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1. Introduction

In 3GPP RAN#66 a new work item “Radiated requirements for the verification of multi-antenna reception performance of UEs” was approved [1]. One of the main objectives of this work item is to study how the different methodologies in Section 12 of 3GPP TR37.977 [2] can be harmonized to yield the same performance requirement.

During the previous work in 3GPP on MIMO OTA the focus has been on finalizing technical aspects and technical validation of methodologies suitable for MIMO OTA evaluation. This work resulted in approval of TR37.977 and thereby definition of four methodologies suitable for MIMO OTA performance assessment. The test procedures for these four methodologies are described in Section 12 of TR37.977. These four methodologies are MPAC, Two-Stage, RC and RC+CE.
At the RAN4#74 meeting, a way forward for the approved MIMO OTA WI was agreed [3]. The agreed way forward initiates the harmonization effort immediately following RAN4 #74bis, and subsequently finalizes the harmonization testing by RAN4#76. In view of the need to start the harmonization works immediately after RAN4 #74bis, it was also agreed in the Way Forward [3] to hold an offline conference call prior to RAN4 #74bis (date and time TBD) with the goals to agree on the harmonization framework and the associated working assumptions and to start work on defining the harmonization measurement campaign. A conference call took place on March 3, 2015, and notes will be presented for approval at 3GPP RAN4 #74bis [4]. At the call, progress was made on the working assumptions for the FoM, and there was a call for contributions on bounds and associated aspects, definition of orientations, stirring modes, SF per measurement point, number of rotations per orientation, and for outlining devices to be used in the testing activity. For the latter, carrier feedback was especially requested.
It is worth noting that there is a harmonization effort ongoing in CTIA, but this is currently focused on TM2 measurements between the RC+CE and MPAC test setups [5]. 
In consequence of the above, this contribution elaborates on [6] and provides a proposal for defining the orientations, stirring modes, SF per measurement point, number of rotations per orientation and devices to be used for the harmonization testing activity.

This contribution has been made in co-operation with EMITE, a manufacturer of MIMO OTA test equipment.
2. Objective

The objective of the harmonization measurement campaign is to capture comparable data from the different MIMO OTA methodologies, whose procedures are described in Section 12 of TR37.977. The aim is to be able to draw conclusions based on this data on the ability to harmonize across two or more methodologies.
3. Devices
As discussed during the March 3, 2015 call, there is a trade-off between the number of elements and variables to be set and studied during the harmonization testing activity and the time assigned to this activity in the agreed Way Forward, and therefore it is important to gather operator preferences on this respect.

The opinion of those operators which have shown interest in this activity by participating in the March 3, 2015 call was gathered in subsequent offline discussions, and the operator preferences, where any was communicated, are summarized in the Table below (higher priorities listed first for each operator).
	Carrier
	Form factor
	Technology
	Band(s)
	Test Condition
	Brand
	Model

	NTT docomo
 
	Smartphone
	LTE FDD
	Band 1
	FS
	TBD
	TBD

	
	Notebook
	 
	Band 3
	 
	 
	 

	China Mobile
	Smartphone
	LTE TDD
	Band 41
	FS
	Huawei
Samsung
	TBD

	Vodafone
 
 
 
	TBD
	LTE FDD
	Band 20
	TBD
	Sony
	Xperia M2

	
	 
	 
	Band 7
	 
	Sony
	Xperia E3

	
	 
	 
	Band 3
	 
	Microsoft
	Lumia 640 (Delia)

	
	 
	 
	
	 
	Samsung
	Galaxy S5 (G900F)

	Orange
 
 
 
	Smartphone
	LTE FDD
	Band 7
	TBD
	TBD
	TBD

	
	Tablet
	 
	Band 20
	 
	 
	 

	
	Notebook
	 
	Band 3
	 
	 
	 

	
	 
	 
	CA
	 
	 
	 


Further input during the RAN4#74bis meeting resulted in the following agreement on the bands to be used.

1. Set of FDD low frequency devices (band 13)

a. Devices TBD

2.  Set of FDD high frequency devices (band 7)

a. Devices TBD

3. One LTE TDD device (band 41)
a. Smartphone Huawei 201HW
The following form factors are to be used for this testing campaign:
· Handset

· Tablet

The specific devices to be used for the testing campaign are TBD. The following list summarizes the current proposed devices:

	Device
	Band
	Availability

	Tablet Samsung Galaxy Tab SGH-T779
	7
	TBD

	Smartphone Sony Xperia E3 D2202
	7
	TBD

	Smartphone Microsoft Lumia 640
	7
	TBD

	Samsung Galaxy S5
	TBD
	TBD

	Sony Xperia Z3
	TBD
	TBD

	Galaxy Note 4
	TBD
	TBD

	HTC One M9
	TBD
	TBD

	Samsung I9505 (Galaxy S4)
	TBD
	TBD

	Samsung I9195 (Galaxy S4 mini)
	TBD
	TBD

	Smartphone Huawei 201HW
	41
	TBD


Further input is requested as outlined in RAN4#74bis MIMO OTA Way Forward. Confirmation on the information above is needed for each proposed device in order to incorporate it into the test campaign.

