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Introduction
The delays of the CMW500 system simulator for circuit switched and packet switched access technologies have been published in TDocs S4-140856 and S4-140857 respectively. With the release of the new main firmware branch 3.5 of the CMW500 these delays are no longer valid. From now on the delays of the CMW500 will no longer be published in table format. Instead CMW500 provides an internal delay measurement that measures the amount of the delay contributed by the CMW500. The delay measurement only applies to connections made with an internal media endpoint (audio board or loopback). 
The delay measurement will measure the delay for each individual speech frame or packet. For circuit switched access (GSM, UMTS, CDMA) the measurement will just return an averaged value, because the transmission of speech frames is very deterministic and without jitter. In packet switched access (VoLTE) different call configurations may be used (e.g. FDD, TDD, SPS, TTI bundling etc.) and the delay may differ between these configurations. Additionally, due to the jitter buffer management in each direction the overall delay may change over time. Therefore the delay measurement is more complex for this case. For packet switched access, it will not only return an averaged value, but also values for max and min delay. It will also keep track of the time of arrival of packets in the UE sending direction, so that delay jumps or changes in the delay during the call can be identified and assigned to either the UE or the system simulator. 
The internal delay measurement of the CMW500 follows the current definition of the reference points as given in 3GPP TS 26.132 V12.6.0. 
Reference points:

-
The system simulator delay in the uplink (UE sending) direction is the delay between the last bit of a speech frame at the system simulator antenna and the first electrical event at the electrical access point of the test equipment.

-
The system simulator delay in the downlink (UE receive) direction is the delay between the first electrical event at the electrical access point of the test equipment and the first bit of the corresponding speech frame at the system simulator antenna.

-
The system simulator delay in echo mode is the delay between the last bit of a received speech frame at the system simulator antenna and the first bit of the looped back speech frame at the system simulator antenna.
The reference point definition is illustrated in figure 1 and 2 on the next two pages.
Minimum required SW Versions

Base V3.5.10
Audio V3.5.11
GSM V3.5.20

WCDMA V3.5.21
CDMA2000 V3.5.11

LTE V3.5.21
DAU V3.5.20
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Measurement Setup
The test setup is comprised of an R&S UPV and an R&S CMW500. The FW configuration of the CMW500 used during the creation of this document, was the following: BASE V3.5.10 and BASE V3.5.11, Audio X3.5.11.4, WCDMA X3.5.21.4, LTE X3.5.21.5 and DAU X3.5.20.3. The audio connection to the UE has been made electrically. For the delay measurements either the K91-Application (WCDMA) or 1GA62 (VoLTE) has been used. K91 used a CSS with 64k PN-sequence, 1GA62 was configured to use P.501 real speech. UPV configuration: UPV FW V3.3.4.822, UPV-K9/-K91 V3.0.3.56, UPV 1GA62 V1.3.0. Two different UEs have been used, one for WCDMA voice calls and a different one for VoLTE calls. 
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Figure 3 Measurement setup

Delay Measurement in CS Access Sending + Receiving

	
	CMU200
	CMW500
	 
	Deviation

	
	
	
	
	

	 
	 
	Sending Delay
	CMU200 UL Delay
	DUT Sending Delay
	Receiving Delay
	CMU200 DL Delay
	DUT Receiving Delay
	Sending Delay
	CMW500 UL Delay
	DUT Sending Delay
	Receiving Delay
	CMW500 DL Delay
	DUT Receiving Delay
	
	 
	DUT Sending Delay
	DUT Receiving Delay
	DUT Roundtrip Delay

	WCDMA MO
	UMTS AMR-NB 12.2
	162,6
	85
	77,6
	179,6
	125
	54,6
	199,2
	121
	78,2
	154,6
	94
	60,6
	
	CMU Avg.
	77,725
	54,45
	132,175

	
	
	162,8
	85
	77,8
	179,3
	125
	54,3
	199
	121
	78
	154,8
	94
	60,8
	
	CMW Avg.
	78,125
	60,6
	138,725

	
	
	162,7
	85
	77,7
	179,5
	125
	54,5
	199,1
	121
	78,1
	154,6
	94
	60,6
	
	 
	 
	 
	 

	
	
	162,8
	85
	77,8
	179,4
	125
	54,4
	199,2
	121
	78,2
	154,4
	94
	60,4
	
	Difference
	-0,4
	-6,15
	-6,55

	
	UMTS AMR-WB 12.65
	161
	85
	76
	197,9
	145
	52,9
	217,1
	141
	76,1
	153,4
	98
	55,4
	
	CMU Avg.
	76
	52,875
	128,875

	
	
	161
	85
	76
	197,9
	145
	52,9
	196,7
	121
	75,7
	153,8
	98
	55,8
	
	CMW Avg.
	75,975
	55,75
	131,725

	
	
	161
	85
	76
	197,8
	145
	52,8
	217,3
	141
	76,3
	154,2
	98
	56,2
	
	 
	 
	 
	 

	
	
	161
	85
	76
	197,9
	145
	52,9
	216,8
	141
	75,8
	153,6
	98
	55,6
	
	Difference
	0,025
	-2,875
	-2,85

	WCDMA MT
	UMTS AMR-NB 12.2
	162,6
	85
	77,6
	179,6
	125
	54,6
	199,3
	121
	78,3
	154,5
	94
	60,5
	
	CMU Avg.
	78,1
	54,1
	132,2

	
	
	163,4
	85
	78,4
	178,8
	125
	53,8
	199,4
	121
	78,4
	154,3
	94
	60,3
	
	CMW Avg.
	78,325
	60,45
	138,775

	
	
	163,2
	85
	78,2
	179
	125
	54
	199,5
	121
	78,5
	154,3
	94
	60,3
	
	 
	 
	 
	 

	
	
	163,2
	85
	78,2
	179
	125
	54
	199,1
	121
	78,1
	154,7
	94
	60,7
	
	Difference
	-0,225
	-6,35
	-6,575

	
	UMTS AMR-WB 12.65
	161,2
	85
	76,2
	198,7
	145
	53,7
	197,2
	121
	76,2
	154,3
	98
	56,3
	
	CMU Avg.
	76,15
	53,3
	129,45

	
	
