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1 Introduction
In [1] and [2], it was observed that measurements of UE delay using AMR-WB using the method of TS 26.132 Clause 8.10 [3] were higher than the “echo” method described in [1]. This contribution follows the methods of [2] and reports additional results on 6 UEs.
2 Test set-up
The measurements are conducted as described in [1] and [2].  The diagram describing measurement protocol from [2] is reproduced below as Figure 1 for convenience.  Note that in this contribution, the number of measurements per UE was increased to 5 rather than 3 as indicated in Figure 1.
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Figure 1 - Measurement protocol adopted for UMTS UE delay measurements
3 Results
Data were taken on 6 UEs in wideband handset mode.  Results are shown in the following Tables 1-6, with all values reported in milliseconds. The values for Downlink Delay (CMU DLD), Uplink Delay (CMU ULD) and Echo Delay (CMU ED) are taken from [4].  Alternate values for downlink delay (Alt CMU DLD) are selected so that the computed Alt UE delay is closely matched to that obtained by the echo method.  Increments of 20ms are allowed in Alt CMU DMD.  
	 
	UE #1
	Call

	 
	 
	1
	2
	3
	4
	5

	Measured
	Rx Delay
	228.3
	228.3
	228.3
	228.2
	228.3

	 
	CMU DLD
	125
	125
	125
	125
	125

	 
	Alt CMU DLD
	165
	165
	165
	165
	165

	Measured
	Tx Delay
	185.0
	185.0
	185.0
	185.0
	185.0

	 
	CMU ULD
	85
	85
	85
	85
	85

	 
	UE delay
	203.3
	203.3
	203.3
	203.2
	203.3

	 
	Alt UE Delay
	163.3
	163.3
	163.3
	163.2
	163.3

	Measured
	Echo Delay
	742.7
	742.7
	742.7
	742.7
	742.7

	 
	CMU ED
	580
	580
	580
	580
	580

	 
	UE delay
	162.7
	162.7
	162.7
	162.7
	162.7


Table 1 Results for UE #1
	 
	UE #2
	Call

	 
	 
	1
	2
	3
	4
	5

	Measured
	Rx Delay
	209.2
	209.1
	208.8
	208.6
	208.7

	 
	CMU DLD
	125
	125
	125
	125
	125

	 
	Alt CMU DLD
	145
	145
	145
	145
	145

	Measured
	Tx Delay
	171.3
	171.3
	171.4
	170.6
	171.5

	 
	CMU ULD
	85
	85
	85
	85
	85

	 
	UE delay
	170.5
	170.4
	170.2
	169.2
	170.2

	 
	Alt UE Delay
	150.5
	150.4
	150.2
	149.2
	150.2

	Measured
	Echo Delay
	730.1
	730.1
	730.1
	729.1
	730.1

	 
	CMU ED
	580
	580
	580
	580
	580

	 
	UE delay
	150.1
	150.1
	150.1
	149.1
	150.1


Table 2 Results for UE #2

	 
	UE #3
	Call

	 
	 
	1
	2
	3
	4
	5

	Measured
	Rx Delay
	218.3
	218.5
	218.4
	218.9
	215.3

	 
	CMU DLD
	125
	125
	125
	125
	125

	 
	Alt CMU DLD
	165
	165
	165
	165
	165

	Measured
	Tx Delay
	178.2
	178.0
	178.1
	178.5
	178.2

	 
	CMU ULD
	85
	85
	85
	85
	85

	 
	UE delay
	186.5
	186.5
	186.5
	187.4
	183.5

	 
	Alt UE Delay
	146.5
	146.5
	146.5
	147.4
	143.5

	Measured
	Echo Delay
	726.1
	726.1
	726.1
	727.1
	726.1

	 
	CMU ED
	580
	580
	580
	580
	580

	 
	UE delay
	146.1
	146.1
	146.1
	147.1
	146.1


Table 3 Results for UE #3

	 
	UE #4
	Call

	 
	 
