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INFORMATION TECHNOLOGY -
UPNP DEVICE ARCHITECTURE -

Part 16-11: Low Power Device Control Protocol —
Low Power Service

FOREWORD

ISO (International Organization for Standardization) and IEC (International Electrotechnical Commission) fofm
specialized system for worldwide standardization. National bodies that are members of ISO or IEC participat
the development of International Standards. Their preparation is entrusted to technical committees; any.JSO
IEC member body interested in the subject dealt with may participate in this preparatory work. ‘Intérnatid

In the field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC JT
Draft International Standards adopted by the joint technical committee are circulated to national bodies for vot
Publication as an International Standard requires approval by at least 75 % of the natiorial bodies casting a vo

The formal decisions or agreements of IEC and ISO on technical matters express) as nearly as possible,
international consensus of opinion on the relevant subjects since each technjcal eommittee has representa
from all interested IEC and ISO member bodies.

IEC, ISO and ISO/IEC publications have the form of recommendations™for international use and are accep
by IEC and ISO member bodies in that sense. While all reasonable”efforts are made to ensure that
technical content of IEC, ISO and ISO/IEC publications is accurate\JEC or ISO cannot be held responsible
the way in which they are used or for any misinterpretation by any‘end user.

In order to promote international uniformity, IEC and ISO@~member bodies undertake to apply IEC, ISO
ISO/IEC publications transparently to the maximum extefit ‘possible in their national and regional publicatig
Any divergence between any ISO/IEC publication andsthe corresponding national or regional publica
should be clearly indicated in the latter.

ISO and IEC provide no marking procedure tq jndicate their approval and cannot be rendered responsible
any equipment declared to be in conformity withvan ISO/IEC publication.

All users should ensure that they have thé’latest edition of this publication.

No liability shall attach to IEC or ISQ or its directors, employees, servants or agents including individual exp
and members of their technical,_committees and IEC or ISO member bodies for any personal injury, prop
damage or other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fg
and expenses arising out of the‘publication of, use of, or reliance upon, this ISO/IEC publication or any other |
ISO or ISO/IEC publications:

Attention is drawn to“the normative references cited in this publication. Use of the referenced publication
indispensable for_the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this International Standard may be the subjed
patent rightS) ISO and IEC shall not be held responsible for identifying any or all such patent rights.

ernational Standard ISO/IEC 29341-16-11 was prepared by UPnP Forum Steer
mmittee!, was adopted, under the fast track procedure, by subcommittee 1}

In

governmental and non-governmental organizations liaising with ISO and IEC also participate in this preparatiof.
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ereonnection of information technology equipment, of ISO/IEC joint technical committee

Inf

ormation technology.

The list of all currently available parts of the ISO/IEC 29341 series, under the general title
Information technology — UPnP device architecture, can be found on the IEC web site.

This International Standard has been approved by vote of the member bodies, and the voting
results may be obtained from the address given on the second title page.

1

UPnP Forum Steering committee, UPnP Forum, 3855 SW 153" Drive, Beaverton, Oregon 97006 USA. See also

“Introduction”.
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IMPORTANT - The “colour inside” logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this publication using a colour printer.
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1

Overview and Scope

This service definition is compliant with the UPnP Device Architecture version 1.0 and This
service enables implementation of power saving functionality for UPnP devices.

Low power devices implement all or some of the sleep states defined in this document (e.qg.
Transparent Sleep, Deep Sleep Online and Deep Sleep Offline) and may be in any of those
sleep states. Depending on the triggers that cause the device to transition from sleep states,
the_device can be modeled as a sleep/autonomous_device that changes its _sleep state

aufonomously, or a sleep/controlled device that changes its sleep state by actions fre

co
dig
Po

htrol point. Sleeping devices (i.e., sleep capable devices in a state other than the active

ints. Sleeping devices that do not respond to M-Search requests are still discoverabl

a
or

connected) are discoverable if they respond to M-Search requests issued by)*€onfrol

if

there is a Basic Power Management Proxy that keeps track of low power devices in {he

ne
co
oV
Ma

Th
illy

mponent in the network that is used to cache the low power states of low, power devices.
V power aware control point can find a sleeping device by querying it\ftrom a Basic Poy
nagement Proxy.