	160,9
	85
	75,9
	198
	145
	53
	197,3
	121
	76,3
	154,2
	98
	56,2
	
	CMW Avg.
	76,15
	55,825
	131,975

	
	
	161
	85
	76
	198
	145
	53
	197
	121
	76
	153,4
	98
	55,4
	
	 
	 
	 
	 

	
	
	161,5
	85
	76,5
	198,5
	145
	53,5
	197,1
	121
	76,1
	153,4
	98
	55,4
	
	Difference
	0
	-2,525
	-2,525

	WCDMA MO
	UMTS AMR-WB 23.85
	160,9
	85
	75,9
	198
	145
	53
	197
	121
	76
	173,5
	117
	56,5
	
	CMU Avg.
	76,025
	53,125
	129,15

	
	
	160,9
	85
	75,9
	198
	145
	53
	196,8
	121
	75,8
	173,7
	117
	56,7
	
	CMW Avg.
	76,15
	56,85
	133

	
	
	160,9
	85
	75,9
	198
	145
	53
	217,4
	141
	76,4
	174,1
	117
	57,1
	
	 
	 
	 
	 

	
	
	161,4
	85
	76,4
	198,5
	145
	53,5
	217,4
	141
	76,4
	174,1
	117
	57,1
	
	Difference
	-0,125
	-3,725
	-3,85

	WCDMA MT
	UMTS AMR-WB 23.85
	161,3
	85
	76,3
	198,7
	145
	53,7
	196,8
	121
	75,8
	173,7
	117
	56,7
	
	CMU Avg.
	76,275
	53,45
	129,725

	
	
	161,5
	85
	76,5
	198,5
	145
	53,5
	196,8
	121
	75,8
	173,7
	117
	56,7
	
	CMW Avg.
	75,9
	56,575
	132,475

	
	
	161,3
	85
	76,3
	198,7
	145
	53,7
	197
	121
	76
	173,5
	117
	56,5
	
	 
	 
	 
	 

	
	
	161
	85
	76
	197,9
	145
	52,9
	197
	121
	76
	173,4
	117
	56,4
	
	Difference
	0,375
	-3,125
	-2,75


Table 1 Exemplary results of CMW500 internal audio delay measurement in comparison with CMU200 

Four measurements were conducted for each configuration. The delay has been measured using the K91 application of the UPV. For each measurement a new call has been established. The CMU200 results reflect the issue with AMR-WB that has been widely discussed also in SQ. The internal delay of the CMU200 seems to be one speech frame larger (20 ms) than actually stated in the delay document S4-130241, where 125 ms are given. These events are marked in table 1 in dark yellow. In these cases the system simulator delay value was manually adapted to 145 ms to get consistent UE delays.
On CMW500, there are still a few cases, especially with WB-AMR MO Call, where the sending delay may be different by one speech frame (20 ms) on consecutive call attempts (marked in light yellow). In previous SW releases of CMW500 and on CMU200, this would have been undetected and not properly reflected by just giving a single delay value in a table. Now it is properly recognized and captured by the internal delay measurement, thus the derived UE delay will stay consistent. Figure 4 illustrates such a case and shows how the results highlighted with the red box in table 1 are caught by the CMW500 delay measurement.
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Figure 4 Screenshots of CMW500 internal audio delay measurement
Delay Measurement in CS Access “Echo” method
	
	
	CMU200
	CMW500

	
	
	
	

	
	
	Echo Delay
	CMU200 Delay
	DUT Roundtrip Delay
	Echo Delay
	CMW500 Delay
	DUT Roundtrip Delay

	WCDMA
	UMTS AMR-NB 12.2
	713
	580
	133
	1193,1
	1050
	143,1

	
	
	713
	580
	133
	1193,1
	1050
	143,1

	
	
	713
	580
	133
	1193,1
	1050
	143,1

	
	
	713
	580
	133
	1193,2
	1050
	143,2

	
	UMTS AMR-WB 12.65
	709,7
	580
	129,7
	1188,7
	1050
	138,7

	
	
	708,7
	580
	128,7
	1188,7
	1050
	138,7

	
	
	709,7
	580
	129,7
	1189,7
	1050
	139,7

	
	
	709,7
	580
	129,7
	1189,7
	1050
	139,7

	
	UMTS AMR-WB 23.85
	709,7
	580
	129,7
	1189,7
	1050
	139,7

	
	
	708,7
	580
	128,7
	1189,7
	1050
	139,7

	
	
	708,7
	580
	128,7
	1188,7
	1050
	138,7

	
	
	709,7
	580
	129,7
	1188,7
	1050
	138,7


Table 2 Exemplary results of CMW500 internal audio delay measurement in “Loopback mode” in comparison with CMU200

The UE delay results retrieved with CMU200 and CMW500 are very close to each other. Actually, the sending and receiving delays of the UE can no longer be compared directly for the two instruments due to the different delay reference points. The delay table in S4-130241 for the CMU200 has been made with the assumption, that half of the air interface transmission time is addressed to the UE and the other half to the system simulator for each direction. Also the definition of a first or last acoustical event might not be properly reflected in the definition of the CMU200 delay values. The internal delay measurement within the CMW500 follows exactly the redefinition of the UE Delay Definition as given in Rel.12 of 3GPP TS 26.131 section 5.12.0.

Theoretically, with the exclusion of the air interface from the system simulator delay, the UE Sending and Receiving delay should be 10ms larger with the CMW500 compared to CMU200, the UE sending delay may be even larger by another 20ms due to the change of the definition from the last to the first electrical event at the electrical access point of the test equipment. Thus, applying this new definition of the reference points, the resulting UE roundtrip delay may be 20 to 40ms larger using the “Send + Receive Method” and 20ms larger using the “Echo Method” on CMW500 compared to CMU200.

