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1.
Introduction
The MIMO OTA (Over the Air) Work Item [1] was completed at the December 2013 RAN #62 meeting [2], with the associated TR37.977 gaining approval [3]. This objective of the previous work was to select viable test methods to be used in a later work item to develop performance requirements for the radiated MIMO performance of UEs “over the air” (OTA). This MIMO work complements previous work on SISO OTA that resulted in TR 34.114.

At RAN #62 there was not agreement on the follow-on performance WI but RAN concluded:
"Discussion on the scope of any follow-up work for MIMO-OTA can be done on RAN4 MIMO OTA email reflector and in offline discussion during next RAN4 meetings".
This paper summarizes the results of the offline discussion since RAN #62. The bulk of the discussion was conducted during seven two-hour conference calls chaired by Agilent on Jan 23, Feb 4, 11, 12, 13, 20 and 24 with minutes posted to 3GPP_TSG_RAN_WG4_MIMO-OTA@LIST.ETSI.ORG.

This overview is as short as it can be given that this work started in 2009 and key issues remain unresolved.

2.
Summary of submissions to RAN #63
The goal of the offline discussions was to develop consensus around a single WID to be presented to RAN #63. Although much progress in understanding was gained, the goal of a single WID was not achieved. There are two primary WIDs submitted to this meeting and two further WIDs, one to specify the UE antenna test function for the radiated two-stage method approved in the previous WI and the second to continue development of the decomposition method which was not approved during the previous work item. There are the four motivation documents and one further discussion document. These nine Tdocs for MIMO OTA in agenda item 14.1.4 are listed here. 
	Tdoc
	Title
	Source
	Type
	Comment

	RP-140234
	New WI proposal: Performance requirements for the verification of radiated multi-antenna reception performance of LTE UEs
	Intel Corporation
	WID
	Performance WID

Alternative to 140236

	RP-140233
	Motivation for New WI: Performance requirements for the verification of radiated multi-antenna reception performance of LTE UEs
	Intel Corporation
	Disc
	Supporting Tdoc

	RP-140236
	New WID: Performance requirements and harmonization for the verification of radiated multi-antenna reception performance of HSPA and LTE UEs
	CTTC
	WID
	Performance WID

Alternative to 140234

	RP-140408
	Motivation for new WI Performance requirements and harmonization for the verification of radiated multi-antenna reception performance of HSPA and LTE UEs
	CTTC
	Disc
	Supporting Tdoc

	RP-140284
	On performance requirements for UE radiated multi-antenna reception
	ORANGE
	Disc
	Supporting Tdoc

	RP-140132
	New WID Definition of MIMO OTA test mode
	Agilent Technologies
	WID
	WID to specify the UE antenna test function for two-stage method

	RP-140133
	Motivation document for MIMO OTA test mode WID
	Agilent Technologies
	Disc
	Supporting Tdoc

	RP-140175
	New WI: Extending the verification of radiated MIMO reception performance
	Rohde & Schwarz
	WID
	WID to include an additional method (decomposition)

	RP-140174
	Motivation document for WID 'Extending the verification of radiated MIMO reception performance'
	Rohde & Schwarz
	Disc
	Supporting Tdoc


3.
Discussion on Performance WIDs
The primary objective of the performance WID is to develop UE MIMO OTA performance requirements. To do this it is also necessary to complete the work on measurement uncertainty and the applicability of the four test methods identified in clause 12 of [3] to UE device types. A summary of the factors affecting method applicability can be found in Table 12.4-1 of [3] which is included for convenience as an annex A below.

There are two proposals for the performance WID, one sourced by Intel in RP-140234 and the other sourced by CTTC in RP-140236. (For the remainder of this document “Intel” refers to all the supporting companies of RP-140234 and “CTTC” refers to all the supporting companies of RP-140236.) Due to the long history and technical challenges in this work, the WIDs both contain considerable detail about the next phase of the work. Due to this detail the differences in approach and hence the reasons a single WID was not achieved are not immediately obvious. In order to facilitate decisions at RAN the following is an attempt to identify the key differences between the proposals that were identified during the offline discussions. For brevity, smaller differences are not covered here but were documented in the conference call minutes.
3.1 Scope

The CTTC proposal includes additional items not in the Intel proposal: UMTS, M2M devices, carrier aggregation, and dual hand grips. Intel did not include these items in order to facilitate a quicker conclusion. During the discussions these additional items received limited support. Orange provides further motivation to include UMTS in RP-140284. UMTS was in the scope of the previous WI [1] but has not been actively pursued since the study item.

