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Recommendation ITU-T Y.1546

Hand-over performance among multiple access networks

Amendment 1

Summary

Ubiquitous wireless access to IP-based networks in many areas raises the scenario of multiple
communications opportunities, possibly among both free and subscription network services.
Recommendation ITU-T Y.1546 provides common reference events and parameters for attachment
and hand-over performance. The mapping between the set of common events and technology-
specific protocol events are provided in Annex A and Annex B, and these will be expanded as
needed.

Amendment 1 introduces new Annex C on the IP-based service availability function.

History
Edition Recommendation Approval  Study Group Unique ID*
1.0 ITU-T Y.1546 2014-10-29 12 11.1002/1000/12328
1.1 ITU-T Y.1546 (2014) Amd. 1 2018-06-13 12 11.1002/1000/13628
Keywords

Availability; hand-over performance; IP networking.

* To access the Recommendation, type the URL http://handle.itu.int/ in the address field of your web
browser, followed by the Recommendation's unique ID. For example, http://handle.itu.int/11.1002/1000/11
830-en.
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications, information and communication technologies (ICTs). The ITU Telecommunication
Standardization Sector (ITU-T) is a permanent organ of ITU. ITU-T is responsible for studying technical,
operating and tariff questions and issuing Recommendations on them with a view to standardizing
telecommunications on a worldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years,
establishes the topics for study by the ITU-T study groups which, in turn, produce Recommendations on
these topics.

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1.

In some areas of information technology which fall within ITU-T's purview, the necessary standards are
prepared on a collaborative basis with ISO and IEC.

NOTE

In this Recommendation, the expression "Administration" is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain
mandatory provisions (to ensure, e.g., interoperability or applicability) and compliance with the
Recommendation is achieved when all of these mandatory provisions are met. The words "shall" or some
other obligatory language such as "must" and the negative equivalents are used to express requirements. The
use of such words does not suggest that compliance with the Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the practice or implementation of this Recommendation may
involve the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence,
validity or applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others
outside of the Recommendation development process.

As of the date of approval of this Recommendation, ITU had not received notice of intellectual property,
protected by patents, which may be required to implement this Recommendation. However, implementers
are cautioned that this may not represent the latest information and are therefore strongly urged to consult the
TSB patent database at http://www.itu.int/ITU-T/ipr/.

© ITU 2018

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the
prior written permission of ITU.
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Recommendation ITU-T Y.1546

Hand-over performance among multiple access networks

Amendment 1

Editorial note: This is a complete-text publication. Modifications introduced by this amendment are
shown in revision marks relative to Recommendation ITU-T Y.1546 (2014).

1 Scope

This Recommendation defines IP-layer and sub-IP-layer performance parameters for
communication scenarios where one or more network technologies provide the access path between
a user's communication device and an IP-based network (the Internet is the most common example),
where the number of access paths to the IP-based network is changing (possibly due to mobility or
to other factors such as failure or overload).

The performance parameters defined here build on the foundation of point-to-point parameters
defined in [ITU-T Y.1540] and point-to-multipoint parameters defined in [ITU-T Y.1544].

One way to view the coverage of this Recommendation in comparison with [ITU-T Y.1540] is to
view them both in the context of the 3-by-3 matrix of communication phases and performance
categories of speed, accuracy and dependability.

Table 1 — Coverage of ITU-T Y.1540

Function/Criteria Speed Accuracy Dependability

Activation

Information transfer | ITU-T Y.1540 packet transfer performance parameters

Deactivation

Whereas [ITU-T Y.1540] covers the important phase of communication when the user device has
activated a network interface and performed sub-IP layer and IP layer configurations, this
Recommendation recognizes the importance of metrics for access network activation and
deactivation corresponding to a user device's mobility into and beyond coverage areas, and the
policy of a user device to use access networks it deems suitable.

Furthermore, this Recommendation recognizes that when more than one access network is
accessible to the user device, the device policy may be to:

. hand-over communications to one network and deactivate others;
. prefer one access network but keep the other networks active or in back-up/standby;
. use the information transfer capabilities of all networks simultaneously.

