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*** First Change ***
4.1
Performance objectives and requirements
The foremost performance objective in the selection test was that the overall average transmission time should be as small as possible. The average MSD transmission time over a typical set of channel conditions was determined and used as a Figure of Merit (FoM) for the eCall modem. The MSD transmission times are measured from the time when the transmission from the IVS to the PSAP begins (after a trigger from the PSAP has been detected).
In Annex D additional key indicators to describe the overall in-band transmission procedure are introduced on top of the figure of merit. In particular, these quantities are defined in a way that they are measurable on part of either PSAP or IVS reference implementations and, thus, may be used to test IVS and PSAP products implementations, respectively.    

*** Second Change ***
Annex D:
Additional Performance Indicators

In order to characterize the different periods during the in-band transmission procedure, four additional quantities are defined:

1. The PSAP sided PULL mode round trip time (PSAP-PULL-RTT) from the instance when PSAP is beginning to transmit START messages until the MSD has been successfully decoded. 
· In Figure D.1 this corresponds to the time span from “Tx first START” to “MSD detected”.

· This duration may e.g. be measured from a reference PSAP testing an IVS product when operating in automatic PULL mode, where the PSAP is beginning to transmit START messages directly after the voice connection has been established.  

· Transmission of acknowledgements has a fixed duration depending on the setting for numbers of LL-/HL-ACKs to be transmitted. Adding this duration to the PSAP-PULL-RTT yields the overall in-band modem channel blocking time of the PULL mode.

2. The PSAP sided PUSH mode round trip time (PSAP-PUSH-RTT) from the instance when the PSAP receives the CALL CONNECT from the network until the MSD has been successfully decoded.
· In Figure D.1 this corresponds to the time span between events “PSAP receives CALL CONNECT” and “MSD detected”.
· This duration may e.g. be measured from a reference PSAP testing an IVS product when operating in automatic PUSH mode, where the IVS begins to transmit SEND messages directly after the voice connection has been established.

· Alternatively to measuring the PSAP sided PULL and PUSH RTTs separately, they can be measured in PUSH mode only, capturing the “SEND detected /Tx first START” event which is then used to split up PSAP-PUSH-RTT into the time required for SEND transmission and detection (“PSAP-CONNECT2START-TIME” in Figure D.1) and the PSAP-PULL-RTT. 

3. The IVS sided PULL mode round trip time (IVS-PULL-RTT) from the instance when IVS is beginning to transmit the MSD until successfully decoding the HL-ACK.

· In Figure D.1 this corresponds to the time span from “begin MSD Tx” to “HL-ACK detected”.
· In order to measure this duration from a reference IVS testing a PSAP product, the reference IVS must be able to catch the event “START detected” (switching point to transmitting the MSD, see Figure D.1) and “HL-ACK detected”.

4. The IVS sided PUSH mode round trip time (IVS-PUSH-RTT) from the instance when the IVS receives the CALL CONNECT from the network until successfully decoding the HL-ACK.

· In Figure D.1 this corresponds to the time span from “IVS receives CALL CONNECT” to “HL-ACK detected” events.
· This actually covers almost the entire operation/channel blocking time of the in-band modem. The only part not captured here is the remainder of HL-ACKS coming in after HL-ACK has been successfully received.

· In order to measure this duration from a reference IVS testing a PSAP product, the reference IVS should start with the in-band modem operation, transmitting SEND messages directly after the call gets connected (i.e., receiving the “CALL CONNECT”), and needs to intercept and timestamp the detection of HL-ACK.

· An alternative to measuring the IVS-PUSH-RTT, the duration from the IVS receiving the CALL CONNECT until detecting START (IVS-CONNECT2START-RTT in Figure D.1) can be measured.  Then, the IVS-PUSH-RTT results from the sum of IVS-PULL-RTT and IVS-CONNECT2START-RTT.

· PSAP testing can be done completely in PUSH mode. It allows determining IVS-CONNECT2START-RTT and IVS-PULL-RTT in the same in-band modem transmission. The events “IVS receives CALL CONNECT” and “HL-ACK detected” need to be intercepted and logged. 

Figure D.1 gives an overview on the performance indicators described above. 
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Figure D.1: Timeline of eCall inband modem transmission with the specified performance indicators, cf. Figure 1

Comments:

· It should be highlighted that the PULL and PUSH modes are only determined by the corresponding PSAP configuration to either wait for a SEND messages from IVS before sending START messages (PUSH mode), or sending START messages immediatedly after call connect without waiting for SEND messages from IVS (PULL mode). If the IVS does not know whether PSAP uses PUSH or PULL mode, the IVS shall always start with SEND messages until it detects START messages from PSAP.
· Naturally, the PULL-RTT will be always shorter than the PUSH-RTT since PUSH mode comprises the SEND procedure followed by the entire PULL mode procedure. 

