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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 1SO 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 concermning 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/software copyrights, 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 appropriate ITU-T databases available via the ITU-T website at
http://www.itu.int/ITU-T/ipr/.
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Recommendation ITU-T Y.1540

Internet protocol data communication service — IP packet transfer and
availability performance parameters

Amendment 2

Revised Annex B: Additional search algorithms for IP-based capacity
parameters and methods of measurement

1) Annex B
Replace Annex B with the following:

Annex B

Additional search algorithms for IP-based capacity parameters
and methods of measurement

(This annex forms an integral part of this Recommendation.)

B.1 Type B search algorithm

This measurement system meets requirements of clause A.2.2, and adds the following capabilities to
support an alternate, and mandatory-to-implement, search algorithm, referred to as the Annex B
search algorithm (which is test protocol agnostic):

1) The tester should make a recommendation on maximum test packet size, and allow for some
unexpected overhead to avoid fragmentation.
2) A table of transmit rates, which are the number of packets sent during each time interval

(corresponding to bits per second and a specified protocol layer) and packet sizes. The table
has ascending values for offered load rates, between the minimum and maximum supported
load rates, inclusive.

3) The receiver of the offered load shall measure the following metrics: received rate, loss,
reordering, delay variation (as per this Recommendation), and round-trip delay
[ITU-T Y.1565].

4) The receiver of the offered load shall periodically send a status feedback message to the
sender with the results of the measured metrics.
5) Based on the results contained in the status feedback message, the sender shall adjust its

offered load according to the flowchart in Figure B.1. In the flowchart, one step is a change
in rate accomplished by using a new value (of the row above or below the current row for the
sending rate and packet sizes) in the table of offered load rates.

The flow chart in Figure B.1 uses many variable names and, in some cases, configurable thresholds
that determine the flowchart decisions. There are three main paths through the flowchart: when
feedback indicates measured impairments are absent, or when impairments are first measured and
some congestion may be present but sending rate change is deferred, or when measured impairments
are confirmed by repeated measurement feedback.

Rec. ITU-T Y.1540 (2019)/Amd.2 (03/2023) 1
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Figure B.1 — Flowchart for offered load adjustment, Type B search Algorithm

NOTE — The algorithmic decisions could be performed by one end of the measurement system'’s participating
hosts, which would make implementation at the other host much less complex and independent of the algorithm

version.

The variables and thresholds used in Figure B.1 are explained in Table B.1.

Table B.1 — Flowchart variables, descriptions, ranges and default values

Category/
Variable name

Description

Unit

Range

Default value

Sending Rate

The current sending rate
(equivalent to a row of
the table), initialized at
minimum Sending Rate
in the Table of Sending
Rates

Kbit/s

500 <# <
10 000 000
(10 Ghit/s)

See starting rate

Start sending rate

Initial value of sending
rate

kbit/s

NA

500 kbit/s

Seq Errors

Measurement of any of
Loss or Reordering or
Replication impairments
measured (events where
received packet
sequence number did
not increase by one)

Number of
errors

NA

NA
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Table B.1 — Flowchart variables, descriptions, ranges and default values

Category/
Variable name

Description

Unit

Range

Default value

SeqErrThresh

Threshold for Loss or
Reordering or
Replication impairments
measured (events where
received packet
sequence number did
not increase by one)

Number of
errors

0<#<100

10

DelayVar

Range of round trip
time, RTT (or 1-way
packet delay variation,
above minimum delay
when DelayVar 1-way
measurements are
reliable)

ms

NA

NA

LowThresh

Low threshold on the
range of round trip time
variation, RTT (Range
is values above
minimum RTT)

ms

5<ms<250

30 ms default

UpperThresh

High threshold on the
range of round trip time
variation, RTT (Range
is values above
minimum RTT)

ms

5<ms <250

90 ms default

HighSpeedDelta

The number of rows to
move in a single
adjustment when
initially increasing
offered load (to ramp-up
quickly)

Number of
rows

10 table rows (10
Mbit/s currently)

SlowAdjCount

Number of consecutive
status reports indicating
loss and/or delay
variation above
UpperThreshold.

Count of
occurrences

NA

See
SlowAdjThresh

SlowAdjThresh

Threshold on
SlowAdjCount used to
infer congestion. Use
values > 1 to avoid
misinterpreting transient
loss

Count of
occurrences

>1

HSpeedThresh

Threshold for transition
between low and high
sending rate step sizes
(such as 1 Mbit/s and
100 Mbit/s). MAY
result in use of jumbo
frames if permitted.

