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1. Introduction

This contribution discusses what are the meaningful test conditions for OTA testing, the characteristics as well as the progress in RAN4 for each one, and subsequently proposes a WF to allow MIMO OTA and RAN4 to progress the work in the test conditions domain.
2. Background
During meeting RAN4#66bis the group agreed a set of conditions and steps in [1] that will allow the WI to be closed. Among them, this contribution touches upon this one:
1. Group agrees on environmental test condition and device orientation
1. The criteria to define a valid test condition is FFS
And will discuss the test conditions, the criteria that should be chosen for eligibility and finally with a recommendation to follow to enable MIMO OTA testing.

3. Discussion
Environmental test conditions

Along the past meetings it has been clarified that there are different test conditions, which are modelled by channel models, and are reproduced by test methodologies that are in occasions coupled to test volumes of different characteristics. The set of test conditions that have been discussed are in general the following:
· Isotropic conditions in indoor environment with very short delay spread
· Isotropic conditions in outdoor environment (outdoor to indoor scenario) with short delay spread

· Isotropic conditions in outdoor environment (outdoor to indoor scenario) with long delay spread

· Urban micro cell environment with incoming signals arriving with no elevation
· Urban macro cell environment with incoming signals arriving with no elevation
These test conditions are modelled by channel models. The channel models are mathematical descriptions that can be used to reproduce the test conditions within a test volume for OTA testing. The following table presents the channel models that model the test conditions under discussion.

Table 1. Test conditions and channel models

	#
	Test condition or environment
	Channel model

	1
	Isotropic conditions in indoor environment with very short delay spread
	Isotropic model based on the NIST channel model

	2
	Isotropic conditions in outdoor environment (outdoor to indoor scenario) with short delay spread
	Short delay spread low correlation channel model

	3
	Isotropic conditions in outdoor environment (outdoor to indoor scenario) with long delay spread
	Long delay spread high correlation channel model

	4
	Urban micro cell environment with incoming signals arriving with no elevation
	SCME urban micro-cell channel model

	5
	Urban macro cell environment with incoming signals arriving with no elevation
	SCME urban macro-cell channel model

	6
	Urban micro cell environment with incoming signals arriving with no elevation
	SCME urban micro-cell channel model – Single cluster

	7
	Urban macro cell environment with incoming signals arriving with no elevation
	SCME urban macro-cell channel model – Single cluster


Finally the following table incorporates what methodologies can in principle reproduce the test conditions under discussion. In this table we can clearly see how the different test conditions are modelled and what methodologies can reproduce them.
Table 2. Test conditions, channel models and methodologies

	#
	Test condition or environment
	Channel model
	Methodology

	1
	Isotropic conditions in indoor environment with very short delay spread
	Isotropic model based on the NIST channel model
	RC

	2
	Isotropic conditions in outdoor environment (outdoor to indoor scenario) with short delay spread
	Short delay spread low correlation channel model
	RC

	3
	Isotropic conditions in outdoor environment (outdoor to indoor scenario) with long delay spread
	Long delay spread high correlation channel model
	RC

	4
	Urban micro cell environment with incoming signals arriving with no elevation
	SCME urban micro-cell channel model
	AC

	5
	Urban macro cell environment with incoming signals arriving with no elevation
	SCME urban macro-cell channel model
	AC

	6
	Urban micro cell environment with incoming signals arriving with no elevation
	SCME urban micro-cell channel model – Single cluster
	AC

	7
	Urban macro cell environment with incoming signals arriving with no elevation
	SCME urban macro-cell channel model – Single cluster
	AC


It should be noticed that some of the methodologies may prove to be able to reproduce different test conditions that the ones reflected in the table above. E.g. reverberation chamber results may be adjusted to match those of the AC for a given test conditions, and conversely the anechoic chamber may be populated with more test probes to emulate a more isotropic scenario to reproduce those conditions of the RC. Nevertheless these cases need further study and confirmation.

The only thing that is left for the group to decide is on what test conditions are useful for OTA testing and what of them provide consistent result for the different devices under test.

Criteria to define a test condition

The following picture summarizes graphically the different test conditions under discussion:
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Figure 1. Test conditions under discussion
In order to agree what test conditions we want to use for OTA testing the criteria to select them shall be discussed. The following is a list of conditions that will be used for MIMO OTA operation

1. Be meaningful, so that they can effectively test the device under conditions that are realistic so that real devices under those will be operating similarly as they would in the field. The OTA methodology should be a predictor for field performance

2. Simplicity: for the selection of test conditions, simplicity should be considered for OTA testing in order to reduce test burdens as long as the conditions remain meaningful as faithful predictors for MIMO OTA performance in the field

