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1 Introduction

Recently, methodologies for MIMO over-the-air (OTA) terminal testing have been discussed in COST 2100 (SWG 2.2), in CTIA ERP (RCSG and MACSG), and in 3GPP RAN4 (MIMO OTA SI). In 3GPP, different candidate methodologies for MIMO OTA have been proposed. They can be broadly classified into three categories, namely reverberation chamber based methodologies, anechoic chamber based methodologies, and two-stage methods [1]. This paper compares the proposed methodologies and analyzes the agreed comparison table [2], [1]. 

2 High Level Comparison
The table in Section 9.1 of [1] shows seven candidate methodologies classified in the three categories, reverberation chamber, anechoic chamber, and multi-stage methods. Each of them covers two or three candidates.

Table 1. Three categories.
	Category 1
	Category 2
	Category 3

	Reverberation Chamber
	Anechoic Chamber Based
	Multi-stage methods

	RC 
	RC + CE
	Single Cluster
	Ring
	2 channel method
	2 stage method
	Antenna method


Due to the fact that the three categories are fundamentally different and cannot be merged, it is necessary to discuss not only the round-robin test results but also other (qualitative) aspects as well. Reverberation chamber creates a lot of random echoes to mimic multipath propagation. The drawback of this method is that it favors specific MIMO terminals due to the surreal rich scattering environment with a short delay spread. More precisely, reverberation chamber cannot differentiate between different beam patterns due to the uniform Angle-of-Arrival (AoA) of multipath components [3]. 
Anechoic chamber is free of reverberations; multipath propagation is created in a controlled manner with multiple antennas and a radio channel emulator. Different methods to create the multipath propagation have been proposed. The full ring method covers the full 360° azimuth plane, and the single cluster and 2-channel methods cover only part of the azimuth space. The anechoic chamber based methods create the most realistic and most controllable environment for real over-the-air test. However, it requires a significant investment for hardware and chamber. To minimize the hardware cost, different simplifications have been proposed. Simplification can be done by reducing the number of antennas in the anechoic chamber, or by implementing the radio channel emulator by a number of analog components (e.g. phase shifters, attenuators etc.). These simplified methods may set limitations for delay spread and spatial channel characteristics.
Multi-stage methods mean separation of antenna measurement from the performance evaluation. Antenna beam pattern is measured in an anechoic chamber, and channel model is created based on the beam pattern. The second stage covers either lab testing with cables or theoretical capacity analysis. The drawbacks of the multi-stage methods are the relatively high investment cost, testing time, and the fact that it is not real over-the-air test. However, it might be a good method for certain R&D testing of mobile terminal.

Next, we revisit the operators’ and terminal vendors’ requirements (Section 4.3 in [1]).

The following high level requirements are agreed by RAN4: 

1.
Measurement of radiated performance for MIMO and multi-antenna reception for HSPA and LTE terminals must be performed over-the-air, i.e. without RF cable connections to the DUT.

NOTE 1:
DUTs to the test house will have accessibility to temporary antenna port for conducted purposes.

NOTE 2:
Temporary antenna port is used to assess to DUT receiver.

NOTE 3:
UE special function to measure antenna pattern is not desirable for MIMO OTA purposes.

2.
The MIMO OTA method(s) must be able to differentiate between a good terminal and a bad terminal in terms of MIMO OTA performance.

3.
The desired primary Figure of Merit (FOM) is throughput.

Based on these requirements we can evaluate the candidate methods.

Table 2. High-level requirements.
	Attribute
	Reverberation Chamber
	Anechoic Chamber Based
	Multi-stage methods

	
	RC 
	RC + CE
	Single Cluster
	Ring
	2 channel method
	2 stage method
	Antenna method

	Requirement 1. Over-the-air performance test without RF cable connection
	Yes
	Yes
	Yes
	Yes
	Yes
	No
	Only antenna pattern

	Requirement 2. Differentiate between a good terminal and a bad terminal
	Partially (cannot differentiate between a good and bad beam pattern)
	Partially (cannot differentiate between a good and bad beam pattern)
	Yes
	Yes
	Maybe
	Partially (does not test antenna beam adaptivity and RF matching circuitry)
	No (beam pattern alone does not differentiate between good and bad terminal)

	Requirement 3. Throughput
	Yes
	Yes
	Yes
	Yes
	Yes
	Conducted via temporary antenna connector
	N/A (Capacity metric calculated from antenna parameters)

	Overall Evaluation
	Fair
	Fair
	Good
	Good
	Fair
	Weak
	Weak


Table 2 shows that the anechoic chamber based methods fulfill the high level requirements well. Reverberation chamber based methods show also quite good fit, but multi-stage methods have issues with all the three requirements.