However, for both methods, “Echo method” and “Send + Receive Method”, the numbers of CMU200 and CMW500 match well. The uncertainty of the CMU200 delay, which is around +/-10ms for each direction, seems to compensate to some extent the actual re-definition of the reference points.
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Figure 5 Screenshot of CMW500 internal audio delay measurement (alternative view in Audio Measurement MMI)

Delay Measurement in PS Access Sending + Receiving

Delay changes in sending direction are most likely caused by adaptions of the JBM inside the CMW500. Although the jitter buffer has a fixed size and will not do dynamic adaption, the fill level of the jitter buffer and thus the delay may change for some reasons: UE omits SID or speech frames, while the jitter buffer is at an upper or lower limit, UE changes its send timing (time of arrival) excessively, jitter buffer over-/underrun due to clock drift. To recognize such events, the delay measurement for VoLTE has additional return values, e.g. min/max delay, time-of-arrival. The time of arrival measurement tracks the difference between the RTP timestamp of the received packet and the calculated expected arrival time of this packet. It can also assist in finding UE issues without poring over PCAP-log files.
Again, four measurement have been conducted for each configuration, for each measurement a new call has been established. The delay measurement function of UPV 1GA62 application has been configured to perform 4 consecutive delay measurements during each call and returned the minimum, maximum and average delay value out of these four measurements.

Error free conditions
	
	 
	Sending Delay
	Receiving Delay
	
	UE Delay

	
	
	
	
	
	

	
	
	Sending Delay
	CMW500 Avg. Delay
	CMW500 Min. Delay
	CMW500 Max. Delay
	DUT Sending Delay
	Receiving Delay
	CMW500 Avg. Delay
	CMW500 Min. Delay
	CMW500 Max. Delay
	DUT Receiving Delay
	
	 
	DUT Sending Delay
	DUT Receiving Delay
	DUT Roundtrip Delay

	MT Call
	AMR-NB 12.2
	409
	367
	N/A
	368
	42
	99,3
	39
	38
	40
	60,3
	
	 
	 
	 
	 

	
	
	408,8
	367
	N/A
	368
	41,8
	99,6
	38
	38
	40
	61,6
	
	 
	 
	 
	 

	
	
	480,2
	438
	N/A
	439
	42,2
	108,2
	39
	38
	40
	69,2
	
	 
	 
	 
	 

	
	
	408,2
	366
	N/A
	368
	42,2
	100,3
	39
	38
	40
	61,3
	
	CMW Avg.
	42,05
	63,1
	105,15

	
	AMR-WB 23.85
	411,7
	366
	N/A
	370
	45,7
	127,2
	48
	47
	50
	79,2
	
	 
	 
	 
	 

	
	
	492
	448
	N/A
	450
	44
	125,8
	50
	48
	52
	75,8
	
	 
	 
	 
	 

	
	
	410,7
	367
	N/A
	369
	43,7
	127,1
	50
	48
	51
	77,1
	
	 
	 
	 
	 

	
	
	410,3
	367
	N/A
	369
	43,3
	127,5
	48
	47
	50
	79,5
	
	CMW Avg.
	44,18
	77,9
	122,075

	
	AMR-WB 12.65
	470,8
	426
	N/A
	429
	44,8
	127
	50
	47
	51
	77
	
	 
	 
	 
	 

	
	
	411,3
	368
	N/A
	370
	43,3
	127,5
	50
	47
	51
	77,5
	
	 
	 
	 
	 

	
	
	464,7
	419
	N/A
	421
	45,7
	114,2
	50
	49
	51
	64,2
	
	 
	 
	 
	 

	
	
	410,8
	368
	N/A
	370
	42,8
	127
	50
	47
	51
	77
	
	CMW Avg.
	44,15
	73,925
	118,075

	
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	 

	
	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	 

	
	 
	Sending Delay
	Receiving Delay
	
	UE Delay

	
	
	
	
	
	

	
	
	Sending Delay
	CMW500 Avg. Delay
	CMW500 Min. Delay
	CMW500 Max. Delay
	DUT Sending Delay
	Receiving Delay
	CMW500 Avg. Delay
	CMW500 Min. Delay
	CMW500 Max. Delay
	DUT Receiving Delay
	
	 
	DUT Sending Delay
	DUT Receiving Delay
	DUT Roundtrip Delay

	MO Call
	AMR-WB 23.85
	341,5
	297
	N/A
	299
	44,5
	116,2
	50
	49
	51
	66,2
	
	 
	 
	 
	 

	
	
	355,3
	310
	N/A
	312
	45,3
	123,3
	50
	49
	52
	73,3
	
	 
	 
	 
	 

	
	
	356,8
	312
	N/A
	313
	44,8
	121
	50
	49
	51
	71
	
	 
	 
	 
	 

	
	
	339,5
	295
	N/A
	296
	44,5
	118,3
	50
	49
	51
	68,3
	
	CMW Avg.
	44,78
	69,7
	114,475


Table 3 Exemplary results of CMW500 internal audio delay measurement with error free conditions
CMW500 downlink delay is around 40ms for AMR-NB and 50ms for AMR-WB.

The uplink delay is mostly influenced by JBM of the CMW500. The fill level may be different from call to call, the resulting UE sending delay stays consistent. 

The CMW500 minimum uplink delay is not displayed properly in this SW version of the CMW500, therefore this value is noted as not available.
Figure 6 below shows a screenshot of the delay measurement during the conduction of the measurement highlighted with the red box in table 3.
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Figure 6 Screenshot of CMW500 internal audio delay measurement

IP Delay of 100ms
	
	 
	Sending Delay
	Receiving Delay
	
	UE Delay

	
	
	
	
	
	

	
	
	Sending Delay
	CMW500 Avg. Delay
	CMW500 Min. Delay
	CMW500 Max. Delay
	DUT Sending Delay
	Receiving Delay
	CMW500 Avg. Delay 
	CMW500 Min. Delay
	CMW500 Max. Delay
	DUT Receiving Delay
	
	 
	DUT Sending Delay
	DUT Receiving Delay
	DUT Roundtrip Delay

	MT Call
	AMR-NB 12.2
	409,6
	368
	N/A
	369
	41,6
	198,8
	139
	138
	140
	59,8
	
	 
	 
	 
	 

	
	
	532,7
	491
	N/A
	494
	41,7
	195,7
	139
	137
	141
	56,7
	
	 
	 
	 
	 

	
	
	511,7
	470
	N/A
	471
	41,7
	196,8
	139
	138
	141
	57,8
	
	 
	 
	 
	 

	
	
	408,2
	367
	N/A
	368
	41,2
	200,2
	139
	138
	140
	61,2
	
	CMW Avg.
	41,55
	58,875
	100,425

	
	AMR-WB 23.85
	491,8
	447
	N/A
	450
	44,8
	225,8
	150
	148
	152
	75,8
	
	 
	 
