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1. Introduction
This document contains results on verification items for the endorsed eCall modem solution by Qualcomm, according to the table of verification items in the Permanent Document PD6 [1]. The verification items have been carried out on the basis of the prototype version of the eCall modem code which was also used in the selection tests by AT4 Wireless.
It should be noted that not all of the verification items have been addressed up to now by Qualcomm due to time and resource constraints. For those items not completed by the SA4 #51 meeting, PD6 states that “Those items not completed by the stated time frame can be performed as part of the characterization phase.” [1]. The characterization phase begins after the SA4 #51 meeting as specified in the eCall Timeplan document (PD1) [4] .
2. Verification Items (results do not have to be included into the characterisation TR)
Table 1b of [1] lists two verification items.
a. Review of draft TSs/TR

Final versions of the two TSs on eCall “General description” [2] and “ANSI-C reference code” [3] have been prepared and submitted to the SA4 #51 meeting as Tdocs S4-080631 [5] and S4-080632 [6].
b. Verification of the format of the C-code (i.e. quality of C-code)

The prototype version of the eCall modem C-code has been reviewed thoroughly, and the complexity and memory requirements have been further analysed. As a result, one minor bug was found in the code which did not influence the MSD transmission time but resulted in unnecessary memory usage in the IVS. The bug has been fixed, and the required code change and consequences on memory usage have been reported in Tdoc S4-080634 [7].
In an effort to reduce memory usage in the PSAP, the word length of certain buffers in the channel decoder was shortened without affecting the MSD transmission performance. The according modifications to the C-code are described and proposed in Tdoc S4-080635 [8].
3. Verification Items (results to be included into the characterisation TR)

Table 1c of [1] lists seven verification items.

a. Performance with dynamic jitter buffer
b. Performance with echo cancellation
For eCall verification purposes, an echo canceller (EC) has been integrated into the IVS and PSAP modems. In this setup, the respective input and original modem output signals represent the two input signals for the echo canceller, whose output signal defines the modem output signal transmitted on uplink and downlink.

In the algorithm used for echo cancellation, a normalized Least-Mean-Square (NLMS) algorithm is employed for adaptive filtering in order to obtain the acoustic/network coupling and to generate an estimate of the echo. This estimated echo is subtracted from the echo corrupted signal and the echo cleaned signal is transmitted to the listener at the other end, thereby achieving echo-free full-duplex communication.

The main parameter of the echo canceller to tune is the length of the filter. At a sampling rate of 8 kHz, the filter length was originally set to 64 samples, relating to a filter window of 8 milliseconds. For additional tests, the filter length was further increased to 160 samples (20 ms).

The performance with echo cancellation was tested in the simulation framework used for official selection testing (S4-080582) [12], and for the unordered official test campaign file which contains 2600 test cases in total. According to the eCall Selection Test Plan (S4-080446) [13], the signal paths in both uplink and downlink of the simulation chain experience delays ranging from 10 to 30 milliseconds. In order to assess different relations of filter length to delay range, all uplink and downlink delays within the official campaign have further been downscaled by either a factor of 6 or 15.

Performance results are shown in Table 1, Table 2, and Table 3. In all three cases, no impact of the echo canceller on the modem performance is observed. The Figure of Merit (FoM) stays slightly above 2 seconds and therefore preserves the statistical performance as without echo cancellation.

Table 1: Performance with echo cancellation, filter length 64 samples (8 ms), official campaign.

	2600 test cases
official campaign
	Average transmission time
	Maximum transmission time

	
	Frames
	Seconds
	Frames
	Seconds

	Full Rate
	82.89
	1.6579
	729
	14.58

	AMR 12.20
	77.50
	1.5501
	187
	3.74

	AMR 10.20
	75.97
	1.5193
	169
	3.38

	AMR 7.95
	81.26
	1.6252
	187
	3.74

	AMR 7.40
	79.90
	1.5980
	168
	3.36

	AMR 6.70
	97.89
	1.9578
	121
	2.42

	AMR 5.90
	112.72
	2.2543
	204
	4.08

	AMR 5.15
	143.47
	2.8695
	260
	5.20

	AMR 4.75
	167.76
	3.3552
	311
	6.22

	Figure of Merit
	101.50
	2.0299
	
	


Table 2: Performance with echo cancellation, filter length 64 samples (8 ms), official campaign with all delays downscaled by factor 15.

