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1. Background
In last RAN plenary contribution [3] was approved which modified the SI and so the objectives of the SI in order to be completed. Due to the extensive analysis and previous RR testing campaigns invaluable knowledge have been acquired which will facilitate taking a final decision of the agreed methodlogy(ies) for MIMO OTA performance.
In [3] it was agreed that the final decision will take place in the WI phase, and due to the above the recommendation to be included in the TR is for closing the SI and opening a WI, decision to be finally approved at next RAN plenary (3GPPRAN#55).
In this contribution conclusions from [1] are incorporated in section 9 of [5], summarizing the lessons learnt along the SI phase that will allow for taking a final decision at WI phase, as agreed in [3]  and proposed in [2].
This contribution also adds to section 10 of [5] the recommendations for how to progress and scope the work of standardization of MIMO OTA testing. The recommendations are based on the technical conclusions from [1] and [4], and based on the procedural discussions in [2] and [3] which was approved.
As it is recognized in section 9.1 the table reflects the understanding of all MIMO OTA experts at the time of drafting given table. It is suggested any relevant updated information is incorporated into the table.
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Conclusions



In section 9.1 the different candidate methodologies are compared. In section 9.2 lessons learnt after round robin test campaign together with final conclusions are given. 
9.1
Comparison of Candidate Methodologies

The candidate methodologies for MIMO OTA can be broadly classified into 3 categories:

1)
Anechoic Chamber 

2)
Reverberation Chamber

3)
Multi-stage Method

It is recognized that the content of the table is preliminary and based on currently available information. Many of the attributes of the candidate methodologies require further study/proof and are subject to change.

	Attribute
	Reverberation Chamber
	Anechoic Chamber Based
	Multi-stage methods

	
	RC 
	RC + CE
	Single Cluster
	Ring
	2 channel method
	2 stage method7
	Antenna method 6

	Setup


	
	
	
	
	
	
	

	Major components


	Reverberation chamber
	Channel Emulator, Reverberation Chamber
	Channel emulator, probe antennas, anechoic chamber
	Channel emulator, probe antennas, anechoic chamber
	Channel emulator, probe antenna
	Channel emulator, probe antenna, anechoic chamber
	Probe Antenna, Anechoic Chamber

	Number of probe antennas
	2-9
	2 – 9
	3-16 (varies)
	8-32 (varies)
	2-3
	1
	1

	Operating bands
	
	
	
	
	
	
	

	Supported 3GPP     bands
	All


	All


	All


	All


	All


	All


	All



	Bandwidths supported: HSPA/LTE


	Yes/Yes
	Yes/Yes
	Yes/Yes
	Yes/Yes
	Yes/Yes
	Yes/Yes
	Yes/Yes

	Channel Modelling aspects
	
	
	
	
	
	
	

	2D/3D
	3D
	3D
	2D/3D (varies)
	2D/3D1 (varies)
	2D/3D
	2D/3D
	2D/3D1

	Number of spatial clusters
	1
	1
	1
	1-24 (varies)
	1-2
	1-24
	1-No upper bound

	Power angular spectrum per cluster
	Uniform
	Uniform
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	Angular spread
	Random8
	Random8

	Controllable
	Controllable
	Partly Controllable
	Controllable
	Controllable

	Power delay profile
	Exponential decay
	Controllable + Exponential
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	Delay spread
	Slightly controllable decay
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	Doppler shift
	Limited
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	Supported channel models
	Uniform5 
	Uniform spatial, controllable multipath
	Single cluster, multipath (varies)
	SCME, Single Cluster, Uniform, Arbitrary
	SCME, Single cluster, uniform, arbitrary
	SCME, Single cluster, uniform, arbitrary
	SCME, Single cluster, uniform, arbitrary

	Controllable spatial characteristics of BS antennas
	FFS
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	XPR
	Constant
	Constant
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	Other MIMO OTA attributes
	
	
	
	
	
	
	

	Supported 3GPP transmission modes [7]
	1 – 7
	1 – 7
	1 – 7
	1 – 7
	     1 – 7
	1 – 7
	1-7

	Ability to control interference direction
	No
	No
	Limited – Yes
	Yes
	Yes
	Yes
	FFS

	SNR control3
	FFS
	Yes
	Yes
	Yes
	Yes
	Yes
	N/A (Part of channel capacity calculation)

	DUT size constraints


	None
	None
	0.5 – 4 lambda, (varies)
	0.5 – 4 lambda (varies)
	FFS
	      None
	None

	Measurements & Results
	
	
	
	
	
	
	

	Supported FOM2

(Categories in Sec 5.1)
	I, II, part of IV (except MEG), V 
	I, II, part of IV (except MEG), V
	 I-V

+Throughput(θ)

+ other antenna characteristics 10
	I-V 
+Throughput(θ)

+ other antenna characteristics 10
	I-V

+Throughput(θ)

+ other antenna characteristics 10
	I-V 
+Throughput(θ)

+ other antenna characteristics 10
	II, III, IV + other antenna characteristics 11

	Demonstration results available
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Partial

	System/Hardware Details
	
	
	