e low power device must implement at least one of the following power states. Tablg

strates the relation between the internal UPnP low device\power states and user visib

fwork by caching low power states announced in SSDP messages. A BPMRXJis an optiopal

A
er

1
e

power states [IEEE 1621]. Notice that when devices enter_Deep Sleep Online or Offline
states they will not respond to the UPnP M-Search discovery messages, but a low power
aware control points can locate devices in this state by~invoking UPnP control action on the
optional Basic Power Management Proxy.
Table 1 — Low-power states.
Power UPnP IP Bearer Status Wake UP Proxy User
State State@ |Connec mechanism Power
-tivity State
Active FULL ON 802.3: LINK None None Oon
ON/ATTACHED b
802.11:0N
BTH: ON/PAN ON
Trgnsparen |FULL ON 802.3: LINK Invoking the Wakeup |optional¢  |ON/
t Sleep ON/ATTACHED Action on the device Sleep d
or autonomous wake
802.11: ON/Power Save up
BTH: Sniff &Hold/PAN ON
Degep Sleep |RARTIAL [ON 802.3: LINK Invoking the Wakeup |optional f/ [Sleep
Online e ON/ATTACHED Action on the device )
_ (e.g. Unicast Wakeup [Required
802.11: ON/ Power Save Action message) g
BTH: Sniff &Hold/PAN ON
Dee_p Sleep |OFF OFF 802.3: LINK Bearer specific _ Optional i; |Sleep
Offline OFF/ATTACHED \wakeup mechanisms
] i.e., Wake-On-XXX Required |
802.11: OFF mechanism (e.g. a
BTH: LINK ON/PAN OFF wol h)
Non-bearer specific
wakeup mechanisms
(e.g. infrared)
Autonomous Wake
up
Disconnect |OFF OFF 802.3: LINK Vendor defined None Off
OFF/DETACHED method (e.g. POWER
ON BUTTON)
803.11: OFF
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BTH: OFF

a

UPnP state consists of the UPnP stack information that is active in the device. The FULL state corresponds
to the full maintenance of discovery, control and subscriptions state. The PARTIAL state corresponds to the
maintenance of certain parts of the UPnP device state (e.g. the device maintains IP connectivity and, can be
waken up by later defined wake up mechanisms).

ATTACHED, DETACHED refers to the physical connection, both electrically and mechanically.
The device has full UPnP state but it may provide lower quality of service due low power state.

The Ul on the control point device can represent the Transparent sleep as ON or SLEEP state depending on
the implementation of the vendor.

PARTIAL UPnP state means the discovery layer of the UPnP stack is ON. The device will only respond\t
the Wakeup action.

The proxy is optional if the device wakes up autonomously.

A proxy is required to allow a device to go into Deep Sleep Online and still be able to be part of the UPnH
network.

Wake On LAN (Wol) is a wake up mechanism defined for Ethernet networks.
A proxy is optional if the sleeping device is waking up autonomously based on e.g(timers.

A proxy is required to allow a device to go into Deep Sleep Offline and still e, able to be part of the UPnH
network. The proxy handles the bearer dependent wake up mechanism.

1.1
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Referenced Specifications

less explicitly stated otherwise herein, implementation, of the mandatory provisions of g

bcification.

vices Employed in Office/Consumer Environments” http://eetd.LBL.gov/Controls/1621.
EVICEL11] UPnP Device Architecturegversion 1.1
EVICEL10] UPnP Device Architecture, version 1.0

ML10] Extensible Markupskanguage (XML) 1.0 (Second Edition), T. Bray, J.Paoli, C.

