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1. Introduction
The ART_LTE-NBWB and ART_LTE-UED building blocks are for the most part independent and can be dealt with separately. However, an update of figures in clause 5 in TS 26.132 could address the needs for both building blocks at the same time, if agreeable.
If not agreeable at this stage, we would suggest adding the figures described in 5 and 6 with the delay reference marks removed in order to first complete ART_LTE-NBWB.
2. Definition of delay reference points for 3G
For UMTS circuit-switched mode, [2] suggests delay reference points for 3G that the source finds appropriate; shown below. We interpret this to be in accordance with the present delay specification in TS 26.131 and 26.132 with the remarks made in 4. The Access RX part in the system simulator is however seen as an “instantaneous” de-interleaver without any other delays (even if it has a buffer, this delay is already accounted for by the radio transmission time) and perhaps this should be further clarified.
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Figure 1: Note that the radio transmission and reception takes place at the same time (we assume zero propagation time). With this reference point, the UE delay includes both interleaving and de-interleaving which has some advantages.
3. Definition of delay reference points for LTE
For LTE, [2] suggests delay reference points for LTE that the source finds appropriate; shown below.
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Figure 3, same figure as below as above, re-drawn
4. “acoustic event” to “last bit” etc

The following is a quote from TS 43.050 and [2]:

· The delay in the uplink direction is the delay between an acoustic event at the MRP to the last bit of the corresponding speech frame at output of the antenna connector
· The delay in the downlink direction is the delay between the first bit of a speech frame at the antenna connector and the last acoustic event at the ERP
It is the source’s understanding that this definition, although precise, is not perfectly reflecting the UE:s contribution to the mouth-to-ear delay. In an actual connection, the de-interleaving will restore the order of the bits and the interleaving/de-interleaving process as such can thus be seen as instantaneous (except for the potential processing time for the operation). The UE contribution to the delay in a real connection is therefore over estimated using this approach.

(However, even if the interleaving/de-interleaving process as such does not add any delay, interleaving over two instead of one frame does add delay.)
Note that the presently widely used values for the system simulator [1] add half of a frame transmission time rather than a full transmission frame (see CEDS and DDDS), reproduced in Figure 1. This can be seen as an average between “fist bit” and “last bit” at the air interface and will provide a good representation of the UE:s contribution to the mouth-ear delay. This is reflected in the present text of TS 26.132, see e.g. clause 7.10, “…typical value considering variations due to interleaving etc…”.
[image: image3.png]CMU200

outT

Channel Encoding Unit Delay Downlink
with active Speech Codec
ceps =
N; Speech frames buffer channel coding
+ 112~ ransmission time of one speech frame

‘Speech Encoding Delay Downlink
SED

AID conversion of one speech frame 20ms
+double buffering 20ms
+xms look-ahead

Channel Decoding Unit Delay Uplink
with Speech Codec active

cDDS =

/2 * transmission time of one speech frame
+N, speech frames buffer channel coding

‘Speech Decoding Delay Uplink
SDD =

double buffering 20ms
+ DIA conversion of one speech frame 20ms

CMU200

outT

Channel Encoding Unit Delay Downlink

‘Speech Codec inactive, Loopback/Echo mode,

no transcoding
CEDLE" =

N; speech frames buffer channel coding

+1/2 transmission time of one speech frame

GSMHR 5.6 kbps
GSM FR 132 Kbps.
GSM EFR 122 Kbps

GSM AMR-NB FR all ates
GSM AMR-NB HR all rates
GSM AMR-WB FR all rates
GSM AMR-WB HR allrates
UMTS AMR-NB all rates
UMTS AMR-WB all rates
C2K EVRC (S03)
C2K EVRC-B (S068)
C2K 8k (SO1)

C2K 13k (SO17)

Channel Decoding Unit Delay Uplink

Speech Codec inactive, Loopback/Echo mode,

172 transmission time of one speech fame
+ N, speech frames buffer channel coding

Loopback / Echo Delay
LD/ED=
M speech frames = x ms.

TDDL =80 ms

TDDL=85ms

TDDL=85ms
TDDL = 105 ms.

TDDL = 120ms.

CMU200 Total Delay Downlink
TDDL = CEDS + SED

CMU200 Total Delay Uplink
TDUL = CDDS + SDD

CMU200 Total Loopback Delay
TLD = CDDLE + LD + CEDLE

CMU200 Total Echo Delay
TED = CDDLE + ED + CEDLE

(1) CODLE/CEDLE may be difernt compared to





Figure 1: Excerpt from [1]
5. Figures for TS 26.132 clause 5
Examples of a replacement of TS 26.132 Figure 1 is given along with suggestions for new figures 1a and 1b as well as a suggestion of an appendix C with figures 20 and 21.
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NOTE 1:
Includes DTX functionality.

NOTE 2:
Connection to PSTN should include electrical echo control (EEC).

Figure 1: Interfaces for specification of terminal acoustic characteristics. See also Appendix C.
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Figure 1a: Interfaces for testing acoustic properties of a UE, for GMS and 3G in circuit-switched mode. The system simulator simulates the access and core network. The measurement interface represents the point of interconnect POI. See also Appendix C.
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Figure 1b: Interfaces for testing acoustic properties of a UE, for MTSI. The system simulator simulates the access and core network. The system simulator includes a reference MTSI client. The measurement interface represents the point of interconnect POI. See also Appendix C.

6. Figures for TS 26.132 – suggested new Appendix C

“Figure 20 shows a number of mobile-to-mobile connection examples. It also includes UE delay reference points in accordance with Figure 1a and Figure 1b. The delay reference point for the uplink is defined differently for GSM/UMTS compared to LTE. Unlike the interleaving performed in GSM and UMTS, which is a standardized procedure, a jitter buffer is a proprietary implementation and its performance is not standardized.

Taking the example of an LTE-LTE connection including transcoding, the effect of the delay due to packet arrival time variations in the up-link cannot be attributed to the sending UE, but should be attributed to the transcoding operation. Thus, unlike the case for GSM and UMTS, the UE delay reference point for LTE cannot be defined after the receiver in the radio access network, but the effect of the packet re-transmissions should be excluded from the UE delay measurement. This is indicated in Figure 20 by placing the LTE UE uplink delay reference point prior to the UE LTE air interface.

Figure 21 shows examples of interconnections to other networks, such as PSTN.”
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Figure 20: Examples of mobile-to-mobile speech connections
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Figure 21: Examples of mobile to POI connections
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