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1 Introduction
This document presents test results when measuring the test system-to-DRP delay in the receiving direction for a UE with LTE access and different packet impairments inserted on the IP layer in the test system by a network impairment simulator based on TCN files with different packet delay variation profiles, in accordance with the proposed text in Section 7.10.4 in the draft CR to 26.132 on LTE UE delay measurements.
2 Measurement setup

The test system included a Rohde&Schwartz CMW500 (SW version Base v3.2.21, LTE 3.2.50, DAU v3.2.21) and HEAD acoustics ACQUA system (SW version 3.1.300), with a reference gateway MFE VIII.1 and a network impairment simulator MFE.IX.

The measurement was performed using [P.863 AC RCV Handset or Headset WB] from the ACQUA system. The speech stimuli as provided by the ACQUA system includes 8 speech sentences centered within a 4s interval and the test system produces a POLQA score individually for each sentence and a graph of the delay versus time. 
For each delay profile, three consecutive measurements where performed in the same call. The test system repeats the delay profile at the start of each measurement, but the UE is not reset between the measurements, thus resulting in a measurement over 3x8x4 = 96s resulting in 24 individual POLQA scores.
The network simulator was not configured for DRX nor down link BLER insertion, thus the six delay profiles for end-to-end simulation presented in [TDOC S4-AHQ0777] was used.

The measurements were performed with AMRWB 23.85 kbps and DTX was disabled in the test system reference client.

3 Test results
3.1 No packet loss insertion via delay profile
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Figure 1: Delay vs time for no packet loss insertion
Table 1: POLQA scores for no packet loss insertion

	MOS-LQO (Average) 4.1

Time range: 0.0 .. 4.0 s


MOS-LQO
4.0

Time range: 4.0 .. 8.0 s


MOS-LQO
4.0

Time range: 8.0 .. 12.0 s


MOS-LQO
4.2

Time range: 12.0 .. 16.0 s


MOS-LQO
4.4

Time range: 16.0 .. 20.0 s


MOS-LQO
4.2

Time range: 20.0 .. 24.0 s


MOS-LQO
4.2

Time range: 24.0 .. 28.0 s


MOS-LQO
3.7

Time range: 28.0 .. 32.0 s


MOS-LQO
3.8
	MOS-LQO (Average) 4.2

Time range: 0.0 .. 4.0 s


MOS-LQO
4.2

Time range: 4.0 .. 8.0 s


MOS-LQO
4.0

Time range: 8.0 .. 12.0 s


MOS-LQO
4.3

Time range: 12.0 .. 16.0 s


MOS-LQO
4.3

Time range: 16.0 .. 20.0 s


MOS-LQO
4.2

Time range: 20.0 .. 24.0 s


MOS-LQO
4.3

Time range: 24.0 .. 28.0 s


MOS-LQO
4.0

Time range: 28.0 .. 32.0 s


MOS-LQO
3.9
	MOS-LQO (Average) 4.1

Time range: 0.0 .. 4.0 s


MOS-LQO
4.0

Time range: 4.0 .. 8.0 s


MOS-LQO
4.0

Time range: 8.0 .. 12.0 s


MOS-LQO
4.3

Time range: 12.0 .. 16.0 s


MOS-LQO
4.4

Time range: 16.0 .. 20.0 s


MOS-LQO
4.1

Time range: 20.0 .. 24.0 s


MOS-LQO
4.4

Time range: 24.0 .. 28.0 s


MOS-LQO
3.9

Time range: 28.0 .. 32.0 s


MOS-LQO
3.9


3.2 Profile dly_profile_0msDRX_10pct_BLER_e2e
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Figure 2: Delay vs time for dly_profile_0msDRX_10pct_BLER_e2e
Table 2: POLQA scores for dly_profile_0msDRX_10pct_BLER_e2e