· Comparison of PULL-RTT and PUSH-RTT may be used to quantify the time advantage of PULL over PUSH mode.
· The defined RTTs can be easily measured in practical field or lab tests on PSAP and IVS side. Hence these performance indicators may be used to test and certify IVS and PSAP products end-to-end using a fast RF channel simulator with controllable SNR, to which the IVS is connected.  
The average PULL-RTT is 3.56 s, the average PUSH-RTT is 4.43 s, i.e. the START procedure requires in average 1.28s, the SEND procedure in average adds another 0.87 seconds.  The 95th percentile of PULL-RTT and PUSH-RTT are 5.44 s and 6.32 s, respectively, i.e. the time increments of the 95th percentile are almost identical as for the mean: START procedure adds 1.28 seconds, SEND procedure adds another 0.88 seconds to the 95th percentile RTT.   
Table B.1.a lists the averaged performance indicators obtained with the official test campaign. Detailed numbers are given in Tables B.2 to B.5.
Table B.1: Average durations of different in-band transmission phases and performance indicators obtained simulating the official test campaign

	From event …
	IVS receives CALL CONNECT*
	Tx first START
	Begin MSD Tx
	Tx first ACK

	… to event 
	SEND detected
	START detected
	MSD detected 
	HL-ACK detected 

	duration
	0.87 s
	1.28 s
	2.28 s
	1.26 s

	overall duration 
	0.87 s
	2.15 s
	4.43 s
	5.69 s

	performance indicators 
	
	
	FoM (2.28 s)
	

	
	
	PULL RTT (3.56 s)
	

	
	PUSH RTT (4.43 s)
	

	
	
	
	IVS PULL RTT (3.54 s)

	
	IVS PUSH RTT (5.69 s)


* These results are obtained assuming that the IVS immediately starts sending the SEND message as soon as it receives the CALL CONNECTED indication from the network. If there is a delay between these two events this diference should be considered when comparing the measured time to the requirements.

Detailed Results

All RTTs were determined over all test conditions of the official test condition file used to determine the FoM.  


Table B.2: PSAP sided PULL mode round trip times (PSAP-PULL-RTT) from PSAP beginning to transmit START to MSD successfully being decoded
	PSAP sided PULL mode round trip times (PSAP-PULL-RTT) from PSAP beginning to transmit START to MSD successfully being decoded

	
	
	RTT / s
	Failures

	Codec
	Channel
	Mean
	95%
	Max
	MSD
	HLACK 

	
	
	
	
	
	
	

	FR      
	 C/I=7dB 
	3.9116
	5.36
	6.86
	0
	0

	FR      
	 C/I=10dB
	3.1778
	3.66
	3.68
	0
	0

	FR      
	 C/I=13dB
	2.869
	3.24
	3.26
	0
	0

	FR      
	 C/I=16dB
	2.8302
	3.24
	3.26
	0
	0

	FR      
	 error free 
	2.7948
	2.8
	3.26
	0
	0

	FR      
	 RSSI = 
-100 dBm
	2.9634
	3.26
	3.64
	0
	0

	Average
	 
	3.0911
	4.08
	 
	 
	

	
	
	
	
	
	
	

	AMR 12.2
	 C/I=7dB 
	3.6474
	4.12
	17.32
	0
	0

	AMR 12.2
	 C/I=10dB
	3.0056
	3.26
	3.28
	0
	0

	AMR 12.2
	 C/I=13dB
	2.8084
	2.82
	3.26
	0
	0

	AMR 12.2
	error free
	2.788
	2.8
	2.82
	0
	0

	Average
	 
	3.0624
	3.68
	 
	 
	

	
	
	
	
	
	
	

	AMR 10.2
	 C/I=7dB 
	3.3308
	4.04
	4.88
	0
	0

	AMR 10.2
	 C/I=10dB
	2.8522
	3.26
	3.26
	0
	0

	AMR 10.2
	 C/I=13dB
	2.7942
	2.8
	3.26
	0
	0

	Average
	 
	2.9924
	3.66
	 
	 
	

	
	
	
	
	
	
	

	AMR 7.95
	 C/I=7dB 
	3.2262
	3.66
	3.68
	0
	0

	AMR 7.95
	 C/I=10dB
	3.015
	3.26
	3.28
	0
	0

	Average
	 
	3.1206
	3.28
	 
	 
	

	
	
	
	
	
	
	