Notatien

e key words “MUST,” “MUST NOT,” “REQUIRED,” “SHALL,” “SHALL NOT,”

ny

ndard referenced by this specification shall bhe, mandatory for compliance with this

EE 1621] IEEE 1621 Standard for User Interface Elements in Power Control of Electrohic

M.

erberg-McQueen, E Maler, eds. W3C Recommendations, 6 October 2000.
O 8601] ISO 8601 Specification for representation of dates and times in information
change

this(document, features are described as Required, Recommended, or Optional as follows:

“SHOULD,” “SHOULD NOT,” “RECOMMENDED,” “MAY,” and “OPTIONAL" in specification
are to be interpreted as described in [RFC 2119].

In

addition, the following keywords are used in this specification:

PROHIBITED — The definition or behavior is an absolute prohibition of this specification.
Opposite of REQUIRED.

CONDITIONALLY REQUIRED — The definition or behavior depends on a condition. specified
condition is met, then the definition or behavior is REQUIRED, otherwise it is PROHIBITED.
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CONDITIONALLY OPTIONAL — The definition or behavior depends on a condition. specified
condition is met, then the definition or behavior is OPTIONAL, otherwise it is PROHIBITED.

These keywords are thus capitalized when used to unambiguously specify requirements
protocol and application features and behavior that affect the interoperability and security
implementations. When these words are not capitalized, they are meant in their natural-
sense.

e Strings that are to be taken literally are enclosed in “double quotes”.

e Words that are emphasized are printed in italic

e | Keywords that are defined by the UPnP AV Working Committee are printed)using
thecharacter style.

e [ Keywords that are defined by the UPnP Device Architecture are printedhusing the
archstyle.

1.3 Abbreviations

Table 2 — Abbreviations

Definition Description
BPMPX Basic Power Management Proxy
BTH Bluetooth
LP Low Power

1.4 Non-goals

This specification does not aim to define how power management is implemented internally,
buf to provide framework that allows a devicéto communicate its power states to other UPnP
deyices. Also, this specification do not specify out of band mechanisms or methods|to
implement out of band mechanisms.

2 |Service Modeling Definitions

2.1 ServiceType

Thie following service type identifies a service that is compliant with this template:
urn:schemas-upnp-org:service:LowPowerDevice:1

2.2 State Variables

Rdgader<Note: For first-time reader, it may be more insightful to read the actipn
definifion (follow link to Table 3) before reading the state variable definitions.

The “regular" state variables represent some actual, persistent state of the device's service.

The A_ARG_TYPE state variables are associated with temporary values only valid for the
duration of the action. These state variables are used in arguments that do not directly relate
to a specific state variable.

2.2.1 Derived data Types

This clause defines some derived data types that are represented as UPnP string data types
with special syntax.
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The UPnP Low Power service uses XML documents as arguments in UPnP actions. The
containing UPnP data type is a string. This places restrictions on a string’s content; it has to
represent a well-formed XML document.

The XML schemas used in UPnP Low Power Device are defined in the respective files
located on http://www.upnp.org/schemas/

In the XML documents, implementations may use an explicit reference to appropriate

namespaces. Finally, an XML document, in adherence to the UPnP™ V1.0 architecture|O0,
needs to be escaped by using the normal XML rules [XML10] before embedding it in a'SOAP
request or response message. The XML escaping rules are summarized from the refererjce
mentioned above:
e | The (<) character is encoded as (&lt;)
e | The (>) character is encoded as (&gt;)
e | The (&) character is encoded as (&amp;)
e | The (") character is encoded as (&quot;)
e | The (') character is encoded as (&apos;)
Table 3 — State Variables
Variable Name Req. or | Data Type Allowed Value b Default Eng. Units
Opt. @ value b
BatteryLow (@) boolean 0'for false; 1 true. 0 N/A
ExternalPowerSupplySourc | O uil 1 for AC, O for internal N/A N/A
e power source
WakeupMethod R string (XML | See Clause 2.2.4 N/A N/A
document)
PowerSupplyStatus R string (XML | See clause 2.2.5 N/A N/A
document)
SleepPeriod R ui4 -1=infinite -1 Seconds
Integer value in
seconds
PowerState R string Four PowerStates: 0 N/A
-Active=0
Transparent=1
-Deep Sleep Online=2
-Deep Sleep Offline=4
(range 0-4)
& R = Required, O = Optional, X = Non-standard
b values listed in this column are required. To specify standard optional values or to delegate assignment
of values to the vendor, it must be referenced a specific instance of an appropriate table below.
2.2.2 BatteryLow
This variable is used to indicate when battery charge is low. The type of this variable is

