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EXECUTIVE SUMMARY

The following Figure 1 shows the average delivery time of the best inband candidate and the 95%-case delivery time for 
eCall data via SMS via FACCH (“eSMS”) versus various radio channel conditions (details follow below).

[image: image1]Figure 1: Delivery time of eSMS, Inband via GSM_FR and Inband via FR_AMR versus C/I.

eSMS outperforms the best inband candidate (although showing very impressive performance) in all respects:


1. It is faster under all radio conditions

2. It is not affecting the voice communication (compared to the complete interruption by inband)

3. It is decoupling speech path and data path completely

4. It is not depending on NON-3GPP networks

5. It is providing a full duplex, extendable digital transport for future eCall extensions

6. It is dramatically simpler to implement in IVS and PSAP (no complex MODEM required)
7. It is easier to maintain for Mobile operators, when migrating the voice path to IP.
Although eSMS would require minimal SW-upgrades in the Mobile and the MSC it is regarded as a substantially superior technology for the eCall data transmission problem.
1  Introduction

The work on eCall is currently focused in SA4 to identify the best suitable inband modem fulfilling the requirements. The results of the selection test are now available.
Recent discussions identified, however, that an inband modem solution may potentially not be as transparent and simple to the core network as originally assumed. Among the potential issues the most important are:

· Support required in the core network to ensure that compatible Codecs are selected such that the modem data is not corrupted.

· All future enhancements of the speech channel (Codecs, VADs, jitter buffers, echo cancellers etc)  must take the eCall inband modem into account.

· Unclear impacts on “CS voice over HSPA” and “A over IP” work items
· Non-3GPP networks might be in the voice path with unpredictable influence.
In order to secure that 3GPP delivers an eCall solution as part of Release 8 with minimal core network impacts and with best possible long term aspects, an alternative solution is discussed here: eCall via SMS.
eCall data transfer via SMS has earlier been considered by GSME, the “eCall driving group” and 3GPP. Systems using SMS are realized in proprietary solutions in e.g. France, Germany and Finland. They are commercially used by a number of car manufacturers (including BMW, Volvo and PSA) and implemented in approximately 1 million cars circulating in 14 countries in Europe. All this is based on the normal SMS specification.
The eCall via SMS solution was earlier discarded by GSME and 3GPP due to that:

1. Current SMS-routing is always to the home SMS-Service-Centre; this is slow and subject to losses:
Indeed the normal SMS-routing to the home SMS-Service Center may take a long time and may fail due to overload in high traffic times. This is regarded as a serious drawback. This issue could be resolved by introducing a simple, optimized routing for eCall SMS, see chapter 2.


2. It is difficult to send the SMS to the next local PSAP, where the emergency voice call is routed to:
Also this issue could be resolved by introducing an optimized routing for eCall SMS, see chapter 2..

3. SMS was claimed to be too slow and not robust enough on the radio channel:
A performance analysis is given chapter 3.  Enhancements for SMS transport over radio via FACCH are also detailed in chapter 2 and characterized in chapter 3.

4. USIM would be required:
Meanwhile the original eCall requirements were enhanced and include now an USIM for eCall, mainly to prevent misuse and to allow call back. So this is no longer an issue against SMS.

5. Inband modem transfer seemed cheaper for mobile operators (no impact on core network):
Additional requirements (e.g. differentiation between manual and automatic triggering) suggest now that both, MS and Core Network, need modifications. The inband modem may be affected by future migration steps in the voice path. So the inband solution would not come without additional costs to Operators.
In addition to that it should be recognized that sending and receiving an SMS is comparably trivial for IVS, MS and PSAP, compared to a rather complex DSP algorithm for the MODEM for reliable inband transmission. 
All in all eCall via SMS seems to be a very attractive solution with only minor modifications for MS and MSC.

2    eCall via SMS -  Technical Realisation
To simplify the discussion a new term is introduced: “eSMS”, standing for “eCall data transfer via SMS”.

2.1 Optimal Routing of eSMS

A normal SMS is first routed to the home SMS-Service-Center, potentially in another (the home) country.
This is slow and not 100% reliable. SMS are also subject to potential heavy overload in SMS-service-centers and may be lost and discarded without warning. Additional means would be required to ensure eCall transmission (several SMS in a row, time out, retransmission, feedback per SMS, etc).

