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3.2 Taxonomy of Application Space
Figure 3-1 describes a taxonomy for the range of data traffic workloads that can be serviced over a USB.
As can be seen, a 480 Mb/s bus comprehends the high-speed, full-speed, and low-speed data ranges.
Typically, high-speed and full-speed data types may be isochronous, while low-speed data comes from
interactive devices. The USB is primarily a PC bus but can be readily applied to other host-centric
computing devices. The software architecture allows for future extension of the USB by providing support
for multiple USB Host Controllers.

PERFORMANCE APPLICATIONS ATTRIBUTES

Keyboard, Mouse Lowest Cost
LOW-SPEED Stylus Ease-of-Use
+ Interactive Devices Game Peripherals Dynamic Attach-Detach
+ 10 — 100 kb/s Virtual Reality Peripherals Multiple Peripherals
FULL-SPEED PoTS L Cost
Ease-of-Use
+ Phone, Audio, Broadband Dynamic Attach-Detach
Compressed Video  Audio Multiple Peripherals
800 kb = ToMas | Mciophane Guaranteed Bandwidth

Guaranteed Latency

HIGH-SPEED Video L'ow Cost
et r 'Stm'ge E::a‘o:-lj:;ach-ﬂeta h
maging amic c
=25~ 400 Mb/s Broadband Multiple Peripherals
Guaranteed Bandwidth
Guaranteed Latency
High Bandwidth

Figure 3-1. Application Space Taxonomy
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Figure 4-3. A Typical Hub

Figure 4-4 illustrates how hubs provide connectivity in a typical desktop computer environment.
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Figure 4-4. Hubs in a Desktop Computer Environment

23

PA_0001233

Huawei v. FISI Exhibit No. 1007 - 51/650



Huawei v. FISI Exhibit No. 1007 - 52/650



Huawei v. FISI Exhibit No. 1007 - 53/650



Universal Serial Bus Specification Revision 2.0

Host Interconnect Physical Device
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Actual communications flow
Logical communications flow

Implementation Focus Area
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[ ]

Figure 5-2. USB Implementation Areas

As shown in Figure 5-2, the simple connection of a host to a device requires interaction between a number
of layers and entities. The USB Bus Interface layer provides physical/signaling/packet connectivity
between the host and a device. The USB Device layer is the view the USB System Software has for
performing generic USB operations with a device. The Function layer provides additional capabilities to
the host via an appropriate maiched client sofiware layer. The USB Device and Function layers each have a
view of logical communication within their layer that actually uses the USB Bus Interface layer to
accomplish data transfer.

The physical view of USB communication as described in Chapters 6, 7, and 8 is related to the logical
communication view presented in Chapters 9 and 10. This chapter describes those key concepts that affect
USB implementers and should be read by all before proceeding to the remainder of the specification to find
those details most relevant to their product.

To describe and manage USB communication, the following concepts are important:

¢ Bus Topology: Section 5.2 presents the primary physical and logical components of the USB and how
they interrelate.

¢ Communication Flow Models: Sections 5.3 through 5.8 describe how communication flows between
the host and devices through the USB and defines the four USB transfer types.

e Bus Access Management: Section 5.11 describes how bus access is managed within the host to support
a broad range of communication flows by USB devices.

¢ Special Consideration for Isochronous Transfers: Section 5.12 presents features of the USB specific to
devices requiring isochronous data transfers. Device implementers for non-isochronous devices do not
need to read Section 5.12.
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5.2 Bus Topology

There are four main parts to USB topology:
¢ Host and Devices: The primary components of a USB system
e  Physical Topology: How USB elements are connected

¢ Logical Topology: The roles and responsibilities of the various USB elements and how the USB
appears from the perspective of the host and a device

¢ Client Software-to-function Relationships: How client software and its related function interfaces on a
USB device view each other

5.2.1 USB Host

The host’s logical composition is shown in Figure 5-3 and includes the following:
¢ USB Host Controller
e Apggregate USB System Software (USB Driver, Host Controller Driver, and host software)

o Client

Host

|

Client SW

USB System SW

USB Host $ 5
Controller

- Actual communications flow

Logical communications flow
Figure 5-3. Host Composition
The USB host occupies a unique position as the coordinating entity for the USB. In addition to its special
physical position, the host has specific responsibilities with regard to the USB and its attached devices. The

host controls all access to the USB. A USB device gains access to the bus only by being granted access by
the host. The host is also responsible for monitoring the topology of the USB.

