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1. Introduction

Some intermediate results for the eCall inband modem characterization [1] were presented at SA4#54. In the present contribution the test results for the remaining items listed in Table 1 (below) are provided. 

Table 1: Verification and characterization items allocated to France Telecom

	Item
	Description
	Status of completion

	5
	Performance with other codec types:

5d) 
AMR-WB
	Presented here

	7
	Varying Channel Conditions
	Agreed at SA4#54

	12
	Change of Speech Codec used due to different channel conditions or to an Inter-System Handover
	Presented here


2. Performance with other codec types: AMR-WB

2.1. 
Description of test setup

The eCall test setup described in [2] was run on a single computer. Since AMR-WB operates at a sampling frequency of 16 kHz, it was necessary to adapt the eCall emitted and received signals (with sampling frequency of 8 kHz). The input/output of the AMR-WB codecs were therefore modified to include a resampling operation. A 58-order symmetric FIR filter with 59 coefficients was designed with cut off frequency near half-band. The frequency response of this filter is illustrated in Figure 1.
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Figure 1: frequency response of half-band filter.

The upsampling and downsampling operations were implemented in the standard way (zero insertion-filtering and filtering-interleaved sample selection, respectively). Note that there are four possible polyphase combinations for the entire resampling operations (even/even, even/odd, odd/even, odd/odd samples). It was verified that the results are equivalent in all four cases, so only one combination will be used for the entire tests with AMR-WB.

Error patterns for AMR-WB at 6.6, 8.85 and 12.65 kbit/s on GSM channels were provided by Qualcomm for C/I=4, 7, 10, 13, 16 and in the error-free case. These patterns included 29,999 frames with the AMR-WB bitstream frame (hard bits) followed by a bad frame indicator. They were converted to the extended IF1 format used in [2]. No error patterns were available to test higher AMR-WB modes in channel error conditions. Therefore all modes above 12.65 kbit/s were tested in the error-free case. The FER and residual BER for the different AMR-WB rates and C/I values are shown in Table 2.

Table 2: FER/BER for AMR-WB error patterns

	AMR-WB rate
	C/I (dB)
	FER (%)
	BER (%)

	6.60
	19
	0,17
	0,04

	
	16
	0,69
	0,16

	
	13
	2,40
	0,61

	
	10
	6,51
	1,85

	
	7
	14,26
	4,39

	
	4
	27,05
	8,84

	8.85
	19
	0,25
	0,07

	
	16
	1,01
	0,27

	
	13
	3,22
	0,91

	
	10
	7,93
	2,38

	
	7
	16,60
	5,31

	
	4
	30,17
	10,23

	12.65
	19
	0,63
	0,14

	
	16
	1,95
	0,46

	
	13
	5,37
	1,34

	
	10
	11,87
	3,17

	
	7
	22,69
	6,55

	
	4
	38,23
	11,77


The AMR-WB codec was modified in order to use Windows pipes instead of input/output files. It was also necessary to adapt the bitstream format to the extended IF1 format used in the eCall test setup [3]. The unused "13" frame type was used for the eCall test setup to recognize AMR-WB bitstreams. The AMR-WB mode was passed into the 5 spare bits in the mode indication.

2.2. 
Test results

Performance results with AMR-WB are shown in Table 3. Note that only the upper bound of the 95% confidence interval is shown. 

Table 3: Performance results for AMR-WB.

	AMR-WB rate (kb/s)
	23.85
	23.05
	19.85
	18.25
	15.85
	14.25
	12.65
	8.85
	6.60

	Error free
	Average elapsed time (s)
	1,36
	1,36
	1,36
	1,36
	1,36
	1,36
	1,36
	1,36
	1,73

	
	95% upper time (s)
	1,38
	1,38
	1,38
	1,38
	1,38
	1,38
	1,36
	1,38
	1,76

	
	Maximum elapsed time (s)
	1,38
	1,38
	1,38
	1,38
	1,38
	1,38
	1,38
	1,38
	1,76

	
	% of success
	100
	100
	100
	100
	100
	100
	100
	100
	100

	C/I=19dB
GMSK
	Average elapsed time (s)
	
