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ITU-T Recommendation Q.115.2

Logic for the control of voice enhancement devices and functions

Summary

ITU-T Recommendation Q.115.2 describes the network logic for the control of voice enhancement
devices/functions (VEDS) to be deployed in the network(s). A VED is defined as certain signal
processing (acoustic echo control and noise reduction) in the digital transmission path. Mobile
networks, where acoustic echo and noise is a common problem, are examples of where VEDs are
deployed. The signal processing network equipment for VED (SPNE:VED) is the platform that
incorporates the VED. The network logic described in ITU-T Recommendation Q.115.2 avoids

multiple provisioning of voice enhancement devices/functions in the same digital transmission path
of a connection.

Sour ce

ITU-T Recommendation Q.115.2 was approved on 13 January 2007 by ITU-T Study Group 16
(2005-2008) under the ITU-T Recommendation A.8 procedure.

Keywords

Acoustic echo control, noise reduction, signal processing network equipment, signalling.
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications. 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 Recommendationsis 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 |SO and IEC.

NOTE

In this Recommendation, the expression "Administration" is used for conciseness to indicate both a
telecommuni cation 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 regquirements. 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 2007

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the
prior written permission of 1TU.
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I TU-T Recommendation Q.115.2
Logic for the control of voice enhancement devices and functions

1 Scope

Acoustic echo and noise is a common problem in many networks, e.g., mobile networks. Special
signal processing network equipment (SPNE) containing voice enhancement devices/functions
(VEDs) has been designed to enhance voice quality. This SPNE:VED can be provided as a
stand-alone version or integrated into other network equipment. This Recommendation defines a
network logic that provides the optimal placement (nearest to the source) of, and avoids multiple
provisioning of, VEDs in a connection. This voice enhancement control logic (VECL) is applicable
to network entities that control a VED on a per-call basis. As VEDs will normally be deployed in
mobile networks, the VECL described in this Recommendation is considered to be applicable in
any network that provides VED.

NOTE — Multiple VEDs in a connection would waste resources and the interaction between VEDs could
impair the voice quality (in the sense of VEDs processing a signal that has already been processed by a
VED).

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 Q.115.0] ITU-T Recommendation Q.115.0 (2002), Protocols for the control of signal
processing network elements and functions.

3 Definitions
This Recommendation defines the following terms:

31 acoustic echo: The reflected signal resulting from the acoustic path between the
earphone/loudspeaker and microphone of a hand-held or hands-free mobile station.

3.2 noise: In the context of voice enhancement, noise is defined as a slowly varying stochastic
process appearing additive to the desired speech signal. Specifically, the variation in the
characteristics of the noise process is such that it can be considered approximately stationary over
much longer time intervals than atypical speech signal.

3.3 signal processing function (SPF): A software function that performs voice processing
such as electric and acoustic echo control, noise reduction or automatic level control.

34 signal processing network equipment (SPNE): Type of network equipment which
contains one or more signal processing function(s). In this Recommendation, the focus is on the
SPNE:VED (a SPNE that incorporates VED).

35 voice enhancement: Combination of acoustic echo cancellation and noise reduction in
order to improve voice quality.
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3.6 voice enhancement device/function (VED): The combination of acoustic echo
cancellation and noise reduction in the digital transmission send path provided on a

hardware/software basis.
NOTE —[b-ITU-T G.160] defines a VED for mobile networks.

3.7 voice enhancement control logic (VECL): A network control logic that provides the
optimal placement (nearest to the source) of VEDs and avoids multiple provisioning of VEDs in a

connection.