New performance parameters are needed to accommodate all the policies above. At the core of
hand-over performance is the simple activation speed and accuracy of the newly accessible
network, followed by the implementation of policy, or policy action followed by deactivation.

Policy implemented before activation, based on a priori knowledge or field strength measurements
is beyond the scope of this Recommendation. This phase of operation is often referred to as access
network "“discovery".
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Thus, this Recommendation recognizes policy as an element of activation, prior to hand-over or
possibly precluding hand-over when all information transfer capabilities will be used
simultaneously.

Table 2 — Coverage of this Recommendation

Function/Criteria Speed Accuracy Dependability
Activation This Recommendation
Policy decision (User device or network or negotiation by both)
Hand-over This Recommendation

Information transfer | ITU-T Y.1540 packet transfer performance parameters
Deactivation This Recommendation

Table 3 — Topics for further study

Function/Criteria Speed Accuracy Dependability
Activation Simultaneous activation
(for >1 individual access networks)
Information transfer Multipath/multi-access packet transfer performance parameters
Deactivation Simultaneous deactivation
2 References

The following ITU-T Recommendations and other references contain provisions which, through
reference in this text, constitute provisions of this Recommendation. At the time of publication, the
editions indicated were valid. All Recommendations and other references are subject to revision;
users of this Recommendation are therefore encouraged to investigate the possibility of applying the
most recent edition of the Recommendations and other references listed below. A list of the
currently valid ITU-T Recommendations is regularly published. The reference to a document within
this Recommendation does not give it, as a stand-alone document, the status of a Recommendation.

[ITU-T 1.350] Recommendation ITU-T 1.350 (1993), General aspects of quality of service
and network performance in digital networks, including ISDNs.

[ITU-T Y.1540] Recommendation ITU-T Y.1540 (2016%), Internet protocol data
communication service — IP packet transfer and availability performance
parameters.

[ITU-T Y.1544] Recommendation ITU-T Y.1544 (2008), Multicast IP performance
parameters.

[ETSI TS 123 401] ETSI TS 123 401 VV12.11.0, LTE; General Packet Radio Service (GPRS)

enhancements for Evolved Universal Terrestrial Radio Access Network (E-
UTRAN) access.
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[IEEE 802.11] IEEE Std 802.11- 2012, IEEE Standard for Information technology —
Telecommunications and information exchange between systems — Local and
metropolitan area networks — Specific requirements Part 11: Wireless LAN
Medium Access Control (MAC) and Physical Layer (PHY) Specifications.

3 Definitions

3.1 Terms defined elsewhere
None.

3.2 Terms defined in this Recommendation
This Recommendation defines the following terms:

3.2.1 accessible network: An access network which, either recognizes the user device as
participating in a subscription, has permission or which requires terms and conditions that the user
has or will accept.

3.2.2 coverage — definitions of overlaps and gaps

Wireless networks provide variable coverage areas due to many factors including transmission
power restrictions, radio antenna location and transmission obstacles in the line-of-sight between
antennae.

3.2.2.1 coverage gap: When a user device is unable to receive signals from (or send signals to) an
accessible network, then this device is located in a coverage gap and all means of IP packet transfer
are unavailable (according to the ITU-T Y.1540 definition of service availability).

3.2.2.2 overlapping coverage area: When a user device is able to receive signals from and send
signals to more than one accessible network, then this device is located in an overlapping coverage
area and IP packet transfer service may be available (according to the ITU-T Y.1540 definition of
service availability) from more than one type of network or more than one network operator.

3.2.2.3 single coverage area: When a user device is only able to receive signals from and send
signals to a single accessible network, then this device is located in a single coverage area and IP
packet transfer service may be available (according to the ITU-T Y.1540 definition of service
availability).

3.2.3 subscriber: An entity (associated with one or more users) that is engaged in a subscription
with a service provider. The subscriber is allowed to subscribe and unsubscribe to services, to
register a user or a list of users authorized to enjoy these services, and also to set the limits relative
to the use that associated users make of these services. There may be data transfer limits on a
subscription. There may be multiple devices used as part of the subscription.

NOTE - This Recommendation focuses on a single device.

