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1. Introduction 
In March, 2009, RAN4 established a new Study Item to investigate methodologies which could be employed for the evaluation of MIMO radiated performance in HSPA and LTE terminals [1]. Subsequently, the topic of MIMO radiated performance has been discussed by several groups worldwide, including COST2100 SWG 2.2, the CTIA MIMO Anechoic Chamber Subgroup and the CTIA Reverberation Chamber Subgroup. In addition, several contributions have been provided to 3GPP TSG RAN4 which document empirical results of radiated performance measurements made in either anechoic or reverberation chambers [2-6]. 
Recent contributions to RAN4 have called for the establishment of a minimum set of criteria which test systems must meet in order to test MIMO-capable devices [7-9]. There have been a wide range of suggested configurations, however, many can only be supported in an anechoic chamber, primarily because several proposals call for the use of various spatial channel models.

This contribution establishes a set of minimum performance criteria which is chamber-agnostic, beginning with a channel model which applies equally to reverberation and anechoic chambers. This contribution, while primarily intended to address baseline criteria for evaluating the radiated performance of MIMO-capable devices, is equally applicable to SIMO-capable devices.
2. Radio Channel Considerations
One of the most important aspects of SIMO/MIMO radiated performance evaluation is the use of an appropriate simulated radio channel. This subject alone is immense and requires a great deal of study in order to model all channel conditions under which a terminal is expected to operate. This is further complicated by the fact that the channel conditions under which a MIMO-capable device will operate vary widely with time, and the number of variables is high. In addition, MIMO-capable devices will only display significant multiplexing gain when the correlation between receive antenna branches is low. What’s needed in RAN4 is a set of baseline chamber criteria which include a channel model representative of the propagation conditions under which the maximum multiplexing gain afforded by MIMO can be realized.

3. Indoor-Urban Channel Model

After careful evaluation, the CTIA Reverberation Chamber Subgroup determined that a channel model based on an “indoor-urban” propagation environment would be most appropriate for SIMO/MIMO receiver performance testing. The indoor-urban channel model has several advantages:

1. It emulates a common use case for a high percentage of devices within a typical network

2. It displays a relatively short RMS delay spread

3. It is highly scattered and therefore displays low correlation

4. It can be supported using either anechoic or reverberation chambers

The CTIA Reverberation Chamber Subgroup was unaware of the existence of such a channel model, so the subgroup contacted the National Institute of Standards and Technology (NIST) in Boulder, Colorado, USA, and Ohio University, Athens, Ohio, USA, for their input concerning the development of such a model from actual field data. We were fortunate in that NIST had recently acquired outdoor-indoor complex channel data at 700 MHz and 4.9 GHz as part of a propagation study for public safety first-responders. 

The NIST complex channel data, which includes apartment buildings, office buildings, and a large indoor convention center, was processed by Ohio University in order to develop an outdoor-indoor channel model [10].
Delay Spread: As documented in [10], the power of an outdoor-indoor channel typically displays an exponential decay with time. The RMS delay spread at 700 MHz is 80 ns and the RMS delay spread at 4.9 GHz is 90 ns. A CDF of the RMS delay spread in each band indicates that the median values are between 45 and 60 ns, and the 90th percentile values are between 100 and 120 ns. Because these values are within about 20% of one another across a 4 GHz frequency span, it is acceptable to use a single set of channel parameters across the 700-2700 MHz range. 

As a result of the NIST/Ohio University research, we recommend that the “indoor-urban” channel model employ an RMS delay spread of 90 ns, which is twice the RMS delay spread currently specified by 3GPP as “Extended Pedestrian A” [11]. A summary of our indoor-urban channel model is included in Table 1 below. This channel model can be supported as a continuous exponential decay in a reverberation chamber designed for such a profile, or it can be supported in an anechoic chamber through the use of a channel emulator employing a 7-tap model as shown in Table 2 below:

Table 1: Indoor-Urban Channel Model Summary
	Frequency Range [MHz]
	RMS Delay Spread
[ns]
	Delay Window 90% Energy [ns]
	Delay Interval 25 dB [ns]

	700-2700
	
90

	258
	405


Table 2: Indoor-Urban Delay Model

	Excess tap delay [ns]
	Relative power 

[dB]

