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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In [1], it was discussed whether a power supply cable for FR2 was allowed or not. The decision was that the testing in FR2 needs to be done using the UE battery and no power cable / usb cable can be connected to the device.
However, [1] only focused on the issue of the power supply to the DUT, it did not consider any aspect related to UE automation for testing or power on / power off cycles which are required in LTE for RRM and SIG testing.
Discussion
RRM UE control requirements
The following are some examples of power on / power off cycles required in RRM LTE test cases in TS 36.521-3:
	After T3 expires, cause UE handover back to Cell 1 (if the handover fails, switch off the UE) or switch off the UE. Then ensure the UE is in State 3A-RF according to TS 36.508 [7] clause 7.2A.3. Cell 1 is the active cell.
- switches off and on the UE and ensures the UE is in State 3A-RF according to TS 36.508 [7] clause 7.2A.3.
7.	If the UE has not re-established the connection in at least 1s, the UE is switched off and then on. Ensure the UE is in State 3A-RF according to TS 36.508 [7] clause 7.2A.3.
In LTE, the UE power on / power off can be done in several ways:
· Using an external power source to control the UE connected to a dummy battery
· Connecting the UE by USB and sending AT Commands
· Connecting the UE by USB and using ADB
· Connecting the UE by USB and using an automation application provided by the UE manufacturer
All the ways to power cycle the device in LTE require to have a cabled connection. In NR FR2, this won’t be possible at it has been decided in [1]. An option is to try to avoid power cycling during the test runs, but this would produce instability issues during the tests: if a handover fails, in LTE it is possible to power cycle the UE and re-start the iteration. Without power cycle, the test will be blocked until someone restarts the UE manually. Furthermore, for some of the test purposes, the power cycling is mandatory and cannot be avoided.
Observation 1: Power cycling is required for some RRM tests and it cannot be avoided.
Observation 2: Without power cycling, someone would have to manually operate the UE (opening the anechoic chamber and pressing a button on the device, without moving the device or the link might be lost) several times for each RRM test case.
Apart from the power cycling requirement, RRM test cases perform statistical evaluation over a minimum of 33 iterations, running in some cases for over one hour per test. Battery consumption might be a critical issue.
Observation 3: RRM test cases perform statistical evaluation with a minimum of 33 iteration. Test time is longer than RF and can take up to over one hour per test. Battery consumption is a critical issue if cables are not allowed.
SIG UE control requirements
SIG test cases also require to send various commands to the UE for automation aspects. The UE needs to be switched off and on again before every test run and also during the test execution. AT commands are used to trigger certain procedures, depending on the test requirement and the upper tester interface defined in 38.523-3 sec 6.1 follows the same as specified in 36.523-3. In LTE, the SS and UE interface this has been done over AT Commands, which are sent via the USB connection.
Observation 4: SIG test cases need to send AT Commands to the UE for UE Automation.
Potential solutions
As power cycling is required, a solution to perform this power cycling in an OTA environment needs to be discussed. We see the following options: 
Option 1: allow to have a cable connection.
This option is the simplest from the software point of view: the UE can be connected via USB cable and controlled remotely using the same procedures as for LTE. However, it presents several disadvantages:
· The presence of the USB cable will affect the quality of the QZ
· The connection of the USB cable could couple with the UE antenna and affect the performance of the ZE
· The presence of a cable poses also a hardware challenge, as the positioning system needs to rotate the UE and the cable should always remain connected. Additionally, different UEs may have the cable connection at different places
Option 2: define a RAT-independent wireless interface (Wireless COM port) to control the device.
The cabled connection can be replaced by a wireless link (e.g. Bluetooth) that creates a COM Port, to perform the same automation tasks that can be done with the USB connection. This has allows full control of the UE independently of the status of the LTE / NR connection, but also has some disadvantages:
· The new wireless interface needs to be defined and supported by the TE and the UE
· The wireless link may affect the quality of the QZ. Further research is needed on this.
Option 3: define a NAS Layer 3 message in TS 38.509 to perform the power cycling.
A NAS message can be defined for rebooting the UE. This would allow the TE to reboot the UE at any time during the test case, providing enough automation for executing the test procedures if the device remains in RRC Connected mode. However, these method also present disadvantages:
· An active LTE or NR connection to the UE is required at anytime
· This method is not useful to power cycle the UE if it goes out of sync or in between different test runs.
Observation 5: Of the three proposed options, Option 1 will also charge the DUT during testing, allowing longer test runs. Furthermore, it may allow extreme power conditions by manipulating the voltage on the USB port.
Conclusion
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Observation 1: Power cycling is required for some RRM tests and it cannot be avoided.
Observation 2: Without power cycling, someone would have to manually operate the UE (opening the anechoic chamber and pressing a button on the device, without moving the device or the link might be lost) several times for each RRM test case.
Observation 3: RRM test cases perform statistical evaluation with a minimum of 33 iteration. Test time is longer than RF and can take up to over one hour per test. Battery consumption is a critical issue if cables are not allowed.
Observation 4: SIG test cases need to send AT Commands to the UE for UE Automation.
Based on the above observations, three different alternatives to enable power cycling have been presented, each of them with several advantages and disadvantages. 
Option 1: cable connection
Option 2: RAT independent wireless interface (Wireless COM PORT) for AT commands
Option 3: NAS layer 3 message in TS 38.509.
Observation 5: Of the three proposed options, Option 1 will also charge the DUT during testing, allowing longer test runs. Furthermore, it may allow extreme power conditions by manipulating the voltage on the USB port.

A summary of the different options is given in the following table:
	Option 1
	Option 2
	Option 3

	· Same procedure as LTE
· Allows full UE control at all times
· Independent of NR / LTE link
· Does not require specific UE implementations
· Can be used to charge the UE
· [bookmark: _GoBack]Could potentially be used to test extreme voltage conditions
	· Can reuse existing AT commands
· Allows full UE control at all times 
· Independent of NR / LTE link
· No cables required
	· Does not affect QZ
· Does not require RAT independent UE implementations (e.g. over Bluetooth)
· No cables required


	· Requires a cable connection in the chamber
· Might affect QZ
· Might affect UE antenna performance through coupling
· Complicates HW (positioner)
	· Requires new wireless interface to be defined
· Might affect QZ quality

	· Available only in RRC_CONNECTED state
· Does not solve all issues (UE out of sync, between test runs)



Proposal 1: RAN5 group shall discuss the advantages and disadvantages of every method listed above and decide on a WF for RRM and SIG testing.
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