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1. Introduction
During real-world transmission tests of the eCall in-band modem [1] [2] [3] [4] over multiple 2G and 3G live networks tests, it was confirmed that the eCall transmission performance depends on the configuration of the employed PLMN. Apart from factors such as the employed speech codec, one network element that was identified to have a potential impact on the eCall transmission performance is the network echo canceller (EC).
This discussion paper describes the observed effects of network echo cancellers on the eCall in-band transmissions, and proposes several solutions to ensure an unimpaired operation of the eCall modem in PLMNs with network echo cancellers. 
2. Description of the observed eCall modem behaviour in certain EC configurations
A network echo canceller (usually located in the MSC) may have an impact on the eCall signal transmission. In typical network EC configurations (see, e.g. [5], Fig. 4), the EC acts on the signal from the PSTN to the PLMN in order to remove echoes present in the PLMN-originated signal which might have been introduced, e.g., by hybrids in analog PSTN end user connections. With respect to the eCall transmission in the PLMN, this transmission direction is usually identified as the ‘downlink’ direction.
The algorithms of network echo cancellers are not standardized, but certain performance characteristics and test methods are recommended [6] [7] [8]. From our eCall testing, it appears that the majority of proprietary network echo cancelling algorithms follow these recommendations. 
Network echo cancellers following the ITU-T Recommendation G.168 [6] consist of two parts: One echo cancelling element which compares uplink and downlink signals and cancels identified echoes on the target signal; and one subsequent ‘non-linear processing’ (NLP) element which aims at removing remaining echoes and noise by analyzing the residual signal. The NLP element of the EC had not been included in the eCall echo cancelling characterization test [4].
In tests with the eCall in-band modem in different live networks, it appeared that the NLP element of the network EC sometimes caused an attenuation or cancellation of certain parts of the eCall downlink feedback messages. This behaviour was observed in most PLMNs, while in others no such degradations were found. Also, the level of transmission degradation varies between affected PLMNs and also with time / transmission attempts.

Apparently, certain sections of the eCall downlink signal are sometimes falsely classified as residual echoes by the NLP. The degree of similarity of uplink and downlink signals did not show any effect on the level of downlink signal degradations. This was tested by replacing the uplink eCall signal with different other signals (voice, sinusoid, etc.).
In double-talk situations, the NLP is generally switched to an inactive state, and no degradations are observed. This behaviour is described in [6] and could be reproduced in tests. The double-talk detector primarily relies on the averaged observed signal power on uplink and downlink.
When the degradations are observed, possible effects on MSD transmission are synchronization or detection failures of certain downlink feedback messages. When the IVS-initiated signalling option [1] is used (or other signals are transmitted on the eCall uplink), the downlink START control message can be affected. This can potentially lead to a missed MSD trigger, resulting in the IVS not starting the MSD transmission. In this case, the uplink has already been active sending the SEND or IVS initiation message. It should be noted that if the IVS-initiated signalling option is not used, the MSD transmissions are still successfully transmitted in a normal duration, even in the case of observed downlink transmission degradations. In some cases, however, the downlink ACK message was not detected. 

We believe that due to the employment of the eCall in-band modem for safety communications, the observed effects of NLP in network echo cancellers should be counteracted. 
3. Solution 1: Disabling network EC after evaluation of eCall flags 
The most self-evident approach to avoid any adverse effects of the network EC on the in-band MSD transmission is to disable the EC completely on a call-by-call basis for all eCalls. An approach for EC disabling might consist of an evaluation of the “eCall flags” (bits 6 and 7 of octet 3 in the service category information element transmitted during call setup [10]). The ”eCall flags” will anyway usually be analyzed at the MSC and used for routing of eCalls to appropriate PSAPs, since this is the recommended method for a discrimination and identification of eCalls. The network EC at the MSC interface (the first one in the PSTN line towards the PSAP) will usually be the first and only active EC since eCalls are mobile-originated and other potential ‘downstream’ ECs are usually disabled by ISUP signalling  [9]. 
When disabling of the network EC for all eCalls, the speech quality in the voice conversation following the MSD transmission will usually not be impacted since most PSAPs will be connected via a digital line where no analog hybrid can introduce any echo on the downlink signal.

