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1 Introduction

The accurate assessment of an EUT’s radiated spatial multiplexing performance is not a trivial undertaking. For example, both 3GPP RAN4’s MIMO OTA WG and CTIA’s MIMO OTA Sub Group (MOSG) spent several years evaluating a number of potential test solutions, and ultimately the industry determined that the Multi-Probe Anechoic Chamber (MPAC) would serve as the initial test platform for the assessment of LTE 2x2 DL MIMO OTA performance. 
At one time both 3GPP and CTIA predicated their MPAC spatial multiplexing test methodology on an SIR-based approach aligned with Clause 8 of 3GPP TS 36.101 (and by extension the associated conformance tests in 3GPP TS 36.521-1, Clause 8). Over time, the two bodies diverged in that 3GPP decided to base their MPAC test methodology on a UE noise-limited test environment, while CTIA continued to develop their MPAC test methodology based on an SIR-controlled test environment.

In this contribution we provide historical and technical background concerning the LTE 2x2 DL MIMO test methodology developed by CTIA MOSG and that developed by 3GPP RAN4. From the commonality and the differences between these two test methodologies, we propose a means by which the lessons-learned for LTE 2x2 DL MIMO OTA performance assessment be used to the benefit of the industry in the development of a unified test  methodology for NR 2x2 DL MIMO OTA performance assessment in FR1. The goal of this effort is to minimize or eliminate the industry fragmentation present today for LTE 2x2 DL MIMO OTA conformance and/or performance testing.
2 Test scope
Historically, all RF and RRM conformance tests specified by 3GPP RAN5 are aligned with their associated core and performance specifications developed by 3GPP RAN4. In the case of conducted 2-layer spatial-multiplexing performance, this direct association between core/performance specifications and conformance specifications was maintained in 3GPP TS 36.521-1, Clause 8.2.1.3 (FDD PDSCH Open Loop Spatial Multiplexing Performance (Cell-Specific Reference Symbols)). 
However, in the context of LTE 2x2 DL MIMO OTA conformance testing, this association was not maintained when, during the 2014-2016 timeframe, 3GPP RAN 4 wrote their MPAC-based LTE 2x2 DL MIMO OTA conformance specifications as described in Clause 7.4 of 3GPP 37.544 [1] utilizing a UE noise-limited test environment. As a result, 3GPP’s LTE 2x2 DL MIMO radiated performance metric is based on downlink PDSCH-EPRE vs. throughput, while the associated 3GPP conducted LTE 2x2 DL MIMO conformance metric is based on SNR vs. throughput. 
Unlike the 3GPP LTE 2X2 DL MIMO OTA conformance test specification in Clause 7.4 of [1], between 2013and 2015 the CTIA MIMO OTA Working Group (MOSG) developed an LTE 2x2 DL MIMO OTA test methodology [2] which also utilizes the MPAC but adheres to the principles of the conducted test methodology for LTE 2x2 DL MIMO performance specified by Clause 8.2.1.3 of 3GPP TS 36.521-1 [3]. For example, CTIA’s radiated 2x2 DL MIMO performance metric in [2] is based on downlink SIR vs. throughput, while the conducted LTE 2x2 DL MIMO performance metric in Clause 8.2.1.3 of [3] is based on SNR vs. throughput.
In spite of the fact that CTIA and 3GPP took different approaches to the assessment of LTE 2x2 DL MIMO OTA performance in terms of their respective performance metrics, there are several test environment parameters for which both CTIA and 3GPP either maintained alignment or diverged from the 3GPP conducted conformance specifications in Clause 8.2.1.3 of [3] for similar (if not the same) reasons. The rationale behind each of these points of alignment or divergence is outside the scope of this paper, but a summary of the common 2x2 DL MIMO parameters utilized by both 3GPP and CTIA are summarized in Table 1 below to provide context for the proposals which follow.

Table 1, Summary of Alignment between Radiated MIMO OTA Test Condition Parameters and the associated Conducted Test Condition Parameters for both the 3GPP and the CTIA LTE 2x2 DL MIMO OTA Test Methodology.
	
