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1. Introduction
In tests of the eCall in-band modem transmissions over multiple live networks, it was observed that in one particular PLMN, the PCM samples are inverted (multiplied by -1). The inversion takes place at an unidentified network element in the signal path between the speech codec PCM interface and the interface to the PSTN. It affects uplink and downlink directions and the eCall in-band modem transmission fails when such an inversion occurs.

In CRs [1] - [4] to TS 26.267 and TS 26.268, the eCall in-band modem general description [5] and ANSI C reference code [6], it is proposed to add an inversion detector to the eCall in-band modem, in order to mitigate signal inversions that might occur in PLMNs. 
This document provides eCall transmission performance data for an implementation of the eCall reference modem with and without the proposed inversion detector, in order to demonstrate that the change does not affect the modem under normal conditions.
2. eCall transmission performance with and without the proposed change
2.1 Performance compared with original modem
Table 1 provides the average MSD transmission times (in s) for all test conditions that were studied in the eCall selection tests [7]. The table includes the original test results for the v8.2.0 and v9.0.0 reference modem implementations [6] (upper number in each cell), as well as the results for the modified modem (lower numbers – without/with signal inversion on the transmission paths- both directions). 
Table 1: Average MSD transmission times (original values, and results for modified modem without/with signal inversion on the transmission paths)
	Condition
	modem version
	signal inver-sion
	Average MSD transmission time (in s) per condition

	
	
	
	GSM FR
	AMR 12.2
	AMR 10.2
	AMR 7.95
	AMR 7.4
	AMR 6.7
	AMR 5.9
	AMR 5.15
	AMR 4.75

	C/I = 1 dB
	original

modified

modified
	no

no

yes
	
	
	
	
	
	
	
	
	4.07
4.06
4.05

	C/I = 4 dB
	original

modified

modified
	no

no

yes
	
	
	
	
	
	
	2.41
2.39
2.40
	3.10
3.12
3.14
	3.38
3.44
3.47

	C/I = 7 dB
	original

modified

modified
	no

no

yes
	2.29
2.33
2.41
	1.91
1.94
1.95
	1.80
1.80
1.83
	1.69
1.72
1.72
	1.68
1.68
1.68
	2.01
1.98
1.99
	2.10
2.11
2.11
	2.57
2.54
2.54
	3.12
3.13
3.10

	C/I = 10 dB
	original

modified

modified
	no

no

yes
	1.66
1.82
1.74
	1.53
1.53
1.52
	1.42
1.39
1.41
	1.56
1.57
1.56
	1.59
1.59
1.59
	
	
	
	

	C/I = 13 dB
	original

modified

modified
	no

no

yes
	1.45
1.44
1.44
	1.36
1.36
1.36
	1.36
1.36
1.36
	
	
	
	
	
	

	C/I = 16 dB
	original

modified

modified
	no

no

yes
	1.39
1.39
1.39
	
	
	
	
	
	
	
	

	error free
	original

modified

modified
	no

no

yes
	1.37
1.37
1.37
	1.35
1.35
1.35
	
	
	
	
	
	
	

	RSSI = -100 dBm
	original

modified

modified
	no

no

yes
	1.50
1.47
1.48
	
	
	
	
	
	
	
	3.12
3.12
3.12


Table 2 additionally presents the 95th percentile values of transmission times.
Table 2: 95th percentiles of MSD transmission times (original values, and results for modified modem without/with signal inversion on the transmission paths)
	Condition
	modem version
	signal inver-sion
	Average MSD transmission time (in s) per condition

	
	
	
	GSM FR
	AMR 12.2
	AMR 10.2
	AMR 7.95
	AMR 7.4
	AMR 6.7
	AMR 5.9
	AMR 5.15
	AMR 4.75

	C/I = 1 dB
	original

modified

modified
	no

no

yes
	
	
	
	
	
	
	
	
	4.60
4.60
4.60

	C/I = 4 dB
	original

modified

modified
	no

no

yes
	
	
	
	
	
	
	2.80
2.80
2.80
	3.54
3.52
3.88
	3.90
3.92
4.24

	C/I = 7 dB
	original

modified

modified
	no

no

yes
	3.68
3.70
3.70
	2.08
2.10
2.42
	2.08
2.08
2.08
	1.76
2.08
2.08
	1.74
1.74
1.74
	2.10
2.08
2.08
	2.42
2.44
2.44
	3.14
2.82
2.82
	3.88
3.88
3.88

	C/I = 10 dB
	original

modified

modified
	no

no

yes
	2.06
2.08
2.08
	1.74
1.74
1.74
	1.74
1.74
1.74
	1.74
1.74
1.74
	1.74
1.74
1.74
	
	
	
	

	C/I = 13 dB
	original

modified

modified
	no

no

yes
	1.74
1.74
1.74
	1.36
1.36
1.36
	1.36
1.36
1.36
	
	
	
	
	
	

