3GPP TSG-RAN WG4 #68

              
　                       
       R4-133944
Barcelona, Spain, 19th – 23rd August 2013
Source:

Bluetest, Azimuth, EMITE, CTTC, SONY MOBILE Japan Inc., Orange, NTT DOCOMO, KT, KTL, SK Telecom, Sharp, Panasonic, Huawei
Title:
TP to TR37.977: Reverberation Chamber Measurement Procedure 
Agenda Item:
8.4
Document for:
Approval
1. Introduction

The present contribution provides an analysis of the ABCD pre-requisites outlined in the Way Forward document [1] for the reverberation chamber methodology. It provides the text proposal for inclusion of the reverberation chamber measurement procedure in TR 37.977.
2. ABCD Pre-Requisites Analysis

According to the Way Forward agreed during 3GPP RAN4 Meeting # in Fukuoka [1], it is necessary for a methodology to fulfil a set of pre-requisites before it can be considered for inclusion in Section 12 of TR37.977 [2]. The pre-requisites are listed below for convenience.

A: Channel model verification

B: Absolute data throughput framework

C: IL/IT results consistency

D: Uncertainty evaluation

In [3], the description of the isotropic channel models have been agreed and included in TR 37.977 [2].

Reports from labs participating in the IL/IT measurement campaign have been submitted to 3GPP, providing results and analysis that addresses the pre-requisites above for the reverberation chamber methodology [4] [5] [6].

The channel model validation procedure for the reverberation chamber methodology has been agreed in [3]. Furthermore, [4], [5] and [6] provide channel model verification results from three labs utilizing the reverberation chamber methodology. All the labs show reasonable agreement with expected results. The results have been documented as a TP to TR 37.977 in [7].
The absolute data throughput proof of concept for the isotropic channel models has been documented as a TP to TR 37.977 in [8]. 
Results from the labs utilizing the reverberation chamber methodology during the IL/IT effort have been submitted in [4], [5] and [6]. As shown in [9], radiated results from different labs align within the CTIA TRS uncertainty limit (+/- 2.3 dB). These results also align with the conducted reference measurement within the same uncertainty. Thus, according to the Way Forward document [1], it can be concluded that consistent results have been obtained. These results have been documented as a TP to TR 37.977 in [10].
The measurement uncertainty budget for the reverberation chamber methodology has been agreed in [11]. Furthermore, [9] provides an evaluation of the uncertainty of the measurements performed with the reverberation chamber methodology, based on the radiated results and the absolute data throughput comparison provided in the lab reports [4], [5] and [6]. In addition, extensive repeatability studies have been provided in [4] and [12], where results obtained within the same chamber (repeated measurements), with different chambers (different sizes and mode stirring configurations) and with different eNodeBs and channel emulator vendors aligned well within the CTIA TRS measurement uncertainty limit. The initial uncertainty values were documented as a TP to TR 37.977 in [13].
Based on the above discussion, all necessary results and documentation have been submitted to 3GPP. Thus, according to the Way Forward document [12], the reverberation chamber methodology has fulfilled the pre-requisites ABCD and can be included in Section 12 of TR 37.977 [2].

This text proposal adds the reverberation chamber measurement procedure to Section 12 of TR 37.977 [2].
3. Conclusion

Based on the above discussion, it is proposed to approve the text proposal below.
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12
Final Agreed Test Methodology
12.1
Reverberation Chamber Test Methodology
12.1.1
Device Positioning and Environmental Conditions

The positioning of the device under test within the test volume shall be set as defined in Section 9.4.1 (Handheld UE), Section 9.4.2 (Laptop Mounted Equipment), and Section 9.4.3 (Laptop Embedded Equipment).

The positioning of the DUT should be such that the DUT is rotated with the Z axis perpendicular to the turntable with the +Z axis facing away from the turntable. No specific phi angle considerations apply. As long as isotropy at the DUT is independent of the DUT’s position on the turntable, the center of the DUT’s Z axis need not be situated over the turntable’s center of rotation. Also, the DUT must not be closer than 0.5 wavelengths to other electromagnetic reflective objects inside the chamber and 0.7 wavelengths to absorbing objects. It is important to make sure that these criteria are met for the complete measurement sequence.
The environmental requirements for the device under test shall be set as defined in Annex D.
12.1.2
Channel Models