For a complete discussion of the host and its duties, refer to Chapter 10,
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5.2.2 USB Devices
A USB physical device’s logical composition is shown in Figure 5-4 and includes the following:
e USB bus interface
e USB logical device
¢  Function

USB physical devices provide additional functionality to the host. The types of functionality provided by
USB devices vary widely. However, all USB logical devices preseni the same basic interface to the host.
This allows the host to manage the USB-relevant aspects of different USB devices in the same manner.

To assist the host in identifying and configuring USB devices, each device carries and reports configuration-
related information. Some of the information reported is common among all logical devices. Other
information is specific to the functionality provided by the device. The detailed format of this information
varies, depending on the device class of the device.

For a complete discussion of USB devices, refer to Chapter 9.

Physical Device

|

Function

!

USE Logical
Device

|

| LSH Bus

Interface

) A ctual communications flow

Logical communications flow

Figure 5-4. Physical Device Composition
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5.2.3 Physical Bus Topology

Devices on the USB are physically connected to the host via a tiered star topology, as illustrated in

Figure 5-5. USB attachment points are provided by a special class of USB device known as a hub. The
additional attachment points provided by a hub are called ports. A host includes an embedded hub called
the root hub. The host provides one or more attachment points via the root hub. USB devices that provide
additional functionality to the host are known as functions. To prevent circular attachments, a tiered
ordering is imposed on the star topology of the USB. This results in the tree-like configuration illustrated in
Figure 5-5.

Host

Root Hub

Figurce 5-5. USB Physical Bus Topology

Multiple functions may be packaged together in what appears to be a single physical device. For example, a
keyboard and a trackball might be combined in a single package. Inside the package, the individual
functions are permanently attached to a hub and it is the internal hub that is connected to the USB. When
multiple functions are combined with a hub in a single package, they are referred to as a compound device.
The hub and each function attached to the hub within the compound device is assigned its own device
address. A device that has multiple interfaces controlled independently of each other is referred to as a
composite device. A composite device has only a single device address. From the host’s perspective, a
compound device is the same as a separate hub with multiple functions attached. Figure 5-5 also illustrates
a compound device.

29
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(2 x 12 Mb/s
Capacity)

Figure 5-6. Multiple Full-speed Buses in a High-speed System

The hub plays a special role in a high-speed system. The hub isolates the full-/low-speed signaling
environment from the high-speed signaling environment. Figure 5-6 shows a hub operating in high speed
supporting a high-speed attached device. The hub also allows USB1.1 hubs to attach and operate at full-
/low-speed along with other full-/low-speed only devices. The host controller also directly supports
attaching full-/low-speed only devices. Chapter 11 describes the details of how the hub accomplishes the
isolation of the two signaling environments.

Each high-speed operating hub essentially adds one (or more) additional full-/low-speed buses; i.e., each
hub supports additional (optionally multiple) 12 Mb/s of USB full-/low-speed bandwidth. This allows more
full-/low-speed buses to be attached without requiring additional host controllers in a system. Even though
there can be several 12 Mb/s full-/low-speed buses, there are only at most 127 USB devices attached 1o any
single host controller.

5.2.4 Logical Bus Topology

While devices physically attach to the USB in a tiered, star topology, the host communicates with each
logical device as if it were directly connected to the root port. This creates the logical view illustrated in
Figure 5-7 that corresponds to the physical topology shown in Figure 5-5. Hubs are logical devices also but
are not shown in Figure 5-7 to simplify the picture. Even though mosi host/logical device activities use this
logical perspective, the host maintains an awareness of the physical topology to support processing the
removal of hubs. When a hub is removed, all of the devices attached to the hub must be removed from the
host’s view of the logical topology. A more complete discussion of hubs can be found in Chapter 11.

