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	Abstract:
	This contribution defines the antenna pattern data format, emulation of antenna pattern rotation, testing equipment interconnection, and the output data format.  This contribution further provides proposed text for a MIMO OTA Way Forward document:  to be harmonized and approved during the 3GPP RAN4 #64 meeting.


1. Introduction

Companies participating in the specification of MIMO OTA testing methodologies [1] have reached agreement during the 3GPP RAN4 #63 meeting on the framework of utilizing absolute data throughput to perform a comparison across the different proposed methodologies [2].  During the CTIA MOSG meeting that followed, this framework was presented and discussed in [3].  In addition, CTIA has launched an inter-lab/inter-technique OTA performance comparison testing campaign [4] and has incorporated the absolute data throughput comparison framework into the campaign’s test plan.
We recall that the absolute data throughput comparison framework [2] consists of two sets of measurements:  the conducted (shown in Figure 1 below) and the radiated (Figure 2 below).
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Figure 1: Proposed method of measuring the conducted absolute throughput reference performance
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Figure 2: Proposed method of measuring the absolute radiated data throughput metric with the reference CTIA antennas

In an effort to maintain consistency among the two groups on this topic, this contribution defines the antenna pattern data format, emulation of antenna pattern rotation, testing equipment interconnection, and the output data format.  This contribution further provides proposed text for a MIMO OTA Way Forward document:  to be harmonized and approved during the 3GPP RAN4 #64 meeting.

2. Antenna Pattern Data Format 
Part of the effort to further align the MIMO OTA effort between CTIA, 3GPP RAN4 and COST IC1004, a single antenna complex radiation pattern data format should be defined. COST IC1004 already led this effort publishing a proposal [5]. Defining a format for antenna radiation pattern will allow all groups to better share information, simulation and measurement results. 

The tables I and II bellow provide an example in how AAU proposed radiation pattern is defined:
TABLE I

Auxiliary information description for lines 1 and 2
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TABLE II

3D AAU file format example header
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3. Emulation of Antenna Pattern Rotation 
To proper benchmark absolute data throughout measurements taken in different labs, besides the format used to present the antennas complex radiation pattern, the resolution of the antenna measurement also need to be defined. Based on experiments taken with low (<1GHz) and high (>1.8GHz) frequency band antennas, the post processed complex of magnitude of correlation coefficient remain unchanged from higher resolution antenna pattern measurements up to 15ᵒ resolution in theta and phi orientations. To align with current COST IC1004 MIMO OTA topic group proposed resolution for 3D MIMO OTA complex radiation pattern measurements, the antenna pattern measurement resolution is defined as θ = 5ᵒ and ϕ = 5ᵒ. In the specific case of 2D measurements θ=90ᵒ.
For the conducted portion of the absolute data throughput framework, it is necessary to generate the spatially filtered channel impulse response per polarization and then combine to generate the emulated channel impulse response coefficients.  The measured antenna pattern shall be interpolated to match the spatial resolution of the angles of arrival of the SCME channel emulator (this value is typically 1ᵒ).  Figure 3 below illustrates an example of this procedure using a simplified antenna pattern and channel PAS.
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Figure 3: Rotation of antenna pattern over azimuth positions

Antenna pattern rotation shall be performed over 360ᵒ in 5ᵒ steps (72 total positions).  This process may be automated with channel emulator control software or performed manually.  The output data format described in Section 5 below captures the throughput vs. SNR sweep results for each rotation position.
4. Testing Equipment Interconnection
A fundamental enabler for the adoption of Absolute Data Throughput metric, is the capability to mix-and-match base station and channel emulators from different vendors, and realize the measurement automatically; i.e. the complex radiation pattern loaded into the channel emulator is mathematically/automatically rotated for each measurement; based on limited feedback from equipment vendors it seems that only one vendor is capable to run such measurement automatically. Perhaps an effort in the direction of equipment interconnection should be made enabling flexibility on Absolute Data Throughput measurement setup.

TABLE III Automated Absolute Data Throughput, measurement setup interconnection assessment
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As published by Nokia on [6-7], such conducted measurement can be done manually, however without an application (SW) to rotate the loaded antenna complex radiation pattern, the measurement became very time consuming and prone to human errors.
5. Output Data Format

Taking into account the outcome of the 3GPP MIMO OTA round-robin testing activity and the output data format adopted for its use [8], we propose a unified data format for recording the conducted and radiated test results by each lab.  This format is captured in the embedded spreadsheet below.
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The results of the conducted and the radiated portions of the absolute data throughput comparison framework shall be recorded into separate spreadsheets.  In general, these files consist of a metadata section followed by rows of recorded data organized into columns.  The conducted files contain the following columns:
· Elevation (deg);
· Azimuth (deg);
· DL SNR (dB);
· DL TPT (bps).
The radiated files contain the following columns:

· Elevation (if applicable; skip otherwise);
· Azimuth (if applicable; skip otherwise);
· DL SNR (dB);
· DL TPT (bps).
The full conducted characterization of a UE’s performance with a set of standard reference antenna measurements consists of:

· 1 elevation position (0 degrees);
· 24 azimuth positions (15 degree spacing);
· N DL SNR points (sweep settings are TBD);
· N DL TPT points.
The conducted output file shall append the results row-by-row to cover the full characterization listed above.