The choice between the proposals here is straightforward: include or not include, or find some middle ground. Intel proposes a middle ground for UMTS as:

A task to identify the parameters necessary to enable UMTS support and, if applicable, any additional methodology verification will determine if UMTS performance requirements can be defined by this Work Item.

CTTC would prefer an explicit inclusion.

3.2 Definition of harmonization and applicability of different methods

This is the area that has generated the most debate throughout the last WI. It is understood that the different methods do not produce identical results, primarily due to differences in the achievable channel models. That difference may be a function of the device design as indicated in Annex A. Therefore, comparison across methods for the purposes of setting UE performance requirements may require a “harmonization” process to take account of the differences. This may for instance take the form of a method-specific shift.
The Intel proposal states that harmonization across methods is the preferred outcome; however the details of the harmonization process have not yet been defined or agreed by the group, so the Intel proposal leaves the details of harmonization open as an early work task in the proposed WI. The proposal further states that if harmonization cannot be demonstrated then the applicability of methods will then be determined by reference to additional or “extended” device types whose new attributes, e.g. additional device sizes or the presence of a tunable antenna system, would be used to determine which one of the unharmonized methods would be normative for the purposes of conformance testing.
This single method approach is proposed by Intel to avoid the possibility that device designers have to optimize for incompatible test environments. Intel also states a further possibility:
“more than one methodology may be possible if the methodologies are harmonized for all applicable test cases”.
There is concern that the Intel proposal may exclude some harmonization possibilities. The CTTC proposal goes further than Intel and introduces details of how harmonization might be achieved:

“A harmonization framework between test cases or methods shall be performed. The absolute values across test cases or methods may not necessarily be the same. Harmonization tools shall be investigated and developed such as calibration factors across methods for device types, use of combined thresholds for different channel models, use of secondary figures of merit based on absolute throughput, harmonization of different test cases, i.e., channel models, etc.”
There is concern that this definition of harmonization has too many degrees of freedom including; allowing different absolute results across methods for the same pass/fail decision which may make it difficult to compare devices across methods; test system calibration is normally independent of device type.

On the subject of applicability, the proposals agree on the possibility of more than one method but CTTC does not explicitly restrict this to harmonized methods as was clarified in an earlier Intel revision as presented for information to RAN WG4 #70.
On the consequences of not achieving harmonization CTTC agrees with the principle of using extended device types to define applicability but provides less detail and does not reference table 12.4-1 of [3] (Annex A below).
Orange who co-signed the CTTC proposal provides further discussion of harmonization in RP-140284 including:

Proposal 4: The harmonization activity shall therefore be the central focus of the follow-up work on UE radiated multi-antenna reception performance in 3GPP. Harmonization means shall be investigated and developed with the understanding that the absolute values across test methodologies may not necessarily be the same. The outcome of the Work Item should be such that for a given device, one test methodology shall be sufficient to define the pass/fail decision at certification level. 

3.3 Harmonization examples
It is helpful to describe the consequences of applicability by device type using a couple of examples.

