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------------------------- START OF CHANGE 1 -------------------------
[bookmark: _Toc19265753]Introduction
The present document specifies test methods to allow the minimum performance requirements for the electro-acoustic characteristics of GSM, 3G, LTE, NR and WLAN terminals when used to provide narrowband, wideband, super-wideband or fullband telephony to be assessed.
The objective for narrowband services is to reach a quality as close as possible to ITU-T standards for PSTN circuits. However, due to technical and economic factors, there cannot be full compliance with the general characteristics of international telephone connections and circuits recommended by the ITU-T.
The performance requirements are specified in TS 26.131; the test methods and considerations are specified in the main body of the text.
[bookmark: _Toc19265754]1	Scope
The present document is applicable to any terminal capable of supporting narrowband, wideband, super-wideband or fullband telephony, either as a stand-alone service or as the telephony component of a multimedia service. The present document specifies test methods to allow the minimum performance requirements for the electro-acoustic characteristics of GSM, 3G, LTE, NR and WLAN terminals when used to provide narrowband, wideband, super-wideband or fullband telephony to be assessed.

------------------------- END OF CHANGE 1 -------------------------



------------------------- START OF CHANGE 2 -------------------------
[bookmark: _Toc19265755]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[…]
[53]	ITU-T Recommendation P.381: "Technical requirements and test methods for the universal wired headset or headphone interface of digital mobile terminals".

------------------------- END OF CHANGE 2 -------------------------


------------------------- START OF CHANGE 3 -------------------------
[bookmark: _Toc19265756]3	Definitions, symbols and abbreviations
[bookmark: _Toc19265757]3.1	Definitions
For the purposes of the present document the terms narrowband, wideband, super-wideband and fullband refer to signals associated with the corresponding operating modes of the speech codecs specified in 5.2.
For the purposes of the present document, the terms dB, dBr, dBm0, dBm0p and dBA, shall be interpreted as defined in ITU-T Recommendation G.100 [51]; the term dBPa shall be interpreted as the sound pressure level relative to 1 pascal expressed in dB (0 dBPa is equivalent to 94 dB SPL).
A 3GPP softphone is a telephony system running on a general purpose computer or PDA complying with the 3GPP terminal acoustic requirements (TS 26.131 and 26.132).
For the purposes of the present document the term clock skew is defined as the difference between the clock of the device under test (CDUT) and the clock of the reference client (CREF). The skew of CDUT relative to CREF is defined in parts per million (PPM) as: (CDUT -CREF).106/ CREF.
For the purposes of the present document, the term electrical interface is defined as an analogue or digital access to an UE, which allows injecting and capturing signals electrically instead of an acoustical interface. The interface can be either wired (analogue, digital) or wireless (digital). The purpose of this interface is to connect a separate device (typically a headset), which provides a receiver and transmitter for telephony.

------------------------- END OF CHANGE 3 -------------------------


------------------------- START OF CHANGE 4 -------------------------
[bookmark: _Toc19265759]4	Interfaces definitions
4.1	General
The interfaces required to define terminal electro-acoustic characteristics are the acoustical interfaces, the air interface and the point of interconnect (POI), see Figure 1.
MTSI speech aspects are specified by TS 26.114 [17].

4.2	Air interfaces
The Air Interfaces for GSM, 3G, LTE and NR are specified by GSM 05, 3GPP 45, 3GPP 25, 3GPP 36 and 3GPP 38 series specifications, and the Air Interface for WLAN access to EPC is specified by WLAN access to EPC as defined in 3GPP TS 23.402 [48] and TS 24.302 [49]. MTSI speech aspects are specified by TS 26.114 [17].
Measurements can be made using a system simulator (SS) comprising the appropriate radio terminal equipment and speech transcoder. The delays, losses and gains introduced by the test equipment shall be accounted for. 

4.3	Acoustical interfaces
The POI with the public switched telephone network (PSTN) is considered to have a relative level of 0 dBr. 
Five classes of acoustical interface are considered in this specification:
-	Handset UE including softphone UE used as a handset;
-	Headset UE including softphone UE used with headset;
-	Vehicle Mounted Hands-free UE including softphone UE mounted in a vehicle;
-	Desktop-mounted hands-free UE including softphone UE with external loudspeaker(s) used in hands-free mode;
-	Hand-held hands-free UE including softphone UE with internal loudspeaker(s) used in hands-free mode.
(See definition of softphone in Clause 3.1)
NOTE:	The test setup for a softphone UE shall be derived according to the following rules:
-	When using a softphone UE as a handset: the test setup shall correspond to handset mode. 
-	When using a softphone UE with headset: the test setup shall correspond to headset mode.
-	When a softphone UE is mounted in a vehicle: the test setup shall correspond to vehicle-mounted hands-free mode.
-	When using a softphone UE in hands-free mode:
-	When using internal loudspeaker(s), the test setup shall correspond to hand-held hands-free.
-	When using external loudspeaker(s), the test setup shall correspond to desktop-mounted hands-free.
4.3	Electrical interfaces
An electrical interface is considered in this specification and details on standardized analogue (wired) and digital (wired and wireless) headset interfaces can be found in TS 26.132. For the electrical interface, the POI in sending / receiving direction is respectively defined as the input / output of the reference speech coder of the system simulator.
Any of the UE types mentioned in clause 4.2 providing an electrical headset interface can be considered as Electrical Interface UE.

