3GPP TSG-RAN WG4 Meeting #78                                   
R4-160714
St. Julian’s, Malta, 15 - 19 Feb, 2016
Source:

Ericsson 
Title:


On OTA testing of EIRP and EIS for AAS BS
Agenda item:

6.2.3.3
Document for:
Discussion
1 Introduction
There have been several discussions in RAN4 on the OTA testing aspects and the testing of EIRP and EIS for AAS base stations. The discussions on test times for these OTA requirements have however been rather speculative so far. This contribution tries to fill this gap and provides an overview on the amount of testing and test times required for testing of EIRP and EIS requirements. Results from measurements performed on an AAS BS are provided to demonstrate the aforementioned in both manual and fully automated test environments and a comparison is made with the existing tests done for the conducted power and sensitivity requirements.

2 Discussion
In addition to the conducted requirements, radiated requirements are also specified for AAS BS [1][2]. The main reason for such requirements is that in legacy systems with passive antenna systems, accuracy of the transmitted and received signals can be characterized by means of considering the conducted output power together with the antenna gain. However, for AAS BSs, there is an interaction between different active subsystems (transceivers, RDN, antennas) and hence the need for radiated RF requirements.
Radiated requirements are specified in terms of both the EIRP and EIS in [1][2] and there have been detailed discussions on the conformance testing of these requirements. However, the discussions on the testing time for these OTA requirements have been rather speculative so far. 
If we look at the existing tests for conducted power and sensitivity requirements, it is observed that the testing is performed on the worst case scenario. Consider the example of a UTRA+E-UTRA (CS3) capable BS where the parameters in the manufacture’s declaration are identical for contiguous and non-contiguous operation. This would entail that the testing is done as summarized in Table 1.

Table 1: Example of testing required for conducted requirements for CS3 capable BS

	Conducted output power & sensitivity requirements

	BS Max output power
	TC3a
	B,M,T
	ETM 1.1

	Reference sensitivity
	SC
	B,M,T
	ETM 1.1


Observation: The amount of testing required for the conducted power testing is limited to the worst case scenarios and hence a limited number of test combinations.

For an AAS BS, similar (worst case scenario) approach should be followed for the testing of radiated requirements (EIRP and EIS) and it should be ensured that the test combinations do not exceed exponentially due to the support for a number of bands, beams, RATs, and carrier combinations.
Table 2 and 3 below illustrate an exemplary test time estimate for EIRP and EIS test measurements for an AAS BS using a Compact Antenna Test Range (CATR) [3][4]. Times are provided for both manual and automated type of testing. The calculations for the total test time are performed as a nested loop. These calculations along with the calculation of the chamber time are explained within the tables.
Table 2: Test time estimate for example test measurement (manual) using a compact antenna test range
	Time estimation for test preparations

	Preparations (pre-measurements)
	05:00:00

	Calibration
	02:30:00

	Set-up, alignment and dis-mounting
	01:30:00

	Manual EIRP & EIS Testing

	EIRP

	Number of
	Value
	Action
	Time (h:m:s)

	Turn table position in spatial grid
	3
	Position turn tables
	00:00:40

	AAS beams per position
	12
	Change AAS state
	00:00:30

	Polarizations per beams & positions
	2
	Shift polarization
	00:00:10

	Measurement points
	1
	Measure power
	00:00:20

	Total Test time
	00:56:00

	Chamber time
	04:56:00

	EIS

	Number of
	Value
	Action
	Time (h:m:s)

	Turn table position in spatial grid
	3
	Position turn tables
	00:00:30

	AAS beams per position
	3
	Change AAS state
	00:00:20

	Polarizations per beams & positions
	1
	Shift polarization
	00:00:05

	Measurement points
	30
	Measure throughput
	00:00:45

	Total Test time
	05:44:00

	Chamber time
	09:44:00

	Calculations:

	Total test Time is calculated in a nested loop as follows:
(Turn table position in spatial grid *AAS beams per position * polarizations per beams & positions* measurement points)*( Shift polarization + Measure power) + ( turn table position in spatial grid * AAS beams per position)* Change AAS state + (turn table position in spatial grid* Position turn tables)

	Chamber time = Total test Time + Calibration + Set-up, alignment and dis-mounting