Ghit/s

1 Gbit/s

Rec. ITU-T Y.1540 (2019)/Amd.2 (03/2023)
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Table B.1 — Flowchart variables, descriptions, ranges and default values

Category/ Description Unit Range Default value
Variable name
JumboFrames1GPermitted | Configuration for the NA Boolean; [0:1] | 1 (True:
measurement system permitted for
permitting use of sending rates
Jumbo-length Frames above 1 Ghit/s)
Note — The table
of sending rates
will change,
depending on the
option chosen.
ReordDuplgnoreEnable Configuration of NA Boolean; [0:1] | 1 (True: enabled)
SeqErrors counting to
ignore Reordering and
Duplication impairments
measured (only Loss
counts toward received
packet sequence number
errors)

Table B.2 gives the default input factors for Annex A method, for use with Annex B.

Table B.2 — Measurement variables, ranges and default values

Category/ Parameter Unit Range Default value
Variable name
Max IP-layer Capacity
Number of parallel # 1<#<10 1 connection
connections
Duration of preamble S 0<s<5b ~25s
to testing
At Duration of the test S 5<s<60 10s
(either downlink or
uplink) with search
algorithm in use, which
serves as the maximum
duration of the search
process
m Number of # Unsignedint; 10 (relates to dt)
(NumberTestSublntervals) measurement sub- 1 <#<100
intervals, dt, in At
i Number of # UnsignedInt; | 0 Bimodal
(NumberFirstModeTestSublntervals) | Measurement intervals, 0<#<m analysis
dt, included in the disabled.
report of the initial Evaluate all
Capacity mode. The sub-intervals in
remaining sub-intervals a single mode
of the total m are (meaning that
reported separately. i>0isun-
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Table B.2 — Measurement variables, ranges and default values

Category/ Parameter Unit Range Default value
Variable name
"0" is used as the specified by
EnableBimodal default)
parameter, and means
the Bimodal analysis is
NOT enabled.
dt Duration of reporting S 0.1<s<10 1 s (relates to
sub-intervals m)
TimeoutNoTestTraffic Timeout value, notest | ms | Unsignedint; 1000 ms,
packets at Receiver 500 <ms < assuming At =
since previous test 1000 10s
packet
TimeoutNoStatusMessage Timeout value, no ms Unsignedint; 1000 ms,
Status Messages at 500 <ms < assuming At =
Sender since previous 1000 10s
Status Message
Type of Test packet NA | IPv4 or IPv6 No default
including header and UDP UDP
payload lengths, DSCP 00 = Best Effort
headers and options
present and any
markings for special
treatment in the
network
Reference size of UDP | KB | Minimum No default,
Payload 1 kbyte, recommend
Maximum at largest value
1472 bytes that avoids
(Max 9000 fragmentation.
with Jumbo
Frames)
UDPPayloadContent UDP Payload Content String All zeroes

Type. If there is
payload compression in
the path and tests
intend to characterize a
possible advantage due
to compression, then
payload content
SHOULD be supplied
by a pseudo-random
sequence generator, by
using part of a
compressed file, or by
other means. Payload
may also contain the
test protocol PDUs.

Enumeration of:
e 0nes,

Rec. ITU-T Y.1540 (2019)/Amd.2 (03/2023)
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Table B.2 — Measurement variables, ranges and default values

Category/ Parameter Unit Range Default value
Variable name
* Zeroes,
+ alternatesOand1
* random
StatusFeedbackInterval Period of status S 0.005<s< 0.050 s
feedback message 0.250
(Receiver of offered
load returns messages
to the sender with the
results of the measured
metrics)
Supporting Metrics These are metrics
measured on the same
stream as IP Capacity
IPLR Y.1540, RFC 7680
Tmax Maximum Waiting S 0.05<s<3 ls
time for packets to
arrive
Sampled RTT Y.1545, RFC 2681:
RTT uses feedback
status messages from
receiver.
Tmax Maximum Waiting S 0.05<s<3 3s
time for packets to
arrive
Resolution of ms | 0.001<ms<1 | Suggested for
Timestamps fixed access:
.001 (based on
current
implementation)
Supporting Metric: IPDV Y.1540, RFC 3393,
RFC 5481 (PDV)
Tmax Maximum Waiting S 0.05<s<3 ls
time for packets to
arrive
Resolution of ms | 0.001 <ms <1 | Suggested for
Timestamps fixed access:
.001 (based on
current
implementation)
Supporting Metric: IPRR Y.1540, RFC 4737
Tmax Maximum Waiting S 0.05<s<3 ls
time for packets to
arrive
Resolution of ms | 0.001<ms<1 | Suggested for