3. Inherently any test condition being reproduced within a test volume for a given methodology should provide consistent results
4. Status of progress for peer review in 3GPP
Proposal
During last RAN4 meeting, the group agreed WF in [1] that considers that for any test condition and corresponding methodology the following must be accomplished, the so called list of pre-requisites:
A. Channel model verification
B. Abs data tput framework
C. IL/IT results consistency
D. Uncertainty evaluation
At the same time, group acknowledged that the work for test conditions and the work on the list of pre-requisites can progress in parallel. Thus, and without precluding that any method can fulfil the list of pre-requisites, this contribution only deals with the test conditions discussion.
Table 3 shows the status for each test condition in 3GPP:

Table 3. Fulfilment of criteria for test conditions
	#
	Test condition or environment
	Channel model
	Methodology
	Fulfilment of test conditions criteria

	1
	Isotropic conditions in indoor environment with very short delay spread
	Isotropic model based on the NIST channel model
	RC
	Need to fulfil ABCD

Feedback from RAN1 useful

	2
	Isotropic conditions in outdoor environment (outdoor to indoor scenario) with short delay spread
	Short delay spread low correlation channel model
	RC
	Need to fulfil ABCD

Feedback from RAN1 useful

	3
	Isotropic conditions in outdoor environment (outdoor to indoor scenario) with long delay spread
	Long delay spread high correlation channel model
	RC
	Need to fulfil ABCD

Feedback from RAN1 useful

	4
	Urban micro cell environment with incoming signals arriving with no elevation
	SCME urban micro-cell channel model
	AC
	Need to fulfil ABCD

Based on used RAN1 channel model

	5
	Urban macro cell environment with incoming signals arriving with no elevation
	SCME urban macro-cell channel model
	AC
	Need to fulfil ABCD

Based on used RAN1 channel model

	6
	Urban micro cell environment with incoming signals arriving with no elevation
	SCME urban micro-cell channel model – Single cluster
	AC
	Need to fulfil ABCD

Simplification of test condition 4. Feedback from RAN1 useful

	7
	Urban macro cell environment with incoming signals arriving with no elevation
	SCME urban macro-cell channel model – Single cluster
	AC
	Need to fulfil ABCD

Simplification of test condition 5. Feedback from RAN1 useful


We encourage companies to progress on the open issues that can be identified in the table above with particular focus on fulfilling the ABCD criteria. 

Considering the progress of MIMO OTA during the previous years, and given that industry is in urgent need for MIMO OTA testing for LTE devices, we would like to propose the following approach:
1. Groups need to consider that not all test conditions may be found useful, and a decision must be made

2. Group needs to consider that not all test conditions may be ready for use at the same time

3. Group needs to be aware that even useful test conditions may require longer development phases which are not in favour of the industry who has today a need

4. Group needs to be aware that R&D is always a learning process, and amendments can and probably will be done to enhance MIMO OTA testing in the future

5. Industry is in urgent need for a methodology that can predict faithful LTE operation in the field

6. Assuming a given test condition, channel model, and methodology can fulfil ABCD as agreed in [1], and no concern from simulations perspective is found in 3GPP, then this test methodology is considered for MIMO OTA testing
7. As agreed in WF accumulative document in [2] SIR will not be considered for initial early MIMO OTA testing, and therefore it is proposed the WI is closed without SIR. SIR will be considered in a new WI that considers enhancements for MIMO OTA.
8. As agreed in WF accumulative document in [2], TM3 will be used for early MIMO operation. That means that UE will be evaluated in the conditions when they are in presence of high signal power. TM2 is expected to be triggered when conditions deteriorate that means when signal is lower. It is proposed that the test development for the required TM2 is progress in a new phase of the WI.
4. Conclusion

In this paper, we have discussed the different test conditions in MIMO OTA and proposed a WF on a criterion for test condition selection as well as the context for such decision. Those are summarized as follows:
1. Groups need to consider that not all test conditions may be found useful, and a decision must be made

2. Group needs to consider that not all test conditions may be ready for use at the same time

3. Group needs to be aware that even useful test conditions may require longer development phases which are not in favour of the industry who has today a need

4. Group needs to be aware that R&D is always a learning process, and amendments can and probably will be done to enhance MIMO OTA testing in the future

5. Industry is in urgent need for a methodology that can predict faithful LTE operation in the field

6. Assuming a given test condition, channel model, and methodology can fulfil ABCD as agreed in [1], and no concern from simulations perspective is found in 3GPP, then this test methodology is considered for MIMO OTA testing
7. As agreed in WF accumulative document in [2] SIR will not be considered for initial early MIMO OTA testing, and therefore it is proposed the WI is closed without SIR. SIR will be considered in a new WI that considers enhancements for MIMO OTA.

8. As agreed in WF accumulative document in [2], TM3 will be used for early MIMO operation. That means that UE will be evaluated in the conditions when they are in presence of high signal power. TM2 is expected to be triggered when conditions deteriorate that means when signal is lower. It is proposed that the test development for the required TM2 is progress in a new phase of the WI.
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