4 Abbreviations and acronyms

This Recommendation uses the following abbreviations and acronyms:

AEC Acoustic Echo Control

CSMGW  Circuit Switched Media Gateway

DB Database (data administered by the network operator)

EC (network) Echo Canceller

GMSC Gateway Mobile Switching Centre

IPE Incoming Protocol Entity

MSC Mobile Switching Centre

NR Noise Reduction

OPE Outgoing Protocol Entity

SDL Specification and Description Language

SPF Signal Processing Function

SPNE Signal Processing Network Equipment/Function
SPNE:VED SPNE that incorporates VED

TFO Tandem Free Operation

VE V oice Enhancement

VECL V oice Enhancement Control Logic

VED V oice Enhancement Device/Function

VEDDbI. V oice Enhancement Device in backward direction included
VEDbn.i.  Voice Enhancement Device in backward direction not included
VEDCF V oice Enhancement Device Control Function

VEDCI V oice Enhancement Device Control Info

VEDf i. V oice Enhancement Device in forward direction included
VEDf n.i.  Voice Enhancement Device in forward direction not included
VEDIB V oice Enhancement Device Information backward

VEDIF V oice Enhancement Device Information forward

VEDSF V oice Enhancement Device Switching Function

5 Conventions

None.
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6 Voice enhancement control logic

6.1 Abstract model

V oice enhancement control logic (VECL) is associated with call/bearer control and has an interface
to the incoming and outgoing protocol entities as well as to the voice enhancement device switching
function (VEDSF). The VEDSF is either associated with the incoming or outgoing protocol entity.
This allows the incoming/outgoing protocol entity to take into consideration the call state when
actually controlling the VED (e.g., enabling the VED only after the call has been answered and not
during call set-up). In case of a stand-alone SPNE:VED the control protocols used on the interface
between VEDSF and the voice enhancement device control function (VEDCF) are those defined in
[ITU-T Q.115.0], whereas, in case of an integrated SPNE:VED, this interface is an implementation
matter.

The VECL process can run in addition to other signal processing control logic, e.g., echo control
logic (as defined in [b-ITU-T Q.115.1]), if a node provides those signal processing functions in
addition to VED. An example of such a node could be a gateway mobile switching centre (GM SC)
that provides the VED for its mobile subscribers as well as the echo canceller (EC) for the
interconnection to the fixed network.

Figure 1 shows the functional entities and their interrelation.

Call/bearer control

Incoming — Routing _
protocol - ec |

i I
" —-» - oy
; ; protocol ; ;
Signaling entity _S|gnaII|ng_

Bearer Bearer
AEC NR

For a specific call, the
SPNE:VED association is either with the
incoming or outgoing side.

[ This Recommendation
Q.115.2(01-07)_F01

[ 1 ITU-T Rec. Q.115.0 for stand-alone SPNE:VED; implementation-dependent for integrated SPNE:VED

Figure 1 — Voice enhancement control
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6.2 SPNE:VED

The SPFs of a VED can be controlled by the VECL described in this Recommendation, if the
SPNE:VED does provide a VEDCEF. This applies to stand-alone as well asintegrated SPNE:VEDs.

Figure 2 shows a block diagram of a SPNE:VED with a control interface.

SPF1 SPF2
Noise mT—)

Sn _» = AEC NR > Sout

Acoustic

echo T \ /
Rout 4 \ / Rin
VEDCF
Environment and
terminal characteristics
R, Receivein port h

R, Receive out port
S, Sendinport

Control interface:
S, Send out port

— Integrated VED: control isimplementation-dependent.
— Stand-alone VED: see ITU-T Rec. Q.115.0.

Q.115.2(01-07)_F02

Figure2 - SPNE:VED (AEC and NR controlled by VECL)

6.3 Voice enhancement control logic

6.3.1 General principles

The voice enhancement control logic (VECL) is invoked for voice calls during call set-up, when
recognizing the need for the provisioning of a voice enhancement device/function. The need for
providing voice enhancement may be based on specific information, e.g., the subscriber profile,
origin/destination-dependent responsibilities (agreements) or simply on the fact that voice
enhancement devices/functions are available.

The network operator can administer the use of TFO or VED for connections where both
mechanisms TFO and VED are available.

The voice enhancement control logic analyses the voice enhancement control information received
via the signalling systems/protocols (if none is received, information from a local database or
subscriber profile may be used instead), as well as origin/destination-related information that is
stored in the database of the call/bearer control node. Based on all these data, the voice
enhancement control logic determines:

a) VED-related actions (i.e., enable/disable) on the VED under control; and
b) the VED information that has to be transmitted by the signalling systems/protocols in their
call set-up messages.

