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1. Introduction
A base requirement for measuring the delay of LTE UE´s under lab conditions is the knowledge of the delay that is caused by the measurement equipment itself. Most critical point in this context is the delay of LTE radio testers, which depends on a variety of parameters and which are unknown up to now. In the past similar problems existed for the delays of 3G radio tester devices, which only were given with high uncertainties and which principally could not be determined for individual parameter conditions by the test users themself.

In [1] a method was introduced allowing the determination of the LTE round trip delay. In this contribution a method is presented how the one way delay of LTE radio tester can be determined. Measurement results using this method are presented for two different radio network simulators. Based on these measurements one way delay measurements for 2 different UEs are presented using clock synchronization between the reference gateway and the UEs.
2. Measurement setup
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	Figure 1: Measurement setup


The measurement setup consists of the HEAD acoustics VoIP reference gateway MFE VIII.1 controlled by the measurement system ACQUA, an arbitrary LTE mobile phone and the LTE radio network simulator under test. The mobile phone acts as modem and is connected to MFE VIII.1 via USB (tethering mode). The mobile phone is further connected over the air interface to the LTE cell of the radio network simulator equipped with a LTE compliant antenna. Within the radio tester a loopback mode is used to reflect the incoming packets back via the modem to MFE VIII.1.
An Ethernet connection via cable is established temporally in parallel between MFE VIII.1 and the radio network simulator. This connection is used for synchronization tasks. 
On both devices, on MFE VIII.1 and on the radio tester, in- and outgoing packets are logged via IP logging programs. For MFE VIII.1 this can be realized e. g. by the tshark part of Wireshark [2] running on the device directly. For the radio testers used in our measurements, another Wireshark can be installed or a comparable, preinstalled logger installed as part of the standard delivery setup is used.
3. Test procedure
The following steps have to be performed in order to determine the radio tester LTE delay:
· Preparation for the synchronization of the IP loggers:

· The cable based Ethernet connection is plugged in

· Both IP loggers are started
· A ping command is send from the MFE VIII.1 GUI to the IP address of the radio tester. The ping event later is used to compensate clock offsets between the IP loggers. The ping roundtrip delay has to be documented and is compensated at the end of the procedure.
· The cable based Ethernet connection is plugged out and the USB tethering connection to the mobile phone is established
· On the radio tester the loopback device has to be activated.

· An audio call is established from the MFE VIII.1 GUI using AMR-WB (AMR-NB or other codec) coded RTP packets
· The call is dropped after an appropriate amount of averaging time, IP logging is stopped.
· A possible clock offset between the two IP loggers can be corrected by synchronizing the logfiles using IP logger functionalities working based on the selected ping events.
· The data collected by the two IP loggers are joined into a common table.

· Delays now can be calculated for single packets separately for the sending and the receiving direction. 
· By merging the log files into a common table, the ping events are set to a common time base. However, the ping events have a time shift of half of the ping roundtrip delay. This shift must be compensated after determining the final delay values.
4. Measurement results
4.1. Radio delays introduced by the radio network simulators

Delays were measured for the radio tester Anritsu MD8475A and Rhode & Schwarz CMW-500. IPv4 were used in both cases. We found a roundtrip delay of about 0.8 ms for the Anritsu radio network simulator and about 0.5 ms for the Rhode & Schwarz device. Table 1 and Table 2 give an overview about the LTE delays after compensating these ping delays. The delay caused by the modem (tethering delay part in Figure 1) is unknown and hence could not be compensated. For both radio network simulators, the delays were determined over a series of 10 repetitions. Each repetition was applied after setting up a new call and included at least 4200 packets (> 80.0s). The given standard deviations are calculated over the results of the 10 repetitions.

	Delay name
	Avg. delay [ms]
	Std. dev. [ms]

	MFE VIII.1 ( radio tester (RCV)
	8.24+0.4=8.64
	0.55

	Radio tester ( MFE VIII.1 (SND)
	8.33+0.4=8.73
	0.33


Table 1: Delays determined for Anritsu MD8475A
	Delay name
	Avg. delay [ms]
	Std. dev. [ms]

	MFE VIII.1 ( radio tester (RCV)
	8.47+0.25=8.73
	0.33

	Radio tester ( MFE VIII.1 (SND)
	9.22+0.25=9.47
	0.58


Table 2: Delays determined for Rhode & Schwarz CMW-500
4.2. Delay test results of LTE terminals 

Using these delay values and all additional delays introduced by the measurement setup (the delays of the IP reference gateway, the electrical frontend and acoustical delays) the LTE delays caused by two mobile phones were calculated using a standard HATS based setup. In order to achieve a reliable delay measurement the clock of the reference gateway has to be synchronized in advance to the delay tests. This clock drift compensation proofed to be of high importance in order to get stable and reliable results.
Two examples of delay measurements are shown in Figs. 2 and 3. 3 repetitions of the measurements within the same call in send and receive direction are shown.
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	Figure 2: 3 measurements of the send Delay of an LTE terminal DUT 1 (Delay not compensated by the test equipment delay)


The delay of the DUT 1 in send is calculated as follows:
	AES MFE VIII.1 - MFE VI.1
	0.2ms