Therefore - as a first and essential improvement - an optimized routing of all eSMS for emergency calls is introduced. It is proposed to send all eSMS to a “virtual, generic” PSAP, with symbolic Service-Center-number “112”. The first, serving MSC shall translate this symbolic number to the number of the next local PSAP. Typically, not necessarily, this PSAP is exactly the one where also the emergency voice call is routed to.

The MSC-upgrade is rather small (the MS is not affected) and follows exactly the solution adopted for the optimized routing of emergency voice calls (E112). In principle an eSMS to the “virtual” service center with number “112” is re-routed by the MSC directly to the PSAP-owned eSMS-SC as illustrated in Figure 2.1-1.
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Figure 2.1-1: Optimal routing for eSMS to the next PSAP
The USIM in the IVS allows the identification of both, the eSMS and the emergency voice call and their correlation in the PSAP. It allows further a call back by the PSAP.

Even in bigger PSAP-centers this PSAP-owned eSMS-SC is only marginally loaded. Overload is therefore de facto excluded and eSMS are de facto never lost, once they crossed the radio interface.

There are a number of other technical benefits with this eSMS solution:

· Very robust (needs less signalling and therefore a shorter radio link survival time);

· Highly reliable (strong 32-bit CRC inside the eData; automatic retransmission in case of errors)
This retransmission is based on the PSAP – IVS application protocol and is not part of the SMS itself.

· Faster than inband Modems (consider first call setup time and then inband transfer);

· Easily backward compatibility for the PSAPs (voice path not impacted)

· Only marginal changes in the core network, because only the MSC Software is slightly affected;

· Rather easy to manage for Mobile Operators (administration of the eSMS translation table);

· Comparably simple equipment for PSAPs, because an eSMS-SC is substantially simpler than a Modem pool and can easily be combined with the eCall Data Base;

· No dependencies on non-3GPP networks (very important);

· Inherently transparent to data;

· Easily extendable in future (e.g. for the Extended Set of Data);

· The voice path evolution is kept totally open (substantial for the mobile industry);
The delivery time of the first eSMS (before the voice path exists) is typically as fast as - or faster than - a voice call setup. The transmission time of the eSMS should hence be faster than any inband delivery time (if call setup time is added to the inband delivery time). Additional eSMSs during the voice call and eSMS-exchange between PSAP and IVS are possible at any time without impacts on the voice call.

This eSMS routing and the transmission of eCall data via eSMS has no impacts on the definition of the eCall “Minimum Set of Data” (MSD) and “Extended Set of Data” (ESD).

According to today’s GSM standard the SMS are sent via the SDCCH (SDCCH := Slow Dedicated Control Channel) or SACCH (SACCH := Slow Associated Control Channel). An SDCCH burst is sent every 480ms and can carry about 20 bytes of an SMS. Each SDCCH burst is acknowledged first (positive or negative), before the next can be sent (or the other one repeated). For a full MSD of 140 bytes therefore 7* 480ms are required as minimum, which equals about 3.5 seconds for 140 bytes. In case of transmission errors this time is stretched by 480ms for each retransmission. 

The transmission of SMS during an ongoing voice call may use only every second SACCH (the others are necessary for voice call control) and the delivery time doubles to about 7 seconds. In case of transmission errors this time is stretched by 960ms for each retransmission.
A detailed analysis and characterization of eSMS via SDCCH/SACCH can be found in chapter 3.2.