	MOS-LQO (Average) 4.1

Time range: 0.0 .. 4.0 s


MOS-LQO
4.2

Time range: 4.0 .. 8.0 s


MOS-LQO
4.0

Time range: 8.0 .. 12.0 s


MOS-LQO
4.2

Time range: 12.0 .. 16.0 s


MOS-LQO
4.2

Time range: 16.0 .. 20.0 s


MOS-LQO
4.2

Time range: 20.0 .. 24.0 s


MOS-LQO
4.3

Time range: 24.0 .. 28.0 s


MOS-LQO
3.8

Time range: 28.0 .. 32.0 s


MOS-LQO
3.9
	MOS-LQO (Average) 4.1

Time range: 0.0 .. 4.0 s


MOS-LQO
4.0

Time range: 4.0 .. 8.0 s


MOS-LQO
4.0

Time range: 8.0 .. 12.0 s


MOS-LQO
4.1

Time range: 12.0 .. 16.0 s


MOS-LQO
4.3

Time range: 16.0 .. 20.0 s


MOS-LQO
4.2

Time range: 20.0 .. 24.0 s


MOS-LQO
4.3

Time range: 24.0 .. 28.0 s


MOS-LQO
3.8

Time range: 28.0 .. 32.0 s


MOS-LQO
3.7
	MOS-LQO (Average) 4.1

Time range: 0.0 .. 4.0 s


MOS-LQO
3.7

Time range: 4.0 .. 8.0 s


MOS-LQO
4.1

Time range: 8.0 .. 12.0 s


MOS-LQO
4.3

Time range: 12.0 .. 16.0 s


MOS-LQO
4.2

Time range: 16.0 .. 20.0 s


MOS-LQO
4.2

Time range: 20.0 .. 24.0 s


MOS-LQO
4.3

Time range: 24.0 .. 28.0 s


MOS-LQO
3.8

Time range: 28.0 .. 32.0 s


MOS-LQO
3.8


3.3 Profile dly_profile_0msDRX_2pct_BLER_e2e
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Figure 3: Delay vs time for dly_profile_0msDRX_2pct_BLER_e2e
Table 3: POLQA scores for dly_profile_0msDRX_2pct_BLER_e2e
	MOS-LQO (Average) 4.1

Time range: 0.0 .. 4.0 s


MOS-LQO
4.0

Time range: 4.0 .. 8.0 s


MOS-LQO
4.0

Time range: 8.0 .. 12.0 s


MOS-LQO
4.2

Time range: 12.0 .. 16.0 s


MOS-LQO
4.3

Time range: 16.0 .. 20.0 s


MOS-LQO
4.2

Time range: 20.0 .. 24.0 s


MOS-LQO
4.1

Time range: 24.0 .. 28.0 s


MOS-LQO
3.8

Time range: 28.0 .. 32.0 s


MOS-LQO
3.9
	MOS-LQO (Average) 4.1

Time range: 0.0 .. 4.0 s


MOS-LQO
4.1

Time range: 4.0 .. 8.0 s


MOS-LQO
4.1

Time range: 8.0 .. 12.0 s


MOS-LQO
4.3

Time range: 12.0 .. 16.0 s


MOS-LQO
4.3

Time range: 16.0 .. 20.0 s


MOS-LQO
4.2

Time range: 20.0 .. 24.0 s


MOS-LQO
4.2

Time range: 24.0 .. 28.0 s


MOS-LQO
3.8

Time range: 28.0 .. 32.0 s


MOS-LQO
3.8
	MOS-LQO (Average) 4.1

Time range: 0.0 .. 4.0 s


MOS-LQO
4.1

Time range: 4.0 .. 8.0 s


MOS-LQO
4.0

Time range: 8.0 .. 12.0 s


MOS-LQO
4.3

Time range: 12.0 .. 16.0 s


MOS-LQO
4.3

Time range: 16.0 .. 20.0 s


MOS-LQO
4.2

Time range: 20.0 .. 24.0 s


MOS-LQO
4.2

Time range: 24.0 .. 28.0 s


MOS-LQO
3.7

Time range: 28.0 .. 32.0 s


MOS-LQO
3.7


3.4 Profile: dly_profile_20msDRX_10pct_BLER_e2e
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Figure 4: Delay vs time for dly_profile_20msDRX_10pct_BLER_e2e
Table 4: POLQA scores for dly_profile_20msDRX_10pct_BLER_e2e
	MOS-LQO (Average) 3.9