	C/I = 16 dB
	original

modified

modified
	no

no

yes
	1.72
1.72
1.72
	
	
	
	
	
	
	
	

	error free
	original

modified

modified
	no

no

yes
	1.36
1.36
1.36
	1.36
1.36
1.36
	
	
	
	
	
	
	

	RSSI = -100 dBm
	original

modified

modified
	no

no

yes
	1.74
1.74
1.74
	
	
	
	
	
	
	
	3.52
3.52
3.56


The overall average of all measured transmission times (the Figure of Merit) for the original modem is 2.03 s, with a 95th percentile of 3.54 s. The modified modem exhibits a Figure of Merit of 2.04 s without and with signal inversions (95th percentiles of 3.68 s without / 3.88 s  with inversions).
2.2 Performance in combination with other proposed changes
In parallel CRs [8] – [13], two other changes to the eCall modem are proposed, namely a modified synchronization signal on the downlink, and a small correction of the IVS receiver state machine. These changes make the eCall modem robust against effects introduced by network echo cancellers. In Tables 3 and 4, averages and 95th percentiles of MSD transmission times are shown for the case that all proposed changes are combined together, i.e. CRs [1] – [4] and [8] – [13] are applied together. 
Table 3: Average MSD transmission times (results for modified modem applying all proposed changes, [1] – [4] and [8] – [13], without/with signal inversion on the transmission paths)
	Condition
	signal inver-sion
	Average MSD transmission time (in s) per condition

	
	
	GSM FR
	AMR 12.2
	AMR 10.2
	AMR 7.95
	AMR 7.4
	AMR 6.7
	AMR 5.9
	AMR 5.15
	AMR 4.75

	C/I = 1 dB
	no

yes
	
	
	
	
	
	
	
	
	4.08
4.09

	C/I = 4 dB
	no

yes
	
	
	
	
	
	
	2.38
2.40
	3.12
3.14
	3.45
3.47

	C/I = 7 dB
	no

yes
	2.40
2.41
	1.92
1.92
	1.80
1.83
	1.72
1.72
	1.68
1.68
	1.98
1.99
	2.11
2.11
	2.54
2.54
	3.13
3.10

	C/I = 10 dB
	no

yes
	1.82
1.74
	1.53
1.52
	1.39
1.41
	1.57
1.58
	1.59
1.59
	
	
	
	

	C/I = 13 dB
	no

yes
	1.44
1.44
	1.36
1.36
	1.36
1.36
	
	
	
	
	
	

	C/I = 16 dB
	no

yes
	1.39
1.39
	
	
	
	
	
	
	
	

	error free
	no

yes
	1.37
1.37
	1.35
1.35
	
	
	
	
	
	
	

	RSSI = -100 dBm
	no

yes
	1.47
1.49
	
	
	
	
	
	
	
	3.12
3.12


Table 4: 95th percentiles of MSD transmission times (results for modified modem applying all proposed changes, [1] – [4] and [8] – [13], without/with signal inversion on the transmission paths)
	Condition
	signal inver-sion
	Average MSD transmission time (in s) per condition

	
	
	GSM FR
	AMR 12.2
	AMR 10.2
	AMR 7.95
	AMR 7.4
	AMR 6.7
	AMR 5.9
	AMR 5.15
	AMR 4.75

	C/I = 1 dB
	no

yes
	
	
	
	
	
	
	
	
	4.60
4.64

	C/I = 4 dB
	no

yes
	
	
	
	
	
	
	2.80
2.80
	3.52
3.88
	3.92
4.24

	C/I = 7 dB
	no

yes
	4.04
4.04
	2.08
2.42
	2.08
2.08
	2.08
2.08
	1.74
1.74
	2.08
2.08
	2.44
2.44
	2.82
2.82
	3.88
3.88

	C/I = 10 dB
	no

yes
	2.08
2.08
	1.74
1.74
	1.74

1.74
	1.74
1.74
	1.74
1.74
	
	
	
	

	C/I = 13 dB
	no

yes
	1.74
1.74
	1.36
1.36
	1.36

1.36
	
	
	
	
	
	

	C/I = 16 dB
	no

yes
	1.72
1.72
	
	
	
	
	
	
	
	

	error free
	no

yes
	1.36
1.36
	1.36
1.36
	
	
	
	
	
	
	

	RSSI = -100 dBm
	no

yes
	1.74
1.74
	
	
	
	
	
	
	
	3.52
3.56


The Figure of Merit remains at 2.04 s with and without signal inversions. The overall 95th percentile of transmission times is 3.88 s for both cases.
3. Conclusions

The performance data shows that the normal operation of the eCall modem only marginally influenced by the proposed inversion detector. Also, a combination of proposed modem changes does not lead to any significant change in the modem’s performance. 

The inversion detector ensures that eCall transmissions are now possible in the case of signal inversions on the network. The MSD transmission times in case of signal inversions do not exhibit any significant difference from the previously observed values.
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