	3GPP TS 36.521-1 Reference
	3GPP TS 36.521-1 Parameter
	Deviation from 3GPP Specification
	Rationale for Deviation from 3GPP Specification

	1
	Table 8.2.1.3.1-1
	A = -3 dB
	Complete Alignment
	Not Applicable

	2
	Table 8.2.1.3.1_1.3-1
	B = -3 dB
	Complete Alignment
	Not Applicable

	3
	Table 8.2.1.3.1_1.3-1
	= 0 dB
	Complete Alignment
	Not Applicable

	3
	Table 8.2.1.3.1_1.3-1
	PDSCH Transmission Mode = 3
	Complete Alignment
	Not Applicable

	6
	Table 8.2.1.3.1_1.3-1
	10 MHz Channel Bandwidth
	Complete Alignment
	Not Applicable

	7
	Table 8.2.1.3.1_1.3-2, Test #1
	R.35 FDD Fixed Reference Channel
	Complete Alignment per 36.521-1 Table A.3.3.2.1-1
	Not Applicable

	9
	Table 8.2.1.3.1_1.3-2, Test #1
	EVA200 propagation model
	In [1] EVA200 was replaced with SCME UMi per 3GPP TR 37.977, Table 8.2-1

In [2], EVA200 was replaced with SCME UMa per 3GPP TR 37.977 [4], Table 8.2-2.
	Because EVA200 is not a spatial channel model, it cannot be used in the MPAC radiated test environment and was replaced with SCME-UMa in CTIA and SCME UMi in 3GPP with a vehicular speed of 30 km/hr for both CTIA and 3GPP. 

	10
	Table 8.2.1.3.1_1.3-2, Test #1
	Channel Correlation and Antenna Configuration
	2X2 Low isn’t applicable to [1] or [2], as the intent of 2x2 DL MIMO OTA testing is to assess the EUT’s antenna performance.
	These related parameters are only applicable to a conducted spatial-multiplexing test. 3GPP in [1] and CTIA in [2] each took a different approach regarding their specified channel model as noted in Row 9 above.


Proposal 1: Given that 3GPP and CTIA began the development of an LTE 2x2 DL MIMO OTA test methodology based on a common set of agreements, and given that both [1] and [2] are consistent with these common agreements, we propose that 3GPP RAN4 utilize the set of common test environment variables agreed upon by both 3GPP and CTIA (as described in rows 1-8 of Table 1) as a baseline for future work to develop an NR 2x2 DL MIMO OTA test specification for EUTs operating in FR1. Please note that parametric updates may be necessary to compensate for the needs of an NR EUT (e.g. the Fixed Reference Channel in Row 7 should be replaced with an appropriate NR FRC).
Because of the unique nature of spatial propagation channels and the EUT’s response to the characteristics of these channels, it was necessary for CTIA and 3GPP to make informed decisions concerning substitutions which aligned the needs of a radiated test with those of a conducted test. Over time both bodies learned that some of these substitutions should be revisited. Therefore, we recommend that the parameters in Row 9 and Row 10 of Table 1 be considered FFS as described in Proposal 2 below: 

Proposal 2: As noted in Row 9 of Table 1, 3GPP and CTIA adopted different two-dimensional channel models for their respective LTE 2x2 DL MIMO OTA test methodologies. Because of these differences, and because of concerns related to the base station antenna assumptions noted in Row 10 of Table 1 above, we recommend that the test environment parameters documented in Rows 9 and 10 of Table 1 be considered FFS when 3GPP RAN4 develops an NR 2x2 DL MIMO OTA test methodology for FR1.
2.1 SIR controlled test environment
In order to prove beneficial to the end-user, spatial-multiplexing requires a relatively high signal-noise ratio (SNR). Therefore, Transmission Mode 3 (Open-Loop Spatial Multiplexing) is tested for conformance to 3GPP’s demodulation performance specifications in a conducted test environment which generates a known SNR based on a fixed PDSCH-EPRE as described in Clause 8.2.1.3 of [3]. As noted in Section 1 of this document, early in the development of an LTE 2x2 DL MIMO OTA conformance test methodology, both CTIA and 3GPP based their initial test environment on hardware which would emulate the conducted tests described in Clause 8.2.1.3 of [3]. Following CTIA’s decision in 2014 to employ the MPAC as an initial DL MIMO OTA test platform, an LTE 2x2 DL MIMO OTA test methodology utilizing controlled interference (SIR) in the form of AWGN at a fixed PDSCH-EPRE was developed and standardized. Therefore, the CTIA 2x2 DL MIMO test platform closely emulates the conducted tests in Clause 8.2.1.3 of [3], and renders a performance metric based on throughput as a function of downlink SIR. This metric, MARSS (MIMO Average Radiated SIR Sensitivity), is described in Clause 2.4 of [2]. 
Proposal 3: Because the CTIA 2x2 DL MIMO OTA test methodology [2] is well-aligned with the corresponding SNR-based conducted test requirements described in Clause 8.2.1.3 of [3], by extension CTIA’s LTE MIMO OTA test methodology should serve as a baseline for an NR 2x2 DL MIMO OTA spatial-multiplexing conformance test methodology for EUTs operating in FR1.

