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1. Introduction
A study item of MIMO and multiple receive antenna OTA discussion was agreed in 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 (FOMs) or test parameters for MIMO OTA measurement.

In this contribution we discuss how the FOMs could be categorized in order to obtain clear understandings about the test parameters, and also provide our views on what kind of parameters should be used in the MIMO OTA measurements.
In addition, to address the use of data-oriented measurement positions, proposals to use certain number of reference channels (either fixed or variable) in order to generate realistic data traffic or communication links between device under test (DUT) and BTS emulator.
2. Figure of Merits
First of all, it is proposed that FOMs 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

	FOMs
	MIMO Throughput

(VRC)
	TRP
TRS
	CQI

BLER (FRC)

MIMO Throughput (FRC)
	Antenna Efficiency

MEG
	Gain Imbalance

Spatial correlation

MIMO Capacity

	Requirements
	MIMO T-put > X Mbps


	TRP > +X dBm

TRS < -X dBm
	CQI > X

BLER < X %
T-put > X Mbps
	Efficiency > -X dB

MEG > -X dBi
	Imbalance < X dB

Correlation < X

Capacity > X bps/Hz

	Subject
	OTA
	OTA
	OTA
	MIMO antennas
	MIMO antennas

	Methodology
	Active

(with fading)
	Active

	Active

(with fading)
	Passive/Active
	Passive


Notes: 

1. The MIMO Throughput requirement in Category I and III is measured assuming certain level of SINR. This can be specified in terms of Ior such as Ior = -X dBm. Therefore, the impact of interferers is considered. 
2. In Category V, an arbitrary Power Azimuth Spectrum (PAS) is assumed in order to measure the antenna imbalance, spatial correlation coefficient and MIMO capacity. 
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Category I: “Throughput with VRC,” which could provide clear indications about total performance, including MIMO antenna performance, demodulation performance, RF front end performance, and so on.

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

Category III: “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 IV: “Antenna Efficiency” and “MEG,” which are calculated by using radiation pattern of antenna.

Category V: “Gain Imbalance,” “Spatial correlation” and “MIMO Capacity,” which are calculated by using radiation patterns of each antenna in the same way as Category IV. 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 true OTA performance in 3GPP, although such method would be very useful for development phase.

3. Discussion

According to the above categorization in section 2, we discuss some aspects about FOMs of MIMO OTA measurements in the following:
Necessity of MIMO Throughput as FOM 
As MIMO devices are used more and more for data oriented applications, as opposed to traditional voice services, the MIMO throughput carries significant weight in judging the overall performance of a device. It was argued that MIMO Throughput is probably the only relevant FOM in a true MIMO OTA testing [4]. However, MIMO throughput depends on many factors such as RF antennas, MIMO baseband algorithms, channel propagation scenarios, interference levels, etc. It is therefore necessary to investigate a bit more about MIMO throughput by considering the usefulness, appropriateness and benefits of throughput in the context of MIMO devices:

· Throughput has been used in many recent single-antenna devices (e.g. demodulation performance testing, conductive measurement) as a performance metric and also to differentiate performance among different types of devices. There are some existing testing cases for single antenna throughput test, e.g., for a delay spread, Doppler, etc. So, one could try to find more details and how it can be extended to the MIMO case. 
· Throughput is also used to reflect realistic user experience. Higher throughput for a device general means better user experience. However, this may not be true for all service types. 

· Throughput will cover the radiated performance of a device since RF front end performance is an integral part of MIMO processing in a device. 

However, there is still belief that may be throughput is not a true radiated performance metric. Such misconception stems from the fact that legacy single-antenna devices are mainly voice-oriented and TRP/TRS alone has fully characterised their OTA performance. The use of MIMO throughput as FOM is still under discussion in COST2100 SWG 2.2. Detailed understanding of MIMO throughput in relation to the device RF characteristics is needed before it can be used for MIMO OTA measurement. Therefore, we propose that

Proposal 1: To investigate the appropriateness of MIMO throughput as FOM for MIMO OTA measurement, specifically MIMO Throughput should be considered to quantify the OTA performance.
Necessity of TRP/TRS performance verification

We strongly propose TRP/TRS 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 TRP/TRS 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.
Proposal 2: TRP/TRS performance should always be verified in addition to dual-codeword performance in MIMO OTA. 

FRC or VRC for dual-codeword performance in MIMO OTA
For dual-codeword performance in MIMO OTA, we suggest using Category III, such as BLER, CQI, or MIMO Throughput (FRC), instead of  using Category I because Category I test 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 I could present clearer indications about the total performance, but such additional test tolerance would not be preferable in order to correctly verify dual-codeword performance in MIMO OTA itself. It is noted that most of UE demodulation performance requirements in [3] are based on FRC approach, instead of VRC.
Proposal 3: FRC approach should be used in dual-codeword performance in MIMO OTA verifications.

Test conditions for dual-codeword performance in MIMO OTA
Test conditions would also be one of the key aspects in MIMO OTA measurements. It is felt that “Data Position” should be defined at first priority for the MIMO OTA measurements, because packet-based service, such as e-mail, web browsing, streaming, and file downloading would be much more likely than speech service both in HSPA and LTE system. It is also noted that speech position would still be important in LTE because VoIP service would also be provided in LTE network. Therefore, speech position should be defined at second priority for MIMO OTA measurements. 
On the other hand, as described in the “Justification”, section  3) of the  MIMO OTA SI, the new Technical Report will focus not only on handhelds, but it will take into account also laptops data modem and PDAs equipped with multiple antennas [1]. As a consequence, the “device under tests” (i.e. DUT) for MIMO OTA measurements may have significant differences in size, weight and form factor, and in some cases, “external” objects, such as phantom-head, phantom-hand, or phantom-body, be not necessary. Therefore, further discussion on the test condition for Data position, such as using the external objects or not is necessary.
Proposal 4: Data position should be defined at first priority for dual-codeword performance in MIMO OTA and Speech position should be defined at second priority. (Further discussion on the test condition for Data position is necessary.)
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: MIMO Throughput should be considered to quantify the OTA performance

Proposal 2: TRP/TRS performance should always be verified in addition to dual-codeword performance in MIMO OTA. 
Proposal 3 FRC approach should be used in dual-codeword performance in MIMO OTA verifications.

Proposal 4: Data position should be defined at first priority for dual-codeword performance in MIMO OTA and Speech position should be defined at second priority. (Further discussion on the test condition for Data position is necessary.)
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