Timestamps

fixed access:
.001 (based on
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Table B.2 — Measurement variables, ranges and default values

Category/ Parameter Unit Range Default value
Variable name
current
implementation)
Supporting Metric: RIPR Y.1540, RFC 5560
Tmax Maximum Waiting S 0.05<s<3 ls
time for packets to
arrive
Resolution of ms | 0.001<ms<1 | Suggested for
Timestamps fixed access:
.001 (based on
current

implementation)

B.2 Considerations for testing with parallel UDP streams
Parallel streams introduce complexity as well as the advantage of reaching higher rates.

Possible benefits include:

. Parallel systems may be used to produce the aggregate rate needed with parallel connections.

. Parallel streams may be used as a way to saturate the path under test with a single pair of test
hosts.

. Additional information could be derived for diagnostic purposes, or to validate the testing

process. For example, comparing the data rates on each connection could be informative,
where very different data rates might reveal abnormal operation.

The current view is that each stream would have its own feedback channel, calculation of
measurements and flowchart, and a report of the aggregate results over all connections.

B.3 Considerations for testing with bimodal path performance

Clause 7.1 of [b-ITU-T Y-Suppl.60] gives guidance on measuring Maximum IP-Layer Capacity when
the results indicate a bimodal distribution of capacities. The different modes may be intentional design
features, or other phenomenon where the tester prefers to separate the measurement in two modes for
further processing. For example, the tester might prefer to exclude the measurement time needed to
"ramp-up" to sending rates near the Maximum IP-Layer Capacity, and only consider measurements
during the second mode (and ignore the initial Capacity mode).

The i parameter described in Table B.2 above is the control for enabling and specifying bimodal
reporting. The Description of i is as follows:

Number of measurement intervals, dt, included in the report of the initial Capacity mode. The
remaining sub-intervals of the total m are reported separately.

B.4 Type C search algorithm

The flow chart in Figure B.2 below uses additional variable names, and in some cases, configurable
thresholds that determine the flowchart decisions beyond those in Figure B.1 Type B flow chart.
Three main paths through the flowchart remain: when feedback indicates measured impairments are
absent, or when impairments are first measured and some congestion may be present but sending rate
change is deferred, or when measured impairments are confirmed by repeated measurement feedback.
However, the sending rate increases by a multiplicative factor (1.5) when impairments are effectively
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absent. Further, the "fast" sending rate increase and decrease configurations are de-coupled, allowing
greater control. The Type C algorithm also introduces automatic retry of the "fast" sending rate
increase mode, with increasing intervals between retries as the test proceeds.

) START "algo ¢_7_2" - wait for retry, e.g., 3* 50 ms, AND successive retries require LONGER wait. Also multiply is effectively 1.5 rate
.‘"N AAties INITIALIZE: Sending rate = Starting rate NEW variables: (algoC) RetryCount = 0, (algoC) RetryThresh, = 5 ... (algoC) Update = 0
repon

v (Definite indication of (Congestion confirmed!!)
. congestion)

SeqErmors Sending rate

SeqErrors ) R ; =
suL] l:n‘l hesh NO SeqEnThesh YES Increase HSpeedThresh YES | Decrease seading
d DeliyVa S Or DelayVar 3 SlowAdjCount > and > rate hy

o Doy ron : by 1 SlowAdjCount HighSpoedDelta*3

M uG Lipper Thre
Low Thresh ppet Thresh SlowAds Thresh
YES T (Absence of “ NO

congestion)
Y

(Possible indication of
congestion, put-oll decision NO
Low # of sequence errors)

(Congestion previously
confirmed)
\ 4

Sending rate < [ | ]
I Increase sending Decrease sending

”"l"";‘:;"‘““" NO | rate | step AND rate 1 step AND
ana . "
< inerement increase
SlowAd)Count - Y Ry -
SlowAdjThresh - RetryCoum » RewryCount by | .
o ¥
YES - )
b4 RetryCount > NO RetryCount >=
) Retry Thresh Retry Thresh
NO
Updste=TRUE? > NO et %
" YES
A ) L v
YES . SlowAdyCount = 0
Set update RetryCount = 0 Slow AdjCount = 0
y . TRUI Increase . ay RetryCount = 0
b l‘.»
Increase sending by RetryThresh A“
2x and sct
v

SlowAdiCount = 0
and update
FALSE

Successive retries require longer waits,

using default thresh value, RETRY THRESH ALGOC

h 4

WAIT
new st

for

atus

repart

Y.A540(19)-Amd 2(23)_FB2

Figure B.2 — Flowchart for offered load adjustment, Type C search algorithm

The Type C algorithm uses Type B as a starting point to host the new features of multiplicative
increases and retry of "fast" sending rate increase mode, thus the distinguishing moniker "Multiply

and Retry" applies here.