3.2.4 user device: A generic version of names for "mobile station” (MS) and "user equipment”
(UE) used in other standards bodies.

4 Abbreviations and acronyms

This Recommendation uses the following abbreviations and acronyms:
DNS Domain Name Service

DHCP Dynamic Host Configuration Protocol

HA Host Activation

HC Host Connect
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HR Host Release

HT Host Termination
LA Link Attach

LC Link Connect

LR Link Release

LT Link Termination
MP Measurement Point
MS Mobile Station
UE User Equipment
5 Conventions

None.

6 Reference events

This clause defines the critical reference events for network activation and deactivation.

. network discovery (sub-IP layer event) and activation start;
. IP network configuration complete;

. network rejection;

. network activation attempt time-out.

6.1 Reference events at the user device (or other key location)

This clause proposes two sets of reference events at unified measurement points (MPs) for IP and
sub-IP layer events. Ingress and egress measurement points allow observation of both directions of
transmission for IP and sub-IP layer packets.

6.1.1 Ingress MP at sub-IP layer (L=> link)

Sub-IP connect reference event (LC): Occurs when a sub-IP packet ingress event occurs, and the
packet is a request to attach to a particular access network.

Sub-IP release reference event (LR): Occurs when a sub-IP packet ingress event occurs, and the
packet is a request to release resources on a particular access network.

6.1.2 Egress MP at sub-IP layer

Sub-IP attach reference event (LA): Occurs when a sub-IP packet egress event occurs, and the
packet confirms attachment to a particular access network.

Sub-IP termination reference event (LT): Occurs when a sub-IP packet egress event occurs, and
the packet acknowledges a request to release resources on a particular access network.

6.1.3 Ingress MP at IP layer (H=host, associated with a sub-IP layer)

Host Config reference event (HC): Occurs when an IP packet ingress event occurs, and the
packet's function is to request access to the Internet using a globally routable address (possibly thru
NAT).

Host release reference event (HR): Occurs when an IP packet ingress event occurs, and the
packet's function is to release a globally routable address.
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6.1.4 Egress MP at IP layer (associated with a sub-IP layer)

Host activation reference event (HA): Occurs when an IP packet egress event occurs and the
packet's function is to provide the necessary addresses (e.g., host IP, domain name service (DNS)
IP) to access to the Internet using a globally routable address.

Host termination reference event (HT): Occurs when an IP packet egress event occurs, and the
packet's function is to confirm the release of a globally routable address, and no packets with
destination of the released host ID are observed for Timax (the waiting time to confirm that a stream
has terminated).

7 Performance parameters

This clause defines the performance parameters for network activation and deactivation, as well as
for hand-over and other policies.

. activation time (for successful activations);

. activation failure ratio;

. deactivation time (for successful deactivations);

. deactivation failure ratio;

. hand-over time (for overlapping coverage, single network access);

. hand-over time (for overlapping coverage, multiple network access — for further study);
. outage time (for coverage gaps or non-overlapping coverage).

Table 4 — Parameters defined in this Recommendation

Criterion Speed A D dabilit
. ee ccurac ependabili
Function P y P y
Access Successful sub-IP attach Incorrect sub-IP attach Failed sub-IP attach
time ratio ratio
Successful IP activate Incorrect IP activate ratio | Failed IP activate ratio
time
Hand-over Successful hand-over time Failed hand-over
User information Outage time
transfer
Disengagement Successful sub-IP detach | Incorrect sub-IP detach Failed sub-IP detach
time ratio ratio
Successful IP deactivation | Incorrect IP deactivation | Failed IP deactivation
time ratio ratio

The definitions for these parameters follow:

7.1 Communication access parameters

7.1.1  Speed - successful (sub-1P/IP) attach/activate time

An attach attempt succeeds when a properly formatted attach request message enters the ingress
MP, and a corresponding confirmation message exits the egress MP within a maximum waiting
time, Taxmax (Where X is either L or H, corresponding to the sub-IP or IP layer process). The
provisional value of Taxmax IS three seconds. Activate attempts are observed similarly.