Figure 5-7. USB Logical Bus Topology

3o

PA_0001240

Huawei v. FISI Exhibit No. 1007 - 58/650



Huawei v. FISI Exhibit No. 1007 - 59/650



32

Universal Serial Bus Specification Revision 2.0

Host Interconnect Physical Device
H
~ Function
Client SW
Inferface x a collection of
manages an inferface Ll
Pipe Bundle
L : re} 1o an interface T :
Buffers. § .| No usg Interface- No USB
Farmat specific Format
v e I
USB Logical
USB System SW Endpoint Device
B B — L P—
e Default Pipe o
= Zero JSB Deviee
- I 3 (Chapter 9)
Transfers, russm e B ] F:::id
ot Endpoint
Data dpoint | J S
USB Host USB Bus USB Bus
{Chapter 10) Host Interface Irfteiface
Controller USB Framed
Data
| sE s'jE
s . USB Wire

EE==="=0  ripe: represents connection abstraction o, > !

between two horizontal entities
Mechanical,

‘ Data transport mechanism Electrical,
Protocol

USB-relevant format of tr; ed data
t “ o {Chapeer 6, 7, 8)

Figure 5-9. USB Host/Device Detailed View

A USB logical device appears to the USB system as a collection of endpoints. Endpoints are grouped into
endpoint sets that implement an interface. Interfaces are views to the function. The USB System Software
manages the device using the Default Control Pipe. Client software manages an interface using pipe
bundles (associated with an endpoint set). Client software requests that data be moved across the USB
between a bufTer on the host and an endpoint on the USB device. The Host Controller (or USB device,
depending on transfer direction) packetizes the data to move it over the USB. The Host Controller also
coordinates when bus access is used to move the packet of data over the USB.

PA_0001242

Huawei v. FISI Exhibit No. 1007 - 60/650



Huawei v. FISI Exhibit No. 1007 - 61/650



Huawei v. FISI Exhibit No. 1007 - 62/650



Huawei v. FISI Exhibit No. 1007 - 63/650



Huawei v. FISI Exhibit No. 1007 - 64/650



Huawei v. FISI Exhibit No. 1007 - 65/650



Huawei v. FISI Exhibit No. 1007 - 66/650



Huawei v. FISI Exhibit No. 1007 - 67/650



Huawei v. FISI Exhibit No. 1007 - 68/650



Universal Serial Bus Specification Revision 2.0

Table 5-1. Low-speed Control Transfer Limits

Protocol Overhead (63 bytes) | (15 SYNC bytes, 15 PID bytes, 6 Endpoint + CRC bytes,
6 CRC bytes, 8 Setup data bytes, and a 13-byte interpacket
delay (EOP, etc.))
_ ————————— |
Data Max Bandwidth Frame Max Bytes Bytes/Frame
Payload (bytes/second) Bandwidth | Transfers | Remaining Useful Data
per
Transfer
1 3000 26% 3 40 3
2 6000 27% 3 37 6
4 12000 28% 3 31 12
8 24000 30% 3 19 24
Max 187500 187

For all speeds, because a control transfer is composed of several packets, the packets can be spread over
several (micro)frames to spread the bus time required across several (micro)frames.

The 10% frame reservation for full-/low-speed non-periodic transfers means that in a system with bus time
fully allocated, all full-speed control transfers in the system contend for a nominal three control transfers per
frame. Because the USB system uses control transfers for configuration purposes in addition to whatever
other control transfers other client software may be requesting, a given software client and its function
should not expect to be able to make use of this full bandwidth for its own control purposes. Host
Controllers are also free to determine how the individual bus transactions for specific control transfers are
moved over the bus within and across frames. An endpoint could see all bus transactions for a control
transfer within the same frame or spread across several noncontiguous frames. A Host Controller, for
various implementation reasons, may not be able to provide the theoretical maximum number of control
transfers per frame.

For high-speed endpoints, the 20% microframe reservation for non-periodic transfers means that all high
speed control transfers are contending for nominally six control transfers per microframe. High-speed
control transfers contend for microframe time along with split-transactions (see Sections 11.15-11.21 for
more information about split transactions) for full- and low-speed control transfers. Both full-speed and
low-speed control transfers contend for the same available frame time. However, high-speed control
transfers for some endpoints can occur simultaneously with full- and low-speed control transfers for other
endpoints. Low-speed control transfers simply take longer to transfer.
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