	1,36
	1,38
	1,74

	
	95% upper time (s)
	
	1,38
	1,38
	1,76

	
	Maximum elapsed time (s)
	
	1,72
	2,98
	2,08

	
	% of success
	
	100
	100
	100

	C/I=16dB
GMSK
	Average elapsed time (s)
	
	1,44
	1,50
	1,75

	
	95% upper time (s)
	
	1,74
	1,76
	1,76

	
	Maximum elapsed time (s)
	
	2,96
	2,98
	2,08

	
	% of success
	
	100
	100
	100

	C/I=13dB
GMSK
	Average elapsed time (s)
	
	1,55
	1,55
	1,83

	
	95% upper time (s)
	
	2,08
	2,1
	2,08

	
	Maximum elapsed time (s)
	
	3,76
	3,36
	3,34

	
	% of success
	
	100
	100
	100

	C/I=10dB
GMSK
	Average elapsed time (s)
	
	2,04
	1,85
	2,10

	
	95% upper time (s)
	
	3,36
	2,98
	3,36

	
	Maximum elapsed time (s)
	
	13,56
	4,54
	4,84

	
	% of success
	
	100
	100
	100

	C/I=7dB
GMSK
	Average elapsed time (s)
	
	2,64
	2,44
	2,54

	
	95% upper time (s)
	
	4,56
	4,44
	4,04

	
	Maximum elapsed time (s)
	
	13,44
	6,56
	15,72

	
	% of success
	
	100
	100
	100

	C/I=4dB
GMSK
	Average elapsed time (s)
	
	5,31
	4,60
	4,60

	
	95% upper time (s)
	
	13,68
	9,44
	9,4

	
	Maximum elapsed time (s)
	
	25,32
	39,74
	19,54

	
	% of success
	
	100
	100
	100


The 95% upper time presented in tables is the time that is overtaken by only 5% of measured transmission times.

From Table 1 it appears that the MSD transmission was successful in all cases. The average transmission time is below 4s, except the C/I=4 dB case. 

3. Change of Speech Codec used due to different channel conditions or to an Inter-System Handover

In [4] two scenarios were defined for testing the eCall inband modem with the change of speech codec.

3.1. 
Change of AMR codec modes

This scenario considers basic sequential shifts of AMR modes (12.2  7.4  5.9  4.75   4.75  7.4  12.2  …) according to [4]. The same test setup as in [1] for the varying C/I was used. The only change was in the AMR codec itself which was modified to change its mode periodically (so that the coder is not reset between mode changes). Two time periods were tested for the mode change: 400 ms and 800 ms.

The results can be found in Table 4. Note that for the varying C/I condition, the C/I pattern is given by 10dB->10dB->7dB->7dB…. 

Furthermore, only the upper bound of the 95% confidence interval is shown – the 95% confidence itself is computed according to Eq. 1 (see previous section).

Table 4: Performance results for change of AMR codec modes.

	AMR rate (kb/s)
	Mode change (400ms)
	Mode change (800ms)

	Error free
	Average elapsed time (s)
	1,82


	2,14



	
	95% upper time (s)
	2,08
	2,44

	
	Maximum elapsed time (s)
	2,08
	2,44

	
	% of success
	100
	100

	C/I=7dB
	Average elapsed time (s)
	2,08


	2,23



	
	95% upper time (s)
	2,44
	2,44

	
	Maximum elapsed time (s)
	3,34
	2,46

	
	% of success
	100
	100

	Varying C/I
	Average elapsed time (s)
	1,94
	2,21

	
	95% upper time (s)
	2,08
	2,44

	
	Maximum elapsed time (s)
	2,1
	2,46

	
	% of success
	100
	100


In this experiment the MSD transmission was successful in all cases. The average transmission time was below 4s.