	 
	 

	
	
	410,6
	367
	N/A
	369
	43,6
	227,2
	149
	148
	151
	78,2
	
	 
	 
	 
	 

	
	
	440
	395
	N/A
	396
	45
	217,8
	150
	149
	151
	67,8
	
	 
	 
	 
	 

	
	
	410,7
	367
	N/A
	369
	43,7
	227,1
	148
	147
	150
	79,1
	
	CMW Avg.
	44,28
	75,225
	119,5

	
	AMR-WB 12.65
	559,8
	516
	N/A
	517
	43,8
	219
	150
	149
	151
	69
	
	 
	 
	 
	 

	
	
	527,5
	484
	N/A
	487
	43,5
	211,3
	149
	147
	151
	62,3
	
	 
	 
	 
	 

	
	
	411,4
	368
	N/A
	369
	43,4
	227,5
	149
	147
	151
	78,5
	
	 
	 
	 
	 

	
	
	410,7
	368
	N/A
	369
	42,7
	227,2
	150
	148
	152
	77,2
	
	CMW Avg.
	43,35
	71,75
	115,1

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	 
	Sending Delay
	Receiving Delay
	
	UE Delay

	
	
	
	
	
	

	
	
	Sending Delay
	CMW500 Avg. Delay
	CMW500 Min. Delay
	CMW500 Max. Delay
	DUT Sending Delay
	Receiving Delay
	CMW500 Avg. Delay
	CMW500 Min. Delay
	CMW500 Max. Delay
	DUT Receiving Delay
	
	 
	DUT Sending Delay
	DUT Receiving Delay
	DUT Roundtrip Delay

	MO Call
	AMR-WB 23.85
	411
	367
	N/A
	370
	44
	226,7
	149
	147
	151
	77,7
	
	 
	 
	 
	 

	
	
	420,5
	376
	N/A
	378
	44,5
	217,3
	151
	149
	152
	66,3
	
	 
	 
	 
	 

	
	
	357,8
	313
	N/A
	315
	44,8
	220
	150
	149
	151
	70
	
	 
	 
	 
	 

	
	
	411
	367
	N/A
	370
	44
	226,8
	149
	148
	152
	77,8
	
	CMW Avg.
	44,33
	72,95
	117,275


Table 4 Exemplary results of CMW500 internal audio delay measurement with added delay of 100ms

The results show, that simple IP Delay inserted by CMW500 impairment function just increases the speech immanent delay of the CMW500 by the configured amount. As expected, the resulting UE roundtrip delay is the same as measured in error free conditions.
Statistical IP impairments
	
	 
	Sending Delay
	Receiving Delay
	
	UE Delay

	
	
	
	
	
	

	
	
	Sending Delay
	CMW500 Avg. Delay
	CMW500 Min. Delay
	CMW500 Max. Delay
	DUT Sending Delay
	Receiving Delay Avg
	Receiving Delay Min
	Receiving Delay Max
	CMW500 Avg. Delay
	CMW500 Min. Delay
	CMW500 Max. Delay
	DUT Receiving Delay
	
	 
	DUT Sending Delay
	DUT Receiving Delay
	DUT Roundtrip Delay

	MT Call
	AMR-NB 12.2
	440,8
	399
	N/A
	400
	41,8
	292,6
	287,5
	307,5
	141
	83
	202
	151,6
	
	 
	 
	 
	 

	
	
	409,2
	367
	N/A
	369
	42,2
	304,2
	299,2
	319,2
	139
	76
	203
	165,2
	
	 
	 
	 
	 

	
	
	519
	477
	N/A
	479
	42
	304,4
	289,3
	309,5
	139
	74
	206
	165,4
	
	 
	 
	 
	 

	
	
	409,5
	367
	N/A
	369
	42,5
	309
	299
	319
	141
	81
	206
	168
	
	CMW Avg.
	42,13
	162,55
	204,675

	
	AMR-WB 23.85
	411,7
	367
	N/A
	370
	44,7
	320,8
	306,2
	324,8
	153
	74
	215
	167,8
	
	 
	 
	 
	 

	
	
	411,2
	367
	N/A
	369
	44,2
	307,5
	307,5
	307,7
	151
	90
	202
	156,5
	
	 
	 
	 
	 

	
	
	411,2
	367
	N/A
	369
	44,2
	302,6
	287,5
	307,7
	150
	71
	219
	152,6
	
	 
	 
	 
	 

	
	
	412
	367
	N/A
	370
	45
	296,7
	286,7
	307,7
	150
	88
	216
	146,7
	
	CMW Avg.
	44,53
	155,9
	200,425

	
	AMR-WB 12.65
	410
	368
	N/A
	370
	42
	317,8
	307,8
	327,8
	152
	89
	221
	165,8
	
	 
	 
	 
	 

	
	
	410,5
	368
	N/A
	370
	42,5
	317,3
	307,3
	327,3
	152
	92
	217
	165,3
	
	 
	 
	 
	 

	
	
	411,7
	368
	N/A
	369
	43,7
	302,2
	287,2
	307,2
	152
	86
	210
	150,2
	
	 
	 
	 
	 

	
	
	410,4
	368
	N/A
	369
	42,4
	317,3
	307,3
	347,3
	153
	89
	221
	164,3
	
	CMW Avg.
	42,65
	161,4
	204,05

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	 
	Sending Delay
	Receiving Delay
	
	UE Delay

	
	
	
	
	
	

	
	
	Sending Delay
	CMW500 Avg. Delay
	CMW500 Min. Delay
	CMW500 Max. Delay
	DUT Sending Delay
	Receiving Delay Avg
	Receiving Delay Min
	Receiving Delay Max
	CMW500 Avg. Delay
	CMW500 Min. Delay
	CMW500 Max. Delay
	DUT Receiving Delay
	
	 
	DUT Sending Delay
	DUT Receiving Delay
	DUT Roundtrip Delay

	MO Call
	AMR-WB 23.85
	341,7
	297
	N/A
	299
	44,7
	312,2
	297,2
	317,2
	152
	95
	213
	160,2
	
	 
	 
	 
	 

	
	