2.2  Acceleration of eSMS

The optimal routing of eSMS is the essential step to allow high reliable and robust (under marginal radio conditions and heavy load conditions) delivery of eCall data to the next local PSAP in decent time. 
The next proposal is an optional enhancement of both, delivery time and robustness. The eSMS may be sent via the FACCH (FACCH := Fast Associated Control Channel) as soon as a (voice) traffic channel is established. A small modification in Mobile Station (MS) and in the MSC are necessary in order to send the SMS not via SACCH, but via FACCH. 
Also each FACCH burst can transport about 20 bytes of the eCall data. Including Interleaving and Acknowledgement (positive or negative) the transmission frequency of FACCH for eSMS can be about 20 bytes per 140ms. Each FACCH burst is acknowledged first (positive or negative), before the next can be sent (or the other one repeated). In the minimum case (without transmission errors) this equals to about 1 second for 140 bytes. 
An FACCH steals one speech frame, so it degrades the voice quality to some extend. But stealing every 7th frame in each direction is hardly noticeable for ordinary users and by no means harmful to the voice communication between IVS and PSAP. A listening example can be found in chapter 3.5.
The FACCH is not only much faster, but also more robust on the radio channel than SACCH. A detailed analysis and characterization can be found in chapter 3.3.
3   Analysis and Characterisation of eSMS

3.1 Radio Performances of SACCH and FACCH

The following diagram shows three different SACCH and FACCH receiver performance curves (block error rate versus C/I). It was derived by Ericsson by complex radio simulations under various assumptions, receiver types and C/I values. The C/I definition here is based on an 18 dB suppression of the adjacent channel interferer. Typical Urban profile with 3km/h vehicle speed and ideal frequency hopping was assumed.

The upper pair of curves (the worst case receiver) uses no diversity: this is the simplest receiver that fulfils the minimum performance requirements.
The middle pair of curves is de facto today common standard.

The lower pair of curves characterizes a sophisticated receiver. 
None of these receivers uses soft combining, i.e. only the direct transmission of the data block is considered and not – in case of retransmission – the first and second (third…) repetition. Even further improvements could be considered.
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Figure 3.1-1: FACCH and SACCH Block Error Rates versus C/I for three different receiver types

The curves show that under realistic radio conditions (i.e. above 4 dB C/I) the FACCH is always transmitted better than the SACCH and this difference is substantial. The SDCCH (not shown here) has a similar or less good performance than the SACCH. This figure is the basis for all further calculations.  
3.2  Radio Performances of eSMS via SACCH

In a today’s GSM radio network SMS can be sent without a traffic channel (via SDCCH) and parallel to a traffic channel, i.e. during a voice conversation (via SACCH). The radio performance in both cases is similar for a single SDCCH / SACCH burst (the SDCCH performance is slightly worse than that of SACCH, not explained further). A noticeable difference exists in terms how often a burst can be used for the SMS transmission. 
SDCCH can be repeated every 480ms (24 speech frames), if no speech channel is established.

SACCH can be repeated every 960ms (48 speech frames), if a speech channel is established.
Each SDCCH or SACCH burst carries about 20 bytes. 
For a fully eCall data message of 140 bytes 7 successfully transmitted bursts are necessary.

Figure 3.2-1 shows the average delivery time for eSMS via SACCH (during the conversation) for different C/I conditions at the receiver side for the worst of the above mentioned receiver types. The 95%-curve stays down to 2 dB C/I below 20 seconds. This performance is guaranteed by the 3GPP minimum performance requirements. With a state-of-the-art SACCH receiver the delivery time is much better, see Figure 3.2-2.
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Figure 3.2-1: Delivery time of eSMS via SACCH versus C/I for the Minimim-performance receiver

[image: image5.emf] 

Figure 3.2-2: Delivery time of eSMS via SACCH versus C/I for the State-of-the-art receiver

The voice quality is not at all affected by the eSMS transmission via SDCCH or SACCH. The performance of eSMS via SACCH is independent of the chosen speech Codec. It is to a large extent independent from the chosen traffic channel (Full Rate or Half Rate).

