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NOTE: This second version of the discussion paper “Test results for updated eCall in-band modem” has been prepared only to update the performance results figures with the implementation of another last-minute correction to the eCall modem in CRs [19] [20]. The inversion detector has been updated to avoid the IVS modem receiver state toggling between inverted signal and non-inverted signal states. In comparison to the previous results [21], slight performance improvements have been obtained. The results updates are presented as marked changes in this document.
1. Introduction
After discussing the performance of the eCall in-band modem in the presence of sample slips at the last SA4 meeting (SA4#60) [15], updates and corrections are now proposed to the eCall modem specifications TS 26.267 [1], TS 26.268 [2], and TS 26.269 [3]. These updates and corrections are described in CRs [5] – [14] which have been prepared as parallel contributions to the present SA4#61 meeting.

The updates and corrections affect two functional aspects of the eCall modem:
1) Introduction of a synchronization tracking feature to increase the robustness against persistent sample slips.
2) Correction of the eCall state machine in order to reduce the number of required link-layer (LL) and higher-layer (HL) ACK messages, to enable speeding up the overall MSD transaction time.

This discussion paper first outlines the two introduced changes to the eCall modem in more detail, and then provides performance figures of the eCall in-band modem after the proposed changes [5] – [14] have been integrated into the eCall reference source code. The performance values have been obtained in simulations using the eCall test setup [2]. 

2. Description of synchronization tracking feature
The synchronization tracking function follows the approach which has been outlined in a previous discussion paper [15]. The main principles are outlined briefly below.
2.1 Downlink synchronization tracking 
Downlink synchronization tracking for the eCall in-band modem does not require any changes to the transmit signal format. A sync preamble is already part of every feedback message. Hence, a check may be carried out for every feedback message at the receiver in order to verify and track synchronization – and it is a straightforward solution to include a sync tracking function as an extension to the existing sync check function.

However, the decision rule has to take into account that the sync preamble is also used for distinguishing higher layer messages from lower layer messages [1]. Therefore, ambiguities between a higher-layer sync preamble and a shifted version of the correlated signal have to be avoided with respect to the sign of the correlation peaks. 

A downlink sync tracker has been implemented and tested which avoids these sync correlation signal ambiguities. 

2.2 Uplink synchronization tracking – based on additional sync signals
A reliable uplink sync tracking algorithm requires a modification of the transmit signal, since in the current eCall specification, a synchronization sequence is only transmitted at the beginning of each cycle of eight MSD redundancy versions – at a period of several seconds which is too sparse to allow for an effective synchronization tracking.

For the introduction of uplink sync tracking it is therefore required to insert additional reference pulses (fragments of the current synchronization sequence) next to the muting periods. This leaves the modulation frames unchanged, but increases the overall length of each redundancy version (MSD data frame). The following signal format (exemplary for the robust modulation mode) has been chosen in an implementation of a sync signal based tracker:

muting (1 frame), data (15 frames), 

sync pulses (4 frames), muting (2 frames), data (15 frames),
sync pulses (4 frames), muting (2 frames), data (16 frames),

sync pulses (4 frames), muting (3 frames)
The total number of frames per MSD redundancy version is increased from 54 to 66 with respect to the current modem version ([2], V8.4.0 = V9.2.0), in order to avoid DTX events. The set of 4 frames with sync pulses each contain a fragment of the sync preamble. To avoid additional memory usage, we chose to repeat the last 27 zero-padded pulses of the sync preamble during each of these sets. Essentially, these 27 pulses correspond to the last two (overlapping) PN sequences. At the receiver, the correlation is carried out with the PN sequence for the expected peak positions and for a shift of a predetermined range of samples in either one of the directions. The decision logic is very similar to the original synchronization logic. If a shift is detected, the sync delay is updated and the demodulator continues demodulating data based on the new sync delay.

The sync check correlation at the PSAP receiver was efficiently implemented by FIR filtering. In fact, the computational complexity of this operation is rather low so that even larger sample slips in the range of e.g. +/– 240 samples can be tracked. This was found to offer a performance gain in other scenarios as well (e.g. in the presence of dynamic jitter buffers, see below).
To further make use of the more detailed information about uplink synchronization, an additional sync verification feature was implemented which allows for a fast transmission reset in case of communication failure. A re-initiation of the MSD transaction is triggered by the PSAP, using START messages, when the uplink synchronization cannot be tracked any more. This decision can be made much quicker than waiting for eight redundancy versions for the fast and robust modulation modes.
3. Description of state machine changes
The reasoning for changing the state machine to be less restrictive on the required number of LL-ACK and HL-ACK messages is that with the current modem version, a minimum number of nine ACK messages is required, since LL-ACK and HL-ACK messages are handled separately, even though they are serving a very similar purpose. This results in an additional transaction time of at least 1.6 s which could be saved by a relaxation of this separate handling. With the proposed change, it is only required to send a minimum of five ACK messages of the same type. The exact number of LL-ACK and HL-ACK messages is now a configuration parameter of the modem (which obviously has to be set to the same values in IVS and PSAP modems).