	AMR 7.40
	 C/I=7dB 
	3.214
	3.28
	4.86
	0
	0

	AMR 7.40
	 C/I=10dB
	3.0454
	3.26
	3.28
	0
	0

	Average
	 
	3.1297
	3.26
	 
	 
	

	
	
	
	
	
	
	

	AMR 6.70
	 C/I=7dB 
	3.5044
	3.68
	4.1
	0
	0

	Average
	
	3.5044
	3.68
	 
	 
	

	
	
	
	
	
	
	

	AMR 5.90
	 C/I=4dB 
	3.996
	4.52
	4.9
	0
	0

	AMR 5.90
	 C/I=7dB
	3.6832
	3.7
	4.12
	0
	0

	Average
	 
	3.8396
	4.12
	 
	 
	

	
	
	
	
	
	
	

	AMR 5.15
	 C/I=4dB 
	4.8176
	5.46
	6.18
	0
	0

	AMR 5.15
	 C/I=7dB
	4.1872
	4.58
	4.98
	0
	0

	Average
	 
	4.5024
	5.44
	 
	 
	

	
	
	
	
	
	
	

	AMR 4.75
	 C/I=1dB 
	5.9036
	6.76
	7.88
	0
	0

	AMR 4.75
	 C/I=4dB
	4.9214
	5.86
	6.32
	0
	0

	AMR 4.75
	 C/I=7dB 
	4.6646
	5.44
	5.44
	0
	0

	AMR 4.75
	 RSSI = 
-100 dBm
	4.6846
	5.44
	5.9
	0
	0

	Average
	 
	5.0435
	6.3
	 
	 
	

	
	
	
	
	
	
	

	Overall
	 
	3.56
	5.44
	17.32
	0
	0


Table B.2: PSAP sided PUSH mode round trip times (PSAP-PUSH-RTT) from IVS beginning to transmit SEND to MSD successfully being decoded

	PSAP sided PUSH mode round trip times (PSAP-PUSH-RTT) from IVS beginning to transmit SEND to MSD successfully being decoded

	
	
	RTT / s
	Failures

	Codec
	Channel
	Mean
	95%
	max
	MSD
	HLACK 

	
	
	
	
	
	
	

	FR      
	 C/I=7dB 
	4.8248
	6.56
	8.2
	0
	0

	FR      
	 C/I=10dB
	4.038
	4.54
	5.7
	0
	0

	FR      
	 C/I=13dB
	3.779
	4.14
	4.5
	0
	0

	FR      
	 C/I=16dB
	3.7076
	4.1
	4.14
	0
	0

	FR      
	 error free 
	3.6606
	3.68
	4.08
	0
	0

	FR      
	 RSSI = 
-100 dBm
	3.8376
	4.14
	4.54
	0
	0

	Average
	 
	3.9746
	4.96
	 
	 
	

	
	
	
	
	
	
	

	AMR 12.2
	 C/I=7dB 
	4.4268
	4.96
	5.36
	0
	0

	AMR 12.2
	 C/I=10dB
	3.8592
	4.16
	4.92
	0
	0

	AMR 12.2
	 C/I=13dB
	3.6648
	3.7
	3.72
	0
	0

	AMR 12.2
	error free
	3.6612
	3.68
	3.72
	0
	0

	Average
	 
	3.903
	4.56
	 
	 
	

	
	
	
	
	
	
	

	AMR 10.2
	 C/I=7dB 
	4.1932
	4.56
	6.14
	0
	0

	AMR 10.2
	 C/I=10dB
	3.7136
	4.12
	4.14
	0
	0

	AMR 10.2
	 C/I=13dB
	3.6646
	3.68
	3.72
	0
	0

	Average
	 
	3.8571
	4.52
	 
	 
	

	
	
	
	
	
	
	

	AMR 7.95
	 C/I=7dB 
	4.0702
	4.18
	4.56
	0
	0

	AMR 7.95
	 C/I=10dB
	3.8804
	4.14
	4.18
	0
	0

	Average
	 
	3.9753
	4.16
	 
	 
	

	
	
	
	
	
	
	

	AMR 7.40
	 C/I=7dB 
	4.0914
	4.16
	4.56
	0
	0

	AMR 7.40
	 C/I=10dB
	3.9236
	4.14
	4.18
	0
	0

	Average
	 
	4.0075
	4.16
	 
	 
	

	
	
	
	
	
	
	

	AMR 6.70
	 C/I=7dB 
	4.4038
	4.58
	4.9
	0
	0

	Average
	
	4.4038
	4.58
	 
	 
	

	
	
	
	
	
	
	