	2600 test cases
official campaign
	Average transmission time
	Maximum transmission time

	
	Frames
	Seconds
	Frames
	Seconds

	Full Rate
	85.38
	1.7075
	665
	13.30

	AMR 12.20
	75.83
	1.5166
	185
	3.70

	AMR 10.20
	75.90
	1.5180
	185
	3.70

	AMR 7.95
	80.57
	1.6114
	101
	2.02

	AMR 7.40
	80.36
	1.6072
	167
	3.34

	AMR 6.70
	97.52
	1.9504
	185
	3.70

	AMR 5.90
	111.11
	2.2221
	203
	4.06

	AMR 5.15
	141.73
	2.8346
	619
	12.38

	AMR 4.75
	166.25
	3.3250
	354
	7.08

	Figure of Merit
	101.28
	2.0256
	
	


Table 3: Performance with echo cancellation, filter length 160 samples (20 ms), official campaign with all delays downscaled by factor 6.

	2600 test cases
official campaign
	Average transmission time
	Maximum transmission time

	
	Frames
	Seconds
	Frames
	Seconds

	Full Rate
	82.36
	1.6472
	266
	5.32

	AMR 12.20
	74.75
	1.4950
	186
	3.72

	AMR 10.20
	76.85
	1.5370
	185
	3.70

	AMR 7.95
	80.93
	1.6186
	101
	2.02

	AMR 7.40
	80.45
	1.6090
	167
	3.34

	AMR 6.70
	97.58
	1.9516
	101
	2.02

	AMR 5.90
	111.16
	2.2232
	203
	4.06

	AMR 5.15
	139.17
	2.7834
	273
	5.46

	AMR 4.75
	163.93
	3.2786
	354
	7.08

	Figure of Merit
	100.02
	2.0003
	
	


c. Performance with transcoding or multiplexing

The simulation framework as used for official selection testing already includes a form of audio impairment in uplink and downlink, prior to and after PSAP processing. It has been realized by G.711 A-Law compression and expansion.

To assess the performance with transcoding, G.711 processing was replaced by G.729 transcoding. Based on the G.729 reference code, the transcoder was attached to the simulation framework via a standard IO pipe, in exactly the same way as in uplink and downlink also the FR or AMR codecs are attached. The main body of G.729 supports 8.0 kbit/s as output data rate.

Performance results for G.729 transcoding are shown in Table 4 and Table 5. In Table 4, all modes exhibit a moderate increase with respect to the average transmission time. Only for the codec mode AMR 4.75 kbit/s, 19 failures occur, which have been caused by a slightly too high synchronization threshold. In this case, we therefore propose to slightly reduce the sync threshold at the receiver.

Table 5 shows the improved performance for the official test campaign with G.729 transcoding and a sync threshold reduced by 20%. This resolves all failure cases and leads to an overall Figure of Merit of 3.2854 seconds. This reduced sync threshold does in no case impact the original modem performance without transcoding, as verified by Table 6.

Table 4: Performance for G.729 transcoding (rate 8.0 kbit/s), official campaign with original sync threshold (*19 failures in mode AMR 4.75 due to missed sync).

	2600 test cases
official campaign
	Average transmission time
	Maximum transmission time

	
	Frames
	Seconds
	Frames
	Seconds

	Full Rate
	111.99
	2.2398
	285
	5.70

	AMR 12.20
	108.05
	2.1610
	268
	5.36

	AMR 10.20
	114.86
	2.2971
	285
	5.70

	AMR 7.95
	113.79
	2.2757
	187
	3.74

	AMR 7.40
	111.96
	2.2392
	205
	4.10

	AMR 6.70
	169.15
	3.3830
	277
	5.54

	AMR 5.90
	206.35
	4.1269
	311
	6.22

	AMR 5.15
	260.86
	5.2171
	399
	7.98

	AMR 4.75
	855.24
	17.1047
	8568*
	171.36*

	Figure of Merit
	248.92
	4.9785
	
	


Table 5: Performance for G.729 transcoding (rate 8.0 kbit/s), official campaign with sync threshold reduced by 20% (no failures).

	2600 test cases
official campaign
	Average transmission time
	Maximum transmission time

	
	Frames
	Seconds
	Frames
	Seconds

	Full Rate
	111.87
	2.2374
	285
	5.70

	AMR 12.20
	107.78
	2.1555
	240
	4.80

	AMR 10.20
	116.41
	2.3281
	705
	14.10

	AMR 7.95
	113.88
	2.2775
	187
	3.74

	AMR 7.40
	111.96
	2.2392
	205
	4.10

	AMR 6.70
	169.16
	3.3832
	277
	5.54

	AMR 5.90
	205.69
	4.1137
	312
	6.24

	AMR 5.15
	259.87
	5.1974
	399
	7.98

	AMR 4.75
	316.89
	6.3378
	1974
	39.48

	Figure of Merit
	164.27
	3.2854
	
	


Table 6: Performance for the official campaign with sync threshold reduced by 20% (no transcoding).