The LL-ACKs could be dropped completely as long as the HL-ACKs are required by CEN HLAP specification [16], which is currently the case. If the requirement for HL-ACKs is dropped in the future, the 3GPP eCall modem could easily accommodate this by reverting to the original (and slightly more robust) LL-ACKs, without having to change the 3GPP eCall specifications again.

Note that the correction of the eCall state machine does not have an impact on the eCall MSD transmission time as defined for the characterization tests [4] since this transmission timer is stopped before the ACK messages are received at the IVS. Therefore, the transmission times in the following section only reflect the changes due to the synchronization tracking function. However, the state machine update was integrated for these tests as well, in order to demonstrate the performance of the resulting modem version after all proposed CRs [5] – [14] have been implemented.
4. Performance figures for updated eCall modem
For the purpose of sync tracker development and sample slip testing, the eCall test setup has been extended to allow randomly introducing artificial sample slips within a pre-defined offset range and slip-to-slip duration window. The tested slips were taken from the range of [–480...+480] samples (downlink) and 
[–240...+240] samples (uplink). The first sample slip occurs after 2–5 seconds, and subsequent slips occur every 1–4 seconds (“slipping model”). 

Apart from modelling discrete sample slips at discrete sampling times, the test setup modification also allows the simulation of continuous phase shifts of the re-sampled signal, i.e., gradually increasing sampling time offsets which lie in between the correct sampling time instances. This “drifting model” makes use of oversampling the received signals with a factor of 500. The drift rate in the performance tests below was set to 50 ppm (corresponding to one full sample offset per 2.5 s).
4.1 Reference MSD transmission performance 
As a performance reference, Table 1 shows the average MSD transmission times (as defined in TR 26.969 [4]) for the current reference C-code implementation of the eCall modem ([2] V8.4.0 = V9.2.0). 

Table 1 also presents the significant performance degradations for the case of permanent UL & DL sample slips introduced according to the above “slipping model” configuration, but only with single sample slips. Additionally, identical sample slip conditions have been simulated, but only on the uplink. The transmission performance is much better than in the case when sample slips also occur on the DL. The reason is that the uplink transmission is protected by the HARQ scheme, while the downlink feedback messages are unacknowledged.
Table 1: Performance of V8.4.0 modem with single UL/DL sample slips (reproduced from [15])
	speech codec
	tested conditions
	average MSD transmission time,
(percentage of transmission failures)

	
	
	V8.4.0 modem,
no slips
	V8.4.0 modem,
DL & UL slips 
	V8.4.0 modem,
UL slips only

	FR
	C/I = {16, 13, 10, 7} dB;
error-free; RSSI = -100 dB
	1.5999 (0% F)
	3.1719 (0.17% F)
	2.6032 (0% F)

	AMR 12.2
	C/I = {13, 10, 7} dB
	1.5601 (0% F)
	6.0336 (1.25% F)
	2.6032 (0% F)

	AMR 10.2
	C/I = {13, 10, 7} dB
	1.5353 (0% F)
	6.2548 (1.67% F)
	3.3485 (0% F)

	AMR 7.95
	C/I = {10, 7} dB
	1.6343 (0% F)
	14.4478 (5.50% F)
	3.7193 (0% F)

	AMR 7.40
	C/I = {10, 7} dB
	1.6363 (0% F)
	10.2554 (3.50% F)
	3.3896 (0% F)

	AMR 6.70
	C/I = 7 dB
	1.9928 (0% F)
	6.4950 (1.00% F)
	3.6472 (0% F)

	AMR 5.90
	C/I = {7, 4} dB
	2.2501 (0% F)
	31.2032 (13.00% F)
	6.2206 (0% F)

	AMR 5.15
	C/I = {7, 4} dB
	2.8870 (0% F)
	58.3744 (26.00% F)
	11.0789 (0% F)

	AMR 4.75
	C/I = {7, 4, 1} dB;
error-free
	3.4125 (0% F)
	68.7799 (31.00% F)
	12.3201 (0% F)

	average (FoM)
	2.0348 (0% F)
	22.0041 (8.85% F)
	5.3532 (0% F)


4.2 General modem performance in the presence of sample slips and clock drifts on DL and UL

Table 2 first presents the MSD transmission times for the case that all proposed signal modifications have been implemented, but without any sample slips, and with de-activated sync tracking. These values represent the increased transmission times which are solely attributed to the uplink signal changes. In the next column of Table 2, the synchronization tracking functions at the receivers are activated (but still no sample slips occur).