The channel models emulated by the reverberation chamber methodology are 3D isotropic models based on
· SCME Urban micro-cell

· SCME Urban macro-cell

· NIST model
The following 3D isotropic model is based on the PDP and base station correlation of the SCME Urban Micro-cell model with isotropic AoAs and modified XPR values and Velocity.
Table 12.1.2-1: Short delay spread low correlation channel model

	Cluster #
	Delay [ns]
	Power [dB]
	AoD [(]
	AoA1

	1
	0
	5
	10
	-3.0
	-5.2
	-7.0
	6.6
	Average Isotropic1

	2
	285
	290
	295
	-4.3
	-6.5
	-8.3
	14.1
	Average Isotropic1

	3
	205
	210
	215
	-5.7
	-7.9
	-9.7
	50.8
	Average Isotropic1

	4
	660
	665
	670
	-7.3
	-9.5
	-11.3
	38.4
	Average Isotropic1

	5
	805
	810
	815
	-9.0
	-11.2
	-13.0
	6.7
	Average Isotropic1

	6
	925
	930
	935
	-11.4
	-13.6
	-15.4
	40.3
	Average Isotropic1

	Delay spread [ns]
	294

	Cluster AS AoD / AS AoA [(]
	5 / Average Isotropic1

	Cluster PAS shape
	3D Uniform

	Total AS AoD / AS AoA [(]
	18.2 / Average Isotropic1

	Mobile speed [km/h] 
	3, 30

	XPR2
	0 dB


Note 1. The angles of arrival are said to be Average Isotropic when the incoming field satisfies the Isotropy requirements established in [16].

Note 2. V & H components based on assumed BS antenna array configurations in section 8.5
The following 3D isotropic model is based on the PDP and base station correlation of the SCME Urban Macro-cell model with isotropic AoAs and modified XPR values and Velocity.
Table 12.1.2-2: Long delay spread high correlation channel model

	Cluster #
	Delay [ns]
	Power [dB]
	AoD [(]
	AoA [(]

	1
	0
	5
	10
	-3
	-5.2
	-7
	82
	Average Isotropic1

	2
	360
	365
	370
	-5.2
	-7.4
	-9.2
	81
	Average Isotropic1

	3
	255
	260
	265
	-4.7
	-6.9
	-8.7
	80
	Average Isotropic1

	4
	1040
	1045
	1050
	-8.2
	-10.4
	-12.2
	99
	Average Isotropic1

	5
	2730
	2735
	2740
	-12.1
	-14.3
	-16.1
	102
	Average Isotropic1

	6
	4600
	4605
	4610
	-15.5
	-17.7
	-19.5
	107
	Average Isotropic1

	Delay spread [ns]
	839.5

	Cluster AS AoD / AS AoA [(]
	2 / Average Isotropic1

	Cluster PAS shape
	3D Uniform

	Total AS AoD / AS AoA [(]
	7.8 / Average Isotropic1

	Mobile speed [km/h]
	3, 30

	XPR2
	0 dB 


Note 1.The angles of arrival are said to be Average Isotropic when the incoming field satisfies the Isotropy requirements established in [16]. 

Note 2. V & H components based on assumed BS antenna array configurations in section 8.5
The following 3D isotropic model is based on the NIST model with isotropic AoAs and added XPR values and Velocity. The cluster model described below is a simplification of the full model, where a continuous exponential decaying power transfer function with an RMS delay spread of 80 ns is obtained.
Table 12.1.2-3: Isotropic model based on the NIST channel model

	Cluster #
	Delay [ns]
	Power [dB]
	AoD [(]
	AoA [(]

	1
	0
	0.0
	N/A
	Average Isotropic1

	2
	40
	-1.7
	N/A
	Average Isotropic1

	3
	120
	-5.2
	N/A
	Average Isotropic1

	4
	180
	-7.8
	N/A
	Average Isotropic1

	5
	210
	-9.1
	N/A
	Average Isotropic1

	6
	260
	-11.3
	N/A
	Average Isotropic1

	7
	350
	-15.2
	N/A
	Average Isotropic1

	Delay spread [ns]
	80

	Cluster AS AoD / AS AoA [(]
	N/A / Average Isotropic1

	Cluster PAS shape
	3D Uniform

	Total AS AoD / AS AoA [(]
	N/A / Average Isotropic1

	Mobile speed [km/h]
	1 

	XPR2
	0 dB 


Note 1. The angles of arrival are said to be Average Isotropic when the incoming field satisfies the Isotropy requirements established in [16]. 

