on its bulk IN
endpoint to receive the data read
from the Wireless USB hard disk

m software

HARDWARE

Device Address 1

. \ WIRE The wire adapter sends the data
Device Address 2 \ ADAPTER currently in the buffer associated with

this RPipe index to the host in
response to the IN transactions

WuUSB
HARD DISK
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Data FI@W/O Reqtkt Seqguence @.

Read Request — \Completlon

Mass Storage
Class Driver

The wire adapter driver completes
the read request sent down by the
mass storage driver

=
m

HARDWARE

Device Address 1

WIRE
Device Address 2 ADAPTER

WUSB
HARD DISK
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DWA Isc>/O hronou

Example

bNumlsoSegments wPresentationTime wLength1  Dataf Etc.

WUSB Isoch [ I TTTTT] s
W-HDR 32 5216 | 100 Data - 1 98 Ht+Data- 2 100 Data - 100 Data - 32
Data Packet / ata Jata - 2 &aa 3% ceo e ata

8 segments each

(1 USB 2.0 Frame) | WUSB Isoch Data Packet (n) WUSB Isoch Data Packet (n+1) WUSB Isoch Data Packet (n+2)
DWA RPipe I =
Buffer
. 4 . Includes raw data for endpoint
i I plus segmentation info
I I
DWA SOF l I I I l I I I | I I I | I I I I >
641 642 643 . 645 646 647 649 650 651 653 654 655 656
640 644 648 652
I I I
| Data-1 Data-2 Data-3 Data-8 |
Isoch Segment Data . I < e :
Transmissions over I V A I I &\‘ I I I I I I:] I -
the Wire

I [ [ [ [ [ [ I |
6512.0i 652.1 652.2 652.3 652.4 652.5 652.6 652.7 653.0.

(below the DWA) |
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Device, nager

Example pology Report

Dewvice Manager

=)<

File ackion Wieay Help

b & B2

= %EBEQLEULEUINBEH—SE
- —f Advanced Configuration and Power Inkerface (iZPI) PiC
— j Microsoft ACPI-Compliant Swyskem
& ACPI Lid
ACFI Power Bukbon
ACPI Sleep Bukkon
ACPI Thermal Zone
IntellR) PentiumiR)} M processor 1600MHz

+
+
o
i
§ Microsoft & Aadapker
<

Microsoft & ZPI-Zompliant Contral Method Batkerswy
Microsoft s PI-Compliant Contral Method Batkersy
PCI bus
L Conexant 0480 MOC W, 92 Modem
% Inktel(r) 2201 0DEB/DEM LUSE 2.0 Enhanced Hosk Controller - 24CD
(=L W] ]
€ USE wire adapter
&% USE Rook Hub
Q LISE Mass Storage Device
e ST3I1600Z 14 LISE Device
S2E01DE/DEM USE Universal Ho
IntellR) S erzal Host Controller - Z4C4
IntellR) 32801 0DB/DEM USE Universal Hoskt Conktroller - 247
j IntelfR) 82801 0BM LPC Interface Conkroller - 24C
— ¢ Inkel{R) S25010BM PCI Bridge - 2445
H&l Broadcom 570x Gigabit Inkegrated Contraoller
Bl IntellR) PROMWIireless LAk 2100 34 Mini PCI Adapter
E C2Micro OFF11EC1 SmarkCardBus Controller
+ E C2Micro OFF11EC1 SmarkCardBus Controller
= Intel(R) S28010DEBM Ultra ATA Storage Controller - 244
f IntellR) S2855PM Processor to AGP Conkroller - 3341
f IntellR) S2855PM Processor to IfO Controller - 3340
) sigmaTel C-Major audio
j Swstem board
j Swskem board

A e .6

+

+
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