------------------------- END OF CHANGE 4 -------------------------


------------------------- START OF CHANGE 5 -------------------------
5.1.6	Test setup for electrical interfaces
5.1.6.1	Wired analogue connection
UE testing via analogue connection shall be carried out with a universal wired headset interface, which complies with the electrical and physical characteristics described in clause 6 of ITU‑T P.381 [53]. Different types of socket designs can be used as well. Other implementations of analogue electrical interfaces (wired or wireless) are out of scope.

Figure 15a5b illustrates the setup required for testing analogue electrical interfaces. The electric output impedance of the reference interface of the test equipment shall be in the range of 1 Ω and 10 kΩ. The corresponding electric input impedance shall be 32 Ω +/- 2 Ω. The common ground impedance (between sending and receiving sides) for the test system shall be ≤ 0.05 Ω.

If not specified otherwise, the nominal average signal level in send direction (output of the interface) is -60 dBV, which corresponds to a typical acoustic level of -4.7 dBPa at the MRP. In receive direction, the average signal level for a nominal volume setting (if present) is expected to be approximately -39 dBV.

For testing echo and double talk scenarios, an artificial feedback of the receive signal into the sending path shall be used. This echo path can be realized in an analogue (e.g, a stand-alone device) or digital (e.g., part of the test system) way. For measurements without artificial echo loss, the feedback path is disabled.

NOTE:	It is assumed that mainly passive third-party devices are connected via analogue headset interface to the UE, which do not contain any typical signal processing capabilities (like e.g., echo cancellation or noise reduction). Thus, all tests specified for this interface are comparable to handset UE or headset UE, i.e. they expect that any possible signal processing is applied in the UE.
[image: Interfaces-Analogue]
Figure 15a5b: Test setup for analogue electrical headset interface

5.1.6.2	Digital connection
Figure 15a5c illustrates the setup required for testing digital electrical interfaces of a UE. Such testing is possible with different types of wired and wireless technologies and requires a digital reference interface in the test system. Only interfaces with standardized protocols and definitions (e.g., USB, Bluetooth, etc.) shall be used, i.e. digital interfaces of proprietary hardware or protocols are out of scope. The digital connection type (wired/wireless, protocol and hardware) shall be reported.

For testing echo and double talk scenarios, an artificial feedback of the receive signal into the sending path shall be used. This echo path shall be realized as part of the test system. The received and decoded signal from the UE is fed back into the sending direction, in advance to the encoding/protocol/hardware layer. For measurements without artificial echo loss, the feedback path is disabled.

Digital levels for send and receive direction are specified in dBm0, referring to the same definition as for the input/output of the terminal and the system simulator (see clause 5.2).
In contrast to the analogue interface, devices connected to the UE via digital interface may either provide active (includes signal processing for send and/or receive direction) or passive (comparable to analogue headsets, see clause 5.1.6.1) functionalities. In order to be compatible with the analogue headset interface, it is assumed for all tests in the following clauses that typical signal processing for telecommunication (e.g., noise reduction, echo cancellation) takes places only in the UE and not in the connected equipment.
However, in some cases, the digital interface and its protocol supports the exchange of commands/meta-information. A connected device may communicate that it provides capabilities to perform its own signal processing. In this case, the UE shall behave as a transparent gateway, i.e. shall not apply any signal processing.
[image: Interfaces-Digital]
Figure 15a5c: Test setup for digital electrical headset interface

------------------------- END OF CHANGE 5 -------------------------


------------------------- START OF CHANGE 6 -------------------------
[bookmark: _Toc19265774]5.2	Setup of the electrical interfaces of test equipment
[bookmark: _Toc19265775]5.2.1	Codec approach and specification
In this approach, a codec is used to convert the digital input/output bit-stream of the system simulator to the equivalent analogue values. With this approach a system simulator simulating the radio link to the terminal under controlled and error-free conditions is required, unless otherwise specified for the respective test. The system simulator has to be equipped with a high-quality codec with characteristics as close as possible to ideal.
Definition of 0 dBr point:
D/A converter -	a Digital Test Sequence (DTS) representing the codec equivalent of an analogue sinusoidal signal with an RMS value of 3,14 dB below the maximum full‑load capacity of the codec shall generate 0 dBm across a 600 ohm load; 
A/D converter -	a 0 dBm signal generated from a 600 ohm source shall give the digital test sequence (DTS) representing the codec equivalent of an analogue sinusoidal signal with an RMS value of 3,14 dB below the maximum full‑load capacity of the codec.

Rename of clause 5.2 just to be confused with the electrical (headset) interface.
------------------------- END OF CHANGE 6 -------------------------
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