	349,8
	306
	N/A
	308
	43,8
	302,9
	287,8
	308
	151
	89
	197
	151,9
	
	 
	 
	 
	 

	
	
	348,7
	304
	N/A
	307
	44,7
	320,1
	310
	320,2
	153
	80
	221
	167,1
	
	 
	 
	 
	 

	
	
	356,8
	312
	N/A
	313
	44,8
	321
	301
	341
	152
	93
	211
	169
	
	CMW Avg.
	44,5
	162,05
	206,55


Table 5 Exemplary results of CMW500 internal audio delay measurement with added delay of 100ms and jitter of 20ms with normal distribution
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Figure 7 Screenshot of CMW500 internal audio delay measurement with added delay and jitter

	
	 
	Sending Delay
	Receiving Delay
	
	UE Delay

	
	
	
	
	
	

	
	
	Sending Delay
	CMW500 Avg. Delay
	CMW500 Min. Delay
	CMW500 Max. Delay
	DUT Sending Delay
	Receiving Delay Avg
	Receiving Delay Min
	Receiving Delay Max
	CMW500 Avg. Delay
	CMW500 Min. Delay
	CMW500 Max. Delay
	DUT Receiving Delay
	
	 
	DUT Sending Delay
	DUT Receiving Delay
	DUT Roundtrip Delay

	MT Call
	AMR-NB 12.2*
	413,7
	371
	N/A
	373
	42,7
	311,8
	274,7
	343,7
	140
	119
	159
	171,8
	
	 
	 
	 
	 

	
	
	409,8
	368
	N/A
	368
	41,8
	298,5
	298,5
	298,7
	141
	119
	159
	157,5
	
	 
	 
	 
	 

	
	
	408,8
	367
	N/A
	368
	41,8
	279,5
	279,5
	279,5
	141
	119
	160
	138,5
	
	 
	 
	 
	 

	
	
	409
	367
	N/A
	368
	42
	239,3
	239,3
	239,3
	140
	118
	159
	99,3
	
	CMW Avg.
	42,08
	141,775
	183,85

	
	AMR-WB 23.85
	410,3
	367
	N/A
	369
	43,3
	317,5
	307,5
	327,5
	151
	128
	170
	166,5
	
	 
	 
	 
	 

	
	
	411,3
	367
	N/A
	370
	44,3
	321,3
	306,5
	326,5
	150
	128
	170
	171,3
	
	 
	 
	 
	 

	
	
	411,7
	367
	N/A
	370
	44,7
	317,1
	307
	327,2
	151
	129
	170
	166,1
	
	 
	 
	 
	 

	
	
	410,8
	367
	N/A
	369
	43,8
	327
	327
	327
	150
	128
	169
	177
	
	CMW Avg.
	44,03
	170,225
	214,25

	
	AMR-WB 12.65
	548,2
	504
	N/A
	507
	44,2
	319,7
	309,7
	329,7
	151
	130
	170
	168,7
	
	 
	 
	 
	 

	
	
	411,5
	367
	N/A
	369
	44,5
	324,5
	307,3
	356,2
	151
	129
	170
	173,5
	
	 
	 
	 
	 

	
	
	410,5
	367
	N/A
	369
	43,5
	324,5
	307,3
	367,2
	152
	129
	190
	172,5
	
	 
	 
	 
	 

	
	
	411
	369
	N/A
	371
	42
	336,3
	326,7
	355,5
	150
	129
	170
	186,3
	
	CMW Avg.
	43,55
	175,25
	218,8


Table 6 Exemplary results of CMW500 internal audio delay measurement with added delay of 100ms and jitter of 20ms with uniform distribution

With delay and jitter inserted by the impairment function of the CMW500 the UE may do frequent adjustments within the JBM. Thus, the overall audio receiving delay may change during the call. Due to the inserted jitter each speech frame has its individual delay before played out at the RF antenna. It is not clear which one of the CMW500 delays min, max or average should be considered as the system simulator delay in this case. However, the average delay is the same as measured with adding plain delay without jitter.
With SPS (20ms, 40ms)
	
	 
	Sending Delay
	Receiving Delay
	
	UE Delay

	
	
	
	
	
	

	
	
	Sending Delay
	CMW500 Avg. Delay
	CMW500 Min. Delay
	CMW500 Max. Delay
	DUT Sending Delay
	Receiving Delay Avg
	Receiving Delay Min
	Receiving Delay Max
	CMW500 Avg. Delay
	CMW500 Min. Delay
	CMW500 Max. Delay
	DUT Receiving Delay (Max)
	DUT Receiving Delay (Avg)
	
	 
	DUT Sending Delay
	DUT Receiving Delay
	DUT Roundtrip Delay

	MT Call
	AMR-NB 12.2
	412,3
	366
	N/A
	367
	46,3
	116
	116
	116
	45
	44
	50
	66
	71
	
	 
	 
	 
	 

	
	
	457,7
	414
	N/A
	418
	43,7
	110,7
	110,7
	110,7
	54
	45
	55
	55,7
	56,7
	
	 
	 
	 
	 

	
	
	416,8
	366
	N/A
	366
	50,8
	111,7
	111,7
	111,7
	45
	44
	46
	65,7
	66,7
	
	 
	 
	 
	 

	
	
	463,7
	406
	N/A
	406
	57,7
	104,8
	104,7
	104,8
	45
	44
	46
	58,8
	59,8
	
	CMW Avg.
	49,63
	63,55
	113,175

	
	AMR-WB 23.85
	414,8
	366
	N/A
	368
	48,8
	144
	144
	144
	68
	64
	69
	75
	76
	
	 
	 
	 
	 

	
	
	461,8
	406
	N/A
	408
	55,8
	136,8
	136,8
	136,8
	67
	64
	69
	67,8
	69,8
	
	 
	 
	 
	 

	
	
	425,7
	366
	N/A
	368
	59,7
	132
	132
	132
	67
	64
	69
	63
	65
	
	 
	 
	 
	 

	
	
	561,8
	504
	N/A
	506
	57,8
	142
	142
	142
	51
	49
	69
	73
	91
	
	CMW Avg.
	55,53
	75,45
	130,975

	
	AMR-WB 12.65
	421,5
	366
	N/A
	366
	55,5
	137,3
	137,3
	137,3
	62
	49
	69
	68,3
	75,3
	
	 
	 