Attach time is defined as the interval starting when the first bit of a properly formatted attach
request message enters the ingress MP, until the last bit of a properly attach confirmation message
exits the egress MP.
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In terms of reference events, the sub-IP attach is the time interval from LC to LA.
In terms of reference events, the IP activate is the time interval from HC to HA.

Note that these times essentially measures the time needed to complete a successful attach/activate
attempt.

The attach/activate time is expressed in seconds, with sufficient resolution to distinguish variability
in successive attempts, when present. Multiple measurements may be summarized using statistics
such as the minimum, maximum, median, mean, variance, percentiles, etc.

7.1.2  Accuracy - incorrect (sub-1P/IP) attach/activate ratio

An incorrect attach/activate outcome occurs when an attempt results in incorrect or unexpected
confirmation message at the egress MP within a maximum waiting time, T axmax.

An incorrect attach/activate outcome is a logical parameter, where attempts that result in an
incorrect response are indicated with "1", and other responses are indicated with "0". As an
example, consider attachment to a specific Wi-Fi network, but a different network replies and
results in the wrong service set identification (SSID) being displayed in status information. This
would be an incorrect attach outcome.

The incorrect attach/activate ratio parameter is defined as the ratio of the incorrect attach/activate
outcomes to total attempts collected over time at a single host, over many destination hosts, or both.

7.1.3 Dependability — failed (sub-1P/IP) attach/activate outcome and failed ratio

[ITU-T 1.350] states that the term dependability "is the performance criterion that describes the
degree of certainty (or surety) with which the function is performed regardless of speed or accuracy,
but within a given observation interval."

An attach/activate attempt fails when an attach/activate message packet enters the ingress MP, and a
corresponding confirmation message does not exit the egress MP within a maximum waiting time,
TAXmax-

The failed attach/activate outcome is a logical parameter, where failed attempts are indicated with
"1" and successful attempts are indicated with "0".

The failed attach/activate ratio parameter is defined as the ratio of the failed attach/activate attempts
to total attach/activate attempts collected over time at a single host, over many destination hosts, or
both. These failed join ratios are distinguished by an adjective, such as host failed attach/activate
ratio, or group failed attach/activate ratio.

7.2 Communication hand-over parameters

7.2.1  Speed - successful hand-over time

A simple hand-over causes a user device to take on the identity assigned by a newly attached
network by using the IP address of that network in its packet transfer attempts (on that network). A
simple hand-over is possible when:

. the user device is successfully attached to an access network and activated its IP packet
transfer capability;

. the user device enters an overlapping coverage area;

. the user device has successfully attached to another access network that is preferred by its

policy or other means, and activated its IP packet transfer capability on that network.

A simple successful hand-over occurs when packet transfer using the identity assigned by a newly
attached network (i.e., the IP address) is successful.
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The time interval from cessation of packet transfer on the original access network (referring to
[ITU-T Y.1540], the last packet ingress reference event is the exact time reference) to the first
successful packet transfer on the new access network (referring to [ITU-T Y.1540], the first packet
ingress reference event is the exact time reference) is the hand-over time.

7.2.2  Accuracy — (for further study)

7.2.3 Dependability — failed hand-over

Under the conditions required for simple hand-over, a failed hand-over occurs when packet transfer
using the identity assigned by a newly attached network (i.e., the IP address) fails to traverse the
path to its intended egress point.

For practical reasons, observations at the user device may infer failures from the lack of response
from a reliable Internet host, ideally a host which was reachable on the original network prior to
hand-over.

7.3 User information transfer parameters
7.3.1 Speed — (for further study)
7.3.2  Accuracy — (for further study)

7.3.3 Dependability — outage time
Outage time is the interval beginning with the observation of a coverage gap, and ending with a
successful (sub-IP/IP) attachment and activation.

7.4 Communication disengagement parameters

7.4.1  Speed - successful (sub-1P/IP) detach/deactivate time

A detach attempt succeeds when a properly formatted detach request message enters the ingress
MP, and a corresponding confirmation message exits the egress MP within a maximum waiting
time, Toxmax (Where X is either L or H, corresponding to the sub-IP or IP layer process). The
provisional value of Toxmax IS three seconds. Deactivate attempts are observed similarly.

