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1.
Background
During the characterization of the eCall in-band modem, operation of the modem over AMR-WB was investigated and shown to be robust (see clause 5.5.4 of [1]).  Recent field testing in European networks deploying AMR-WB has provided the opportunity to test the eCall modem operation over AMR-WB in commercial networks that had begun introducing this codec.  

Most, if not all, commercial networks are not expected to support eCalls over AMR-WB to PSAPs since the PSAPs are not equipped to receive wide-band speech calls.  When the network services an emergency call it should select the AMR-NB codec.
However there are a few scenarios under which AMR-WB can be selected for emergency or eCalls:  

· Misconfiguration of the network such that it enables/selects AMR-WB for emergency calls.  This was observed in our field trials on earlier AMR-WB networks.
· In the future, PSAPs may be equipped with wideband audio capabilities and the network will support WB emergency calls/eCalls.
2.
Field Test Results
The in-band modem was designed to work well with all speech codecs used for GSM and UMTS systems. This could be shown through results from intensive computer simulations [1] as well as field tests [4]. However, the latter results were mainly limited to AMR-NB codecs as well as half-rate and full-rate GSM codecs (HR, FR and EFR), either due to IVS or network capability restrictions during the field test campaigns.
The computer simulations provided in [1] assess only some AMR-WB call scenarios due to lack of available error patterns. Moreover, the worst-case scenario employing constant sampling offsets of 0.5 sampling period with zero clock drift from the resampling filter was not simulated.
In the past year, many operators enabled the AMR-WB codec while an increasing number of IVS support it. However, operators often use AMR-WB only for national mobile-mobile calls within their own home network or to other mobile networks.  AMR-WB is not typically used for calls into fixed line CS-networks.
Dedicated AMR-WB tests, conducted in a separate field test campaign, revealed unexpected performance issues in a specific region of “Network A” due to resampling filter effects. This affected the MSD success rate and transmission time significantly.
Fig. 1 shows the percentage of successful and failed MSD transmissions for the AMR-WB tests conducted in Network A, separating respective failure causes.
Overall, in this particular network, only 75% of the MSD transmissions were successful. Except for the failures due to network (NW) issues, all other failures were regarded as relevant. Failures were mainly caused by signal detection and decoding issues at the PSAP side (uplink). Here, either the PUSH sequence could not be detected (7%) or the MSD could not be decoded within the given system timeout of T7=20s (18%). Moreover, even for the successful cases, the average observed MSD transmission time of 9.5s was quite high.
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Fig. 1: AMR-WB performance in Network A
3.
Solution

3.1
Description of Candidate Solution

A deeper analysis revealed that in most of the AMR-WB failure cases, the PSAP receiver erroneously detected a codec (signal) inversion of the uplink signal, which in turn led to a wrong delay estimate in the synchronization detector. The codec inversion detection (CID) is used to combat audio signal sign-reversal that may be introduced by the network. Though codec inversion is not expected to happen often in deployed networks, the detection algorithm should not falsely trigger and degrade eCall performance. However, the field tests showed that the employed algorithm was not robust enough to avoid misdetection in case of AMR-WB.
It turned out that improved decision logic is needed in order to make the CID algorithm more robust against resampling artifacts for AMR-WB. The increased robustness can be achieved by comparing the in-band modem synchronization sequence for normal and inverted (sign-reversed) received signal employing all available correlation peaks. Herewith, the initial assumption on the given sign-reversal can be set to a neutral value to balance both cases. A majority hypothesis is then further verified by taking succeeding correlation operations into account. Beside the number of measured correlation peaks, their coherently combined amplitudes are evaluated through a newly established sign indicator. Only minor code modifications to the legacy CID algorithm were needed to achieve this.
Several modifications of the legacy CID algorithm were investigated in order to make it more robust against misdetection. Main differences between the investigated CID variants were the number of considered correlation peaks and suitable thresholds for the sign indicator.
3.2  Results with the selected updated detection algorithm
To assess the reliability of the new CID algorithm, an adapted 3GPP test framework [2] simulating worst case resampling effects and a standalone post-processing PSAP were employed to obtain the figure-of-merit (FoM) for scenarios including AMR-WB codec as well as the AMR-NB codecs.

3.2.1  Performance in problem scenarios
In this section we investigate whether the solutions provide any benefit in the scenarios where performance was severely degraded by resampling artifacts. When post-processing the field test data with the modified CID algorithm, all cases where the MSD could not be decoded before were now successful.  This increases the overall success rate to 93% (see Fig. 2).
Note that the results obtained by standalone post-processing of the field data cannot fully recover 7% of the cases because the IVS did not send the MSD when the PUSH sequence was originally not detected by the PSAP with the legacy CID algorithm. However, the new CID algorithm is able to properly detect the PUSH sequence for all these calls. Hence, it is likely that also the MSD transmission would have been successfully received in those cases with the new CID. 
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Fig. 2: AMR-WB performance in Network A with new CID
Table 1 below provides a breakdown of the performance in each region and network. A ”w/ Tone”  means the tests were run with network echo-canceller (NEC) disabling tone being sent from the PSAP at the beginning of the call. Correspondingly, a “w/o Tone” means a NEC tone was not sent by the PSAP.  In the columns with the “20s” success rate, MSD transmissions are only counted as successful if they are completed within 20s of the call start.  