3.2. 
Change of speech codec in handover

This scenario considers several handover cases [4]

· From UTRAN to GSM

AMR 12.2 (UTRAN) -> AMR 12.2 (GSM)

AMR 12.2 (UTRAN) -> EFR 12.2 (GSM)

AMR 12.2 (UTRAN) -> FR (GSM)

AMR 12.2 (UTRAN) -> HR (GSM)

· From GSM to UTRAN

GSM FR -> AMR 1.2 (UTRAN)

GSM EFR -> AMR 12.2 (UTRAN)

GSM AMR -> AMR 12.2 (UTRAN)

GSM HR -> AMR 12.2 (UTRAN)

At the time of preparation of this contribution no error pattern for AMR 12.2 on UMTS (C/I = 10 dB) was available. Therefore error patterns for AMR 12.2 (UTRAN) were replaced by error patterns for AMR 12.2 (GSM).

The eCall test setup described in [2] was run on a single computer. Two coder/decoder  instances (Codec 0 and Codec 1) were initialized.  Until the change of codec, only coder 0 was used just like other eCall experiments. The change of codec was then performed from codec 0 to codec 1, and the time of change was set to 1s after the start of transmission (PSAP start). The codec switching itself was implemented by switching the associated coder/decoder outputs. Note that one zero frame (20 ms of silence) was fed to Codec 1 when Codec 0 was processing its last frame before codec change.

The results obtained so far are shown in Table 3, with 95% confidence intervals for the average MSD transmission times.

The results for switching from AMR to AMR (with mode change) are consistent with Table 5. However, these results show that the simulated switching between different codecs (with different time alignment) results in significantly higher transmission times than (from 11 to 22 s). This may be interpreted by a loss of synchronization of the eCall inband modem in case of codec change when the two codec synthesized signals have different time alignments.

Table 5: Performance results for change of codec.

	Codec 0
	Codec 1
	Channel condition
	Average Time (s)
	95% upper time (s)
	Max time (s)
	% Success

	FR (GSM) -> AMR12.2 (GSM)

	FR
	AMR 12.2
	GSM C/I=7dB
	12,92
	13,34
	31,44
	100

	FR
	AMR 12.2
	GSM C/I=10dB
	11,71
	11,76
	30,38
	100

	FR
	AMR 12.2
	GSM C/I=13dB
	11,37
	11,38
	11,76
	100

	FR
	AMR 12.2
	Error free
	11,36
	11,38
	11,40
	100

	AMR 12.2 (GSM) -> FR (GSM)

	AMR 12.2
	FR
	GSM C/I=10dB
	11,86
	12,1
	30,34
	100

	AMR 12.2
	FR
	GSM C/I=13dB
	11,45
	11,74
	12,12
	100

	AMR 12.2
	FR
	GSM C/I=7dB
	12,60
	14,08
	31,04
	100

	AMR 12.2
	FR
	Error free
	11,37
	11,36
	11,74
	100

	EFR (GSM) -> AMR 12.2 (GSM)

	EFR
	AMR 12.2
	Error free
	11,36
	11,38
	11,40
	100

	EFR
	AMR 12.2
	GSM C/I=10dB
	11,94
	11,76
	31,06
	100

	EFR
	AMR 12.2
	GSM C/I=13 dB
	11,36
	11,38
	11,74
	100

	EFR
	AMR 12.2
	GSM C/I=7dB
	12,01
	12,48
	13,70
	100

	AMR 12.2 (GSM) -> EFR (GSM)

	AMR 12.2
	EFR
	Error free
	12,67
	30,36
	30,38
	100

	AMR 12.2
	EFR
	GSM C/I=10dB
	12,87
	30,36
	30,38
	100

	AMR 12.2
	EFR
	GSM C/I=13dB
	12,11
	11,36
	30,38
	100

	AMR 12.2
	EFR
	GSM C/I=7dB
	13,49
	30,36
	31,46
	100

	AMR (GSM) -> AMR (GSM) with mode change

	AMR 12.2
	AMR 7.4
	GSM C/I=10dB
	1,66
	1,74
	1,74
	100

	AMR 7.4
	AMR 12.2
	GSM C/I=10 dB
	1,68
	1,74
	1,76
	100

	AMR 7.4
	AMR 5.9
	GSM C/I=7dB
	1,87
	2,08
	2,10
	100

	AMR 5.9
	AMR 7.4
	GSM C/I=7dB
	1,94
	2,08
	2,10
	100

	AMR 5.9
	AMR 4.75
	GSM C/I=4dB
	2,87
	3,5
	3,52
	100

	AMR 4.75
	AMR 5.9
	GSM C/I=4dB
	2,61
	2,82
	3,16
	100

	AMR 12.2 (GSM) -> AMR 12.2 (GSM)