Detach time is defined as the interval starting when the first bit of a properly formatted detach
request message enters the ingress MP, until the last bit of a properly detach confirmation message
exits the egress MP.

In terms of reference events, the sub-IP detach is the time interval from LR to LT.
In terms of reference events, the IP deactivate is the time interval from HR to HT.

Note that these times essentially measures the time needed to complete a successful
detach/deactivate attempt.

Detach/deactivate time is expressed in seconds, with sufficient resolution to distinguish variability
in successive attempts, when present. Multiple measurements may be summarized using statistics
such as the minimum, maximum, median, mean, variance, percentiles, etc.

7.4.2  Accuracy — incorrect (sub-1P/IP) detach/deactivate ratio

An incorrect detach/deactivate outcome occurs when an attempt results in incorrect or unexpected
confirmation message at the egress MP within a maximum waiting time, Tpxmax.

An incorrect detach/deactivate outcome is a logical parameter, where attempts that result in an
incorrect response are indicated with "1", and other responses are indicated with "0". As an
example, consider detachment to a specific Wi-Fi network, but a different network replies and
results in the wrong network/SSID being detached. This would be an incorrect detach outcome.
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The incorrect detach/deactivate ratio parameter is defined as the ratio of the incorrect
detach/deactivate outcomes to total attempts collected over time at a single host, over many
destination hosts, or both.

7.4.3 Dependability — failed (sub-1P/IP) detach/deactivate outcome and failed ratio

A detach/deactivate attempt fails when a detach/deactivate message packet enters the ingress MP,
and a corresponding confirmation message does not exit the egress MP within a maximum waiting
time, TDXmax.

The failed detach/deactivate outcome is a logical parameter, where failed attempts are indicated
with "1" and successful attempts are indicated with "0".

The failed detach/deactivate ratio parameter is defined as the ratio of the failed detach/deactivate
attempts to total detach/deactivate attempts collected over time at a single host, over many
destination hosts, or both. These failed join ratios are distinguished by an adjective, such as host
failed detach/deactivate ratio, or group failed detach/deactivate ratio.
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Annex A

Mapping of reference events to IEEE 802.11 wireless LAN
(This annex forms an integral part of this Recommendation.)

Figure A.1 provides a mapping for attachment (user device on left side).

Device Passive scan AP  Device Active scan AP

Authentication

Association

Y.1546(14)_FA.1

Figure A.1 — Wireless LAN attachment

Figure A.2 provides a mapping for activation using dynamic host configuration protocol (DHCP)
(user device is designated Client).
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Serverl Client

2. Servers offer [P address
and configuration information.

Collect offers!

HC 1. Discover DHCP servers

and select one

3. Request configuration from selected Server2

HT

4. Acknowledge request

HA Client is configured

Lease time nears expiration

5. Request lease renewal

6. Acknowledge request
HR | Client finished with IP address

7. Release IP address

Time

v
Y.1546(14)_FA.2

Figure A.2 — DHCP IP attachment and detachment
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Annex B

Mapping of reference events to ETSI TS 123 401 (3GPP TS 23.401)
(This annex forms an integral part of this Recommendation.)

Figure B.1 provides a mapping for attachment and activation (user device is designated UE).

Old MME/ Serving
UE eNodeB New MME SGSN GW PDN GW PCRF HSS
1. Attach request
2. Attach request . . EIR
LC 3. Identification requesE’
3- dentification response
4. Identity request
LSRR TEET -t — - - —--
_________ 4. Identity response
Sa. Authentication/security
I R e o e et LTS EEEEEEEEEEE EEEEE »>
5b. Identity request/response
i A » 5b. ME identity check
R e D
. 0: Ciphered options request ___|
6. Ciphered options response
"""""""""""""" = _ 7. PCEF initiated IP-CAN
7. Delete session request session temination
—————————————————————————————— Bt - - - - - pf SESSION lemira
(E) 7. Delete session response — o
= (A)
_______ 8. Update locationrequest | | _________|______|
R 9. Cancel location____ | _______
oo} 9. Cancel locationack __ | ______, )
[ e
10. Delete session request _| 10. PCEF initiated IP-CAN
ST ---f?‘!‘l--..mmm. "-(lm
(¥) 10. Delete session response [*======== N
R = et ~ ®
D 1. Update locationack | | |
12. Create session request
13. Create session request
—— P
14. PCEF intiated IP-CAN session
establishment/modification
ISR N
b it % ]
15. Create session response
D — ©

|
First downlink data (if not handover)

