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1 Introduction
This paper provides the radiated two-stage test results performed in a GTS chamber using the CATR two-stage test system. In this test the active antenna pattern, cable-conducted throughput and the radiated second-stage throughput tests are performed. A comparison between the conducted performance and the radiated results demonstrate that the absolute data throughput framework is validated for this new laboratory.

Also included here are updated results previously presented in [1] and [2] which had been calculated using an incorrect formula for power.

2 Measurement Setup and Process
2.1 Reference device and reference antenna 

All the tests in this proposal are performed on an HTC handset with Model Number ADR6425LVW, which is same model as CTIA Band 13 reference device. Band13 reference antennas are used including ‘good’, ‘nominal’ and ‘bad’, which are produced by Satimo with Model number SN 06.
2.2 Test Setup
The radiated two-stage test setup is shown in Figure 1, and with a photograph in Figure 2 for reference antenna in chamber and Figure 3 for the instruments outside the chamber. 
The chamber is designed to rotate the DUT in a full circle in the vertical direction, and a half circle in the horizontal direction. To enable a 2D circular measurement the reference antenna is fixed horizontally as shown in Figure 2, then rotated in the vertical direction.    

Figure 1. Radiated Two-stage Test Setup
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Figure 2. Reference Antenna and Probe Antenna in Chamber
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Figure 3. Instruments Setup outside the Chamber
3 Test Results
3.1 Test conditions 
All the tests in this paper follow the requirements in test plan [3] for radiated MIMO performance i.e. using SCME UMi and UMa channel models with no added noise. For the SCME UMa channel model, in order to get full throughput for Band 13 ‘Bad’ reference antenna, the modified version with the mean AoD rotated by -15 degrees (marked as Uma MC/B in Table 3.2.2-B in [3]) is used. The Base Station antenna configuration defined in section 3.3 of [3] is used for the Tx side, and the measured reference antenna pattern is used for the Rx side. Table 1 lists the test configuration and instruments used in the conducted and radiated tests.
Before measuring the radiated throughput, 24dB of isolation was verified between the two radiated channels in the chamber. Previous analysis has shown that 20 dB isolation is sufficient to make no measureable difference to the results.
Table 1 Test Configuration

	Radiate two-stage measurement setup
	Conducted
	Radiated

	Methodology
	Conducted
	Radiated

	eNodeB emul.
	Agilent PXT
	Agilent PXT

	eNodeB ant config
	Sec 7.2 in 37.977
	Sec 7.2 in 37.977

	eNodeB PHY config
	Sec 7.1 in 37.977
	Sec 7.1 in 37.977

	Band
	13
	13

	DL channel
	5230
	5230

	UL channel
	23230
	23230

	RMC
	R35
	R35

	Num subframes per power point
	20000
	20000

	Channel emul.
	Agilent PXB
	Agilent PXB

	Channel model config
	Sec 8.2 in 37.977
	Sec 8.2 in 37.977

	Channel model
	SCME Umi
	SCME Umi, SCME Uma/B

	Emul. veh. speed
	30 km/h
	30 km/h

	UE mfg
	HTC ADR6425LVW
	HTC ADR6425LVW

	Transmission Mode
	TM3
	TM3


3.2 Test results
Figure 4 shows the radiated vs. cable-conducted absolute throughput test results for the UMi channel model. These results shows that for this new lab, the radiated two-stage method fulfils the absolute data throughput requirements. The maximum difference between the conducted and radiated results is less than 0.4 dB.
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Figure 4. Radiated vs Cable-conducted Absolute Throughput Test for Umi Model
Figure 5 shows the radiated throughput test results for the UMa/B channel model.
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Figure 5. Radiated Throughput Test for Uma/BModel
3.3 Correction of results presented in [1] and [2]
During the comparison between the latest results from the GTS lab and the original two-stage results presented in [1] (conducted) and [2] (radiated) an error was discovered in the way the antenna gain was applied. In the original contributions the formula 20*log10 (linear antenna gain) but should have used 10*log10 (linear antenna gain). This error caused all the results in [1] and [2] to be shifted toward worse performance.
The impact of this error is as follows:

Table 2 Error in antenna gain in [1] and [2]
	
	Good
	Nominal
	Bad

	Correct antenna gain in dB for UMi
	-2.6
	-3.4
	-3.8

	Gain applied in [1] and [2] for UMi
	-5.2
	-6.8
	-7.6

	Correct antenna gain in dB for UMa
	-1.9
	-3.3
	-3.7

	Gain applied in [1] and [2] for UMa
	-3.8
	-6.6
	-7.4


The original data has now been properly scaled which has led to a new set of Agilent results which align much better with the new GTS two-stage results and the results of the other anechoic labs. The original results for [2] are shown in Figures 6 and 8 with the corrected results in figures 7 and 9. The same corrections apply to the results in [1] which are not shown here.
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Figure 6. Original UMi data from [2]
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Figure 7. Corrected UMi data from [2]
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Figure 8. Original UMa data from [2]
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Figure 9. Corrected UMa data from [2]

3.4 Results comparison with other labs

Tables 3 and 4 summarize the results at 70% throughput from different anechoic labs using the corrected data above for [2].
Table 3. Summary of UMi results at 70% throughput
	 
	Good (dBm)
	Nominal(dBm)
	Bad(dBm)

	Agilent [2] revised
	-103.6
	-99.4 & -100.4
	-94.3

	CATR
	-101.5
	-98.2
	-94

	Intel [4]
	-100.5
	-99
	-94

	SATIMO [5]
	-103
	-100
	-94

	Spread +/-
	+/- 1.55
	+/- 0.9 & +/- 1.1
	+/- 0.35


 
Table 4. Summary of UMa results at 70% throughput 

	 
	Good(dBm)
	Nominal(dBm)
	Bad(dBm)

	Agilent [2] revised
	-97.9
	-97.3
	-89.2

	CATR
	-96.5
	-95.6
	-92

	Intel [4]
	-98
	-97
	-91.5

	SATIMO [5]
	-98
	-94.5
	-89

	Spread (all) +/-
	+/- 0.75
	+/- 1.4
	+/- 1.5


4 Conclusions
This contribution presents a new set of throughput results for a new lab (GTS). These results show excellent performance for the absolute data throughput framework measurements with <0.4 dB difference between conducted and radiated results, validating the setup in this new lab.
Corrected results are presented for previous measurements in [1] and [2]

Results from both sets of radiated two-stage data are compared against the two anechoic labs. All results are within +/- 1.55 dB, effectively showing equivalence between all four sets of results being within the +/- 2.3 dB criteria.
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