The next column of Table 2 presents the MSD transmission times for activated tracking and sample slips introduced according to the above “slipping model” configuration. A comparison with Table 1 shows the performance improvement introduced by the synchronization tracking mechanisms in the case that sample slips occur.

In the last column of Table 2, the slipping model has been replaced with the drifting model explained above. The resulting transmission times are similar to the slipping scenario which confirms that an additional sampling inaccuracy does not have a major impact on the modem performance.

Table 2: General modem performance with sync tracking 
	speech codec 
(tested conditions: 
see Table 1)
	average MSD transmission time
(no transmission failures occurred)

	
	new modem,
no slips,
no tracking
	new modem,
no slips,
tracking
	new modem,
slips,
tracking
	new modem,
drift,
tracking

	FR
	1.7959
	1.7996
	2.0564
	2.0661

	AMR 12.2
	1.7796
	1.7796
	1.9582
	1.9858

	AMR 10.2
	1.7063
	1.7063
	1.9544
	1.8673

	AMR 7.95
	1.8441
	1.8441
	2.1565
	2.0209

	AMR 7.40
	1.8537
	1.8537
	2.1056
	2.1769

	AMR 6.70
	2.2262
	2.2262
	2.4166
	2.7476

	AMR 5.90
	2.5512
	2.5512
	2.9081
	2.7633

	AMR 5.15
	3.2257
	3.2257
	4.0225
	3.6876

	AMR 4.75
	3.7531
	3.7531
	4.5912
	4.4974

	average (FoM)
	2.2769
	2.2778
	2.6616
	2.6145


In the subsequent sections, some special transmission conditions are studied in combination with the upgraded modem. 
4.3 Performance with ITU-T G.729 A/B transcoding

In Table 3, the average MSD transmission times are given for transcoding with ITU-T G.729 “Annex B based on Annex A” [17] (in addition to the defined radio conditions for calculating the Figure of Merit (FoM), as given in Table 1). For detailed information about the test setup, refer to [4]. The updated modem was tested with and without sample slips.
Table 3: Modem performance in ITU-T G.729 A&B transcoding conditions 
	speech codecs,
channel conditions
	Figure of Merit (s) 
(no transmission failures occurred)

	
	current modem,
no slips
	new modem,
no slips, tracking
	new modem,
slips, tracking

	(see Table 1)
	3.23
	3.72
	(n.a.)*

	*: Updated figure for corrected inversion detector [19] [20] not yet available. 


The increase in transmission time for the new modem without slips is fully attributed to the uplink signal modifications.

4.4 Performance with GSM HR codec 
Table 4 summarizes the average MSD transmission times for transmission over GSM HR channels. The GSM HR conditions had been identified to represent critical conditions for the MSD transmission in the characterization tests [4].
Table 4: Modem performance in GSM HR conditions 
	channel condition
	average MSD transmission time
(no transmission failures occurred)

	
	current modem,
no slips
	new modem,
no slips, tracking
	new modem,
slips, tracking

	error-free
	6.48
	7.86
	9.70

	C/I = 7 dB
	7.67
	9.34
	12.46

	C/I = 4 dB
	10.68
	13.22
	18.31

	C/I = 1 dB
	21.26
	23.93
	30.67


4.5 Performance with dynamic jitter buffer 
Table 5 summarizes the average MSD transmission times for transmission over dynamic jitter buffers (in addition to the defined radio conditions for calculating the Figure of Merit (FoM), as given in Table 1). Delay and error profiles were taken from 3GPP TS 26.114 [18]. For a detailed description of the test setup, refer to [4]. Note that due to the large dynamic jitter in this test scenario, no more additional sample slips were introduced since the jitter dominates the temporal misalignment of the received signals.
The results in Table 5 illustrate that the synchronization tracking functions are also very beneficial in this scenario. The synchronization search width should be set to a sufficiently large value in order to compensate the dynamic jitter.
Table 5: Modem performance in the presence of dynamic jitter buffers [18]
	Profile
	Characteristics
	Packet loss rate
	Figure of Merit (s)
(tested codecs and conditions: 
see Table 1)