3 Detailed Comparison

This section compares the candidate methodologies more in detail. We start from channel model discussion, then we go through the comparison table from [1] row-by-row. Finally, we some additional items such as test time, availability of round-robin test results, adaptive antenna testing, and upgradeability are discussed.
3.1 Channel Models

Channel models for 3GPP MIMO OTA TR were agreed in Montreal [4] and were adopted in the TR [1]. The background for channel model was discussed in several meetings before the Montreal meeting, e.g. in [5] and in [3]. In [5], the multi-dimensionality of propagation channel was discussed. The four dimensions from the terminal receiver perspective are delay, Doppler, angle of arrival, and polarization. We can now compare the proposed candidates in terms of their capability to control these four dimensions (Table 3). We can clearly see that anechoic chamber based and 2-stage methods are capable to create desired multipath environment.
Table 3. Propagation characteristics.
	Attribute
	Reverberation Chamber
	Anechoic Chamber Based
	Multi-stage methods

	
	RC 
	RC + CE
	Single Cluster
	Ring
	2 channel method
	2 stage method
	Antenna method

	Delay (controllable PDP)
	No
	Yes, but additional undesired exponential decay
	Yes
	Yes
	Yes
	Yes
	Yes (via simulations)

	Doppler (controllable Doppler spectrum)
	Limited
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes (via simulations)

	Angle of Arrival (controllable AoA and angle spread)
	No
	No
	Yes
	Yes
	Limited
	Yes
	Yes (via simulations)

	Polarization (controllable polarization characteristics)
	No
	No
	Yes
	Yes
	Yes
	Yes
	Yes (via simulations)

	Overall Evaluation
	Weak
	Weak
	Good
	Good
	Fair
	Good
	Good


3.2 Analysis of the full Comparison Table

The full comparison table from [1] is copied here. For simplicity, we code the categories and methods here (Table 4). We analyze each row of Table 4 in the sub-sections below.
Table 4. Full Comparison Table.
	Attribute
	Reverberation Chamber

Category 1
	Anechoic Chamber Based

Category 2
	Multi-stage methods

Category 3

	
	RC 

(Method 1a)
	RC + CE (Method 1b)
	Single Cluster (Method 2a)
	Ring 
(Method 2b)
	2 channel method (Method 2c)
	2 stage method7

(Method 3a)
	Antenna method 6

(Method 3b)

	Setup
	
	
	
	
	
	
	

	Major components


	Reverberation chamber
	Channel Emulator, Reverberation Chamber
	Channel emulator, probe antennas, anechoic chamber
	Channel emulator, probe antennas, anechoic chamber
	Channel emulator, probe antenna
	Channel emulator, probe antenna, anechoic chamber
	Probe Antenna, Anechoic Chamber

	Number of probe antennas
	2-4
	2 – 4
	3-16 (varies)
	8-32 (varies)
	2-3
	1
	1

	Operating bands
	
	
	
	
	
	
	

	Supported 3GPP     bands
	All


	All


	All


	All


	All


	All


	All



	Bandwidths supported: HSPA/LTE


	Yes/Yes
	Yes/Yes
	Yes/Yes
	Yes/Yes
	Yes/Yes
	Yes/Yes
	Yes/Yes

	Channel Modelling aspects
	
	
	
	
	
	
	

	2D/3D
	3D
	3D
	2D/3D (varies)
	2D/3D1 (varies)
	2D/3D
	2D/3D
	2D/3D1

	Number of spatial clusters
	1
	1
	1
	1-24 (varies)
	1-2
	1-24
	1-No upper bound

	Power angular spectrum per cluster
	Uniform
	Uniform
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	Angular spread
	Random8
	Random8