	Codec
	MSD Success w/ Tone [%]
	MSD TX Time w/ Tone [s]
	MSD Success w/o Tone [%]
	MSD TX Time w/ Tone [s]

	AMR-NB (NW-B), legacy CID
	100.0
	3.5
	100.0
	3.8

	AMR-WB (NW-B), legacy CID
	100.0
	3.4
	100.0
	3.8

	AMR-NB (NW-A), legacy CID
	100.0
	2.8
	100.0
	3.5

	AMR-WB (NW-A Region 1), legacy CID
	100.0
	3.2
	100.0
	3.8

	AMR-WB (NW-A Region 2), legacy CID
	99.6
	9.2
	54.0
	9.9

	AMR-WB (NW-A Region 2), new CID
	100.0
	3.3
	86.8
	3.9


Table 1: Detailed results from new and legacy CID
The last two rows show the difference in performance for the problem scenario where network infrastructure (Region 2 of Network Operator A) introduced severe resampling artifacts.  The data illustrates that when Network A does not use the echo canceller disabler tone the new CID algorithm increases the average MSD success rate by up-to 32% and reduces the MSD transmission time by up-to 6s.  The performance improvement in this case is valuable since some PSAPs may not send the echo-canceller disabler tone. The remaining 13.2% MSD transmission errors cannot be corrected from the data because the PSAP had not detected the PUSH in these cases, and therefore the IVS never sent an MSD. It should be noted that the new CID algorithm was able to detect the PUSH sequences so that it is likely that also the MSD would be detected properly, which would lead to a 100% success rate.

3.2.2  Performance across all scenarios
In this section we investigate whether the solution causes any improvement or issues in all scenarios, including those that did not originally exhibit any performance degradation.
Fig. 4 and Table 2 depict the performance improvements in terms of MSD failure rate vs MSD transmission time, obtained for legacy CID (red markers) and new CID (blue markers) with the 3GPP test framework and the post-processing using a standalone PSAP engine.
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Fig. 4: Improvements with new CID algorithm
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3GPP: AMR-WB Legacy CID 93.3 6.8 19.8

3GPP: AMR-WB New CID 93.7 6.3 17.9

Field: AMR-NB Legacy CID 97.1 2.9 4.0

Field: AMR-NB Standalone New CID 98.2 1.8 3.6

Field: AMR-WB Legacy CID 83.9 16.1 9.5

Field: AMR-WB Standalone New CID 93.1 6.9 3.6


Table 2: Overall results from new and legacy CID
It should be noted that the above statistics reflect the average performance obtained over all measurements. This included areas covered by different infrastructure vendor implementations. Performance degradations due to misdetection of signal sign-reversal were limited to areas of specific network configurations and did not happen everywhere.   
It can also be seen from the figures and tables that the new CID algorithm does not lead to degradations when AMR-NB codecs are used and even shows slight improvements here.

5. 
Conclusion 
The extensive field test campaigns conducted in 15 countries and 48 mobile networks confirmed that the eCall in-band modem is working properly. It could be shown that the in-band modem technology performed reliably under various network conditions [4]. 

However, eCall performance degradations were observed in one particular region of a mobile network operator which unintentionally selected the AMR-WB speech codec during the in-band modem transmission. The root cause of the performance issue was attributed to signal processing effects within the Media Gateway (MGW), which could occur due to signal resampling between different sampling rates (16 kHz ( 8 kHz). Although mobile network operators will likely not configure eCalls with AMR-WB due to the lack of audio quality enhancements for connections to legacy fixed line networks, the use of an AMR-WB speech codec should not harm eCalls.
A new codec inversion detection (CID) algorithm was investigated, which could improve the performance in networks employing AMR-WB as well as AMR-NB speech codecs. It could be shown by extensive simulations and post-processing of measured/recorded field test data that the new CID algorithm can ensure reliable MSD transmission in networks suffering from severe AMR-WB resampling artifacts. 
The performance improvements described in this document resulted from a change of the PSAP in-band modem receiver only. The IVS was left unchanged. Though a change of the CID algorithm in the 3GPP reference standard [2] would be applicable to the IVS side as well, a corresponding modification of the existing code for the IVS is not required. Field measurements showed that the implementation of the new CID algorithm in the IVS does not harm and could even be beneficial in some cases.
6. 
Proposal
That 3GPP SA4 agree the change request proposed in [3].
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