	 
	 

	
	
	429
	381
	N/A
	388
	48
	129,8
	129,8
	129,8
	63
	49
	69
	60,8
	66,8
	
	 
	 
	 
	 

	
	
	417,2
	366
	N/A
	368
	51,2
	140,6
	140,5
	140,7
	62
	49
	69
	71,7
	78,6
	
	 
	 
	 
	 

	
	
	423,3
	366
	N/A
	368
	57,3
	134,5
	134,5
	134,5
	61
	48
	69
	65,5
	73,5
	
	CMW Avg.
	53
	73,55
	126,55


Table 7 Exemplary results of CMW500 internal audio delay measurement with SPS 20ms

	
	 
	Sending Delay
	Receiving Delay
	
	UE Delay

	
	
	
	
	
	

	
	
	Sending Delay
	CMW500 Avg. Delay
	CMW500 Min. Delay
	CMW500 Max. Delay
	DUT Sending Delay
	Receiving Delay Avg
	Receiving Delay Min
	Receiving Delay Max
	CMW500 Avg. Delay
	CMW500 Min. Delay
	CMW500 Max. Delay
	DUT Receiving Delay (Max)
	DUT Receiving Delay (Avg)
	
	 
	DUT Sending Delay
	DUT Receiving Delay
	DUT Roundtrip Delay

	MT Call
	AMR-NB 12.2
	571
	509
	N/A
	519
	62
	137,5
	137,5
	137,5
	62
	52
	73
	64,5
	75,5
	
	 
	 
	 
	 

	
	
	443,7
	375
	N/A
	387
	68,7
	144,8
	144,7
	144,8
	55
	44
	66
	78,8
	89,8
	
	 
	 
	 
	 

	
	
	445,3
	375
	N/A
	387
	70,3
	143,2
	143,2
	143,2
	55
	44
	66
	77,2
	88,2
	
	 
	 
	 
	 

	
	
	444,2
	376
	N/A
	387
	68,2
	144,2
	144,2
	144,2
	55
	44
	66
	78,2
	89,2
	
	CMW Avg.
	67,3
	85,675
	152,975

	
	AMR-WB 23.85
	438
	376
	N/A
	388
	62
	159,8
	159,8
	159,8
	77
	64
	89
	70,8
	82,8
	
	 
	 
	 
	 

	
	
	621,3
	567
	N/A
	576
	54,3
	156,5
	156,5
	156,5
	68
	57
	79
	77,5
	88,5
	
	 
	 
	 
	 

	
	
	548
	478
	N/A
	489
	70
	169,8
	169,8
	169,8
	76
	64
	88
	81,8
	93,8
	
	 
	 
	 
	 

	
	
	488,2
	431
	N/A
	446
	57,2
	150,7
	150,7
	150,7
	61
	47
	74
	76,7
	89,7
	
	CMW Avg.
	60,875
	88,7
	149,575

	
	AMR-WB 12.65
	448,2
	390
	N/A
	400
	58,2
	149,5
	149,5
	149,5
	65
	54
	76
	73,5
	84,5
	
	 
	 
	 
	 

	
	
	421
	357
	N/A
	368
	64
	157,8
	157,8
	157,8
	68
	49
	88
	69,8
	89,8
	
	 
	 
	 
	 

	
	
	424,8
	354
	N/A
	368
	70,8
	152,8
	152,8
	152,8
	71
	49
	90
	62,8
	81,8
	
	 
	 
	 
	 

	
	
	428,7
	373
	N/A
	388
	55,7
	170,2
	170,2
	170,2
	73
	49
	90
	80,2
	97,2
	
	CMW Avg.
	62,175
	88,325
	150,5


Table 8 Exemplary results of CMW500 internal audio delay measurement with SPS 40ms

Due to packing of two or more speech frame into one radio block, the delay of the CMW500 will not be constant, a speech packet may have a 20ms offset depending on if it could be scheduled for the current radio block or had to be postponed to the next opportunity. This applies to the CMW500 as well as to the UE. This is evident for SPS with 40ms scheduling, in this case it probably makes more sense to deduct the maximum delay value rather than the average delay value.
With TTI bundling Uplink
	
	 
	Sending Delay
	Receiving Delay
	
	UE Delay

	
	
	
	
	
	

	
	
	Sending Delay
	CMW500 Avg. Delay
	CMW500 Min. Delay
	CMW500 Max. Delay
	DUT Sending Delay
	Receiving Delay Avg
	Receiving Delay Min
	Receiving Delay Max
	CMW500 Avg. Delay
	CMW500 Min. Delay
	CMW500 Max. Delay
	DUT Receiving Delay (Max)
	DUT Receiving Delay (Avg)
	
	 
	DUT Sending Delay
	DUT Receiving Delay
	DUT Roundtrip Delay

	MT Call
	AMR-NB 12.2
	223
	167
	N/A
	171
	56
	105,4
	105,3
	105,5
	39
	38
	40
	65,5
	66,4
	
	 
	 
	 
	 

	
	
	419,1
	366
	N/A
	370
	53,1
	109,3
	109,3
	109,3
	39
	38
	40
	69,3
	70,3
	
	 
	 
	 
	 

	
	
	589,3
	534
	N/A
	543
	55,3
	99,1
	99
	99,2
	39
	36
	40
	59,2
	60,1
	
	 
	 
	 
	 

	
	
	486,2
	430
	N/A
	435
	56,2
	102,2
	102,2
	102,3
	39
	36
	40
	62,3
	63,2
	
	CMW Avg.
	55,15
	65
	120,15

	
	AMR-WB 23.85
	431,7
	368
	N/A
	379
	63,7
	126,2
	126,2
	126,2
	50
	47
	51
	75,2
	76,2
	
	 
	 
	 
	 

	
	
	427,2
	366
	N/A
	376
	61,2
	131,6
	131,5
	131,7
	50
	48
	51
	80,7
	81,6
	
	 
	 
	 
	 

	
	
	562,8
	502
	N/A
	511
	60,8
	114,8
	114,8
	114,8
	49
	46
	51
	63,8
	65,8
	
	 
	 
	 
	 

	
	