3.3 Radio Performances of eSMS via FACCH

As soon as a (voice) traffic channel is established the eSMS may be delivered via FACCH. Only simple modifications in MS and MSC are necessary to achieve that by sending the eSMS via SAPI-0 instead of SAPI-3 (not detailed further). Each FACCH burst steals one speech frame (in case of a Full Rate speech traffic channel) or two speech frames (in case of a Half Rate speech traffic channel). Each FACCH burst can carry about 20 bytes of the eSMS. An FACCH burst has high forward error protection and error detection capabilities (20*8=160 bits net via 8*57=456 bits gross). Each FACCH burst has to be acknowledged (positive or negative), before the next burst may be sent. The round trip time from MS to BTS and back is about 140ms. So a new part of the eSMS can be sent by the MS every 140ms. In the ideal case (no transmission errors), the total delivery time is 7*140ms = 980ms.
Figure 3.3-1 shows the average delivery time for different C/I conditions at the receiver side for the worst of the above mentioned receiver types. The 95%-curve stays down to 2 dB C/I below 3 seconds. This performance is guaranteed by the 3GPP minimum performance requirements. With a state-of-the-art FACCH receiver the delivery time is much better, see Figure 3.3-2. 
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Figure 3.3-1: Delivery time of eSMS via FACCH versus C/I for the Minimum-perform receiver
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Figure 3.3-2: Delivery time of eSMS via FACCH versus C/I for the State-of-the-Art radio receiver

The performance of eSMS via FACCH is not dependent on the chosen speech Codec. It is to a large extent independent from the chosen traffic channel (Full Rate or Half Rate).
3.4  Comparison of eSMS via FACCH and the best Inband Candidate

At the recent SA4 meeting in Sophia Antipolis (2008-08-18/22) the results of the Selection Test for all three inband Modem Candidates were published in document S4-080490. The results of candidate 3 are outstanding.

In Figure 3.4-1 the average (!) delivery times under the measured C/I conditions are compared against the eCall via FACCH for a State-of-the-art receiver at the 95% case. Some points in Figure 3.4-1 are interpolated (at 6 and 8 dB C/I) for the inband Modem, because not the same C/I values were used as for the FACCH simulation.

Please note that the 95% curve for the best inband candidate would be noticeably worse than the shown average time (see S4-080490). Please note also that for the Selection test only 100 test runs per C/I condition were performed and so the statistics are not exactly comparable to the simulated FACCH performance curves. 

Nevertheless Figure 3.4-1 shows a noticeable difference in delivery time. 
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Figure 3.4-1: Comparison of the best Inband Modem compared to eSMS via FACCH

eSMS via FACCH outperforms the best inband Modem candidate in all respects:


1. It is faster under all radio conditions
2. It is not affecting the voice communication (compared to the complete interruption by inband)

3. It is decoupling speech path and data path completely
4. It is not depending on NON-3GPP networks
5. It is providing a full duplex, extendable digital transport for future eCall extensions

6. It is dramatically simpler to implement in IVS and PSAP (no complex MODEM required)
7. It is easier to maintain for Mobile operators, when migrating the voice path to IP.

3.5  Speech Quality Degradation by eSMS via FACCH

Each FACCH burst steals one speech frame (in case of a Full Rate speech traffic channel) or two speech frames (in case of a Half Rate speech traffic channel). For emergency calls it can be assumed that only Full Rate channels will be used. 

With the round trip time of about 140ms every 7th speech frame in uplink is stolen for a new part of the eSMS and also every 7th speech frame in downlink is stolen for the FACCH-Acknowledgement. These speech frames are exactly marked as FACCH and exactly marked as “stolen” for the error concealment algorithm inside the speech decoder. Since the distance between stolen frames is quite long the error concealment can work quite well and the speech quality degradation is hardly noticeable. In nearly all cases the degradation last only about one second. It is by no means harmful to the human conversation between IVS and PSAP. 

In figure 3.5-1 the decoded speech output signal is shown, without any frame stealing (upper curve) and with eight stolen speech frames in 140ms distance each (lower curve). The region of disturbance is marked with white background. So, 8 FACCH transmissions were assumed here, with an otherwise perfect transmission of the speech signal for the FR_AMR at 12.2 kbps. The distortion is clearly visible and marginally audible for about 1100ms, after that the effect has faded away. 
Although the difference signal between ideal transmission and disturbed transmission has noticeable amplitudes the distortion is hardly audible due to the standardized effective error concealment. 
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Figure 3.4-1: Speech decoder output signals with optimal transmission (upper curve) and with 8 stolen speech frames (lower curve)

4    Consequences for PSAP
4.1 Possible PSAP eCall Architectures

It is of course not in the hands of 3GPP to define or standardize how a PSAP operator organizes his internal communication architecture. The PSAP architecture may further depend on national laws and regulations. The discussion here is only intended to give some examples and to show the flexibility of the eSMS solution.

