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1. Introduction
A study item of MIMO and multiple receive antenna OTA discussion was agreed in the last RAN 43 meeting [1].  The main purpose of the study item is to establish a MIMO OTA antenna measurement system. In advance of the measurement system discussion, it was proposed in [2] that RAN4 should consider figure of merits / test parameter for MIMO OTA measurement.

In this contribution we discuss how the figure of merits could be categorized in order to obtain clear understandings about the test parameters, and then provide our views on what kind of figure of merits and test parameters should be used in the MIMO OTA measurements.
2. Figure of Merits
First of all, it is proposed that figure of merits should be categorised into five groups as listed in Table 1. The categorization is based on the following aspects:

· Passive methodology or Active methodology

· Fixed reference channel (FRC) or Variable reference channel (VRC)
Table 1. List of Figure of Merits for MIMO OTA Measurement
	Category
	I
	II
	III
	IV
	V

	Figure of merits
	Efficiency

MEG
	TRP
TRS
	Gain Imbalance

Spatial correlation

MIMO Capacity
	CQI

BLER (FRC)
Throughput (FRC)
	Throughput

(VRC)

	Subject
	Antenna itself
	OTA
	Antenna itself

(Primary & secondary)
	OTA
	OTA

	Requirement
	Efficiency
 > -X dB

MEG > -X dBi
	TRP

> +X dBm

TRS

< -X dBm
	Imbalance < X dB

Correlation < X

Capacity > X

(Arbitrary PAS)
	CQI > X

BLER < X %
T-put > X Mbs

(@Ior=-X dBm)
	T-put > X Mbps

(@Ior=-X dBm)

	Methodology
	Passive/Active
	Active
	Passive
	Active

(+ fading)
	Active

(+ fading)
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Category I: “Efficiency” and “MEG,” which are calculated by using radiation pattern of antenna.

Category II: “TRP” and “TRS,” which are world-widely introduced, for example in 3GPP and CTIA 

Category III: “Gain Imbalance,” “Spatial correlation” and “MIMO Capacity,” which are calculated by using radiation patterns of each antenna in the same way as Category I. It means that only a passive measurement method can be used for them, and therefore it would not be suitable method for testing final antenna performance of UEs and defining in 3GPP, although such method would be very useful for development phase.

Category IV: “CQI” and “BLER or Throughput with FRC,” which could directly verify antenna performance itself. It is noted that FRC approach could minimize implementation margin compared to VRC approach, because feedback procedures in VRC approach would increase test tolerances to some extent.
Category V: “Throughput with VRC,” which could provide clear indications about total performance, including MIMO antenna performance, demodulation performance, RF front end performance, and so on.

3. Discussion

According to the above categorization, we discuss some aspects about figure of merit of MIMO OTA measurements in the following:
Necessity of the primary antenna performance verification

We strongly proposed a primary antenna (main antenna) performance should be tested even if UE has MIMO antenna. The rationale for this proposal is provided in the following. From an operator point of view, not only peak throughput, but also cell coverage would be quite important. The former is directly linked to dual-codeword throughput in MIMO, and the latter is to conventional TRP/TRS performance, which is determined by the main antenna performance. If only dual-codeword throughput would be verified and TRP/TRS performance would not be tested, there would be some risks of poor performance in cell edge regions because dual-antenna performance would be tested in high SINR conditions. 
Therefore we strongly propose that TRP/TRS performance should always be verified in addition to dual-codeword performance in MIMO OTA, so that network operators could ensure both peak throughput and cell edge performance. 
It is noted that we would not intend to verify only primary antenna performance. Our intention is to verify TRP/TRS performance measurement for the whole antenna system, in which only primary antenna would contribute the TRP/TRS performance due to poor antenna gain of the sub-antenna.
Proposal 1: TRP/TRS performance should always be verified in addition to dual-codeword performance in MIMO OTA. 

FRC or VRC
For MIMO antenna performance, we suggest using Category IV, such as BLER, CQI, or Throughput (FRC), because Category V is based on feedback-loop procedures (AMC) and would cause some ambiguities, i.e. some additional test tolerance would be included in the final performance requirements. It is true that Category V could present clear indications about the total performance, but such additional test tolerance would not be preferable in order to correctly verify the MIMO OTA antenna performance itself. It is noted that most of UE demodulation performance requirements in TS 36.101 are based on FRC approach, instead of VRC.
Proposal 2: FRC approach should be used in MIMO dual-codeword performance verifications.

Test conditions
Test conditions would also be one of key aspects in MIMO OTA measurements. It is felt that “Web Browsing Position” should be defined in addition to speech position for the primary and MIMO antenna OTA measurements, because packet-based service, such as e-mail, web browsing, streaming, would be much more likely than speech service in LTE. It is noted that speech position would still be important in LTE because VoIP service would also be provided in LTE network. 
Therefore, we propose that Web browsing position should be defined in addition to speech position for the primary and MIMO antenna OTA measurements.
Proposal 3: Web browsing position should be defined in addition to speech position for MIMO OTA performance. 
4. Conclusion
In this document, we provided our views on figure of merits for MIMO OTA measurement. Our proposals are listed in the following:
Proposal 1: TRP/TRS performance should always be verified in addition to dual-codeword performance in MIMO OTA. 
Proposal 2: FRC approach should be used in MIMO dual-codeword performance verifications.

Proposal 3: Web browsing position should be defined in addition to speech position for MIMO OTA performance.
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