The full radiated characterization of a UE’s performance with a set of standard reference antennas consists of:

· 1 elevation position (0 degrees);
· 24 azimuth positions or, if not applicable, the column may be skipped;
· N DL SNR points (sweep settings are TBD);
· N DL TPT points.
6. Proposal

We propose to discuss the data formats and parameters outlined in this paper with the RAN4 MIMO OTA experts and to reach an agreement on the details of implementing the antenna spatial filtering step in the conducted portion of the absolute throughput framework as well as the output data format.
The following text is proposed be included in a MIMO OTA Way Forward document upon the completion of the MIMO OTA ad-hoc sessions during the 3GPP RAN4 #64 meeting:

1. For the purposes of executing the conducted portion of the absolute data throughput comparison framework, agree to use the antenna data pattern format as described in Section 2 of R4-123720 (this document);
2. For the purposes of executing the conducted portion of the absolute data throughput comparison framework, agree to emulate the antenna pattern rotation as described in Section 3 of R4-123720 (this document);
3. For the purposes of executing the conducted portion of the absolute data throughput comparison framework, agree to streamline the effort in the direction of equipment interconnection as described in Section 4 of R4-123720 (this document);
4. For the purposes of executing both the conducted and radiated portions of the absolute data throughput comparison framework, agree to adopt the output data format as described in Section 5 of R4-123720 (this document).
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conducted

		Absolute data throughput: conducted measured data

		ID		<measurement ID>

		Lab		<lab name>

		Date		<date>

		Methodology		conducted

		eNodeB emul.		<mfg name>

		eNodeB emul. ver		<version num>

		eNodeB ant config		Sec 7.2 in 37.977

		eNodeB PHY config		Sec 7.1 in 37.977

		Band		<band num>

		DL channel		<channel num

		UL channel		<channel num

		RMC		<R.11 or R.35>

		Num frames per SNR pt		<2000 to 20000>

		Channel emul.		<mfg name>

		Channel emul. ver		<version num>

		Channel model config		Sec 8.2 in 37.977

		Channel model		<UMi, UMa, etc>

		Emul. veh. speed		<speed in km/h>

		Ant1 pattern		<ID of measured data>

		Ant2 pattern		<ID of measured data>

		UE mfg		<mfg name>

		UE model		<model name>

		UE ID		<unique ID of testing campaign UE>

		Num elevation pos.		1

		Elevation pos.		{90}

		Num azimuth pos.		72

		Azimuth pos.		{0 to 355 in 5 deg steps}

		Elevation (deg)		Azimuth (deg)		DL SNR (dB)		DL TPT (bps)

		90		0		0		0

		...		...		...		...

		90		0		s_1		TPT_1

		90		0		s_2		TPT_2

		...		...		...		...

		90		0		s_max		TPT_max

		90		0		0		0

		...		...		...		...

		90		0		s_1		TPT_1

		90		0		s_2		TPT_2

		...		...		...		...

		90		0		s_max		TPT_max





radiated

		Absolute data throughput: radiated measured data

		ID		<measurement ID>

		Lab		<lab name>

		Date		<date>

		Methodology		<methodology name>

		eNodeB emul.		<mfg name>

		eNodeB emul. ver		<version num>

		eNodeB ant config		Sec 7.2 in 37.977

		eNodeB PHY config		Sec 7.1 in 37.977

		Band		<band num>

		DL channel		<channel num

		UL channel		<channel num

		RMC		<R.11 or R.35>

		Num frames per SNR pt		<2000 to 20000>

		Channel emul.		<mfg name>

		Channel emul. ver		<version num>

		Channel model config		Sec 8.2 in 37.977

		Channel model		<UMi, UMa, etc>

		Emul. veh. speed		<speed in km/h>

		Ant1 pattern		<ID of ref. antenna>

		Ant2 pattern		<ID of ref. antenna>

		UE mfg		<mfg name>

		UE model		<model name>

		UE ID		<unique ID of testing campaign UE>

		UE host model		<model of host PC, if applicable>

		UE host ID		<ID of host PC, if applicable>

		Num elevation pos.		1

		Elevation pos.		<90 or N/A>

		Num azimuth pos.		<72 or 1>

		Azimuth pos.		<{0 to 355 in 5 deg steps} or N/A>

		<Elevation (deg) or skip>		<Azimuth (deg) or skip>		DL SNR (dB)		DL TPT (bps)

		90		0		0		0

		...		...		...		...

		90		0		s_1		TPT_1

		90		0		s_2		TPT_2

		...		...		...		...

		90		0		s_max		TPT_max

		90		0		0		0

		...		...		...		...

		90		0		s_1		TPT_1

		90		0		s_2		TPT_2

		...		...		...		...

		90		0		s_max		TPT_max