Time range: 0.0 .. 4.0 s


MOS-LQO
4.0

Time range: 4.0 .. 8.0 s


MOS-LQO
4.1

Time range: 8.0 .. 12.0 s


MOS-LQO
4.2

Time range: 12.0 .. 16.0 s


MOS-LQO
3.4

Time range: 16.0 .. 20.0 s


MOS-LQO
4.1

Time range: 20.0 .. 24.0 s


MOS-LQO
3.8

Time range: 24.0 .. 28.0 s


MOS-LQO
3.7

Time range: 28.0 .. 32.0 s


MOS-LQO
3.5
	MOS-LQO (Average) 4.0

Time range: 0.0 .. 4.0 s


MOS-LQO
4.2

Time range: 4.0 .. 8.0 s


MOS-LQO
4.0

Time range: 8.0 .. 12.0 s


MOS-LQO
4.1

Time range: 12.0 .. 16.0 s


MOS-LQO
4.4

Time range: 16.0 .. 20.0 s


MOS-LQO
4.3

Time range: 20.0 .. 24.0 s


MOS-LQO
3.8

Time range: 24.0 .. 28.0 s


MOS-LQO
3.7

Time range: 28.0 .. 32.0 s


MOS-LQO
3.7
	MOS-LQO (Average) 4.0

Time range: 0.0 .. 4.0 s


MOS-LQO
4.0

Time range: 4.0 .. 8.0 s


MOS-LQO
4.0

Time range: 8.0 .. 12.0 s


MOS-LQO
4.2

Time range: 12.0 .. 16.0 s


MOS-LQO
4.3

Time range: 16.0 .. 20.0 s


MOS-LQO
4.2

Time range: 20.0 .. 24.0 s


MOS-LQO
4.0

Time range: 24.0 .. 28.0 s


MOS-LQO
3.7

Time range: 28.0 .. 32.0 s


MOS-LQO
3.7


3.5 Profile: dly_profile_20msDRX_2pct_BLER_e2e
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Figure 5: Delay vs time for dly_profile_20msDRX_2pct_BLER_e2e
Table 5: POLQA scores for dly_profile_20msDRX_2pct_BLER_e2e
	MOS-LQO (Average) 4.1

Time range: 0.0 .. 4.0 s


MOS-LQO
4.0

Time range: 4.0 .. 8.0 s


MOS-LQO
4.0

Time range: 8.0 .. 12.0 s


MOS-LQO
4.3

Time range: 12.0 .. 16.0 s


MOS-LQO
4.3

Time range: 16.0 .. 20.0 s


MOS-LQO
4.1

Time range: 20.0 .. 24.0 s


MOS-LQO
4.3

Time range: 24.0 .. 28.0 s


MOS-LQO
3.9

Time range: 28.0 .. 32.0 s


MOS-LQO
3.9
	MOS-LQO (Average) 4.0

Time range: 0.0 .. 4.0 s


MOS-LQO
4.2

Time range: 4.0 .. 8.0 s


MOS-LQO
4.1

Time range: 8.0 .. 12.0 s


MOS-LQO
4.2

Time range: 12.0 .. 16.0 s


MOS-LQO
4.2

Time range: 16.0 .. 20.0 s


MOS-LQO
3.9

Time range: 20.0 .. 24.0 s


MOS-LQO
4.3

Time range: 24.0 .. 28.0 s


MOS-LQO
3.8

Time range: 28.0 .. 32.0 s


MOS-LQO
3.8
	MOS-LQO (Average) 4.1

Time range: 0.0 .. 4.0 s


MOS-LQO
4.0

Time range: 4.0 .. 8.0 s


MOS-LQO
4.1

Time range: 8.0 .. 12.0 s


MOS-LQO
4.4

Time range: 12.0 .. 16.0 s


MOS-LQO
4.3

Time range: 16.0 .. 20.0 s


MOS-LQO
4.1

Time range: 20.0 .. 24.0 s


MOS-LQO
4.2

Time range: 24.0 .. 28.0 s


MOS-LQO
3.8

Time range: 28.0 .. 32.0 s


MOS-LQO
3.8


3.6 Profile: dly_profile_40msDRX_10pct_BLER_e2e
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Figure 6: Delay vs time for dly_profile_40msDRX_10pct_BLER_e2e
Table 6: POLQA scores for dly_profile_40msDRX_10pct_BLER_e2e
	MOS-LQO (Average) 4.0

Time range: 0.0 .. 4.0 s


MOS-LQO
4.1

Time range: 4.0 .. 8.0 s


MOS-LQO
4.0

Time range: 8.0 .. 12.0 s


MOS-LQO
4.2

Time range: 12.0 .. 16.0 s


MOS-LQO
4.3

Time range: 16.0 .. 20.0 s


MOS-LQO
4.2

Time range: 20.0 .. 24.0 s


MOS-LQO
4.0

Time range: 24.0 .. 28.0 s


MOS-LQO
3.8

Time range: 28.0 .. 32.0 s


MOS-LQO
3.7
	MOS-LQO (Average) 4.1

Time range: 0.0 .. 4.0 s


MOS-LQO
4.1

Time range: 4.0 .. 8.0 s


MOS-LQO
4.0

Time range: 8.0 .. 12.0 s


MOS-LQO
4.2

Time range: 12.0 .. 16.0 s


MOS-LQO
4.4

Time range: 16.0 .. 20.0 s


MOS-LQO
4.1
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3.7 Profile: dly_profile_40msDRX_2pct_BLER_e2e
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Figure 7: Delay vs time for dly_profile_40msDRX_2pct_BLER_e2e
Table 7: POLQA scores for dly_profile_40msDRX_2pct_BLER_e2e
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4 Discussion