	1
	2
	3
	4
	5

	Measured
	Rx Delay
	204.3
	204.1
	204.1
	204.1
	205.7

	 
	CMU DLD
	125
	125
	125
	125
	125

	 
	Alt CMU DLD
	145
	145
	145
	145
	145

	Measured
	Tx Delay
	141.3
	144.0
	151.0
	140.5
	138.4

	 
	CMU ULD
	85
	85
	85
	85
	85

	 
	UE delay
	135.6
	138.1
	145.1
	134.6
	134.1

	 
	Alt UE Delay
	115.6
	118.1
	125.1
	114.6
	114.1

	Measured
	Echo Delay
	695.4
	697.7
	704.8
	694.3
	693.7

	 
	CMU ED
	580
	580
	580
	580
	580

	 
	UE delay
	115.4
	117.7
	124.8
	114.3
	113.7


Table 4 Results for UE #4

	 
	UE #5
	Call

	 
	 
	1
	2
	3
	4
	5

	Measured
	Rx Delay
	255.0
	256.7
	264.8
	257.0
	273.2

	 
	CMU DLD
	125
	125
	125
	125
	125

	 
	Alt CMU DLD
	185
	185
	185
	185
	185

	Measured
	Tx Delay
	182.8
	180.7
	172.9
	180.6
	184.5

	 
	CMU ULD
	85
	85
	85
	85
	85

	 
	UE delay
	227.8
	227.4
	227.7
	227.6
	247.7

	 
	Alt UE Delay
	167.8
	167.4
	167.7
	167.6
	187.7

	Measured
	Echo Delay
	747.2
	747.0
	747.4
	747.0
	767.5

	 
	CMU ED
	580
	580
	580
	580
	580

	 
	UE delay
	167.2
	167.0
	167.4
	167.0
	187.5


Table 5 Results for UE #5

	 
	UE #6
	Call

	 
	 
	1
	2
	3
	4
	5

	Measured
	Rx Delay
	220.6
	220.8
	224.4
	222.3
	240.2

	 
	CMU DLD
	125
	125
	125
	125
	125

	 
	Alt CMU DLD
	145
	145
	145
	145
	165

	Measured
	Tx Delay
	172.0
	172.6
	172.6
	172.5
	172.6

	 
	CMU ULD
	85
	85
	85
	85
	85

	 
	UE delay
	182.6
	183.4
	187.0
	184.8
	202.8

	 
	Alt UE Delay
	162.6
	163.4
	167.0
	164.8
	162.8

	Measured
	Echo Delay
	742.2
	743.0
	746.6
	744.2
	742.5

	 
	CMU ED
	580
	580
	580
	580
	580

	 
	UE delay
	162.2
	163.0
	166.6
	164.2
	162.5


Table 6 Results for UE #6
4 Discussion
For all UEs, the value of CMU DLD from [4] resulted in an overall UE delay that was larger than that obtained using the “echo” method of [1], ranging from 145ms (for UE#2, 4, 6) up to 185ms (for UE #5).  
Another observation is that the UE delay via the loopback method also shows some variation for some UEs (e.g., UE #4 Call 3; UE #5 Call 5, in red font).  This behavior was not observed in [2]. Table 7 shows the range of UE delay computed using the echo method for all 6 UE across all 5 calls.
	
	UE Delay by Echo Method

	ID#
	Avg
	Min
	Max
	Range

	1
	162.7
	162.7
	162.7
	0.0

	2
	149.9
	149.1
	150.1
	1.0

	3
	146.3
	146.1
	147.1
	1.0

	4
	117.2
	113.7
	124.8
	11.1

	5
	171.2
	167.0
	187.5
	20.5

	6
	163.7
	162.2
	166.6
	4.4


Table 7 Statistics of UE Delay by Echo Method
5 Conclusion

As noted in [2], delay measurements with the CMU200 set to Speechcodec Low in the downlink seem to fluctuate from call to call by full frame (20ms) blocks.  Use of alternative values for CMU DLD, increased in 20ms increments from the values provided in [4] allow for a better match between UE delay results obtained using the two methods.  However, the echo method does appear to have large (up to 20ms) variation, unlike results reported in [2].  Based on these results, the source recommends adopting the echo method with the addition of obtaining repeated measures across unique calls, and reporting the mean and range.
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