	
	
	
	current modem
	new modem, tracking

	1
	Low-amplitude, static jitter,
1 frame/packet
	0 %
	4.58
	3.20

	2
	Hi-amplitude, semi-static jitter, 
1 frame/packet
	0.24 %
	7.31
	3.21

	3
	Low/high/low amplitude, changing jitter,
1 frame/packet
	0.51 %
	8.88
	3.37

	4
	Low/high/low/high, changing jitter,
1 frame/packet
	2.4 %
	11.83
	4.29

	5
	Moderate jitter with occasional delay spikes, 2 frames/packet 
	5.9 %
	12.44
	6.23

	6
	Moderate jitter with severe delay spikes,
1 frame/packet
	0.1 %
	2.74
	2.51


5. Conclusions and recommended actions

Although the scenarios where sample slips are present in the eCall transmission chain seem to occur only in rare cases, it seemed beneficial to introduce a synchronization tracking feature in the eCall reference source code, to make the modem more robust in these and certain other situations.
The introduction of uplink sync tracking prolongs the MSD transmission time by 0.24 seconds per MSD redundancy version. The new modem version will also not be backward-compatible to older versions due to the introduced transmit signal change. However, the presented sync tracking solutions were proven to work efficiently in simulations employing the described sample slip and drift models, so that the MSD is successfully transmitted in a reasonable time in the tested transmission conditions under the presence of sample slips and clock drifts. The synchronization tracker was shown to be very beneficial in the presence of dynamic jitter buffers as well and also offers an additional means to handle communication failures quickly.
The other proposed correction to the eCall modem state machine will make the 3GPP eCall specification more flexible in terms of link-layer and higher-layer acknowledgements. This change allows a significant reduction of the MSD transaction time in accordance with the eCall higher-layer application protocol specified by CEN [16].
Since the resulting eCall modem transmission performance has been tested successfully for a wide range of transmission conditions, we recommend that 3GPP SA4 should agree to the associated set of CRs, [5] – [14].

6. References
[1]
TS 26.267 “eCall Data Transfer; In-band modem solution; General description”.
[2]
TS 26.268 “eCall Data Transfer; In-band modem solution; ANSI-C reference code”.
[3]
TS 26.269 “eCall Data Transfer; In-band modem solution; Conformance testing”.
[4]
TS 26.969 “eCall Data Transfer; In-band modem solution; Characterization Report”.
[5]
S4-100804 “CR 26.267-0010 Correction of synchronization procedures in the eCall in-band modem (Release 8)”
[6]
S4-100805 “CR 26.267-0011 Correction of synchronization procedures in the eCall in-band modem (Release 9)”
[7]
S4-100806
 “CR 26.268-0021 Correction of synchronization procedures in the eCall in-band modem (Release 8)”
[8]
S4-100807
 “CR 26.268-0022 Correction of synchronization procedures in the eCall in-band modem (Release 9)”,Qualcomm Incorporated.
[9]
S4-100808
 “CR 26.267-0012 State machine corrections in the eCall in-band modem (Release 8)”
[10]
S4-100809
 “CR 26.267-0013 State machine corrections in the eCall in-band modem (Release 9)”
[11]
S4-100810
 “CR 26.268-0023 State machine corrections in the eCall in-band modem (Release 8)”
[12]
S4-100811
 “CR 26.268-0024 State machine corrections in the eCall in-band modem (Release 9)”
[13]
S4-100812
 “CR 26.269-0006 Correction of eCall conformance test sequences (Release 8)”
[14]
S4-100813
 “CR 26.269-0007 Correction of eCall conformance test sequences (Release 9)”
[15]
S4-100568 “Discussion of eCall synchronization tracking solutions”

[16]
CEN/TC 278 prEN 16062, “Intelligent transport systems — ESafety — ECall high level application requirements (HLAP)”, 07/10.
[17]
ITU-T Recommendation G.729: "Coding of speech at 8 kbit/s using conjugate‑structure algebraic-code-excited linear prediction (CS-ACELP)", 01/07.
[18]
3GPP TS 26.114: "IP Multimedia Subsystem (IMS); Multimedia Telephony; Media handling and inter-action"
[19]
S4-100864
 “CR 26.268-0025 Correction of the inversion detector (Release 8)”
[20]
S4-100865
 “CR 26.268-0026 Correction of the inversion detector (Release 9)”
[21]
S4-100803
 “Test results for updated eCall in-band modem”
[image: image1.png]



PAGE  
1