4.1 Delay attributed to the delay profile
The delay reported in the graphs in Section 3 includes, in addition to the latency of the test system and network simulator, the simulated “network transmission” in the delay profiles, as exemplified with the following excerpt of the 10 first elements of dly_profile_40msDRX_10pct_BLER_e2e
98

98

98

138

98

106

138

154

98

98
Unlike the effect introduced on the variability of the packet arrival time by the delay profile, this effect of the delay profile should not be attributed to the UE delay, and should likewise to the delay of the test system and the network simulator be subtracted from the reported test system-to-DRP measured value in order to obtain the UE delay as defined in the draft CR to 26.131 on LTE UE delay requirement. A summary of the effect on the measured value of the delay profiles is presented in Table 8.

Table 8: Simulated network transmission delay in the delay profiles.

	Delay profile
	Simulated network delay [ms]

	dly_profile_0msDRX_2pct_BLER_e2e
	30

	dly_profile_0msDRX_10pct_BLER_e2e
	30

	dly_profile_20msDRX_2pct_BLER_e2e
	79

	dly_profile_20msDRX_10pct_BLER_e2e
	79

	dly_profile_40msDRX_2pct_BLER_e2e
	95

	dly_profile_40msDRX_10pct_BLER_e2e
	98


4.2 Difference between measurements within a call
It may be observed that the measured delay value is increased at the beginning of each new measurement, c.f. the second and third diagram in Figure 5. This is not the expected behavior of the UE and it may be some effect of the impairment generation in the test system. 
The purpose of running several measurements within a single call was to measure the delay in a converged state of the UE. Hence, in the further analysis in this document only the observed delay value after 20s in the measurement sequence is considered.
4.3 Delay and POLQA

The average POLQA score is, as seen from Table 1 to Table 7, between 3.9 and 4.1 MOS-LQO for all measured sequences and delay profiles. The measured delay value, including the test system and network simulator contribution varies with time, but the considered delay value in a stationary operating condition (estimated by visual inspection of the diagrams in Figure 1 - Figure 7 for the last three speech bursts in each measurement in accordance with the observation discussed in Section 4.2) is summarized in Table 9. These delay numbers is in accordance with the expected UE delay for the different operating conditions being introduced by the delay profiles.
Table 9: Summary of measured delay value for all delay profiles.

	
	Delay profile contribution [ms]
	TES-to-DRP [ms]
	TES--to-DRP excluding delay profile contribution [ms]

	No profile
	0
	118
	118

	dly_profile_0msDRX_2pct_BLER_e2e
	30
	180
	150

	dly_profile_0msDRX_10pct_BLER_e2e
	30
	160
	130

	dly_profile_20msDRX_2pct_BLER_e2e
	79
	200
	121

	dly_profile_20msDRX_10pct_BLER_e2e
	79
	220
	141

	dly_profile_40msDRX_2pct_BLER_e2e
	95
	250
	155

	dly_profile_40msDRX_10pct_BLER_e2e
	98
	250
	152


5 Conclusions
It has been shown that the evaluation of the delay and speech quality during the insertion of packet delay variation in accordance with the basic test structure in the current draft CRs to TS 26.131 and TS 26.132 may be evaluated with available test system. 

The effect on the end-to-end delay introduced by the delay profile is proposed to be evaluated for each profile, and added as correction values for the respective delay profile to TS 26.132 in addition to the correction factor for the test system and network simulator, as outlined in Table 8.
It is proposed that the evaluation of a possibly time varying delay against the requirements should be included in the test method described in TS.26.132. The reported delay value during speech and packet delay variations may e.g. be the median or mean value observed during each speech segment in the measured sequence.
Although the high level statistics of the delay profiles for 40 ms DRX is in line with what may be expected in live operation, it is considered that the detailed packet delay variations in the profiles dly_profile_40msDRX_2pct_BLER_e2e, dly_profile_40msDRX_10pct_BLER_e2e are not representative for simulating 40 ms DRX operation with a system simulator running in non-DRX mode and the generation of the delay profile may be revisited.  
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