	Controllable
	Controllable
	Partly Controllable
	Controllable
	Controllable

	Power delay profile
	Exponential decay
	Controllable + Exponential
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	Delay spread
	Slightly controllable decay
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	Doppler shift
	Limited
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	Supported channel models
	Uniform5 
	Uniform spatial, controllable multipath
	Single cluster, multipath (varies)
	SCME, Single Cluster, Uniform, Arbitrary
	SCME, Single cluster, uniform, arbitrary
	SCME, Single cluster, uniform, arbitrary
	SCME, Single cluster, uniform, arbitrary

	Controllable spatial characteristics of BS antennas
	FFS
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	XPR
	Constant
	Constant
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	Other MIMO OTA attributes
	
	
	
	
	
	
	

	Supported 3GPP transmission modes [7]
	1 – 7
	1 – 7
	1 – 7
	1 – 7
	     1 – 7
	1 – 7
	1-7

	Ability to control interference direction
	No
	No
	Limited – Yes
	Yes
	Yes
	Yes
	FFS

	SNR control3
	FFS
	Yes
	Yes
	Yes
	Yes
	Yes
	N/A (Part of channel capacity calculation)

	DUT size constraints


	None
	None
	0.5 – 4 lambda, (varies)
	0.5 – 4 lambda (varies)
	FFS
	      None
	None

	Measurements & Results
	
	
	
	
	
	
	

	Supported FOM2

(Categories in Sec 5.1)
	I, II, part of IV (except MEG), V 
	I, II, part of IV (except MEG), V
	 I-V

+Throughput(θ)

+ other antenna characteristics 10
	I-V 
+Throughput(θ)

+ other antenna characteristics 10
	I-V

+Throughput(θ)

+ other antenna characteristics 10
	I-V 
+Throughput(θ)

+ other antenna characteristics 10
	II, III, IV + other antenna characteristics 11

	Demonstration results available
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Partial

	System/Hardware Details
	
	
	
	
	
	
	

	Calibration equipment/method
	2-Port VNA4
	2-Port VNA4
	Joint OTA link calibration using 2-port VNA4
	Joint OTA link calibration using 2-port VNA4
	Range calibration by 2-port VNA4, for example
	Chamber calibration by 2-port VNA4, second stage calibration


	Chamber calibration by  2-port VNA4

	Use this method in SISO OTA
	Yes
	Yes
	Yes 
	Yes
	Yes
	Yes
	Yes

	Re-use potential existing SISO OTA systems
	High
	High
	High
	High
	High
	High
	High

	Other Considerations
	
	
	
	
	
	
	

	Requires non-intrusive test mode for antenna pattern measurement
	N/A9
	N/A9
	No
	No
	No
	Yes
	Yes

	Throughput measurement method
	OTA
	OTA
	OTA
	OTA
	OTA
	Conducted via temporary antenna connector
	N/A (Capacity metric calculated from antenna parameters)


3.2.1 Setup

In Table 5 we compare the basic setup. Channel emulator is needed in methods 1b, 2a, 2b, 2c, and 3a. Anechoic chamber is needed in methods 2a, 2b, 2c, 3a, 3b. Reverberation chamber is needed in methods 1a and 1b. Based on this simple comparison we can say that the methods 1a and 3b are the simplest, and 2b is the most complex.
Table 5. Setup.
	
	1
	2
	3

	
	1a 
	1b
	2a
	2b
	2c
	3a
	3b

	Setup
	
	
	
	
	
	
	

	Major components


	Reverberation chamber
	Channel Emulator, Reverberation Chamber
	Channel emulator, probe antennas, anechoic chamber
	Channel emulator, probe antennas, anechoic chamber
	Channel emulator, probe antenna
	Channel emulator, probe antenna, anechoic chamber
	Probe Antenna, Anechoic Chamber

	Number of probe antennas
	2-4
	2 – 4
	3-16 (varies)
	8-32 (varies)
	2-3
	1
	1

	Evaluation
	Simple
	Moderate
	Moderate
	Complex
	Moderate
	Moderate
	Simple


3.2.2 Operating Bands

Because Table 4 does not show any difference between methods, we skip this part.