	454,5
	396
	N/A
	404
	58,5
	123,2
	123,2
	123,2
	50
	48
	51
	72,2
	73,2
	
	CMW Avg.
	61,05
	74,2
	135,25

	
	AMR-WB 12.65
	422,9
	365
	N/A
	371
	57,9
	114,9
	114,8
	115
	50
	47
	51
	64
	64,9
	
	 
	 
	 
	 

	
	
	422,7
	366
	N/A
	370
	56,7
	115,2
	115,2
	115,2
	50
	47
	51
	64,2
	65,2
	
	 
	 
	 
	 

	
	
	423,2
	365
	N/A
	370
	58,2
	114,7
	114,7
	114,7
	50
	47
	51
	63,7
	64,7
	
	 
	 
	 
	 

	
	
	577,7
	518
	N/A
	524
	59,7
	120,1
	120
	120,2
	50
	47
	51
	69,2
	70,1
	
	CMW Avg.
	58,125
	66,225
	124,35


Table 9 Exemplary results of CMW500 internal audio delay measurement with TTI Bundling in the uplink

The results indicate, that TTI bundling configuration for the uplink, as it is implement in the CMW500 has similar influence as SPS. It seems, that the UE was not able to always prepare exactly one speech frame for one send opportunity, instead sometimes two speech frames were packed into one radio block resulting in a non-constant CMW500 uplink delay.
Delay Measurement in PS Access “Echo” method
In loopback mode the CMW500 does not include a jitter buffer. Incoming RTP packets are returned immediately. Received RTP packets are not transcoded, only RTP header is replaced to comply with the downlink stream and IP delay and impairments are applied depending on the configuration.
Error free conditions
	
	
	Echo Delay

	
	
	

	
	
	Loop Delay
	CMW500 Avg. Delay
	CMW500 Min. Delay
	CMW500 Max. Delay
	DUT Roundtrip Delay

	Loop- back
	AMR-NB 12.2
	127,4
	7
	N/A
	8
	120,4

	
	
	127,3
	7
	N/A
	7
	120,3

	
	
	128,3
	7
	N/A
	7
	121,3

	
	
	127,4
	7
	N/A
	7
	120,4

	
	AMR-WB 23.85
	115,8
	7
	N/A
	7
	108,8

	
	
	136,8
	7
	N/A
	7
	129,8

	
	
	136,8
	7
	N/A
	7
	129,8

	
	
	136,8
	7
	N/A
	7
	129,8

	
	AMR-WB 12.65
	135,9
	7
	N/A
	7
	128,9

	
	
	135,8
	7
	N/A
	7
	128,8

	
	
	136,8
	7
	N/A
	7
	129,8

	
	
	135,8
	7
	N/A
	7
	128,8


Table 10 Exemplary results of CMW500 internal audio delay measurement with error free conditions in Loopback mode

CMW500 Loopback delay is around 7ms.
IP Delay
	
	
	Echo Delay

	
	
	

	
	
	Loop Delay Avg.
	Loop Delay Min.
	Loop Delay Max.
	CMW500 Avg. Delay
	CMW500 Min. Delay
	CMW500 Max. Delay
	DUT Roundtrip Delay (Avg)
	DUT Roundtrip Delay (Max)

	Loop- back
	AMR-NB 12.2
	224,3
	207,3
	255,7
	106
	N/A
	109
	118,3
	146,7

	
	
	227,3
	227,3
	227,3
	107
	N/A
	107
	120,3
	120,3

	
	
	227,4
	227,3
	227,5
	107
	N/A
	107
	120,4
	120,5

	
	
	227,3
	227,3
	227,3
	107
	N/A
	107
	120,3
	120,3

	
	AMR-WB 23.85
	235,9
	235,8
	236
	107
	N/A
	108
	128,9
	128

	
	
	220,8
	215,8
	235,8
	108
	N/A
	108
	112,8
	127,8

	
	
	235,8
	235,8
	235,8
	107
	N/A
	108
	128,8
	127,8

	
	
	235,9
	235,8
	236
	107
	N/A
	107
	128,9
	129

	
	AMR-WB 12.65
	236,9
	236,8
	237
	107
	N/A
	107
	129,9
	130

	
	
	235,9
	235,8
	236
	107
	N/A
	107
	128,9
	129

	
	
	235,9
	235,8
	236
	107
	N/A
	107
	128,9
	129

	
	
	236,9
	236,8
	237
	107
	N/A
	107
	129,9
	130


Table 11 Exemplary results of CMW500 internal audio delay measurement with added delay of 100ms in Loopback mode
The results show, that simple IP Delay inserted by CMW500 impairment function just increases the speech immanent delay of the CMW500 by the configured amount (e.g. with 100ms delay added by the impairment function the resulting CMW500 delay is 107ms). The resulting UE roundtrip delay is the same as measured in error free conditions. However, a few times the measured loop delay was not constant, so there seemed to be an adjustment of the UE jitter buffer during the call.

 Statistical IP impairments
	
	
	Echo Delay

	
	
	

	
	
	Loop Delay Avg.
	Loop Delay Min.
	Loop Delay Max.
	CMW500 Avg. Delay
	CMW500 Min. Delay
	CMW500 Max. Delay
	DUT Roundtrip Delay

	Loop- back
	AMR-NB 12.2
	247,4
	227,3
	267,3
	108
	N/A
	168
	139,4

	
	
	247
	227,3
	266
	108
	N/A
	173
	139

	
	
	257,2
	246,3
	267,5
	106
	N/A
	171
	151,2

	
	
	247,4
	247,3
	247,5
	106
	N/A
	169
	141,4

	
	AMR-WB 23.85
	265,8
	255,8
	275,8
	107
	N/A
	171
	158,8

	
	
	250,8
	235,8
	255,8
	106
	N/A
	171
	144,8

	
	
	250,8
	235,8
	255,8
	107
	N/A
	168
	143,8

	
	
	260,8
	255,8
	275,8
	107
	N/A
	164
	153,8

	
	AMR-WB 12.65
	245,8
	235,8
	255,8
	108
	N/A
	160
	137,8

	
	
	255,8
	255,8
	255,8
	107
	N/A
	178
	148,8

	
	
	243,6
	237
	256,8
	108
	N/A
	178
	135,6

	
	