The voice enhancement control logic does not directly control the VED. It is the task of the VED
switching function which communicates the result of the voice enhancement control logic to the
VED control function (master-slave relation). Protocols to be used between the VED switching
function and the VED control function are described in [ITU-T Q.115.0].

4 ITU-T Rec. Q.115.2 (01/2007)



The voice enhancement control logic is applicable to any mobile-originating or mobile-terminating
call, irrespective of the peer entity connected to the same network (arrow 2 in Figure 3) or another
(mobile) network (arrow 1 in Figure 3). A VED may be provided not only for the own mobile
subscriber(s), based on e.g., the subscriber profile, but also for a (mobile) subscriber connected to
another network, based on origin- and destination-related information respectively.

h\’\\ @
| — \

I | \

AN *—*’/
- “My o

<— Access network signalling —> <——— Core network signalling———

MSC *
CSMGW,

Radio subsystem

Network subsystem
access network

core network

*  Possible locations for VED

(1) Connection between a mobile subscriber and a (mobile) subscriber belonging to another (mobile) network
(2) Connection between two mobile subscribers belonging to the same service provider

Q.115.2(01-07)_F03

Figure 3—Basic call scenariosfor providing VED in mobile networks
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6.3.2 SDL diagrams

Figures 4 to 9 show the finite state machine and the procedures of the voice enhancement control
logic.

System VECL VECL S(1)
Tol PE
Froml PE
FromDB ToVEDSF
VECL
ToOPE
FromOPE

Q.115.2(01-07)_F04

Figure 4 — SDL system of the voice enhancement control logic

Block VECL VECL B(1)

Tol PE

Froml PE

FromDB ToVEDSF

ToOPE

FromOPE

Q.115.2(01-07)_F05

Figure5—SDL block structure of the voice enhancement control logic
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Process VECL VECL 1(1)
{ VECL service available
From
csuf b
call/bearer End of call C-SU-D.
(VED req.) { control (VED req.)
| I |
VEF D_VED VEB
result result
| 1 2 | 3 4
VEDIF VEDIF VEDIF To
(VEDfi.) (VEDfi.) (VEDf n.i.) OPE
" |
a VEDCI Defined by
> (enable) network operator
o
a |

)

/*

c.s.u.b.: Cal set-up backward

c.s.u.f.: Cal set-up forward

1: Provide VED

2: VED provided by a preceding/succeeding node/entity

3: TFO haspriority

4: VED required but not available

VEDf i.: VEDforward included
VEDf n.i.: VEDforward not included

N

Same logic as on the left
hand side, but replace
"VEDIF" with "VEDIB",
"VEDf" with "VEDb" and
"OPE" with "IPE"!

*/

Q.115.2(01-07)_F06

Figure 6 — SDL diagram for voice enhancement control logic
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8

Procedure VEF

* Voice enhancement forward
This procedureis called during call
set-up in the forward direction */

/*

O: Output

V Ef: Voice enhancement forward (origin)

VEDf i.: VEDforward included

TFO n.p.: TFO has no priority over VE

no TFO: TFO not used on this connection
*/

Page 1(1)

O (result) :=2

VED
available

A 4

O (result) :=3

O (result) :

O (result) ;=1

Figure 7 — Voice enhancement forward procedure
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Procedure VEB

Page 1(1)

/* Voice enhancement backwar d

This procedureis called during cal

set-up in the backward direction */

O (result) ;=2
O (result) :=3
VED
available
O (result) :=4

A a O (result) :=1
O: Output
VEDb: Voice enhancement backward (destination) P
VEDDb i.: VEDbackward included v‘
TFO n.p.: TFO hasno priorit_y over VE
no TFO: TFO not used on this connectlcir; Q.115.2(01-07)_F08

Figure 8 — Voice enhancement backward procedure
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Procedure D_VED Page 1(1)

/* Disable voice enhancement
device/function
This procedureis called at the end of acall */

VED False
provided

Disable
VED

A

Q.115.2(01-07)_F09

Figure 9 — Disable voice enhancement device/function
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