3.2.3 Channel Modelling Aspects

We already discussed the channel models in high level in Section 3.1. However, the table in [1] shows more useful information. Category 1 provides full 3D uniform angle of arrival. In most cases of the real propagation environment, elevation spread is rather small [6]. Thus, even if 3D sounds attractive, it does not necessary reflect the reality. 3D is possible via Categories 2 and 3 also, but it requires 3D channel model and more hardware in Category 2. Number of spatial clusters means the capability of a method to provide several clusters of multipath components in angular domain. Measurement analysis show that in real environment, the number of angular clusters is typically between 6 and 20 [7], [8], [9]. 
To differentiate between a good antenna design and a bad antenna design, different angular spreads are needed [3], [10]. Therefore, uniform or random angular spectrum is not desirable. Due to the fact that HSPA utilizes the delay spread via RAKE and LTE utilizes the frequency diversity via frequency domain coding, a controllable PDP is prerequisite in evaluating the terminal performance. Both HSPA and LTE technologies are sensitive to Doppler spread. Therefore, Doppler spread relative to mobile speed is necessary. To test the polarization diversity performance in UE, controllable polarization characteristics are important.

Based on the above reasoning, we evaluate the candidate methods via colors (green means adequate capability, orange means some limitations and red more critical problems).

Table 6. Channel Modeling Aspects.
	
	1
	2
	3

	
	1a
	1b
	2a
	2b
	2c
	3a
	3b

	Channel Modeling aspects
	
	
	
	
	
	
	

	2D/3D
	3D
	3D
	2D/3D (varies)
	2D/3D1 (varies)
	2D/3D
	2D/3D
	2D/3D1

	Number of spatial clusters
	1
	1
	1
	1-24 (varies)
	1-2
	1-24
	1-No upper bound

	Power angular spectrum per cluster
	Uniform
	Uniform
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	Angular spread
	Random8
	Random8

	Controllable
	Controllable
	Partly Controllable
	Controllable
	Controllable

	Power delay profile
	Exponential decay
	Controllable + Exponential
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	Delay spread
	Slightly controllable decay
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	Doppler shift
	Limited
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	Supported channel models
	Uniform5 
	Uniform spatial, controllable multipath
	Single cluster, multipath (varies)
	SCME, Single Cluster, Uniform, Arbitrary
	SCME, Single cluster, uniform, arbitrary
	SCME, Single cluster, uniform, arbitrary
	SCME, Single cluster, uniform, arbitrary

	Controllable spatial characteristics of BS antennas
	FFS
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	XPR
	Constant
	Constant
	Controllable
	Controllable
	Controllable
	Controllable
	Controllable

	Overall Evaluation
	Weak
	Weak
	Fair
	Good
	Fair
	Good
	Good


Table 7. Other MIMO OTA Attributes.
	
	1
	2
	3

	
	1a
	1b
	2a
	2b
	2c
	3a
	3b

	Other MIMO OTA attributes
	
	
	
	
	
	
	

	Supported 3GPP transmission modes [7]
	1 – 7
	1 – 7
	1 – 7
	1 – 7
	     1 – 7
	1 – 7
	1-7

	Ability to control interference direction
	No
	No
	Limited – Yes
	Yes
	Yes
	Yes
	FFS

	SNR control3
	FFS
	Yes
	Yes
	Yes
	Yes
	Yes
	N/A (Part of channel capacity calculation)

	DUT size constraints


	None
	None
	0.5 – 4 lambda, (varies)
	0.5 – 4 lambda (varies)
	FFS
	      None
	None

	Overall Evaluation
	Weak
	Weak
	Fair
	Fair
	Weak
	Good
	Weak


Table 8 shows how different methods support the required FOMs. Methods 2a, 2b, 2c, and 3a supports all the methods described in Section 5.1 of [1]. Additionally they provide the possibility to measure throughput in a function of DUT rotation angle. This is an important parameter in differentiating between a good terminal and a bad terminal.
Table 8. Measurements & Results.
	