Large devices may be problematic to test in multi-probe anechoic chambers and so it is likely there will be a size limit placed on the applicability of that method with larger devices being applicable to methods such as reverb or two-stage which may be shown to have fewer restrictions on device size. In this example it would not make sense to define a performance requirement for a large device in a multi-probe anechoic chamber since results using this method may prove to be unrepresentative of real life performance.
Devices with active antenna systems (capable of altering their antenna pattern dynamically according to known spatial properties of the radio environment) would, according to Table 12.4-1 in Annex A, be applicable to multi-probe anechoic but not currently to reverb or two-stage. Again, it would only make sense to develop performance requirements for the applicable multi-probe anechoic method since results using other methods may prove to be unrepresentative of real life performance.
Further examples have been discussed involving device orientation and antenna polarization and it is expected that these will be elaborated in the performance WI.
4.
Discussion on WID to add the two-stage UE antenna test function
This WID has a narrow scope being limited to the specification of the UE antenna test function required by the two-stage test method. All other work related to the two-stage method will be carried out in the performance WID. Only the two-stage method requires the specification of any new UE capabilities (test modes) for conformance test. This work was originally envisaged to be part of the main performance WID but several companies preferred it was described in a separate WID. This work requires changes to TS that were out of the scope of the previous WI [1]. In any case it would have been premature to formally define a test mode for a method prior to that method being approved.
Now that the two-stage method is moving forward to the next stage it is necessary to formally specify the UE antenna test function (also referred to as a test mode). This test function enables the UE to provide amplitude and relative phase measurements which are used by the test system to characterize the UE antenna. Since UE measurements are involved, early discussions during the last WI [1] on the UE antenna test function involved consultation with RAN WG1 for possible inclusion of the measurement definitions into 36.214. However, the optional nature of the UE antenna test function and its strict limitation to conformance test suggests that it is more appropriate to carry out this work in 36.509 “Special conformance functions for UE” under the ownership of RAN WG5. The WID proposes RAN WG4 as the lead WG and RAN WG5 as having secondary responsibility due to owning 36.509.

Work on this area could start at any time and is independent of the decisions made for the performance WID. If the performance WID is approved at this meeting it is also a possibility to merge this WID with the performance WID.
5.
Discussion on the WID to extend the test methods
During the last WI [1] one of the test methods under consideration, the decomposition method, was not selected for use in the test cases defined in [3]. The main concerns were related to the channel models not including the full spatial information from the SCME models, and to the missing evidence that the decomposition of the measurements into several pieces is a legitimate approach. However, it was acknowledged in the final way forward of [1] and repeated in both the Intel and CTTC WIDs that:

· Separate WI may need to be created if validation of additional methodologies not validated and specified in 37.977 is required. This depends on the work load of this activity
The WID in RP-140174 falls into this category. Also here it was tried to have this activity be part of the main performance WID but some companies preferred a separate WID. Like the two-stage test mode WID it can be considered independently from the other WID proposals.

6.
Summary

This paper gives a brief introduction to the MIMO OTA status and the contributions to RAN #63. Due to not reaching consensus prior to RAN #63 there are two competing performance WIDs, one from Intel and the other from CTTC. The completion of the work on MIMO OTA to develop UE performance requirements is of critical importance to the industry and in order to avoid delay it essential that RAN makes a decision for one or other of these WIDs or on some compromise proposal.

There are two further WIDs which can be approved independently, even if there is no decision to approve the performance WID. The first is to define a UE antenna test function specific to the two-stage method approved in the previous WI [1] and the second is to continue the work on the decomposition method which was not completed by the end of the previous WI [1].
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Annex A.
Methodology comparison

This table from 37.977 [3] is included for convenience. It indicates the differences between the approved methods which is useful in determining method applicability to identifiable device types.
TR37.977 Table 12.4-1: Simplified methodology comparison
	Attribute
	Reverberation Chamber
	Anechoic Chamber
	Multi-stage methods

	
	RC
	RC + CE
	Multi probe
	2 stage method rad.