Boolean and vendors may select desired charge level to set this variable to true state or to

false state, respectively..

This is an optional variable of Boolean type. The Default value is “0” indicating that battery

charge is not low.
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2.2.3 ExternalPowerSupplySource

This variable indicates whether external or internal power source is in use. This is intended

for

eventing changes on power supply status.

This is an optional variable of uil type. Values are 1 for AC power, and 0 for internal power
source

2.2.4 WakeupMethod

TH
on

Th

; and it is located at : http://www.upnp.org/schemas/lp/WakeupMethod.xsd. The elements a

2.3

Th
or
ht

IS variable includes the wake up methods supported by the device for the specific beal
which the action was received. This is required variable of type of XML document

BearerWakeupMethod: Unique element per wake up method
e lanaTechnologyType is an integer that indicates media interfaceytype, such as 80

specified in the IANA reference ifType-M
<http://www.iana.org/assignments/ianaiftype-mib>.

specific Wakeup method. The type is string and it iS dependent on the system us
and exact format is not defined by UPnP forum.

e AdditionalBearerinfo allows vendors to addMAC address of the device. This i
string format, but it should follow the address type defined by the bearer. |
additional information in string formatyJfor instance, the name of the interface (e
MAC address, BTH Address).

NonBearerWakeupMethod includes, two string type elements (e.g. Infrared rem
control):

e BearerType is enumerated list that can be extended with new bearers. Currently t
methods have been defined: “NFC”, and “Infrared”

e VendorNonBearerinfasis of type string defining the vendor of this bearer

.5 PowerSupplyStatus

:Ip:powersupplystatus” ; and it is located at
Hlwww.uppp.org/schemas/Ip/PowerSupplyStatus.xsd. It includes the following fields:

ExternalPowerSupply

o/ “ExternalPowerSupplySource is of type string including vendor defined information

(value=6) or 802.11 (value=71). The allowed integer values-for this parameter are

fer

is variable is described by schema identified by “urn: schema-upnp-org:lp:wakeupmeth¢d”

e

.3

1B

e WakeUpPattern has to be transmitted to wake up(the device as specified by the

ed

a
-or

instance, 802 address types are used\. in 802 network. A vendor may also add

.g.

hte

WO

is required varidble is described by schema identified by “urn: schema-upnp-

for

external power source, for instance, “ mains”

e |sConnected is of type Boolean and values used are “1” indicating connected state
for unconnected state

InternalPowerSupply

e The remaining power status in terms of percentage (value range 0-100)

, 0

e The remaining time that battery lasts (The value should be in format of PxxDTyyHzzM,
where xx is days (0-99) , yy is hours (0-24), and zz is minutes (0-60). See details from

0

2.2.6 SleepPeriod

This required variable includes duration that the device is going to be in sleep state. The type

of

this variable is ui4.
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2.2.7 PowerState

This required variable provides the power state information of the device. This variable is
used in “GoToSleep” action. Low power aware Control Point can define the sleeping
PowerState that the device should transition to. Since the sleeping device can have three
sleeping power states, i.e., Transparent, Deep Sleep Online, Deep Sleep Offline,
PowerState=1 is used to define Transparent state, PowerState=2 defines Deep Sleep Online,
and PowerState=4 stands for Deep Sleep Offline. The type of this variable is string and
service description document must have updated list of supported powerstates in
allowedvaluelist attribute. The device can transition into only one of the power states,

therefore a combination-of power states is not allowed See states dnerriptinn from Tahle 1

2.2.8 Low power SSDP extensions

Thie low power device has to include a set of new SSDP headers to communicate ‘the power
stgte changes.