	AMR 5.90
	 C/I=4dB 
	4.8704
	5.04
	6.6
	0
	0

	AMR 5.90
	 C/I=7dB
	4.5532
	4.58
	5
	0
	0

	Average
	 
	4.7118
	5
	 
	 
	

	
	
	
	
	
	
	

	AMR 5.15
	 C/I=4dB 
	5.65
	6.32
	9.88
	0
	0

	AMR 5.15
	 C/I=7dB
	5.0556
	5.46
	5.88
	0
	0

	Average
	 
	5.3528
	6.3
	 
	 
	

	
	
	
	
	
	
	

	AMR 4.75
	 C/I=1dB 
	6.8142
	7.62
	8.82
	0
	0

	AMR 4.75
	 C/I=4dB
	5.7886
	6.32
	7.18
	0
	0

	AMR 4.75
	 C/I=7dB 
	5.5396
	6.32
	6.64
	0
	0

	AMR 4.75
	 RSSI = 
-100 dBm
	5.5636
	6.32
	6.78
	0
	0

	Average
	 
	5.9265
	7.18
	 
	 
	

	
	
	
	
	
	
	

	Overall
	 
	4.43
	6.32
	9.88
	0
	0


Table B.4: IVS sided PULL mode round trip time (IVS-PULL-RTT) from IVS beginning to transmit MSD to successfully detecting/decoding HL-ACK
	IVS sided PULL mode round trip time (IVS-PULL-RTT) from IVS beginning to transmit MSD to successfully detecting/decoding HL-ACK

	
	
	RTT / s
	Failures

	Codec
	Channel
	Mean
	95%
	Max
	MSD
	HLACK 

	
	
	
	
	
	
	

	FR      
	 C/I=7dB 
	3.78
	5.22
	6.82
	0
	0

	FR      
	 C/I=10dB
	3.16
	3.62
	3.62
	0
	0

	FR      
	 C/I=13dB
	2.896
	3.22
	3.22
	0
	0

	FR      
	 C/I=16dB
	2.864
	3.22
	3.22
	0
	0

	FR      
	 error free 
	2.832
	2.82
	3.22
	0
	0

	FR      
	 RSSI = 
-100 dBm
	2.972
	3.22
	3.62
	0
	0

	Average
	 
	3.084
	4.02
	 
	 
	

	
	
	
	
	
	
	

	AMR 12.2
	 C/I=7dB 
	3.592
	4.02
	17.22
	0
	0

	AMR 12.2
	 C/I=10dB
	3.008
	3.22
	3.22
	0
	0

	AMR 12.2
	 C/I=13dB
	2.836
	2.82
	3.22
	0
	0

	AMR 12.2
	error free
	2.82
	2.82
	2.82
	0
	0

	Average
	 
	3.064
	3.62
	 
	 
	

	
	
	
	
	
	
	

	AMR 10.2
	 C/I=7dB 
	3.272
	3.62
	4.82
	0
	0

	AMR 10.2
	 C/I=10dB
	2.872
	3.22
	3.22
	0
	0

	AMR 10.2
	 C/I=13dB
	2.824
	2.82
	3.22
	0
	0

	Average
	 
	2.9893
	3.62
	 
	 
	

	
	
	
	
	
	
	

	AMR 7.95
	 C/I=7dB 
	3.2
	3.62
	3.62
	0
	0

	AMR 7.95
	 C/I=10dB
	3.016
	3.22
	3.22
	0
	0

	Average
	 
	3.108
	3.22
	 
	 
	

	
	
	
	
	
	
	

	AMR 7.40
	 C/I=7dB 
	3.188
	3.22
	4.82
	0
	0

	AMR 7.40
	 C/I=10dB
	3.044
	3.22
	3.22
	0
	0

	Average
	 
	3.116
	3.22
	 
	 
	

	
	
	
	
	
	
	

	AMR 6.70
	 C/I=7dB 
	3.46
	3.62
	3.62
	0
	0

	Average
	
	3.46
	3.62
	 
	 
	

	
	
	
	
	
	
	

	AMR 5.90
	 C/I=4dB 
	3.892
	4.02
	4.42
	0
	0

	AMR 5.90
	 C/I=7dB
	3.632
	3.62
	4.02
	0
	0

	Average
	 
	3.762
	4.02
	 
	 
	

	
	
	
	
	
	
	

	AMR 5.15
	 C/I=4dB 
	4.748
	6.02
	6.02
	0
	0

	AMR 5.15
	 C/I=7dB
	4.088
	4.42
	4.82
	0
	0

	Average
	 
	4.418
	5.62
	 
	 
	

	
	
	
	
	
	
	