Note 2. V & H components based on uncorrelated base station antennas
The parameters of the channel models are the expected parameters for the MIMO OTA channel models. However, the final channel model achieved for different methods could be a combined effect of the chamber and the channel emulator.
The Rayleigh fading may be implementation specific. However, the fading can be considered to be appropriate as long as the statistics of the generated Rayleigh fading are within standard requirement on Rayleigh fading statistics.
12.1.3
Base Station Configuration

The eNodeB emulator parameter settings shall be set according to Section 7.1.

The emulated antenna array configuration shall be set according to Section 8.5. For the isotropic channel model based on NIST, the base station antennas shall be uncorrelated.
12.1.4
System Description

12.1.4.1
Solution Overview
The reverberation chamber is a metallic cavity or cavities with electromagnetic reflective walls. It inherently emulates a long-term average isotropic, Rayleigh faded multipath environment. Mechanical stirrers and switching among different measurement antennas allow simulating the Rayleigh fading at each antenna of the terminal inside the chamber. Accuracy can be increased by rotating the platform holding the device.
The reverberation chamber can be used as standalone equipment to emulate the 3D isotropic channel model based on NIST (Table 12.1.2-3), or combined with a channel emulator to emulate the short delay spread low correlation (Table 12.1.2-1) and long delay spread high correlation (Table 12.1.2-2) channel models. It is also possible to emulate other channel models with different temporal properties and spatial transmitting characteristics.
The components of the solution include:
· Reverberation chamber

· System simulator (SS)

· N channel RF emulator (if used)
· Channel model definition for each test case
Illustrations of the reverberation chamber measurement setup can be found in Figure 12.1.4.1-1 and Figure 12.1.4.1-2 
[image: image1.emf] 


[image: image2.emf]Switch

2xT

Base station

simulator

1

DUT

T

stirrers

slotted plate

DUT

Switch

2xT

Base station

simulator

1 T

stirrers

waveguide

Switch

2xT

Base station

simulator

1

DUT

T

stirrers

slotted plate

DUT

Switch

2xT

Base station

simulator

1 T

stirrers

waveguide


Figure 12.1.4.1-1: Reverberation Chamber Setups
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Figure 12.1.4.1-2: Reverberation Chamber and Channel Emulator Setup
12.1.4.2
Concept and Configuration

For the methodology based on a standalone reverberation chamber, the M branch MIMO signal from the SS is fed directly to the reverberation chamber via M RF cables and transmitted into the chamber cavity(ies) using the source antennas of the chamber. The reverberation chamber needs to be equipped with at least M uncorrelated source antennas, with one branch transmitted per antenna. The exact positioning of the source antennas is not important, as long as the uncertainty is within specified limits. The signal is then transmitted through the chamber to the DUT. Due to the characteristics of the reverberation chamber, the chamber inherently produces a channel model with long-term average isotropic, Rayleigh fading multipath characteristics with exponential decaying power delay profile and negligible Doppler spread and uncorrelated base station antennas. By loading the chamber with lossy objects, the RMS delay spread can be tuned to the values defined by the channel model in use. When the signal from the SS is fed into the chamber via the source antennas it is subjected to the inherent channel model of the reverberation chamber.
Figure 12.1.4.2-1 illustrates the measurement setup.
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Figure 12.1.4.2-1: Test setup for standalone reverberation chamber.
For the methodology based on cascading a reverberation chamber with a channel emulator, the M branch MIMO signal from the SS is fed to the channel emulator via RF cables. The signal is then subjected to the channel parameters programmed to the channel emulator. The signal is further fed to the reverberation chamber measurement antennas via RF cables and injected into the chamber cavity(ies). The chamber source antennas needs to be uncorrelated, however, the number of measurement antennas and the exact positioning of them is not important, as long as the uncertainty is within specified limits. The signal is transmitted through the chamber to the DUT. The receiving spatial characteristics will be determined by the inherent properties of the reverberation chamber, i.e. long-term average isotropic. The temporal characteristics and the transmitting spatial characteristics will however be determined by the channel parameters programmed to the channel emulator. The inherent temporal properties of the reverberation chamber are reduced by heavily loading the chamber to a negligible delay spread, without affecting the isotropy of the chamber.
Figure 12.1.4.2-2 illustrates the measurement setup.
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Figure 12.1.4.2-2: Test setup for reverberation chamber and channel emulator
12.1.4.3
Reverberation Chamber Size Considerations
The reverberation chamber has no quite zone and is scalable with no upper limit, thus supporting DUTs with various sizes. The accuracy of reverberation chamber measurements is dependent on the size of the reverberation chamber and stirrers etc. The reverberation chamber shall have a volume large enough to support the number of modes needed for the stated accuracy at the lowest operating frequency, as well as supporting the long-term average isotropy characteristics. The loading of the reverberation chamber also affects the number of modes and the isotropy.