	
	
	
	

	Calibration equipment/method
	2-Port VNA4
	2-Port VNA4
	Joint OTA link calibration using 2-port VNA4
	Joint OTA link calibration using 2-port VNA4
	Range calibration by 2-port VNA4, for example
	Chamber calibration by 2-port VNA4, second stage calibration


	Chamber calibration by  2-port VNA4

	Use this method in SISO OTA
	Yes
	Yes
	Yes 
	Yes
	Yes
	Yes
	Yes

	Re-use potential existing SISO OTA systems
	High
	High
	High
	High
	High
	High
	High

	Other Considerations
	
	
	
	
	
	
	

	Requires non-intrusive test mode for antenna pattern measurement
	N/A9
	N/A9
	No
	No
	No
	Yes
	Yes

	Throughput measurement method
	OTA
	OTA
	OTA
	OTA
	OTA
	Conducted via temporary antenna connector
	N/A (Capacity metric calculated from antenna parameters)


NOTES:

Note 1:
3D is feasible if 3D channel model is used.

Note 2:
Metrics supported: the measurement metrics supported by the test method like throughput, TRP/TRS, antenna pattern, gain imbalance, etc

Note 3:
SNR control: explicit SNR, implicit SNR, etc

Note 4:
VNA is an abbreviation of Vector Network Analyzer.

Note 5:
random AoA, uniform average

Note 6:
antenna-based method uses stage 1 from the 2 stage method and derive from this, a MIMO channel capacity FOM

Note 7:
2 stage method does not require channel capacity metric, but measures throughput using second stage in a conducted test

Note 8:
The angular spread observed in a reverberation chamber depends on the duration of observation. For short durations, it is random. For long durations, the angle spread converges to a fixed value based on a uniform angular distribution.
Note 9:
 the antenna pattern cannot be measured, if needed

Note 10:
The throughput, branch imbalance, spatial correlation, antenna gain can be measured as a function of DUT rotation

Note 11:
The branch imbalance, spatial correlation, antenna gain can be measured as a function of DUT rotation

9.1.1
Definitions of rows in the table

Setup

Major components: List of main hardware components required

Number of probe antennas: self-explanatory

Operating bands

Supported bands: Which frequency bands does the method support (TS 36.101, TS 25.101)

Bandwidths supported: HSPA/LTE: Does the method support at least 20 MHz

Channel Modelling

2D/3D: ability of method to support 2D/3D modelling of environment

Number of clusters: number of taps/multipath components supported by method. This determines how ‘spread out’ the arriving signal is spatially.

Power angular spectrum per cluster: Types of power angular (azimuth) spectrum distributions supported by method. The distributions should be settable for each cluster.

Angular spread: Ability to set the amount of angle spread. This determines how ‘spread out’ the arriving signal corresponding to each cluster is spatially.

Power Delay Profile: Types of power delay profiles supported. Ability to control the powers and delays of each of the clusters.

Delay spread: ability to support different delay spreads.

Doppler shift: types of Doppler spectra that can be supported. This determines the frequency domain (and by duality, the time domain) characteristics of the wireless channel emulated.

Supported channel models: channel models supported by method.

Controllable spatial characteristics of BS antennas:  ability to set the spatial correlation of the BS antennas.

XPR: Cross-polarization ratio values supported.

Other MIMO OTA attributes

Supported 3GPP transmission modes: self-explanatory. Refer to [7].

Ability to control interference direction: ability to model the direction from which interference arrives

SNR control: Explicit SNR, Implicit SNR 

DUT size constraints: range of DUT size supported. (quiet zone dependency on channel model and number of antennas)

Measurements and Results

Supported FOM (subclause 5.1): The figures of merit listed in subclause 5.1 that are supported. Does the method provide any other enhancements to the FOM measured?

Demonstration results available: Are demonstration results available?

System/Hardware Details

Calibration equipment/method: list of main equipment required for calibration of system with some insight into the calibration approach.

Use this method in SISO OTA: Can this same method be used in SISO OTA too?

Re-use potential existing SISO OTA systems: Can this method be re-used in existing SISO OTA systems?

Other considerations

Requires non-intrusive test mode for antenna pattern measurement: Does the method require a special mode (hardware/software capability) in the UE to make antenna pattern measurements

Throughput measurement method: Are the throughput measurements made over the air or in a conducted setup?

9.2
Lessons learnt and conclusions
After round robin testing campaign the following conclusions have been reached and agreed, and taken as lessons learnt:
Test Result Agreement within a Methodology

· Anechoic chamber based OTA typically shows good level of agreement when using UMi and UMa channel propagation models.
· Reverberation chamber based OTA typically shows good level of agreement when using NIST,  UMi and UMa channel propagation models.
· Uncertainties in the measurements and different lab setups prevent full comparison in some cases.

· It can be seen from the comparison that Nokia’s two stage results and Agilent two-stage results from Pool 4 USB-dongle are comparable with a 3dB difference. One possible reason for the difference related to measurement setup is that the Nokia setup selected cross polarized BS antennas and the Agilent setup selected uncorrelated BS antennas. Apart from this difference the setups should be comparable and any difference in results likely to be due to the achievable accuracy of calibration between two separate labs.In some cases, results within a methodology were corrupted by inadvertent errors in test equipment settings or changes to the DUT’s operating environment.