P 16. Create session response

17. Initial context setup request/attach accept

_18. RRC connection reconfiguration
" 19. RRC connection reconfiguration complete
"1 20. Initial context setup response

LA 21. Direct transfe

"22. Attach complete]
HC First uplink data N

23. Modify bearer request

23 Modify bearer equest
23b Modify bearer response
P 24. Modify bearer response ®)
HA || _____] Firstdownlink data________| ___________________ | __________] DR
eeo_|___25.Notifyirequest | | »

Y.1546(14)_FB.1

Figure B.1 — LTE activation and attachment
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Annex C

IP-based service availability function
(This annex forms an integral part of this Recommendation.)

Introduction

The 2016 version of [ITU-T Y.1540] adopts new parameters for IP service availability, with a
reduced evaluation interval at 1 minute, and packet loss ratio threshold of 0.20.

In the context of [ITU-T Y.1545.1], two definitions of IP service have been included. The first is a
simple definition of an IP packet transfer service:

IP_network service [ITU-T Y.1241]: "defined as a data transmission service in which the
data passed across the interface between the user and provider is transferred in the form of
Internet Protocol (IP) packets (sometimes called datagrams). IP network service includes
the service provided by using the IP transfer capabilities."

The IP network service and the ITU-T Y.1540 IP service availability function are well-aligned.
There are no control or management aspects in the IP network service definition and none are
evaluated with the ITU-T Y.1540 IP service availability function, since it was designed to measure
the information transfer phase of communications and not the activation phase. The broader service
definition adds control and management functions to IP packet transfer:

IP-based service [ITU-T Y.1241]: "defined as a service provided by the service plane to an
end user (e.q., a host (end system) or a network element) and which utilizes the IP transfer
capabilities and associated control and management functions, for delivery of the user
information specified by the service level agreements."

Clearly, the single-dimension of packet loss is not sufficient to evaluate IP based service. The
ITU-T Y.1540 IP service availability function is sufficient for "always-on" services without
frequent activation operations typical with mobile devices that attach to different local area
networks and perform a new IP-layer activation each time.

This Recommendation addresses the many performance parameters associated with
communications access and disengagement, as shown below, but does not attempt to assess
availability when the access and disengagement functions are needed. Table C.1 (the same as
Table 4) lists the parameters defined in this Recommendation.

Table 1 — Parameters defined in this Recommendation

Criterion Soeed A 5 dabilit
. ee ccurac ependability

Function 2peed Accuracy

Access Successful sub-IP attach Incorrect sub-IP attach Failed sub-IP attach
time ratio ratio
Successful IP activate Incorrect IP activate ratio | Failed IP activate ratio
time

Hand-over Successful hand-over time Failed hand-over

User information Outage time

transfer

Disengagement Successful sub-IP detach Incorrect sub-IP detach Failed sub-IP detach
time ratio ratio
Successful IP deactivation | Incorrect IP deactivation | Failed IP deactivation
time ratio ratio
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Within the context of a single local area network and technoloqgy, the availability function needs to
cover the access and information transfer functions and cover other control and management
functions, such as domain name server (DNS) access.

Dimensions of IP based service availability

In the access phase of communication, successful sub-IP_network attachment for a user host is an
essential first step. We are primarily concerned with IP network activation using either of the
available address families (IPv4 or IPv6) when evaluating IP based service availability.

Private IP network: In many network configurations, both mobile and fixed access technologies,
the user host must first obtain a combination of private network and service provider network
configuration items, including private network IP address and service provider DNS server list.

Globally-routable IP_network: The success of private IP_network activation is dependent on a
prior_service provider network activation in the case of a fixed access technology (e.g., cable
modem, DSL), or a subsequent IP_network attachment (e.q., mobile network PDP attachment in the
service provider network). In either fixed or mobile access, this form of attachment makes one or
more globally-routable IP address(es), possibly available to the user host through network address
translation (NAT).