Table 4 — SSDP power management extension headérs:.

Header Value Description
Powerstate Power states Indicate the new power state of the device.
in Table 1
SleepPeriod Number of Indicate the period that the devjcesis expected to remain in certain
seconds or power mode state (e.g. Sleep:"number of seconds or infinite
infinite represented with an integer.(ho space) or -1 for infinite The Basic

Power Management Proxy may include recommended time to sleep
and the device may notSet a sleep period bigger than the one
recommended by theyproxy.

RegistrationState  Binary state This item is reserved for future versions.

2.3 Eventing and Moderation

Table 5 —\State variable eventing

Variable Name Evented Moderated Max event Logical Min
event rate(N/min) combination Delta per
event
BatteryLow Yes Yes 1 N/A N/A
EkternalPowerSupplySource Yes Yes 1 N/A N/A
WakeupMethod No N/A N/A N/A N/A
PpwerSupplyStatus No N/A N/A N/A N/A
SleepPeriod No N/A N/A N/A N/A
PpwerState No N/A N/A N/A N/A

URNnP Now power device provides two evented variables (Table 5) that can be used|to
adyertise current power source status. BatteryLow is intended for battery powered device| to
send warning messages to control points stating that the device is operating on a low battery.
The ExternalPowerSupplySource is intended to send events when the device’s power is
switched between main power (AC) and battery power (DC). Vendors may tune event rates
from maximum to 1 event per minute if so desired.

2.4 Generic LP-aware control point recommendations

Control points may cache power management information of all low power devices in the
network. Especially, if the LP-aware control point vendor does not want to rely on the
presence of Basic power management proxies.

If Basic Power Management Proxy is present, LP-aware control point should fetch the list of
sleeping devices from the proxy during the discovery process.
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If a low power aware control point can perform out-of-band wake-up provided by the device,
the control point should wake the low power device directly.

If no caching proxies are available in the network, LP-aware control point should stay active
to maintain list of sleeping devices.

LP-aware Control point must support low power SSDP extension headers. .

If a low power deV|ce does not respond to M-Search or UPnP act|on the control pomt should

wgkeup command fails,

then control point should consider device' ‘disconnected (so
additional wait time should be added). This is necessary as a low power device in deep slg

online or deep sleep offline does not send SSDP keep alive messages.

2.% Actions

Taple 6 presents actions that are later presented in détail followed by detailed informat

ep

on

abput actions, including short descriptions of the actions, the effects of the actions on state
vafiables, and error codes defined by the actions.

Table 6,—~Actions

Name Req. or Opt. @
GEetPowerManagementinfo() R
Wakeup()
GpToSleep() R

al R = Required, O = Optional,"X.='Non-standard

2.%.1 GetPowerManagementinfo()

Thie device will provide power management related information of the interface on which the

action was received (e.g. bearer specific wake up mechanism, network interface informati

vephdor defined-information, non-bearer specific wakeup mechanism, etc).

2.%.1.1_<Arguments

Table 7 — Arguments for GetPowerManagementinfo()

DN,

Argument Direction relatedStateVariable
WakeupMethod Out WakeupMethod
PowerSupplyStatus Out PowerSupplyStatus

2.5.1.2 Dependency on State (if any)

None, these are static capabilities.