	Summary of manual EIRP + EIS total test time

	Total Chamber time
	10:40:00

	Total test time incl. pre-measurements & chamber time
	15:40:00


Table 3: Test time estimate for example test measurement (automated) using a compact antenna test range

	Time estimation for test preparations

	Preparations (pre-measurements)
	05:00:00

	Calibration
	02:30:00

	Set-up, alignment and dis-mounting
	01:30:00

	Automated EIRP & EIS Testing

	EIRP

	Number of
	Value
	Action
	Time (h:m:s)

	Turn table position in spatial grid
	3
	Position turn tables
	00:00:15

	AAS beams per position
	12
	Change AAS state
	00:00:04

	Polarizations per beams & positions
	2
	Shift polarization
	00:00:02

	Measurement points
	1
	Measure power
	00:00:02

	Total Test time
	00:07:57

	Chamber time
	04:07:57

	EIS

	Number of
	Value
	Action
	Time (h:m:s)

	Turn table position in spatial grid
	3
	Position turn tables
	00:00:15

	AAS beams per position
	3
	Change AAS state
	00:00:04

	Polarizations per beams & positions
	1
	Shift polarization
	00:00:02

	Measurement points
	30
	Measure throughput
	00:00:45

	Total Test time
	03:32:51

	Chamber time
	07:32:51

	Calculations:

	Total test Time is calculated in a nested loop as follows:
(Turn table position in spatial grid *AAS beams per position * polarizations per beams & positions* measurement points)*( Shift polarization + Measure power) + ( turn table position in spatial grid * AAS beams per position)* Change AAS state + (turn table position in spatial grid* Position turn tables)

	Chamber time = Total test Time + Calibration + Set-up, alignment and dis-mounting


	Summary of automated EIRP + EIS total test time

	Total Chamber time
	07:40:48

	Total test time incl. pre-measurements & chamber time
	12:40:48


The measurements provided in the tables above illustrate that it does not take long to perform the EIRP and EIS tests and the time required is in the order of hours rather than days. 
Especially for EIRP, where the individual tests have very little impact on the overall test time and the major delay comes from the calibration and alignment, i.e. chamber time. So although the amount of tests should not increase exponentially, there is no need to place undue attention on minimizing the amount of EIRP tests when considering how beam declarations and test points should be declared.
Additionally, it should be noted that the numbers in the tables above rather pessimistic and there is scope for automation. With fully automated tests, the total test time is reduced down to ~13hrs in comparison to the manual testing where the time taken was ~16 hours. These test times also account for the times taken for calibration/test set-up, alignment and dis-mounting of the compact antenna test range. In many cases, pre-measurement preparations and calibration of the test range or test setup can be done by the test house. This would further mean a reduction of ~5 hours from the total test time.
Summary and Conclusion:
This contribution provided results from example test measurement using a compact antenna test range for an AAS BS. Results were provided for both manual and fully automated test environments and a comparison was made with the existing tests done for the conducted power and sensitivity requirements.

It was noted that the amount of testing required for the conducted power testing is limited to the worst case scenarios and hence a limited number of test combinations. It was further noted that, for the testing of radiated requirements (EIRP and EIS), similar (worst case scenario) approach should be followed. It should be ensured that the test combinations do not exceed exponentially due to the support for a number of bands, beams, RATs, and carrier combinations.

A summary of the test time estimates from the measurements is provided in the table 4 below. It is noted that the time required to perform the EIRP and EIS tests is in the order of hours rather than days. Additionally, it is noted that the numbers in the tables below rather pessimistic and there is scope for automation of the test environments, which adds the capacity to bring further reduction to the test times. 
The discussion also emphasizes on the fact that for EIRP testing, the individual tests have very little impact on the overall test time and the major delay comes from the calibration and alignment, i.e. chamber time. So although the amount of tests should not increase exponentially, there is no need to place undue attention on minimizing the amount of EIRP tests when considering how beam declarations and test points should be declared.
Table 4: Summary of EIRP + EIS total test time in manual & automated testing

	Summary of manual EIRP + EIS total test time

	Total Chamber time
	10:40:00

	Total test time incl. pre-measurements & chamber time
	15:40:00

	Summary of automated EIRP + EIS total test time

	Total Chamber time
	07:40:48

	Total test time incl. pre-measurements & chamber time
	12:40:48
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