The new variables and thresholds used in the Figure B.2 flowchart are explained below:

Table B.3 — Type C flowchart variables, descriptions, ranges and default values

Category/ Description Unit Range Default value
Variable name

RetryCount Number of status reports Count of NA RetryThresh
since previous "fast" mode occurrences
activation. The counting
takes place whether
impairments are present or
not.

RetryThresh Threshold on RetryCount Count of >1 5
used to delay successive occurrences
activations of "fast" sending
rate increase mode. Use
values > 1 to increase the

8 Rec. ITU-T Y.1540 (2019)/Amd.2 (03/2023)



Table B.3 — Type C flowchart variables, descriptions, ranges and default values

Category/
Variable name

Description

Unit

Range

Default value

delay. Note that the algorithm
doubles the threshold each
time RetryThresh is
exceeded.

Update

The Update variable operates
in "fast” sending rate increase
mode to temper the effective
increase to a fractional value
(1.5). The sending rate
increases alternate between
multiply by 1 and multiply by
2 for an average of 1.5.

Boolean; [0:1]

0 (False) starting
value, the value
alternates with
each pass through
the "fast" sending
rate increase
mode.

B.5 Considerations for testing with cellular mobile and other radio networks

Reordering: There appears to be an increased likelihood of reordered packets during tests on 5G
service. Reordered packets are legitimate contributors to IP-Layer Capacity. However, the Type B
and Type C algorithms treat reordering as an impairment, the same as packet loss. To measure the
maximum capacity when packet reordering is present (and especially when prevalent), the
configuration option to ignore reordering (and duplication) in the search algorithms should be used
(this is now the default for all testing).

Test Interval: Mobile and other radio networks tend to exhibit variable transmission conditions and
received bit rates, in addition to traffic from other users that is competing for the allocated capacity.

It is suggested to use:

Table B.4 — Mobile/radio testing variable names, descriptions, ranges and values

Category/
Variable name

Description

Unit Range

Suggested
value

At

Duration of the fixed
rate test (either
downlink or uplink)

5<s<60

7 s for
Mobile/radio

(NumberFirstModeTestSublntervals)

Number of
measurement intervals,
dt, included in the
report of the initial
Capacity mode. The
remaining sub-intervals
of the total m are
reported separately.
"0" is used as the
EnableBimodal
parameter, and means
the Bimodal analysis is
NOT enabled.

Unsignedint;
0<#<m

dt

Duration of reporting
sub-intervals

01<s<10

1 s (same as
default)
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Parameter Selection: It is possible to produce a version of the search algorithms which maintains
the path bottleneck in a saturated state by simply changing the SlowAdjThresh (or Slow Adjustment
Threshold, the threshold on SlowAdjCount used to infer congestion) from its default value (3) to
65535. This parameter setting disables two paths in the flowchart when operating at sending rates
< 1 Ghit/s: the single step sending rate increase and the multiple step decrease in response to
confirmed congestion. The result is a simplified flow chart having only "fast" sending rate increases
and single-step decreases. If using the Type B search algorithm, it is also suggested to increase the
HighSpeedDelta parameter (the number of rows to move in a single adjustment when increasing
offered load and ramp-up sending rate) from the default 10 to 50. The Type C search algorithm does
not require this change, in fact the HighSpeedDelta parameter is only active in the congestion-
confirmed aspect of flow chart operation.

2) Bibliography
Add the following entry to the bibliography:

[b-1TU-T Y-Suppl.60] ITU-T Y-series Recommendations — Supplement 60 (2022) —
Interpreting ITU-T Y.1540 maximum IP-layer capacity measurements.
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Terminals for telematic services

Telegraph switching

Data communication over the telephone network

Data networks, open system communications and security

Global information infrastructure, Internet protocol aspects, next-generation networks,
Internet of Things and smart cities

Languages and general software aspects for telecommunication systems
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