2.5.1.3 Effect on State (if any)

None.
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2.5.1.4 Control point requirements

This action is used to retrieve information from the device. The control point may cache
Wake-up information for later use. This information can be used to wake up device in deep
sleep states in the case when Basic Power Management Proxy is not present. Naturally,
devices in active or transparent states with standard keep alive messaging may be kept in
cache.

2.5.1.5 Errors
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Table 8 — Error Codes for GetPowerManagementinfo()

brrorCode ErrorDescription Description

701 Cannot return power Device error
management info

2.%.2 Wakeup()

Thie device will provide a control action to wake up the device)when it is transparent or dgep
slgep online state.

QD

2.5.2.1 Dependency on State (if any)

Thiis action can be used only in online modes

2.%.2.2 Effect on State (if any)

Thie power state changes after the dewxice responds to the wake up action. When wake Jup
action is received, the device transitions to the Active state. The sleep period should be $et
to 0.

2.%.2.3 Control point requirements

Cdntrol point must verify new power state of a device after wake up action. The Device has
the sole control of internal power states and may not change its power state. Verification may
happen either from )device advertisement or directly through GetPowerManagementinfp()
action.

Cdgntrol point should not engage new power management action until the new state|is
adyertised.

Wipénva device transitions to active state, the sleep period should not be used.

2.5.2.4 Errors

Device may refuse to change into active mode. In this case it returns error 707

Table 9 — Error Codes for WakeUp()

errorCode ErrorDescription Description

707 Action refused Device refused to change power state
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2.5.3 GoToSleep()

The device will provide a control action to go into sleep mode when the action is received.
This action provides a recommendation to the device to go into sleep mode (i.e. Transparent,

de

ep sleep online or offline)

2.5.3.1 Arguments

Table 10 — Arguments for GoToSleep()

ATgUIIerit DiTection RetategStatevarrapte
RetommendedSleepPeriod In SleepPeriod
RegommendedPowerState In PowerState
SlelepPeriod Out SleepPeriod
PoyverState Out PowerState
2.%.3.2 Dependency on State (if any)
2.%.3.3 Effect on State (if any)
The power state changes when the device responds to the aCtion with the recommend

po
2.5

Fig

refains in allowed state transitions and may decline to transition to some state either

wer state change.

.3.4 Control point requirements

ure 1 presents allowed state transitions for a-lew power device. A low power dev

viglating transitions defined in figure one or duedinternal reasons
Cgntrol point should gracefully handle situation when certain power state or transition is
implemented.
2.%.3.5 Errors
Rdfer to UPnP Device architecture for common error codes.
Table 11 — Error Codes for GoToSleep()
brrorCode ErrorDescription Description
705 Device rejects to The device refuses to change the current power state
change power state
706 Powerstate not The recommended PowerState is not implemented by device
implemented
402 Invalid argument The input arguments are not valid

ed

ce
by

ot

2.6 Theory of Operation

The Low Power Device Control Protocol provides actions for control points to query and
manage low-power devices. The device must implement the required SSDP low power
extension headers and should conform to the low power state machine, described in Figure

31

when transitioning between power states.

2.6.1 Explanation of Actions and operations

A UPnP Low Power device will expose its static Power Management related information
through the GetPowerManagementinfo() action. This information includes bearer specific
wakeup method such as Bearer type, wakeup pattern, AdditionalBearerinfo (e.g. MAC
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address, BTH Address, etc), NonBearerWakeupMethod (e.g. Infrared, NFC), supported
power states and PowerSupplyStatus.