DNS: Another key aspect of service is the availability of at least one DNS server from the
provisioned list of servers.

Carrier-grade NAT: Some networks apply a further stage of NAT before user packets are assigned
a globally routable address, but this is an on-going process accounted for in the information transfer
phase of communication. We include address family translation in this category.

Each of these dimensions must be available with a minimal level of performance.

The success of each of the access functions above is dependent on the correct operation of the user's
host, which is one of a set of hosts authorized by the service subscriber. Where the private IP
network is owned and managed by the subscriber, then correct operation of the private network is
also a dependency.

Last, the ITU-T Y.1540 IP service availability function is applied between the destination user host
(or its service demarcation point) on the service provider's network and a valid gateway on the
service provider's network.

State diagram of IP based service availability (incorporating access)

The current diagram corresponding to the ITU-T Y.1540 IP service availability function is quite
simple, identifying the Available and Unavailable state with the evaluation function for packet loss
indicated on both state transition paths (because the outcome of one function controls the transition
in_either direction). See clause 7 of [ITU-T Y.1540] for thresholds applying to the IPLR-based
evaluation to determine occupation of the Activated and Available state, or the Unavailable state (as
illustrated in Figure C.1), and supporting background material.

Figure C.1 takes the IP based service access phase and functions into account.
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Figure C.1 — State diagram of IP-based service availability evaluation

Additional considerations:

1. DNS resolution success does not imply all possible names can be resolved.
2. Use of non-SP-configured DNS is assumed to be usage beyond the service agreement.
3. There may be authentication required to receive an IP address and this process is out of

scope, but this detail can also be judged in combination with successful IP activation or

sub-1P attachment.

4. By focusing on the IP-layer, we retain a manageable scope and allow sub-IP layer service

providers to extend the definitions here in their unique environments.

Figure C.1 illustrates successful testing with green ellipses and failures with red. The provisional

thresholds for these success or fail evaluations are tabulated in Tables C.2 and C.3, governing

occupation of the Not Activated state in case of failure.

Table C.2 — Provisional performance objectives for service activation

Performance parameter

Provisional objective for minimum performance

Successful IP activate time, IPv4 and IPv6, private

address space

< 10 seconds

Service authentication time Unbounded
Successful IP activate time, IPv4 and IPv6, global < 1 second
address space

DNS address resolution time, AA and AAAA < 1 second

records

NOTE 1 — The values in Table C.2 are provisional. They need not be met by networks at this time and are

subject to revision (up or down) following further study and operational experience.

NOTE 2 — Since the objectives above are minimum performance thresholds, typical user experience

should be much better than the thresholds under normal circumstances.

NOTE 3 — Usually, activation using one of the IP address families will be essential for global

communications. The measurement should specify which family and whether private, global, or both

address types are essential.

NOTE 4 — See the IETF Performance Metrics Registry for a definition of DNS Response Time and DNS

Response Loss (https://tools.ietf.org/html/draft-ietf-ippm-initial-reqistry-04#section-6).
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Table C.3 — Provisional performance objectives for service renewal

Performance parameter Provisional objective for renewal failure

Successful IP renewal time, IPv4 and IPv6, private | > 10 seconds
address space

Successful IP renewal time, IPv4 and IPv6, global > 1 second
address space

NOTE 1 — The values in Table C.3 are provisional. They need not be met by networks at this time and are

subject to revision (up or down) following further study and operational experience.

NOTE 2 — Since the objectives above are Failure thresholds, typical user experience should be much
lower than the thresholds under normal circumstances.

NOTE 3 — IP Renewal time is measured using the IP Activation time metric.

NOTE 4 — Usually, activation using one of the IP address families will be essential for global
communications. The measurement should specify which family and whether private, global, or both
address types are essential.

NOTE 5 — Failure of service renewal causes transition to the not activated service state. This is indicated
in Figure C.1 with lines illustrating the transition from activated and available state to not activated, and
the transition from Unavailable to Not Activated.

More comprehensive tests of DNS support of a service agreement, beyond connectivity and (any)

address resolution, are for further study.
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