2.2 Noise limited test environment
Unlike spatial multiplexing which requires a high-SNR to provide benefit to the end-user, spatial-diversity (TM2) performs well at low SNR, such as near the edge of a cell’s coverage. In many cases, the channel conditions which result in TM2 operation are similar to those under which an EUT is assessed for its QPSK reference sensitivity (REFSENS). Because the 3GPP LTE 2x2 DL MIMO test methodology described in Clause 7.4 of [1] is based on a UE noise-limited test environment, it’s effectively the MIMO equivalent of 3GPP’s SIMO REFSENS test as described in Clause 7.2 of [3]. 

While the rationale behind 3GPP’s decision to diverge from the SNR-controlled conducted MIMO conformance tests in Clause 8.2.1.3 of [3] is outside the scope of this document, it’s important to note that the 3GPP MIMO OTA performance metric is defined as Total Radiated MIMO Sensitivity (TRMS). The TRMS performance metric is based on downlink throughput as a function of PDSCH-EPRE, and, as described above, is also similar to REFSENS. Consequently, the OTA conformance metric in Clause 7.4 of [1] has no direct relationship to the conducted MIMO conformance tests in Clause 8.2.1.3 of [3], since the latter does not assess downlink throughput in terms of the PDSCH-EPRE power level. On the other hand, the REFSENS test in Clause 7.2 of [3] does utilize downlink throughput as a function of PDSCH-EPRE as its performance metric. 
Proposal 4: Because the TRMS performance metric developed by 3GPP for the assessment of LTE 2x2 DL MIMO conformance in Clause 7.4 of [1] is based on a UE noise-limited test environment as opposed to a controlled SNR test environment as described in Clause 8.2.1.3 of [3], TRMS is more appropriate for cell-edge performance assessment during spatial-diversity operation (TM2), which, by extension, is similar to the REFSENS test in Clause 7.2 of [3]. Although we don’t recommend a change to the applicability of TRMS in the context of LTE conformance testing, we propose that TRMS serve as a baseline for NR spatial-diversity (TM2) OTA performance assessment for NR EUTs operating in FR1.
3 Conclusions

This paper documents important points of agreement reached during the development of an LTE 2x2 DL MIMO OTA test methodology in 3GPP RAN and in the CTIA MOSG. These points of agreement are summarized in Table 1 and represent a collective effort to define a test methodology for LTE 2X2 DL open-loop spatial multiplexing performance which has a solid basis in the3GPP TS 36.521-1 Clause 8.2.1.3 conducted demodulation conformance test specifications.
Proposal 1: Given that 3GPP and CTIA began the development of an LTE 2x2 DL MIMO OTA test methodology based on a common set of agreements, and given that both [1] and [2] are consistent with these common agreements, we propose that 3GPP RAN4 utilize the set of common test environment variables agreed upon by both 3GPP and CTIA (as described in rows 1-8 of Table 1) as a baseline for future work to develop an NR 2x2 DL MIMO OTA test specification for EUTs operating in FR1. Please note that parametric updates may be necessary to compensate for the needs of an NR EUT (e.g. the Fixed Reference Channel in Row 7 should be replaced with an appropriate NR FRC).
Proposal 2: As noted in Row 9 of Table 1, 3GPP and CTIA adopted different two-dimensional channel models for their respective LTE 2x2 DL MIMO OTA test methodologies. Because of these differences, and because of concerns related to the base station antenna assumptions noted in Row 10 of Table 1 above, we recommend that the test environment parameters documented in Rows 9 and 10 of Table 1 be considered FFS when 3GPP RAN4 develops an NR 2x2 DL MIMO OTA test methodology for FR1.
Having established a baseline for NR 2x2DL MIMO OTA conformance assessment in FR1 based on the precedents established by [1] and [2], we recommend that 3GPP RAN4 consider the following two proposals in an effort to ensure the most relevant performance data is provided for both spatial-multiplexing performance and spatial-diversity performance of devices supporting NR 2x2 DL MIMO/Transmit Diversity in FR1:

Proposal 3: Because the CTIA 2x2 DL MIMO OTA test methodology [2] is well-aligned with the corresponding SNR-based conducted test requirements described in Clause 8.2.1.3 of [3], by extension CTIA’s LTE MIMO OTA test methodology should serve as a baseline for an NR 2x2 DL MIMO OTA spatial-multiplexing conformance test methodology for EUTs operating in FR1.

Proposal 4: Because the TRMS performance metric developed by 3GPP for the assessment of LTE 2x2 DL MIMO conformance in Clause 7.4 of [1] is based on a UE noise-limited test environment as opposed to a controlled SNR test environment as described in Clause 8.2.1.3 of [3], TRMS is more appropriate for cell-edge performance assessment during spatial-diversity operation (TM2), which, by extension, is similar to the REFSENS test in Clause 7.2 of [3]. Although we don’t recommend a change to the applicability of TRMS in the context of LTE conformance testing, we propose that TRMS serve as a baseline for NR spatial-diversity (TM2) OTA performance assessment for NR EUTs operating in FR1.
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