	1
	2
	3

	
	1a
	1b
	2a
	2b
	2c
	3a
	3b

	Measurements & Results
	
	
	
	
	
	
	

	Supported FOM2

(Categories in Sec 5.1)
	I, II, part of IV (except MEG), V 
	I, II, part of IV (except MEG), V
	 I-V

+Throughput(θ)

+ other antenna characteristics 10
	I-V 
+Throughput(θ)

+ other antenna characteristics 10
	I-V

+Throughput(θ)

+ other antenna characteristics 10
	I-V 
+Throughput(θ)

+ other antenna characteristics 10
	II, III, IV + other antenna characteristics 11

	Demonstration results available
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Partial

	Overall Evaluation
	Fair
	Fair
	Good
	Good
	Good
	Good
	Fair


System and hardware details are shortly introduced in Table 9. Method 3a requires two calibrations; first for anechoic chamber, and the second for conductive testing. Additional uncertainty in the method is the software processing in channel model creation. It requires phase accurate 3D dual-polarization antenna pattern measurement which is time consuming and sensitive to measurement errors.
Table 9. System / Hardware Details.
	
	1
	2
	3

	
	1a
	1b
	2a
	2b
	2c
	3a
	3b

	System/Hardware Details
	
	
	
	
	
	
	

	Calibration equipment/method
	2-Port VNA4
	2-Port VNA4
	Joint OTA link calibration using 2-port VNA4
	Joint OTA link calibration using 2-port VNA4
	Range calibration by 2-port VNA4, for example
	Chamber calibration by 2-port VNA4, second stage calibration. Note there is no way to calibrate out the antenna impedance mismatch if RF connectors to measure S11 are not available.
	Chamber calibration by  2-port VNA4

	Use this method in SISO OTA
	Yes
	Yes
	Yes 
	Yes
	Yes
	Yes
	Yes

	Re-use potential existing SISO OTA systems
	High
	High
	High
	High
	High
	High
	High

	Overall Evaluation
	Good
	Good
	Good
	Good
	Good
	Fair
	Good


Table Table 10 shows couple of important aspects. First, the category 3 requires non-intrusive test mode for antenna pattern measurement. It means that the antenna pattern is measured in an anechoic chamber by the chipset. Therefore, this methods are not suitable for existing UEs will potentially create dramatic cost effect in terminal design. In Category 1, antenna pattern measurement is not possible at all. The throughput measurement is straightforward in Category 1 and Category 2.
Table 10. Other Considerations.
	
	1
	2
	3

	
	1a
	1b
	2a
	2b
	2c
	3a
	3b

	Other Considerations
	
	
	
	
	
	
	

	Requires non-intrusive test mode for antenna pattern measurement
	N/A
	N/A
	No
	No
	No
	Yes
	Yes

	Throughput measurement method
	OTA
	OTA
	OTA
	OTA
	OTA
	Conducted via temporary antenna connector
	N/A (Capacity metric calculated from antenna parameters)

	Overall Evaluation
	Fair
	Fair
	Good
	Good
	Good
	Weak
	Weak


3.3 Additional Comparison
Some aspects are excluded in the Table 4. Therefore we include those missing items here.
They are

· Availability of round-robin test results.

· Analysis of round-robin test results.

· Test time.

· Testing of adaptive antennas

Some round-robin test results were already shown in Xi’an. This meeting in Jacksonville will cover more results. Based on the Tdoc list on Monday 8th November, 2010, the following methods will provide results: 

Table 11. Round-Robin Test Results.
	
	1
	2
	3

	
	1a
	1b
	2a
	2b
	2c
	3a
	3b

	Round-Robin Test Results
	
	
	
	
	
	
	

	Round-robin results reported in Xi’an meeting
	No
	No
	Yes
	Yes
	No
	Yes
	No

	Round-robin results reported in Jacksonville meeting
	?
	?
	?
	?
	?
	?
	?

	Difference in throughput results between labs.
	Not available
	Not available
	Not available
	Good match
	Not available
	Good match
	N/A

	Overall Evaluation
	?
	?
	?
	Good
	?
	Good
	?


Table 12. Testing of Adaptive Antennas.
	