It is assumed that several PSAP sites exist in every country, maybe one in every bigger city. It is further assumed that some PSAP-redundancy is necessary in order to replace a PSAP, which is currently out-of-order or under high overload. It is further assumed that the eCall data base must be kept in save custody, because it may be of high value for the further damage- and cost-regulation after the rescue action. These eCall data are of high privacy and need careful treatment. It is further assumed that the interface between the human operator of a PSAP site and the eCall data base is up to the choice of the PSAP, but it most likely based on the Internet Protocol.
Figure 4.1-1 shows the simplest architecture, where the PSAP-owned SMS-Service-Center is integrated with the PSAP eCall-Data-Base at the site of the local PSAP operator.


[image: image2]
Figure 4.1-1: Co-Location of PSAP-SMS-SC with PSAP Data base at the PSAP Site

Of course it is easily possible to separate the eCall data base from the local human operator and therefore to concentrate the eCall-SMS-SCs and -Data-bases while keeping the PSAP human operators locally present.

Many different architectures are possible and the freedom is de facto unlimited.

4.2  PSAP Backward Compatibility

As soon as the PSAP Data base of an upgraded PSAP center has registered and stored a new eSMS it may select the next free human PSAP operator and send the eCall data to his display. This may happen even before the emergency voice call is established. In some cases the voice call may never come, if the radio link or the IVS equipment breaks too soon. The PSAP system may then route the voice call to the same human operator as the eCall data. The correlation between both is given by the USIM identify. Also the other sequence: voice call first, eCall data later, is possible and handled the similar way.

An PSAP service center without eCall data upgrade just gets only the emergency voice call, the eSMS is either not delivered at all (the MSC is not upgraded) or is stored in the eCalll data base, but never retrieved by the human PSAP operator. In any case the voice communication is not disturbed in any noticeable way. The backward compatibility is very simply guaranteed. Many grades in between these two extremes are thinkable.

The forwarding of an emergency voice call from a first-level PSAP to a second-level PSAP is possible as today. The eCall data base must just be accessible for the second-level PSAP and he can get the data as well.

4.3  PSAP Implementation Effort

The first SMS-Service-Centers, back in 1992—1994, when SMS was first time introduced, were based on state-of-the-art PCs. From that and the fact that emergency calls are going into the thousands, but not more per day, it can be concluded, that a single PC of today’s performance should be more than sufficient to handle the eSMS traffic of even a bigger region. Only redundancy and reliability will require that more than one PC (or an equivalent HW) is used per PSAP.

The implementation effort to get a digital SMS data burst of some hundred bytes is comparably nothing against the DSP power necessary to modulate and demodulate the same message via an inband modem. The difference in processing power must be in the range of orders of magnitude, in any case SUBSTANTIAL. Not considering the necessary and rather complex, “oldfashioned” PSTN-interface for an inband solution, compared to the data interface (IP?) for an SMS solution.
5    Summary and Recommendation

5.1 Summary

The outlined eSMS solution is a highly reliable, robust and decent fast transmission technology for eCall data. It requires no or only minimum changes in the Mobile Stations and some minor changes in the MSC to realize the optimal performance. Both changes require only Software upgrades. The effort for Mobile Network Operators is small. The equipment effort in PSAPs is minimal, too, considering that a simplified, small, proprietary SMS-Service Center can be combined with the eCall Data base at the PSAP site.

The worst case eSMS delivery time for 95% of all eCalls is 10 to 20 seconds for GSM radio channel conditions of 2 dB C/I or better. The best case eSMS delivery time is below one second.

eSMS can be exchanged in both direction (IVS to PSAP and vice versa) thus allowing a future proof extendibility for differentiated or larger eCall data sets.
5.2 Recommendation
To secure that 3GPP delivers as part of its REL-8 an eCall solution that has minimal core network impacts now, combined with good prospects for the future evolution of eCall and voice telephony, it is recommended that SA analyzes the results of the Inband Modem contest and the resulting eCall performance characterisation and compares this with the eSMS solution outlined in this report.
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