4. Settings and procedure details for the harmonization test campaign
Regarding use of head hand phantoms the following test condition is to be used in this study:

· Free Space (FS)

Regarding device orientations, it is proposed that for MPAC and Two-Stage, eight device orientations are to be used. With the vertical portrait orientation defined as (0,0,0) of (yaw, pitch, roll), these are:
1. Portrait - (0°, 0°, roll)

2. Portrait tilt down - (0°, -45°, roll)
3. Portrait tilt up - (0°, 45°, roll)
4. Face up - (0°, 90°, roll)
5. Face down - (0°, -90°, roll)
6. Landscape - (90°, 0°, roll)
7. Landscape tilt down - (90°, -45°, roll)
8. Landscape tilt up - (90°, 45°, roll)
where the roll is represented by the rotation around the turntable axis to produce a single cut.
Regarding the number of rotations per orientation, it is proposed that for MPAC and Two-Stage a complete Throughput versus Power curve is obtained over 12 azimuth angles per device orientation.

For RC and RC+CE, device orientation is not applicable, but the following other conditions apply.

Regarding number of subframes, it is proposed that for MPAC and Two-Stage the total number of subframes (TNS) per power step shall be at least 20,000 to enable post-processing of the result using the agreed FoM working assumptions. For RC and RC+CE, it is proposed that at least 100 samples and 400 subframes per power step and sample (giving a total of 40,000 TNS per power step) shall be measured to enable post-processing of the results using the FoM working assumptions.
Additionally, an MU analysis on the TNS will be completed by measuring all the devices with at least 100 samples and 20000 subframes per power step and sample (giving a total of TNS=2000,000 per power step), with the aim of validating the use of the small number of subframes through a comparison of their final averaged outage values.

Regarding the stirring modes, it is proposed that for RC and RC+CE both stepwise and continuous stirring modes are used.

For any method, power step shall be 0.5 dB from 95% down to 60%.
5. Measurement Setups
The measurement setups and procedures in Section 12 and Annex C of TR37.977 should be used for this activity.Any participating solution providers need to have already submitted channel model validation results that have been critically reviewed as part of the previous 3GPP WI. If this has not been provided, such results need to be provided together with the test results.
For further clarification, the following channel models shall be emulated by the different methodologies:
· RC: NIST channel model

· RC+CE: Short delay spread low correlation (UMi-IS) and Long delay spread high correlation (UMa-IS) channel models.

· MPAC: SCME UMi and SCME UMa channel models.

· Two-stage: SCME UMi and SCME UMa channel models.

For further clarification, testing a device in one band with one channel model using the MPAC or two-stage method will result in an 8 x 12 x m matrix of throughput values, where m is the number of power steps required to measure a full throughput curve across the power range.

For further clarification, testing a device in one band with one channel model using the RC and RC+CE methods will result in an M x P matrix of throughput values; where M is the number of stirring states (for stepped stirring) or samples (for continuous stirring) (and should be larger or equal to 100 for stepped stirring) and P is the total number of power steps to measure the full throughput curve across the specified power range.

Complete raw data shall be provided by any participating lab as a submission to RAN4 to allow for independent data post-processing to extract agreed FoM working assumptions. All labs shall present the data in a commonly accepted format (TBD). The data submitted to RAN4 should be anonymous, meaning that all vendor information about test chambers, equipment and devices etc. should not be provided. Only methodologies will be identified.
6. Harmonization Conclusion
Achieve harmonization in line with the Work Item Description within the MU bound working assumption defined in the RAN4#74bis MIMO OTA Way Forward.
7. Participating Labs

The measurement campaign should be limited to the methodologies whose procedures are described in Section 12 of TR37.977. It is proposed that one single lab having access to all methodologies is used for the testing. Sanity checks will be used. The procedures for these are TBD and the details are to be outlined according to the process described in the RAN4#74bis MIMO OTA Way Forward.
8. Timeline

The following overall timeline is proposed for this measurement campaign.

· By RAN4 #74bis: Finalize details of the measurement campaign and practicalities. Measurement campaign kick-off.

· By RAN4 #75: Analysis of first set of results.
· By RAN4 #76: Analysis of results. Final conclusions to be drawn.

9. Conclusions and Proposal
This contribution provides a proposal for the parameters to be employed in the agreed MIMO OTA harmonization testing activity, in order to collect comparable data from the technically validated MIMO OTA methodologies for studying the ability to harmonize. Specifically, the following proposals are made.

Proposal 1: The harmonization test campaign shall have the objective outlined in Section 2.

Proposal 2: The form factors, bands and specific units to be used for the harmonization test campaign are outlined in Section 3.
Proposal 3: Free space testing shall be used for the harmonization test campaign.

Proposal 4: The measurement setups and procedures in Section 12 and Annex C of TR37.977 shall be used for the harmonization test campaign.

Proposal 5: The orientations, stirring modes, subframes, number of rotations per orientation and the range of throughput values outlined in Section 4 shall be used for the harmonization test campaign. These procedures are only intended for studying harmonization and can be optimized for final performance testing. Discussion on relevant orientations based on operator feedback will be held during the harmonization.
Proposal 6: Complete raw data shall be provided by any participating lab as a submission to RAN4 to allow for independent data post-processing to extract agreed FoM working assumptions. All labs shall present the data in a commonly accepted format (TBD).

Proposal 7: The following condition is used for concluding on harmonization:

· Achieve harmonization in line with the Work Item Description within the MU bound working assumption defined in the RAN4#74bis MIMO OTA Way Forward.

Proposal 8: It is proposed that one single lab having access to all methodologies is used for the testing. Sanity checks will be used. The procedures for these are TBD and the details are to be outlined according to the process described in the RAN4#74bis MIMO OTA Way Forward.
It is proposed that the MIMO OTA group reaches agreement on these aspects, so that the harmonization activity can start immediately after RAN4 #74bis and subsequently end by RAN4 #76 as agreed.
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