The Low Power device will transition out of the sleeping state (i.e., transparent state or Deep
Sleep Online state) to active state upon receiving a wakeup() action. The GoToSleep() action
provides a mechanism for low power aware Control Point to request the device to enter one
of the sleeping states for a certain period. The input sleeping state and sleeping period are
suggested by the low power aware control point. The device may or may not implement the
recommended values. It will return the power state that it is going to transition to and the
sleeping period that it chooses.

leenever the Low Power device changes its power state, it must announce this power stLte
transition via the SSDP extension header inside SSDP messages.

e | When the Low Power device enters active state, it sends SSDP alive messages with
PowerState set to active. The low power device includes the PowerState @ptional header
set to active in the keepalive messages.

e | When the Low Power device transitions to Transparent state, (it’sends SSDP allve
messages with PowerState set to transparent, and when the .kow Power device is|in
Transparent state, it also sends periodic SSDP announcements with PowerState set|to
transparent.

e | When the Low Power device transitions to Deep Sleep)Online or Deep Sleep Offline
state, it sends SSDP byebye messages with the corresponding power state of device (ile.,
PowerState set to deep sleep online or deep sleep offline).

e | When a device transitions from Disconnected, De€p Sleep online, or Deep Sleep offling to
more active state, it must first transition to the-active state. It is allowed to transition step-
by-step to less active state(e.g. active to transparent sleep, transparent sleep to deg¢p-
sleep online, deep sleep online to deep sleep offline, or deep sleep offline |to
disconnected). The device may also bypass states when going to less active state.

e | When a device transitions to disconnected state from any state it should send a byellye
message without Low power extension headers.

On receiving M-Search, the LowyPower device in either Active state or Transparent state
responds with the corresponding“PowerState of the device. If a Low Power device is in Dgep
Sléep Online state, the Low.Rower device responds only to the wakeup() action.

When a device is in agtive or transparent states, it sends normal SSDP alive messages and
responds to all searches as defined in the device architecture. If device is in deep slgep
onjine state, it will not send keepalive messages before it transitions to active state. In dgep
slgep offline state the device cannot communicate and can be woken up only by out-of-bgnd
mgthods. The.device should wake up before the sleep period it advertised in the low power
SYDP exténsion headers expires and renew its UPnP state with a proxy or control points.

2.6.2,0w power state behavior

A low power device exhibits state behavior to UPnP network by advertising its low power
states. Device vendors may implement internal behavior in various ways and decide how the
low power states are actually implemented. Regardless of implementation specific variations,
the implementations must follow responsiveness requirements given in this specification.
The low power device state transitions is presented in Figure 1. Notice that in Figure 1 some
of the transitions are caused by an internal action of the device and these transitions cannot
be invoked by the control points or other external entities. The following state specific
behavior is required:

e Active: In the Active state the UPnP Low Power device is on the network and is visible to
other UPnP devices in the network. The device in Active state responds to M-search
requests. The device in Active state sends out regular SSDP: Alive messages.
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e Transparent: In the Transparent state the UPnP Low Power device is in online and visible
to other UPnP Low Power devices. The device in Transparent state responds to M-search
requests and can be woken up to the Active state by invoking the Wakeup() control
action. The device in Transparent state sends out regular SSDP: Alive messages.

e Deep Sleep Online: A device in Deep Sleep Online is on the network but will not respond
to any UPnP control actions except for the Wakeup() control action because the UPnP
stack in Deep Sleep Online is partially online. A device in Deep Sleep Online will not
respond to an M-search request and will not send any SSDP: Alive messages. A device in
this state can be woken up by invoking the Wakeup() control action.

L] DCCP S:CCP Cfl‘:;llc. A dCV;\/C ;II DCC'J S:CC'J Cff:IIIC VV;:: IIUt bC UTl thC IICtVVUI:\ (JII(..,I‘I tl US
will not be visible to other devices on the network. A device in Deep Sleep Offline wilkpot
respond to an M-search request and will not send any SSDP: Alive messages. A devicq in
this state can be woken up by out of band bearer dependent wake up mechanisms

e | Disconnect: A device in Disconnect state is shutdown or is in the OFF state.“A device
this state can be woken using vendor defined methods.

n

Figure below shows a transition diagram for the various sleep states_and the triggers that
calise state transitions.

