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1 Introduction
This document presents the results of a comparison of the measured UE delay for LTE access in error and jitter free conditions according to Clauses 7.10.1, 7.10.2, and 7.10.3 of the proposed draft CR to TS 26.132 for LTE UE delay measurements. Particularly, the document compares the measurement result with the network simulator operating in loopback mode to the individual send and receives direction measurements.
2 Measurement setup

The measurement setup is depicted in Figure 1. In addition to the measurement of the delay between MRP and DRP for the loopback method, and the delay between the Test System and the DRP and MRP, the delay of the packets and signals inside the UE was measured between the points indicated by ‘A’ to ‘C’ in the UE. 
The test system is a HEAD acoustics ACQUA system (SW version 3.1.300). The MRP-to-DRP delay with the network simulator loopback was measured using [8.10.3 Alternative Delay Measurement in Loopback/Echo Mode] and the delay in send and receive direction using [8.10.1 Overall Delay in Sending Direction] and [8.10.2 Overall Delay in Receiving Direction], respectively. In all tests, the Composite Source Signal as provided by the test system was used. The delay was measured for three CSS bursts in each call. The reported values in Table 1 and Table 3 are the average of these three measurements.
The measurements were performed with AMRWB 23.85 kbps and DTX was disabled in the test system reference client and enabled in the UE (verified by inspection of the packet arriving ‘B’ in the UE).
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Figure 1: Test setup for UE delay measurements
3 Results
3.1 Loopback
The measured delay from MRP-to-DRP for five individual calls with the network simulator operating in loopback is shown in Table 1. The reported MRP-to-DRP delay (including the contribution from the system simulator loopback and test system acoustic interface) is within the range from 103.7ms to 112.9ms. 
Document [TDOC S4-131351] reported a network simulator delay contribution in the range of 4.7 to 10.7ms to the MRP-to-DRP delay, which is in line with the measured packet delay from point ‘A’ to ‘B’ in Figure 1. The averaged time of the packets being held by the RTP packet buffer, time ‘B’-to-‘C’, is stable between the calls and is in the range of 17-18ms. This is supported by the data in Table 2, where the average and standard deviation of the packet inter arrival time is shown for the five calls. The standard deviation of the inter arrival time is below 1ms at the input of the RTP buffer.
Table 1: Delay measurement with network simulator loopback operation.

	
	Delay [ms]

	
	Loopback measurement

	
	
	A-to-B
	A-to-C
	B-to-C

	
	MRP-to-DRP
	Average
	StDev
	Average
	StDev
	Average
	StDev

	Call 1
	111,2
	22,58
	0,48
	40,25
	0,40
	17,67
	0,53

	Call 2
	112,9
	22,61
	0,54
	40,25
	0,41
	17,64
	0,53

	Call 3
	108,6
	22,35
	0,53
	39,83
	0,38
	17,67
	0,51

	Call 4
	109,3
	22,64
	0,61
	40,25
	0,42
	17,61
	0,62

	Call 5
	103,7
	22,65
	0,55
	40,25
	0,42
	17,60
	0,59


Table 2: Packet arrival time with network simulator loopback operation.

	
	Packet inter arrival time difference [ms]

	
	Loopback measurement

	
	A
	B
	C

	
	Average
	StDev
	Average
	StDev
	Average
	StDev

	Call 1
	20,02
	0,21
	19,98
	0,73
	19,97
	0,30

	Call 2
	20,02
	0,24
	19,99
	0,80
	19,97
	0,33

	Call 3
	20,02
	0,20
	19,96
	0,78
	19,97
	0,28

	Call 4
	20,02
	0,24
	19,96
	0,92
	19,96
	0,31

	Call 5
	20,03
	0,25
	20,00
	0,84
	19,97
	0,31


3.2 Sending and receiving direction measurements

Table 3 shows the reported delay for sending and receiving direction measured individually. For this case, the reported delay values include the contribution of the test system and network simulator in the respective send and receive direction. 
In the send direction, the reported delay between the MRP and the test system varies between 129ms and 143ms. This variation of the delay is not anticipated to be caused by the UE in the sending direction.
In the receive direction, the reported delay from the test system to the DRP is between 104ms and 119ms. Similar to the case for the loopback delay, a part of this variation in the measured delay may be attributed to the UE. However, as seen from the delay ‘B’-to-’C’, the time that the packets are held by the RTP packet buffer differs between the calls from the same number as in loopback measurement, 17.65ms, up to 31ms. This indicates that the packets may not arrive at regular time intervals. This is supported by the logging of the packet arrival time at point ‘B’ that shows a larger standard deviation of the inter arrival time for the calls with the longer measured delay. This variation of the arrival time of the RTP packets is not present in pcap logs in the send direction of the network simulator.
Table 3: Delay measurement in sending and receiving direction.

	
	Delay [ms]

	
	Send
	Receive

	
	
	
	B-to-C

	
	MRP-to-TES
	TES-to-DRP
	Average
	StDev

	Call 1
	138,53
	110,70
	27,82
	2,93

	Call 2
	143,70
	111,50
	31,18
	5,95

	Call 3
	135,73
	104,00
	17,65
	1,22

	Call 4
	130,73
	118,90
	31,32
	6,10

	Call 5
	129,83
	103,00
	17,46
	1,64


Table 4: Packet arrival time for UE delay measurement in sending and receiving direction.

	
	Packet inter arrival time difference [ms]

	
	Send
	Receive

	
	A
	Network simulator
	B
	C

	
	Average
	StDev
	Average
	StDev
	Average
	StDev
	Average
	StDev

	Call 1
	20,01
	0,22
	20,01
	1,59
	20,01
	4,30
	20,00
	0,09

	Call 2
	20,01
	0,24
	20,01
	2,05
	20,00
	7,65
	20,00
	0,11

	Call 3
	20,01
	0,20
	20,02
	1,77
	20,00
	1,78
	20,00
	0,15

	Call 4
	20,01
	0,20
	20,01
	1,79
	20,01
	7,89
	20,00
	0,14

	Call 5
	20,01
	0,19
	20,01
	1,17
	20,00
	2,41
	20,00
	0,14


4 Discussion and conclusion
The test results with the network simulator operating in loopback mode shows stable results with respect to the packet arrival time in error and jitter free operating conditions. A difference of up to 10ms (103.7ms to 112.9ms) of the reported delay may be observed between different calls, which may be attributed to the particular UE speech processing implementation for LTE access. 
When measuring the delay in the receiving direction, it was observed that the packet inter arrival time to the VoLTE client may differ significantly (in the order of 5 to 10ms) both within a call and between call, which results in a slightly increased depth for the jitter buffer and hence a longer delay value. 
When measuring the delay in the sending direction it was observed that reported delay from MRP to the test system varied between the calls. This difference is not considered to be an effect of the speech processing of the particular UE.
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