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-------------------------------------START OF MODIFIED CLAUSE--------------------------------
Annex C (informative):
Measurement method for determining the one way radio delays of LTE radio network simulators
The method decribed in this Annex can be used to determine or verify the delay introduced by a LTE radio network simulator.

Note.
There is an inherent uncertainty in the method due the unknown delay of the modem delay (software stack in the modem). If this delay is known the measurement uncertainty can be reduced.
C.1
Measurement setup
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Figure C1: 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 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.

C.2
Test procedure

The following steps have to be performed in order to determine the radio network simulator LTE delay:
The following steps have to be performed in order to determine the radio network simulator LTE delay:

· Step 1: 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 GUI to the IP address of the radio tester. (It must be ensured that this ping event is logged on the reference gateway as well as on the IP logger 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 procedure. The roundtrip delay indicates which amount of delay has to be added to the packets monitored and showing the same time stamp when sent and received.

Now the cable based Ethernet connection is plugged out and the USB tethering connection to the mobile phone is established.

· Step 2: Measurement of the Loopback RTP Delay

· IP logging is still active!

· The tethering device connected to the reference gateway is activated and routing is selected over the tethering device.

· On the radio tester the loopback device is activated.

· An audio call is established from the reference gateway using AMR-WB (AMR-NB) 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, assuming a symmetrical ping dely. This shift must be compensated after determining the final delay values.

· Step 3: Measuring the tethering delay

· The tethering delay of the modem is device dependant and needs to be determined separately. A ping command is sent from the reference gateway to the IP address of the DHCP server of the tethering device. Halve of the resulting round trip delay is used to estimate the tethering delay, again assuming a symmetrical tethering delay. (It can be assumed that voice data will be delayed in the same manner since in the phone an IMS-APN is created. This should be verified by checking the entries in the system simulator. Here it should be reported, that QCI 5 (IMS signaling) and QCI 1 (voice data) were established.) 

· Step 4: Correction of the measured results

· Half of the Ping roundtrip delay is added in sending and receiving

· Half of the tethering delay is subtracted in sending and receiving.
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