	1
	2
	3

	
	1a
	1b
	2a
	2b
	2c
	3a
	3b

	Testing of Adaptive Antennas
	
	
	
	
	
	
	

	Variable Angle Spread
	No
	No
	Yes
	Yes
	Yes
	Yes
	Yes

	Testing of Active Beam Pattern Control
	No
	No
	Yes
	Yes
	Yes
	No
	No

	Testing of MIMO Mode Selection based on variable correlation
	No
	No
	Yes
	Yes
	Yes
	Yes
	No

	Overall Evaluation
	Weak
	Weak
	Good
	Good
	Good
	Weak
	Weak


Table 13. Test Time.
	
	1
	2
	3

	
	1a
	1b
	2a
	2b
	2c
	3a
	3b

	Test Time
	
	
	
	
	
	
	

	Measuring of throughput in one DUT orientation
	x sec
	x sec
	x sec
	x sec
	x sec
	Requires 3D antenna pattern measurement, software processing, and conductive test
	Requires 3D antenna pattern measurement and software processing

	Measuring of average throughput over DUT rotation angles
	x sec (rotation not needed)
	x sec (rotation not needed)
	~10x sec
	~10x sec
	~10x sec
	Requires 3D antenna pattern measurement, software processing, and conductive test
	Requires 3D antenna pattern measurement and software processing

	Overall Evaluation
	Good
	Good
	Fair
	Fair
	Fair
	Weak
	Weak


3.4 Upgradeability

One important aspect is the applicability of the method for potential future needs. Table 14 shows how different methods are upgradeable for a few foreseen new requirements.

Table 14. Upgradeability.
	
	1
	2
	3

	
	1a
	1b
	2a
	2b
	2c
	3a
	3b

	Upgradeability
	
	
	
	
	
	
	

	AWGN
	?
	?
	Yes
	Yes
	?
	Yes
	N/A

	Additional interference signal from a desired AoA
	No
	No
	Yes
	Yes
	?
	?
	No

	Smart antenna testing with dynamic AoA
	No
	No
	Yes
	Yes
	No
	No
	No

	Overall Evaluation
	Weak
	Weak
	Good
	Good
	Weak
	Weak
	Weak


3.5 Summary of Comparison

Table 15 summarizes the “Overall Evaluation” from each table above. The summary row shows the overall evaluation of all overall evaluations. It is calculated as follows. Each red evaluation has a value of -1, fair (or empty) is 0, and green is 1. The sum is shown on the summary row, and the color characterizes the result.
Table 15. Summary Table.
	Overall Evaluation
	1
	2
	3

	
	1a
	1b
	2a
	2b
	2c
	3a
	3b

	Table 2. High-level requirements.
	Fair
	Fair
	Good
	Good
	Fair
	Weak
	Weak

	Table 3. Propagation characteristics.
	Weak
	Weak
	Good
	Good
	Fair
	Good
	Good

	Table 5. Setup.
	Simple
	Moderate
	Moderate
	Complex
	Moderate
	Moderate
	Simple

	Table 6. Channel Modeling Aspects.
	Weak
	Weak
	Fair
	Good
	Fair
	Good
	Good

	Table 7. Other MIMO OTA Attributes.
	Weak
	Weak
	Fair
	Fair
	Weak
	Good
	Weak

	Table 8. Measurements & Results.
	Fair
	Fair
	Good
	Good
	Good
	Good
	Fair

	Table 9. System / Hardware Details.
	Good
	Good
	Good
	Good
	Good
	Fair
	Good

	Table 10. Other Considerations.
	Fair
	Fair
	Good
	Good
	Good
	Weak
	Weak

	Table 11. Round-Robin Test Results.
	?
	?
	?
	Good
	?
	Good
	?

	Table 12. Testing of Adaptive Antennas.
	Weak
	Weak
	Good
	Good
	Good
	Weak
	Weak

	Table 13. Test Time.
	Good
	Good
	Fair
	Fair
	Fair
	Weak
	Weak

	Table 14. Upgradeability.
	Weak
	Weak
	Good
	Good
	Weak
	Weak
	Weak

	SUMMARY
	-2
	-3
	7
	8
	2
	0
	-2


4 Proposal

This comparison is a starting point for detailed comparison. The actual values in the cells of each table are tentative and could be discussed. We encourage other companies to provide their input.
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