	Channel Modelling aspects
	

	2D/3D

dimension over which the signals simultaneously arrive at the DUT location
	3D1
	3D1
	2D
	2D11

	Directional distribution of angles of arrival
	Random
	Random
	Selected as defined by SCME channel model in Clause 8
	Selected as defined by SCME channel model in Clause 8

	Channel model with controllable spatial characteristics
	no
	no
	Yes2
	Yes2

	Angular spread
	Statistically isotropic
	Statistically isotropic
	Selected as defined by SCME channel model in Clause 8
	Selected as defined by SCME channel model in Clause 8

	Ability to control angular spread
	no
	no
	Yes2
	Yes2

	Power delay profile
	Exponential decay
	Selected as defined by channel model in Annex C
	Selected as defined by SCME channel model in Clause 8
	Selected as defined by SCME channel model in Clause 8

	Ability to control power delay profile
	Partly controllable2,3
	Yes2
	Yes2
	Yes2

	UE speed
	Approximately 1Km/h
	30Km/h
	30Km/h
	30Km/h

	Ability to control UE speed
	No
	Yes2
	Yes2
	Yes2

	UE direction of travel
	N/A
	N/A
	120º as specified in Clause 8
	120º as specified in Clause 8

	Ability to control direction of travel
	N/A
	N/A
	Yes2
	Yes2

	Supported channel models
	NIST
	Short Delay Spread
Long Delay Spread
	SCME Uma
SCME Umi
	SCME Uma
SCME Umi

	BS antenna configuration
	Uncorrelated
	Selected as defined in Clause 8.5
	Selected as defined in Clause 8.5
	Selected as defined Clause 8.5

	Ability to control BS antenna configuration
	No
	Yes2
	Yes2
	Yes2

	XPR (defined in Clause 8.2)
	N/A
	N/A
	9dB
	9dB

	V/H ratio
	0dB on average
	0dB on average
	0.83 dB for SCME UMi

8.13 dB for SCME UMa
	0.83 dB for SCME UMi

8.13 dB for SCME UMa

	Ability to control XPR and V/H
	No
	No
	Yes2
	Yes2

	MIMO OTA attributes not yet tested
	

	Ability to control noise and  interference direction
	Limited4
	Limited4
	Yes2
	Yes2

	DUT size constraints
	Depends on chamber size5 and stirrer size
	Depends on chamber size5 and stirrer size
	Depends on chamber size5, and number of active antenna probes and channel emulator ports to fit required active antenna probes
	Depends on chamber size5 (SISO chamber quiet zone)

	Other Considerations
	

	Non-intrusive test mode for DUT antenna pattern measurement
	Not required
	Not required
	Not required
	Required

	Ability to distinguish performance based on device orientation relative to the field
	No
	No
	Yes
	Yes

	Major equipment elements for MIMO OTA test setup (all need MIMO BS emulator)
	MIMO capable reverberation chamber
	MIMO capable reverberation chamber

and channel emulator
	MIMO capable anechoic chamber to fit antenna probes and channel emulator
	SISO anechoic chamber with additional antenna and channel emulator

	Number of channel emulator ports7
	N/A
	4
	166
	2

	DUT antenna polarization discrimination8
	No
	No
	Yes
	Yes

	DUT Antenna radiation pattern adaptation, performance discrimination
	Feasibility study not yet performed
	Feasibility study not yet performed
	Yes9
	Feasibility study not yet performed10

	Number of independent measurements
	1 after sufficient number of stirrers states to ensure isotropy12
	1 after sufficient number of stirrers states to ensure isotropy12
	12 device rotations for 2D evaluation
	Measurement of radiation pattern in 1st stage and measurement in radiated stage for 12 rotations for 2D evaluation


Note 1: Random distribution of angles of arrival. Isotropy is achieved after sufficient amount of test time as per Annex C

Note 2: Requires validation

Note 3: PDP modification will require new loading of chamber

Note 4: Feasibility study under progress

Note 5: Chamber size depends on the size of the UE and the frequency of the test

Note 6: Minimum setup configuration as per table 6.3.1.1-1

Note 7: Configuration reflects what has been tested. Optimization may be possible

Note 8: Assuming that correlation, gain imbalance, total efficiency are equivalent among DUT, purely isolating antennas polarization

Note 9: Based on preliminary feasibility study

Note 10: It will require DUT feedback mechanism

Note 11: 3D is possible without new test setup if 3D channel models are specified. It requires validation

Note 12: Isotropy is achieved after sufficient amount of isotropic states as per Annex C. The guideline for TRS, number of independent samples should be larger than 100, preferable 200 or 400 (3GPP TS 34.114)