	270,7
	255,5
	295,3
	108
	N/A
	167
	162,7


Table 12 Exemplary results of CMW500 internal audio delay measurement with added delay of 100ms and jitter of 20ms with normal distribution in Loopback mode

	
	
	Echo Delay

	
	
	

	
	
	Loop Delay Avg.
	Loop Delay Min.
	Loop Delay Max.
	CMW500 Avg. Delay
	CMW500 Min. Delay
	CMW500 Max. Delay
	DUT Roundtrip Delay

	Loop- back
	AMR-NB 12.2
	232,3
	227,3
	247,3
	107
	N/A
	127
	125,3

	
	
	232,4
	227,3
	247,3
	107
	N/A
	127
	125,4

	
	
	227,3
	227,3
	227,3
	107
	N/A
	127
	120,3

	
	
	227,4
	227,3
	227,5
	107
	N/A
	127
	120,4

	
	AMR-WB 23.85
	241,8
	236,8
	256,8
	107
	N/A
	127
	134,8

	
	
	241,8
	236,8
	256,8
	108
	N/A
	127
	133,8

	
	
	236,8
	236,8
	236,8
	107
	N/A
	127
	129,8

	
	
	235,8
	235,8
	235,8
	107
	N/A
	127
	128,8

	
	AMR-WB 12.65
	236,9
	236,8
	237
	108
	N/A
	128
	128,9

	
	
	235,8
	235,8
	235,8
	107
	N/A
	127
	128,8

	
	
	235,8
	235,8
	235,8
	108
	N/A
	127
	127,8

	
	
	235,9
	235,8
	236
	108
	N/A
	127
	127,9


Table 13 Exemplary results of CMW500 internal audio delay measurement with added delay of 100ms and jitter of 20ms with uniform distribution in Loopback mode

With delay and jitter inserted by the impairment function of the CMW500 the UE may do frequent adjustments within the JBM. Thus, the overall audio loop delay may change during the call. Due to the inserted jitter each speech frame has its individual delay before played out at the RF antenna. It is not clear which one of the CMW500 delays min, max or average should be considered as the system simulator delay in this case. However, the average delay is the same as measured with adding plain delay without jitter.

With SPS (20ms, 40ms)
	
	
	Echo Delay

	
	
	

	
	
	Loop Delay
	CMW500 Avg. Delay
	CMW500 Min. Delay
	CMW500 Max. Delay
	DUT Roundtrip Delay

	Loop- back
	AMR-NB 12.2
	147,4
	26
	N/A
	26
	121,4

	
	
	148,3
	26
	N/A
	26
	122,3

	
	
	147,3
	26
	N/A
	26
	121,3

	
	
	147,4
	26
	N/A
	26
	121,4

	
	AMR-WB 23.85
	156,9
	26
	N/A
	26
	130,9

	
	
	135,8
	26
	N/A
	26
	109,8

	
	
	155,9
	26
	N/A
	26
	129,9

	
	
	155,8
	26
	N/A
	26
	129,8

	
	AMR-WB 12.65
	135,8
	26
	N/A
	26
	109,8

	
	
	156
	26
	N/A
	26
	130

	
	
	156,9
	26
	N/A
	26
	130,9

	
	
	155,9
	26
	N/A
	26
	129,9


Table 14 Exemplary results of CMW500 internal audio delay measurement with SPS 20ms in Loopback mode

	
	
	Echo Delay

	
	
	

	
	
	Loop Delay Avg.
	Loop Delay Min.
	Loop Delay Max.
	CMW500 Avg. Delay
	CMW500 Min. Delay
	CMW500 Max. Delay
	DUT Roundtrip Delay (Avg)
	DUT Roundtrip Delay (Max)

	Loop- back
	AMR-NB 12.2
	187,3
	187,3
	187,3
	46
	46*
	46
	141,3
	141,3

	
	
	172,3
	167,3
	187,3
	46
	46*
	46
	126,3
	141,3

	
	
	162,3
	147,3
	167,3
	28
	26*
	46
	134,3
	121,3

	
	
	157,4
	147,3
	167,3
	26
	26*
	26
	131,4
	141,3

	
	AMR-WB 23.85
	175,8
	155,8
	195,8
	46
	46*
	46
	129,8
	149,8

	
	
	185,8
	175,8
	195,8
	46
	46*
	46
	139,8
	149,8

	
	
	176,8
	176,8
	176,8
	46
	46*
	46
	130,8
	130,8

	
	
	195,8
	195,8
	195,8
	46
	46*
	46
	149,8
	149,8

	
	AMR-WB 12.65
	165,9
	155,8
	176
	33
	26*
	46
	132,9
	130

	
	
	181,9
	176,8
	196,8
	46
	46*
	46
	135,9
	150,8

	
	
	190,9
	176
	195,8
	46
	46*
	46
	144,9
	149,8

	
	
	191,9
	176,8
	217
	46
	46*
	46
	145,9
	171


Table 15 Exemplary results of CMW500 internal audio delay measurement with SPS 40ms in Loopback mode (* minimum delay value is assumed from current delay)

Due to packing of two or more speech frame into one radio block, the delay of the CMW500 will not be constant, a speech packet may have a 20ms offset depending on if it could be scheduled for the current radio block or had to be postponed to the next opportunity. As mentioned before, in this case it probably makes more sense to deduct the maximum delay value rather than the average delay value. SPS 40ms and statistical impairments seem to result in permanent adaption of the UE JBM. At least UE needs some time to settle the jitter buffer depending on the amount of jitter.
Conclusion
Previously published delay values for CMW500 in S4-140286, S4-140856 and S4-140857 are withdrawn! As of now the CMW500 measures its own contribution to the total delay, this value has to be deducted from the overall delay measured with UPV or equivalent audio analyzers. 

Special care has to be taken while measuring delay during a VoLTE connection. For configurations with SPS, TTI bundling or with added impairments the system simulator delay cannot be constant. With SPS or TTI bundling some packets may have a timing offset of 20ms just because they could not be scheduled for the current send opportunity and had to be postponed to the next one. If speech frames are under the influence of impairments, then the system simulator delay cannot be constant, although the speech frames are delivered by the speech codec equidistantly, they are than “altered” by an individual jitter. This may even lead to a reordering of the packets before the RF transmission, so each packet has its individual delay.
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