	MFE VI.1 (dig. to analog)
	0.4ms

	Radio Tester Delay
	8.64ms 

	MFE VIII.1 (20ms pl., 30ms Jitter Buffer) 
	72.54ms

	Overall equipment delay
	81.78 ms

	Delay Send of DUT 1
	93.72 ms 


[image: image3.wmf]%





0

20

40

60

80

100

t/s

0

0.1

0.2

0.3

0.4

0.5

RCV(2)*Source

RCV(2)*Source

RCV(2)*Source

162 

ms


Figure 3: 3 measurements of the receive Delay of an LTE terminal (Delay not compensated by the test equipment delay)
The delay of the DUT 1 in receive is calculated as follows:

	MFE VIII.1 (send delay) 
	58.48ms 

	Radio Tester Delay 
	8.73ms 

	MFE VI.1 (analog to digital)
	1.31ms

	AES MFE VIII.1- MFE VI.1
	0.2ms

	Overall equipment delay
	68.72ms

	Delay Receive of DUT 1
	93.28ms 


Both measurements show a high repeatability. The accuracy of the delay determination especially in comparison to the delay determination in 3G tests is high.

Further test results are shown in the table below. In contrast to the results shown above, these  results were produced establishing a new call for each repetition. In this case the results show smaller delay values and much higher deviations.
	
	Mobile phone 1 (DUT 1)
	Mobile phone 2

	
	Delay SND [ms]
	Delay RCV [ms]
	Delay SND [ms]
	Delay RCV [ms]

	Call 1
	96,6
	80,1
	95
	108,6

	Call 2
	79,2
	77,9
	86,1
	87,6

	Call 3
	91,3
	83,2
	89,2
	104,4

	Call 4
	62,9
	83,3
	85,9
	107,6

	Call 5
	70,3
	85,6
	84,9
	88,7

	Call 6
	82,9
	93,2
	87,5
	86,2

	Call 7
	89,6
	87,6
	80,9
	92,7

	Call 8
	84,2
	91,9
	97,5
	96,1

	Call 9
	89,8
	96,8
	79,9
	93,8

	Call 10
	75,9
	80,2
	87,3
	96,3

	
	
	
	
	

	Average
	82,3
	86,0
	87,4
	96,2

	Std. Dev.
	9,8
	6,0
	5,2
	7,7


5. Conclusions
In contrast to the unsatisfying situation for 3G radio testers, where the corresponding one way delay could not be measured, for LTE radio network simulators fairly accurate and reliable delay measurements can be performed now using the setup described. This is possible because IP logging is enabled on these devices so that not only round trip delays can be measured from outside, but also timestamps from within the testers allow compensating this equipment delay.
Currently the source of the delay variation observed when establishing new calls is unknown. However, from the delay investigations made on the radio network simulators it seems that the delay introduced by the system simulators is much more stable than the delay variation observed with the terminals. So it is well possible that the different delays observed can be attributed to the DUTs used in this experiment. It needs to be noted that both devices were prototype devices with unknown status of their firmware.

Concerning the proposed test method for determining the delay of an LTE radio network simulator it is proposed to insert this method either in 3GPP TS 26.132 (e.g. as an Annex) or to provide a separate document. The proposed text is as follows:

6. Measurement method for determining the one way radio delay of LTE radio network simulators

6.1. Measurement setup
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	Figure 1: Measurement setup


The measurement setup consists of an IP reference gateway with USB access connected to an IP logger or a test system with integrated IP-logger, an arbitrary LTE mobile phone (with low tethering delay over USB) and the LTE radio network simulator under test. The LTE radio network simulator has to be equipped with an IP logger (either preinstalled or installed for the test setup). The mobile phone acts as modem and is connected to the reference gateway via USB (tethering mode). The mobile phone is further connected over the air interface to the LTE cell of the radio network simulator equipped with a LTE compliant antenna. Within the radio network simulator a loopback mode is used to reflect the incoming packets back via the modem to IP reference gateway.

An Ethernet connection via cable is established temporally in parallel between the IP reference gateway and the radio network simulator. This connection is used for synchronization tasks. 

On both devices, on the IP reference gateway and on the radio tester, in- and outgoing packets are logged via IP logging programs. 
6.2. Test procedure

The following steps have to be performed in order to determine the radio network simulator LTE delay:
· Preparation for the synchronization of the IP loggers:

· The cable based Ethernet connection is plugged in

· Both IP loggers are started
· A ping command is send from the reference gateway to the IP address of the radio tester. The ping event later is used to compensate clock offsets between the IP loggers. The ping roundtrip delay has to be documented and will be compensated at the end of the test procedure.

· The cable based Ethernet connection is plugged out and the USB tethering connection to the mobile phone is established

· On the radio tester the loopback device has to be activated. 

· An audio call is established between the IP reference gateway and the LTE mobile phone using either AMR-WB or AMR-NB (or other codec) coded RTP packets

· The call is dropped after an appropriate amount of averaging time, IP logging is stopped.

· The data collected by the two IP loggers are joined into a common table.

· A possible clock offset between the two IP loggers can be corrected by synchronizing the logfiles using IP logger functionalities working based on the selected ping events.

· Delays now can be calculated for single packets separately for the sending and the receiving direction.
· By merging the log files into a common table, the ping events are set to a common time base. However, the ping events have a time shift of half of the ping roundtrip delay. This shift must be compensated after determining the final delay values.

7. References
[1] 3GPP Tdoc S4-131351, Qualcomm, Inc: “Estimation of CMW500 network simulator delay in loopback mode”, TSG SA4#76 meeting, 4-8th November 2013
[2] Wireshark Foundation, see http://www.wireshark.org/
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