	AMR 12.2
	AMR 12.2
	GSM C/I=7dB
	2,31
	2,44
	31,04
	100

	AMR 12.2
	AMR 12.2
	GSM C/I=10dB
	1,61
	1,74
	2,08
	100

	AMR 12.2
	AMR 12.2
	GSM C/I=13dB
	1,37
	1,36
	1,76
	100

	AMR 12.2
	AMR 12.2
	Error free
	1,35
	1,36
	1,38
	100

	AMR 12.2 (GSM) -> HR (GSM)

	AMR 12.2
	HR
	Error free
	16,28
	16,76
	18,56
	100

	AMR 12.2
	HR
	GSM C/I=10dB
	17,90
	19,32
	31,72
	100

	AMR 12.2
	HR
	GSM C/I=7dB
	22,14
	28,52
	37
	100

	HR (GSM) -> AMR 12.2 (GSM)

	HR
	AMR 12.2
	Error free
	11,36
	11,38
	11,38
	100

	HR
	AMR 12.2
	GSM C/I=10dB
	12,48
	14,16
	31,34
	100

	HR
	AMR 12.2
	GSM C/I=7dB
	18,19
	49,84
	51,84
	100
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ANNEX: Update of confidence intervals in EFR and Varying channel conditions items in characterization tests

Table 1: Results for EFR.
	Results per test condition

	 
	AMR12.2
	EFR12.2

	C/I = 1dB
	Average elapsed time (s)
	 
	46,55

	
	95% upper time (s)
	
	110,2

	
	Max elapsed time (s)
	
	124,84

	
	% of success
	
	98

	C/I = 4dB
	Average elapsed time (s)
	 
	2,73

	
	95% upper time (s)
	
	4,82

	
	Max elapsed time (s)
	
	8,88

	
	% of success
	
	100

	C/I = 7dB
	Average elapsed time (s)
	1,92
	1,65

	
	95% upper time (s)
	2,08
	1,74

	
	Max elapsed time (s)
	3,68
	3,34

	
	% of success
	100
	100

	C/I = 10dB
	Average elapsed time (s)
	1,49
	1,36

	
	95% upper time (s)
	1,74
	1,36

	
	Max elapsed time (s)
	1,76
	1,74

	
	% of success
	100
	100

	C/I = 13dB
	Average elapsed time (s)
	1,36
	1,35

	
	95% upper time (s)
	1,36
	1,36

	
	Max elapsed time (s)
	1,38
	1,36

	
	% of success
	100
	100

	C/I = 16dB
	Average elapsed time (s)
	 
	1,35

	
	95% upper time (s)
	
	1,36

	
	Max elapsed time (s)
	
	1,36

	
	% of success
	
	100

	Error free
	Average elapsed time (s)
	1,36
	1,35

	
	95% upper time (s)
	1,36
	1,36

	
	Max elapsed time (s)
	1,38
	1,36

	
	% of success
	100
	100


Table 2: Results for varying channel conditions.
	 
	GSM_FR
	EFR
	AMR12.2
	AMR10.2
	AMR7.95
	AMR7.4
	AMR6.7
	AMR5.9
	AMR5.15
	AMR4.75

	Average elapsed time (s)
	1,63
	1,57
	1,53
	1,5
	1,62
	1,63
	1,95
	2,18
	2,75
	3,42

	95% upper time (s)
	2,08
	2,08
	1,74
	1,74
	1,74
	1,74
	2,08
	2,44
	3,18
	3,92

	Maximum elapsed time (s)
	2,96
	2,08
	2,08
	2,96
	2,08
	1,76
	2,10
	2,44
	3,52
	4,24

	% of success
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100
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