	0
	0.0

	40
	-1.7

	120
	-5.2

	180
	-7.8

	210
	-9.1

	260
	-11.3

	350
	-15.2


Doppler Frequency: In an indoor environment, the Doppler frequency is typically related to movement of people, vehicles, vegetation, etc., around the receiver. As a result, the Doppler frequency varies widely with time and location. In most indoor environments, the greatest contributor to Doppler will be the movement of the user or people around the receiver. In order to establish a baseline for radiated performance measurement, we recommend a Doppler rate of 5 Hz, which corresponds to the Doppler frequency already defined in the 3GPP specifications as “Extended Pedestrian A” [12]. For basic “Figure of Merit” testing (where the purpose of the test is to determine the efficacy of the MIMO antenna/receiver under optimal channel conditions), there is no need to include a range of Doppler frequencies. The receiver’s ability to handle the effects of Doppler (especially high Doppler frequencies which can cause problems for OFDM) is unrelated to the antenna and can be verified during conducted conformance testing.

Measurement Space: In an indoor environment, reflections are typically observed from all directions. However, in order to establish a baseline for radiated performance testing, we believe that a 2D environment will suffice, assuming that steps are taken to adequately compensate for EUT position effects in a 2D environment. When testing is performed in a reverberation chamber, the EUT will be exposed to a 3D radio environment and EUT positioning is not a factor.
Variable Cross-Correlation and Angular Spread: Because the intent of basic MIMO radiated performance testing is to verify that the EUT antenna and its associated receiver can provide the expected performance under nearly ideal MIMO channel conditions, there is no need to support variable cross-correlation or variable angular spread. The ability to vary these parameters is applicable to more advanced EUT testing and characterization (such as determining antenna pattern effects on MIMO performance during device development).
4. Proposed Baseline Requirements for SIMO/MIMO Radiated Performance Testing

Based on the channel information described in the previous section, we recommend that RAN4 consider the inclusion of a table stipulating minimum test chamber requirements for basic “Figure of Merit” MIMO testing as well as “recommended” requirements for chambers which offer more advanced test capabilities. Our recommendation is presented in Table 3 below:

Table 3: Proposed Baseline Chamber Requirements for SIMO/MIMO Radiated Performance Testing
	Parameter
	Minimum Requirement
	Recommended 

	Frequency Range
	700 MHz-2.7 GHz
	[FFS]

	Coherence Bandwidth
	[TBD]
	[FFS]

	Max. RF Signal Level at Mobile Terminal
	-70 dBm/MHz
	[FFS]

	Number of Probe Antennas
	[TBD]
	[FFS]

	Measurement Space (e.g. 2D/3D)
	2D or 3D
	[FFS]

	Support of Variable XPR
	No
	[FFS]

	Support of Variable Angular Spread
	No
	[FFS]

	Support of Variable Delay Spread
	No
	[FFS]

	Support of Variable Doppler Spread
	No
	[FFS]

	Channel Models
	Indoor-Urban 
(NIST/Ohio University)
	[FFS]

	RMS Delay Spread
	90 ns
	[FFS]

	Doppler Frequency
	5 Hz
	[FFS]

	Phantom Head
	[TBD]
	[FFS]

	Phantom Hand
	[TBD]
	[FFS]

	Figure of Merit (FoM)
	[TBD]
	[FFS]

	Repeatability/Reproducibility
	[TBD]
	[FFS]

	MIMO Modes
	[TBD]
	[FFS]

	Receive Diversity (SIMO) Support
	Yes
	[FFS]

	Measurement Accuracy
	[TBD]
	[FFS]


5. Conclusion
In this contribution, we have discussed the importance of utilizing a single channel model to evaluate an EUT ‘s performance under conditions that will provide optimal gain from MIMO multiplexing or SIMO receive diversity. In so doing, we have introduced a new “indoor-urban” channel model which can be employed in either an anechoic chamber or a reverberation chamber to obtain a “Figure of Merit” for MIMO and/or SIMO performance. In addition, we have taken steps to ensure that the baseline configuration described in this document is consistent with existing 3GPP specifications wherever it was possible to do so.
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