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1. Introduction
The Inter-lab/Inter-technique (ILIT) test campaign, conducted by CTIA, forms the basis for comparison of the different methodologies for MIMO OTA. The main objectives for the ILIT campaign have been to:
1. Compare the results from several labs within a methodology (Inter-Lab)
a. Within a single methodology, the results  should be consistent, and repeatable
2. Compare the results among different methodologies
a. Across methodologies, the results should be comparable and similar, while accounting for the fact that methods are inherently different.
The first ILIT campaign was performed during the study item phase, and the results were inconclusive. In order to understand the capabilities of the methods to distinguish between good and bad devices under a common condition, a second ILIT campaign was started with reference antennas. The campaign resulted in a good understanding of the capabilities of some methods and highlighted the issues that each method has. As a third phase, CTIA has started a new ILIT campaign to test these methods with real devices. 
This document looks at the current methods and how they are classified and makes specific observations about the process till now and finally provides a recommendation for the group to consider while comparison of the methods during the next ILIT campaign. 
2. Classification of the Methodologies
MIMO OTA in Phase 1 has considered the following methodologies:
· Multi-probe (Full Ring) based on the Anechoic Chamber (AC) setup with SCME UMa and SCME UMi channel models 
· 2 Stage Approach with undisclosed Correlation based implementation of SCME UMa and SCME UMi channel models
· Reverberation Chamber (RC) with NIST, Short-Delay Spread and Long-Delay Spread channel models
· Decomposition approach with channel models based on the temporal characteristics of SCME Uma and SCME UMi.
There are several ways to classify these methodologies. The table below classifies the methods based on the different parameters:
· Test Chamber: The test chamber is the environment under which the MIMO OTA testing is conducted. The chambers are either an Anechoic Chamber (AC) or a Reverberation Chamber (RC). All methods use either of these chambers.
· Channel Models: Channel models represent the radio propagation conditions that impact the performance of the DUT. The work item defines these models to represent realistic MIMO conditions. The currently used models by different methodologies can be classified as being “Spatio-temporal”, “Temporal only”. 
· True OTA: It is desirable that the measurement is performed without the use of any RF cables connected to the device. 
· N-Phase: Some methodologies use the approach of testing the DUT with different stages/phases and combining the results to form a composite result. Other methods do not require multiple test stages. 
· 1-Phase: Methods that do not require multiple stages for testing the DUT.

In the table below results from multiple labs are already available for the different methods and are highlighted (Multi-lab column). The availability of results from different test houses and labs allows to better understand each methodology.
	Methods
	Chamber
	Channel Models
	True OTA
	Multi-lab
	N-Phase
	1-Phase

	
	AC
	RC
	Spatial and Temporal
	Temporal only
	3GPP approved
	
	
	
	

	Multi-Probe
	X
	
	X
	
	X
	X
	X
	
	
	
	X

	2-Stage
	X
	
	X
	
	X
	
	
	X
	
	
	

	Decomposition
	X
	
	
	X
	
	
	
	X
	
	
	

	RC
	
	X
	
	X
	
	X
	X
	
	
	
	X


[bookmark: _Ref366574330]Table 1 Classification of the Methodologies Based on Several Parameters
Within the ILIT campaign, comparisons of the results obtained have been against: 
· Inter-Lab: Inter-lab comparison has been based on the “Chambers” used by different methodologies, resulting in multi-probe, 2-stage and Decomposition being compared with each other. 
· Inter-Technique: Comparison between all the methodologies under a “similar” condition
In order to compare different methodologies, the group adopted a guideline criteria, defined  as ABCD:
A. Verification of the define channel models
B. Absolute data throughput framework (ADTF)
C. Inter-Lab/Inter-Techniques (ILIT) Consistency
D. Uncertainty Evaluation 