	AMR 4.75
	 C/I=1dB 
	5.96
	6.82
	8.02
	0
	0

	AMR 4.75
	 C/I=4dB
	4.856
	6.02
	6.42
	0
	0

	AMR 4.75
	 C/I=7dB 
	4.572
	5.62
	5.62
	0
	0

	AMR 4.75
	 RSSI = 
-100 dBm
	4.58
	5.62
	6.02
	0
	0

	Average
	 
	4.992
	6.42
	 
	 
	

	
	
	
	
	
	
	

	overall
	 
	3.54
	5.62
	
	
	


Table B.5: IVS sided PUSH mode round trip time (IVS-PUSH-RTT) from IVS beginning to transmit SEND to successfully detecting/decoding HL-ACK
	IVS sided PUSH mode round trip time (IVS-PUSH-RTT) from IVS beginning to transmit SEND to successfully detecting/decoding HL-ACK

	
	
	RTT / s
	Failures

	Codec
	Channel
	Mean
	95%
	Max
	MSD
	HLACK 

	
	
	
	
	
	
	

	FR      
	 C/I=7dB 
	6.0642
	7.76
	9.38
	0
	0

	FR      
	 C/I=10dB
	5.3108
	5.78
	6.94
	0
	0

	FR      
	 C/I=13dB
	5.0736
	5.38
	5.76
	0
	0

	FR      
	 C/I=16dB
	5.0116
	5.36
	5.38
	0
	0

	FR      
	 error free 
	4.969
	4.98
	5.34
	0
	0

	FR      
	 RSSI = 
-100 dBm
	5.125
	5.38
	5.78
	0
	0

	Average
	 
	5.259
	6.16
	 
	 
	

	
	
	
	
	
	
	

	AMR 12.2
	 C/I=7dB 
	5.6644
	6.16
	6.58
	0
	0

	AMR 12.2
	 C/I=10dB
	5.1414
	5.4
	6.16
	0
	0

	AMR 12.2
	 C/I=13dB
	4.97
	5
	5
	0
	0

	AMR 12.2
	error free
	4.968
	4.98
	5
	0
	0

	Average
	 
	5.186
	5.78
	 
	 
	

	
	
	
	
	
	
	

	AMR 10.2
	 C/I=7dB 
	5.453
	5.78
	7.36
	0
	0

	AMR 10.2
	 C/I=10dB
	5.0124
	5.36
	5.38
	0
	0

	AMR 10.2
	 C/I=13dB
	4.9696
	4.98
	5
	0
	0

	Average
	 
	5.145
	5.76
	 
	 
	

	
	
	
	
	
	
	

	AMR 7.95
	 C/I=7dB 
	5.324
	5.4
	5.78
	0
	0

	AMR 7.95
	 C/I=10dB
	5.1576
	5.38
	5.4
	0
	0

	Average
	 
	5.2408
	5.4
	 
	 
	

	
	
	
	
	
	
	

	AMR 7.40
	 C/I=7dB 
	5.3414
	5.4
	5.78
	0
	0

	AMR 7.40
	 C/I=10dB
	5.1958
	5.38
	5.4
	0
	0

	Average
	 
	5.2686
	5.38
	 
	 
	

	
	
	
	
	
	
	

	AMR 6.70
	 C/I=7dB 
	5.6404
	5.8
	6.16
	0
	0

	Average
	
	5.6404
	5.8
	 
	 
	

	
	
	
	
	
	
	

	AMR 5.90
	 C/I=4dB 
	6.0724
	6.56
	7.78
	0
	0

	AMR 5.90
	 C/I=7dB
	5.7778
	5.8
	6.18
	0
	0

	Average
	 
	5.9251
	6.18
	 
	 
	

	
	
	
	
	
	
	

	AMR 5.15
	 C/I=4dB 
	6.8434
	7.78
	11.34
	0
	0

	AMR 5.15
	 C/I=7dB
	6.2332
	6.58
	6.98
	0
	0

	Average
	 
	6.5383
	7.76
	 
	 
	

	
	
	
	
	
	
	

	AMR 4.75
	 C/I=1dB 
	8.2288
	8.98
	10.18
	0
	0

	AMR 4.75
	 C/I=4dB
	7.0092
	7.78
	8.58
	0
	0

	AMR 4.75
	 C/I=7dB 
	6.7268
	7.78
	7.78
	0
	0

	AMR 4.75
	 RSSI = 
-100 dBm
	6.7324
	7.78
	8.18
	0
	0

	Average
	 
	7.1743
	8.58
	 
	 
	

	
	
	
	
	
	
	

	overall
	 
	5.69
	7.78
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