Since the eCall flag evaluation and the network echo cancelling are co-located at the MSC, it might well be the case that the EC disabling by means of eCall flags can be easily implemented through an MSC software update, much like the eCall routing feature.
4. Solution 2: Disabling network EC by means of in-band signalling
ITU-T Recommendation G.168 [6] specifies an “echo canceller tone disabler”. All ECs conforming to this Recommendation should be equipped with a related tone detector. The operating requirements of the tone detector are also specified in [6].
The EC disabling tone is a sinusoidal signal of frequency 2.1 kHz, with phase reversals occurring every 450 ms. It should have a duration between 2.6 and 4 s. The disabling tone can be either transmitted on the uplink or on the downlink, but in the case of eCall it is preferable to send the tone on the downlink since on the uplink the phase reversals would be distorted by the speech codec in the mobile network.
Our tests have shown that on those PLMNs which previously exhibited a degraded eCall transmission performance, a normal performance is observed in almost all networks/locations when the EC disabling tone is transmitted before the first eCall signalling message on the downlink. 
This transmission improvement leads to the assumption that in the tested PLMNs (in the tested MSC areas), the network echo canceller is indeed switched off by the disabling tone. Note that in this solution, the EC usually enables itself again after a period of muting [6].
The tests of the EC disabling tone were also carried out under controlled conditions in the test network of the Test & Innovation Centre of Vodafone D2 GmbH, Germany. The correct operation of the EC disabling tone could be confirmed in these tests as well. 
The drawback of this solution is that the overall MSD transmission time is slightly increased. However, the MSD transmission time as defined in the eCall selection tests remains constant if the EC disabling tone is sent on the downlink prior to MSD transmission.
5. Solution 3: Avoiding EC triggering by adaptation of the eCall downlink signal
In cases where the network EC cannot be switched off, it should be ensured that the eCall signal itself does not trigger any network echo cancelling element in the PLMN/PSTN. 
From these observations, an approach for an unimpaired eCall modem operation with enabled network ECs can be derived: The downlink signal has to be adapted so that it is classified as ‘talk’ and a double-talk situation is always detected during an ongoing eCall transmission. This had not been the case with the previous downlink messages since the average power of the feedback messages is quite low (much lower than that of the uplink MSD signal).
In accompanying CRs to TS 26.267 and 26.268 (Release 8: [11] [12]; Release 9: [13] [14]), we propose a slight signal modification of the downlink feedback messages which increase the average downlink signal power but leave the IVS receiver algorithms and performance unchanged. Further, we present transmission performance results for the modified downlink signal in a separate discussion document [15].
Our tests under controlled conditions in the Test & Innovation Centre of Vodafone D2 GmbH, Germany, also confirmed the consistent inactivity of the NLP when the modified downlink signal was used. 

6. Conclusions and recommended actions
We recommend that SA4 informs the appropriate 3GPP WGs about the identified impact of certain network EC configurations on eCall transmissions, and requests that the signalling-based EC disabling solutions 1 and 2 are studied. If the disabling of the EC by evaluation of ‘eCall flags’ (solution 1) is easy to implement, we believe that this should be the obvious and preferred way forward.
Independently of an eventual realization of solutions 1 and/or 2, we further recommend that SA4 agrees to the CRs to TS 26.267 and 26.268 [11] - [14] which propose a slight modification of the eCall downlink signal. This modification is easy to implement and does not impact the MSD transmission in network setups without EC [15]. However, the signal modification sets the NLP to an inactive state and hence assures normal MSD transmission performance.
A further set of CRs [16] [17] corrects a small error in the IVS state machine reference implementation. This correction generally increases the reliability of ACK messages in poor downlink channel conditions, thus also in the case of signal degradations potentially introduced by network ECs. It is therefore important in this context to also agree to these CRs.
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