The key aspect of these sets of criteria is to be able to compare the different methodologies is the ILIT results (Criteria C). As seen in the table, all the methods are inherently different, and it is important that there is a consistent way to classify and compare the methods. Most importantly, it needs to be stressed that every methodology should be able to produce several results that are comparable among themselves, and further against other methodologies. It is therefore emphasized that there should be multiple sets of data to ensure comparability and establish validity of the method.   
[bookmark: _GoBack]Currently, availability of results from multiple labs is restricted to two methods. Multi-probe method based on the AC has presented data from several chambers and channel emulators [2-5], and similar results have been presented from different test and chamber providers [4], [6-8]. In order to understand all the methods comprehensively, it is very important that data from several labs are required. 
3. On the comparison of results between different labs
Currently, the N-Stage methodologies - 2 Stage Approach and the decomposition approach - are limited to single labs. Furthermore, to demonstrate Inter-lab compliance, these methods have been compared against the Anechoic Chamber Multi-probe methodology. However, it should be noted from the list below that these methodologies are inherently different from the multi-probe method and they do not have a common basis for comparison, for e.g. 
· The 2-Stage method uses a correlation based channel model with modified Doppler (from the geometric channel model) [10]
· The 2-Stage does not present the complete channel model (as radiated) to the device
· Special UE functions are used in the 2-stage method to measure the antenna pattern (while multi-probe does not rely on explicit measurement of the antenna pattern)
· The decomposition method does not use a channel model at all
· The decomposition method uses a modified version of the conducted channel model is used.
·  The decomposition method uses several “disjoint” types of measurements to obtain a “final radiated throughput”
As both these methods are very different, comparing them with the Multi-probe methods as the first part of the ILIT technique could lead to misleading results and masking the critical issues within the methodology, some of which are listed below:
· 2-Stage method [9, 10]: 
· Self-Noise and its impact on measurement
· Validation of the UE measurement capability
· Issues with relative phase,  and polarization on measurement
· Impact of RF connector on RF performance
· Ability and the definition of the UE special functions (Dependent RAN 1 specification) [11-12]
· Ability to address active antenna tuning
· Decomposition method [13, 14]:
· Mathematical validness of the Decomposition method to linearly process throughput obtained by radiated (without a channel model), conducted (with a modified channel model), conducted (with an ideal channel model)
· Impact of the non-linear behavior of the receiver under different operating conditions
· Effects of using temporal aspects of a conducted channel model
· Impact of RF connector on RF performance
· Choice of Constellations and its impact on throughput [15]
· Ability to address active antenna tuning
These issues are quite important and hence cannot be ignored, and will not be understood if the comparison of these methods is performed on the basis of a common test chamber. Following a top-down approach, these methods will have to validate of the underlying assumptions in appropriate scientific forums before these assumptions can be considered useful for MIMO OTA standardization. However, acknowledging they are different, and working within the bottom-up framework, it is accepted that these methods should progress and get results comparable with other methodologies. Furthermore, in order to understand the effects of highlighted issues, it is needed that these methods provide at least results from two labs in order to satisfy the first requirement (inter-lab) of the ILIT measurement campaign.  With results from multiple labs, the impact of the highlighted topics can be clearly understood, and fair basis of comparison can be achieved both for all methods. 
Observation 1: In order to understand the open issues with methods, measurement from multiple labs for each methodology is needed. 
Observation 2: Acceptance of Inter-lab portion of the ILIT is based on measurements from multiple labs for each methodology. 
Observation 3: For the other methodologies, other than AC and RC, for each lab within the methodology, the results should be similar (within the uncertainty) to the results obtained against either methodologies - AC and/or RC. 

4. Conclusions
There are several observations based on the ILIT comparison and the methodologies used so far, upon which the following can be proposed:
Observation 1: In order to understand the open issues with methods, measurement from multiple labs for each methodology is needed. 
Observation 2: Inter-lab portion of the ILIT is should be based on measurements from multiple labs for each methodology. 
Observation 3: For the other methodologies, other than AC and RC, for each lab within the methodology, the results should be similar (within the uncertainty) to the results obtained against either methodologies - AC and/or RC. 
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