1
3
Deep Sleep
Online/tP
4
/
5 % .
Disconnect/IP
Active/IP = 'Sl'erQSﬂ%rent 15 connectivity
connectivity on [« connpectivity 16 off

N 6 on

17

7 Deep Sleep
Offline/IP
connectivity off

8

Figure 1 — UPnP Low Power states

The transitions are explained in the following table. In the last column, internal triggers are
the triggers generated by a sleeping device, such as a device’'s decision to switch to power
save mode, to leave the network or to wake up after a timeout value. Conversely, external
triggers are the triggers generated by Low Power Aware Control Points or Basic Power
Management Proxies, such as a request for the device to enter a sleep mode or to wake up.
In addition, the case of network failures is not included as a trigger because it is a generic
problem for all the power states. In Active or Transparent sleep state, an unexpected
disconnection can be detected by the absence of periodic advertisements. In deep sleep
state, Control Points can infer that an unexpected disconnection occurred from an overdue
sleep period timeout or when a control point fails to wake the Low Power device.
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Table 12 — State machine Transition Description

Transition Transition Description Examples of Triggers
Number

1 Transition from Active to Disconnect: byebye messages are sent. Internal

2 Transition from Disconnect to Active: Alive messages are sent. Internal

.3 Transition from Active to Deep Sleep Online:byebye message and Internal or external
with PowerState equal to Deep Sleep Online (2) is sent. sleep request

4 Transition from Deep Sleep Online to Active: Alive messages are Internal or external
sant Unicast contral walka

- p
message

5 Transition from Active to Transparent Sleep: Alive messages with Internal or external
PowerState equal to Transparent (1) sleep state are sent. sleep request

6 Transition from Transparent Sleep to Active: Alive messages are sent. | Internal, éxternal

Unicast.control
messages

7 Transition from Active to Deep Sleep Offline: byebye message and lnternal or external
with PowerState equal to Deep Sleep Offline (4) is sent. steep request

8 Transition from Deep Sleep Offline to Active: Alive messages are Internal or external,
sent. bearer specific wake Up

mechanism (e.g. WolL

9 Transition from Transparent Sleep to Deep Sleep Online: byebye Internal or external
message and with PowerState equal to Deep Sleep Online\(2) is sent. | sleep request

10 Transition from Deep Sleep Online to Transparent Sléep: Alive Internal
messages with PowerState equal to Transparent (1) Sleep state are
sent.

11 Transition from Transparent Sleep to Deep Sleep Offline: byebye Internal or external
message and with PowerState equal to DeepSleep/ Offline (4) is sleep request
sent.

12 Transition from Deep Sleep Offline taTransparent Sleep: Alive Internal or external
messages with PowerState equaliyto Fransparent (1) sleep state are bearer specific wake-yp
sent. mechanism

13 Transition from Deep Sleep:Online to Deep Sleep Offline: byebye Internal
message and with PowerState equal to Deep Sleep Offline (4) is sent.

14 Transition from Deep, Sleep Online to Disconnect: byebye messages Internal
are sent.

15 Transition from’ Transparent Sleep to Disconnect: byebye messages Internal
are sent.

16 Transitionyfrtom Disconnect to Transparent Sleep: Alive messages Internal
with PowerState equal to Transparent (1) sleep state are sent.

17 Transition from Deep Sleep Offline to Disconnect: No messages can Internal
be-sent by the sleeping device due to lack of IP connectivity.

3 | XML<Service Descriptions

The\device vendors must updated state variable “powerstate” to include only thdse

AllowedValue items that have implemented powerstate. Support for active state is mandatory

<?xml version="1.0" encoding="utf-8"?>
<scpd xmlns="urn:schemas-upnp-org:service-1-0">

<specVersion>
<major>1</major>
<minor>0</minor>
</specVersion>
<actionList>
<action>
<name>GetPowerManagementlinfo</name>
<argumentList>
<argument>
<name>WakeupMethod</name>
<direction>out</direction>
<relatedStateVariable>WakeupMethod</relatedStateVariable>
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