Test Result Agreement between Methodologies

· Results show that several test methods were proven to be able to show a clear ranking between DUTs.

· In several cases, very good agreement between anechoic (multiprobe, single cluster and two-channel methods), reverberation chamber and two-stage results were observed for a single device, however uncertainties in the measurements and in the labs setups prevent to take any conclusion regarding any inter-methodology comparison.

· For some other test cases, big differences among the test method results are still to be further understood.
· It’s not obvious as to how different methodologies can be directly compared due to the fact that there are many different variables between the methods.

The following issues were identified which made a true comparison difficult:

· Test configuration issues: lack of clearly defined test environment (Base Station antenna correlation settings, channel model details, not all labs had access to all DUTs, and DUT configuration varied between labs. 

· Reference UE issues: Instability of DUTs over test duration, laptop noise affected throughput results, and receiver (antenna and baseband) characteristics of each test UE were unknown so difficult to verify specifically what caused differences in results. 
· Propagation Environment Aspects: SCME channel models are two-dimensional only; maybe there are (or there will be) more appropriate channel models for us to consider, 1 drop/instance of a channel model unlikely to be enough to verify real-world performance.

· Test equipment aspects: eNode B emulators were not mature and even today labs have found UE performance differences between them. 

It is understood to be feasible to specify a test methodology to measure multiple antenna receiver performance, but the different types of methods need further technical analysis before agreement can be made on what methodology(ies) are finally selected.
In chapter 10, recommendations are given on how to scope the work so that the standardization of a method (s) can progress in the most effective and efficient way.
10
Recommendations


Recommendation is to close current SI and open a WI which basically will take all the lessons learnt in the SI phase in order to conclude in a method (s) able to accurately provide MIMO OTA performance that is meaningful compared to MIMO end user experience.
After Round Robin testing campaign it has been proven that the different candidate methodologies are able to provide a measure of MIMO OTA performance, nevertheless it is recognized that there are a number of pending issues that need to be technically treated in order to be able to conclude a final test methodology(ies). The following list of items are suggested to be considered within the scope of the WI:

1. The initial focus shall be on over-the-air testing of LTE MIMO terminals (with expansion to LTE SIMO and HSPA SIMO/MIMO afterwards).

2. Deploy reference antennas and reference device(s)
a. Realize and validate reference antennas
b. Agree on a reduced set of devices to be tested across all labs.

c. Reference devices will be selected such that they represent as well several chipset manufacturers.
3.   Create reference environment (standardization of RF environment):

a. RF environment shall consider all key radio link aspects, including, for example, downlink power levels, SNR, (e)Node B transmission modes, reference channel types and channel rank. In order to minimize variables and uncertainty during the initial phase, tests shall use of LTE Transmission Mode 3, Fixed Reference Channel, and forced Rank 2.
b. Standardize eNB, channel emulator
i. Agree on eNodeB emulator settings (begin with same s/w version, MCS settings, etc.). emulator parameters shall be evaluated and standardized for MIMO OTA performance evaluation, ensuring alignment with the configurations used in real-life deployments.

ii. Define BS antenna parameters
iii. Standardize channel emulator, validation of channel emulator.
c. Use channel model from TR
i. Clearly select the channel models from the TR and specify all the parameters used to ensure consistent test results within and across methodologies. The selection shall be done to reflect likely field conditions.
ii. Therefore, validation procedures shall be developed to ensure that any given channel model has been correctly implemented within each methodology.
d. Utilize reference antennas in combination with a known UE baseband receiver (verified via conducted RF tests with and without channel impairments). This is intended to verify whether the characteristics of the receive antenna design (i.e. correlation, gain imbalance, etc) affecting receiver performance can be accurately distinguished by proposed test methods
i. Measure conducted reference sensitivity unimpaired.

ii. Measure conducted performance (power and noise levels need to be defined) using an agreed channel model with direct connections (no antenna impact).

iii. Measure conducted performance (power and noise levels need to be defined) using simulated or measured reference antenna and agreed channel model.

e. Validate channel model implementation in chamber
4. Simulation of expected UE performance in chosen channel model
5. Identify the repeatability, reliability and level of measurement uncertainty of each proposed methodology.
6. Evaluate the use of statistical performance analysis in order to minimize test time and help ensure accurate performance assessment.

7. Consider whether any additional MIMO performance metrics are necessary.
8. For a final selection of the method(s) cost, time and other implications should be considered.
Also it is noted that the standardisation of multiple test methodologies may be one eventual outcome but, during the WI, RAN4 shall avoid fragmentation of the absolute measurement result that is output as part of the 3GPP test framework for any given tested device. 3GPP shall also ensure that all devices can be comparably tested. Currently throughput is the figure of merit to be used as to compare the different results across the different methods. Absolute throughput is agreed as the only figure of merit that will be used for comparable testing across different methods.
---- End of TP ----
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