The channel model validation procedure and the uncertainty evaluation will verify that the reverberation chamber and stirrers etc. have appropriate size and configuration. This will also verify that the loading of the chamber does not introduce unacceptable uncertainty.
12.1.4.4
Calibration
The reverberation chamber is calibrated according to Annex B.2 in TS 34.114.
12.1.4.5
Test Conditions

According to Section 5 the initial figure of merit should be downlink absolute throughput. The reverberation chamber methodology can also support various other figure of merits and channel conditions. Other figures of merit and their applicability on the assessment of MIMO performance is currently left for further study.
The downlink throughput performance assessment is performed using the following procedure.
· Place the DUT in the chamber according to the guidelines in Section 12.1.1.

· Calibrate the system according to Section 12.1.4.4.
· Verify the implementation of the channel model as specified in Annex C.3 for each channel condition that will be used.
· Run the following steps:
1. Set the first test case
2. Generate test signal by the SS. The SS transmits a signal directly or via a channel emulator to the reverberation chamber source antennas via RF cables.

3. Measure the DUT performance for a complete stirring sequence

4. If the performance exceeds the specified limit, the DUT passes the test case

5. If all test cases are done, go to Step 6. Otherwise, set the next test case and go to Step 2.
6. Evaluate the performance by using the following criteria:

· If DUT passes all the test cases, the DUT passes the full MIMO OTA test.
· If DUT failed in at least one test case, the DUT failed the full MIMO OTA test.
12.1.5
Figure of Merit

The procedures described in this section shall measure the MIMO Throughput figure of merit specified in Section 5.1.1.  Section 12.1.6 specifies the test conditions under which this figure of merit shall be measured.
12.1.6
Test Procedure

12.1.6.1
Initial Conditions

Initial conditions are a set of test configurations the UE needs to be tested in and the steps for the SS to take with the UE to reach the correct measurement state.
1. Ensure environmental requirements of annex A are met.

2. Set the SS downlink and uplink according to Table 7.1.-1 or 7.1-2.

3. Propagation conditions are set according to Section 12.1.2.
4. Power on the UE.

5. Position the UE in to the chamber according to Section 12.1.1 and applicable device positioning in Section 9.4.

6. Set up the connection.

12.1.6.2
Test Procedure
1. Measure the MIMO Throughput for a sufficient number of independent stirring positions (samples) for the initial RS-EPRE level. Measurement duration per sample shall be sufficient to achieve statistical significance that is TBD.

NOTE 1: The measurement procedure is based on sending a pre-defined number of subframes for each sample. The average of the throughput measured for each of these samples is then reported as the MIMO Throughput.

NOTE 2: The initial RS-EPRE can be set to the user’s freely selectable level.

NOTE 3: The channel model validation procedures and the uncertainty analysis validates that a sufficient number of independent samples are used for the measurement sequence.

2. Search for the average DL RS-ERPE level resulting in a MIMO Throughput of 70 % of the maximum throughput or greater by repeating Step 1 for other DL RS-EPRE levels. Alternatively, perform the search for each stirring combination and average the RS-EPRE levels when all sampes have been collected. The downlink RS-EPRE step size shall be no more than 0.5 dB when the level is near the LTE MIMO sensitivity level.

NOTE: To meet the throughput value target DL RS-EPRE level can be changed using user’s freely selectable algorithm.

3. The minimum average DL RS-EPRE level resulting in an average MIMO Throughput value of 70 % of the maximum throughput or greater shall be reported as the MIMO Throughput Sensitivity (MTS).
12.1.7
Measurement Uncertainty Budget

The measurement uncertainty budget for the reverberation chamber test methodology is given in Annex B.
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