	2600 test cases
official campaign
	Average transmission time
	Maximum transmission time

	
	Frames
	Seconds
	Frames
	Seconds

	Full Rate
	81.55
	1.6310
	666
	13.32

	AMR 12.20
	77.49
	1.5499
	187
	3.74

	AMR 10.20
	76.61
	1.5321
	232
	4.64

	AMR 7.95
	80.48
	1.6097
	103
	2.06

	AMR 7.40
	80.25
	1.6049
	168
	3.36

	AMR 6.70
	98.43
	1.9686
	121
	2.42

	AMR 5.90
	112.47
	2.2494
	155
	3.10

	AMR 5.15
	143.50
	2.8699
	642
	12.84

	AMR 4.75
	172.95
	3.4589
	418
	8.36

	Figure of Merit
	102.03
	2.0405
	
	


d. Performance with packet loss concealment techniques

e. Performance with other codec types and configurations (not tested in selection tests)

· GSM HR

The verification with GSM-HR has started, and the speech codec has been integrated into the test setup. Results will be provided as soon as they are available.

· GSM EFR

The verification of eCall operation over the GSM-EFR codec has been postponed in favour of other verification items. The GSM-EFR codec is virtually identical to the AMR 12.2 speech codec, and therefore very similar results are expected.
· AMR HR

The AMR-HR speech encoding scheme employs the lower speech codec modes of the previously tested AMR-FR scheme. The difference towards AMR-FR is the different (weaker) FEC scheme. Therefore, error patterns reflecting the differing error correction capabilities of AMR-HR would be required to perform this verification item. The existing speech codecs of AMR-FR can then be employed.
· AMR-WB

f. Performance with additional channel conditions; e.g.,different C/I, non-frequency hopping, for codecs used in the Selection Test (depending on availability of error patterns)
A number of additional conditions to be tested is reproduced in Table 6. All radio conditions except the error-free case are represented by error patterns in the test framework. Therefore, this verification item relies on the availability of suitable error patterns. 

Table 6: Codec and channel conditions for eCall evaluation. ‘X’ shows conditions included in the selection test plan. ‘#’ and ‘(#)’ shows additional operating conditions that should be evaluated.
	Codec Type
	GSM_FR
	FR_AMR

	Codec Mode

Radio condition
	13.0
	12.2
	10.2
	7.95
	7.4
	6.7
	5.9
	5.15
	4.75

	C/I = 1 dB
	
	
	
	
	
	
	#
	#
	X

	C/I = 4 dB
	
	
	
	
	#
	#
	X
	X
	X

	C/I = 7 dB
	X
	X
	X
	X
	X
	X
	X
	X
	X

	C/I = 10 dB
	X
	X
	X
	X
	X
	(#)
	(#)
	(#)
	(#)

	C/I = 13 dB
	X
	X
	X
	(#)
	(#)
	(#)
	(#)
	
	

	C/I = 16 dB
	X
	(#)
	(#)
	
	
	
	
	
	

	error free
	X
	X
	(#)
	(#)
	(#)
	(#)
	(#)
	(#)
	(#)

	RSSI = -100 dBm
	X
	
	
	
	
	
	
	
	X

	RSSI = -95 dBm
	(#)
	#
	
	
	
	
	
	
	(#)

	RSSI = -90 dBm
	(#)
	#
	
	
	
	
	
	
	(#)


For the error-free test conditions (indicated by bold face in Table 6), the verification has been carried out. The following results have been derived (see Table 7):
Table 7: MSD transmission times for tested speech codecs in error-free conditions
	Codec (error free)
	Average MSD transmission time
	Maximum MSD transmission time

	FR
	1.33 sec
	1.66 sec

	AMR 12.2
	1.33 sec 
	1.34 sec

	AMR 10.2 
	1.33 sec 
	1.34 sec

	AMR 7.95 
	1.49 sec 
	1.68 sec

	AMR 7.4 
	1.50 sec 
	1.68 sec

	AMR 6.7 
	1.85 sec 
	2.04 sec

	AMR 5.9 
	2.04 sec 
	2.40 sec

	AMR 5.15 
	2.48 sec 
	3.80 sec

	AMR 4.75 
	3.10 sec 
	3.80 sec


4. Conclusions

The remaining verification items to be addressed in the characterization phase [4] are described in Tdocs S4-080636 [9] and S4-080638 [10]
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