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1. Introduction
A Study Item of the MIMO OTA testing for multiple antenna terminals was agreed at the RAN 43 meeting [1] and it is now ongoing. The main purpose of the SI is to gather sufficient data so as to be able to establish commonly acceptable testing methodologies for an adequate evaluation of the overall MIMO performance of wireless communication terminals with multiple antennas. Ultimately, the testing methodologies have to be able to differentiate a good from a bad MIMO device, and a set of different figures of merit (FoMs) has been agreed for that purpose. In order to gather and compare testing results, an HSDPA SIMO OTA round robin test campaign has been jointly organized by 3GPP, CTIA and COST2100 [2].
The objective of this contribution is to present the test conditions and throughput results used by EMITE Ing for 3GPP/CTIA/COST2100 HSDPA SIMO Round Robin Measurement campaign using a mode-stirred reverberation chamber.
This contribution was produced with the help of EMITE Ing, a supplier of mode-stirred reverberation chambers for single and multi-antenna OTA passive and active measurements. 

2. Test conditions
As a part of 3GPP/CTIA/COST 2100 HSDPA SIMO OTA Round Robin Measurement Campaign, EMITE Ing has run diverse tests to a set of DUTs.
The tested DUTs were provided by CTIA (Pool 2), and include a K4505 HSDPA USB Dongle by Huawei (DUT 1), a CS-15 HSPA USB dongle by Nokia (DUT 2) and a HSPA-capable E6400 Laptop by Dell (DUT 3). Following the test plan instructions [2-3], the internal modem of the E6400 (DUT 3) was tested with the lid of the laptop open at 110 degree angle, while for DUT 1 and DUT 2 the lid of the E6400 laptop was closed. The center of the rotation was the tree dimensional geometric centre of the E6400 laptop. DUT 1 and DUT 2 were connected to the E6400 laptop to the single USB-port on the left side. For the testing of DUT 1 and DUT 2, the Dell E6400 was used as a host device with its internal radios turned off. The laptop was always powered by battery in all tests, and power management settings used were according to [2-3]:
· Turn off monitor – never
· Turn off hard disks – never
· System standby - never   
· WLAN-off
· Bluetooth radio-off    
All the three DUTs have been tested using the E400 MIMO Analyzer mode-stirred reverberation chamber in connection to an Anritsu MT8820C Base Station Emulator and, for SCME channel model emulation, a Spirent SR5500 Channel Emulator. The E400 MIMO Analyzer is a mode-stirred reverberation chamber equipped with 9 fixed measurements antennas to enable MIMO measurements. Two different setups were considered, that of a stand-alone mode-stirred reverberation chamber and the mode-stirred reverberation chamber in connection with the Spirent SR5500 channel emulator. In the stand-alone setup the E400 mode-stirred reverberation chamber was tuned to the NIST Indoor-Urban channel model which is based on real outdoor-to-indoor channel measurements in urban environments [4-5]. This was specified in the test plan [3]. This is done by careful tuning of the chamber RMS delay spread (RMS DS) through a very accurate fitting of the power delay profile (PDP) [6-7]. Testing was performed using step-wise stirring, wherein the throughput was sampled at each fixed stirrer position to avoid any Doppler shift. A set of three repetitions was performed for each measurement, and averaged values over these three repetitions are provided as final values. 
When the Spirent SR5500 channel emulator was used the SCME Urban-Macro and Urban-Micro channel models were used, as specified in [3]. The employed SCME Urban Micro cell (UMI) and SCME Urban Macro cell (UMA) setups for the Spirent SR5500 channel emulator were those defined in 3GPP TR 37.976 [8]. Due to the need to have the DUTs unmodified for other testing labs, testing was performed for HSDPA with receive diversity (SIMO) in active mode (OTA). Downlink channel 10562 was used. Uplink power was set to maximum. The BSE behaviour in response to ACK/NACK/DTX was the one stipulated in [2-3]. The testing conditions for the HSDPA SIMO RR followed by EMITE Ing are those in [2-3], which are extracted from [9] and summarized in Tables 1 to 4.

Table 1. H-Set 3 parameters for EMITE HSDPA SIMO OTA RR measurements.

	

	Unit
	Values for QPSK
	Values for 

16QAM

	  Nominal Avg. Inf. Bit Rate
	kbps
	1601
	2332

	  Inter-TTI Distance
	TTI's
	1
	1

	  Number of HARQ Processes
	Processes
	6
	6

	  Information Bit Payload (Ninf )
	Bits
	3202
	4664

	  Number Code Blocks
	Blocks
	1
	1

	  Binary Channel Bits Per TTI
	Bits
	4800
	7680

	  Total Available SML's in UE
	SML's
	57600
	57600

	  Number of SML's per HARQ Proc.
	SML's
	9600
	9600

	  Coding Rate
	
	0.67
	0.61

	  Number of Physical Channel Codes
	Codes
	5
	4

	  Ioc
	dBm/3.84 MHz
	-60
	-60

	  Redundancy and constellation version coding sequence
	
	{0,2,5,6}
	{6,2,1,5}

	  Maximum number of HARQ transmission
	
	4
	4


Table 2. H-Set 6 parameters for EMITE HSDPA SIMO OTA RR measurements.

	

	Unit
	Values for QPSK
	Values for 

16QAM

	  Nominal Avg. Inf. Bit Rate
	kbps
	3219
	4689

	  Inter-TTI Distance
	TTI's
	1
	1

	  Number of HARQ Processes
	Processes
	6
	6

	  Information Bit Payload (Ninf )
	Bits
	6438
	9377

	  Number Code Blocks
	Blocks
	2
	2

	  Binary Channel Bits Per TTI
	Bits
	9600
	15360

	  Total Available SML's in UE
	SML's
	115200
	115200

	  Number of SML's per HARQ Proc.
	SML's
	19200
	19200

	  Coding Rate
	
	0.67
	0.61

	  Number of Physical Channel Codes
	Codes
	10
	5

	  Ioc
	dBm/3.84 MHz
	-60
	-60

	  Redundancy and constellation version coding sequence
	
	{0,2,5,6}
	{6,2,1,5}

	  Maximum number of HARQ transmission
	
	4
	4


Table 3. Level Set 1 for EMITE HSDPA SIMO OTA RR measurements.

	

	Unit
	Value

	P-CPICH_Ec/Ior
	dB
	-9.9

	P-CCPCH
	dB
	-11.9

	SCH_Ec/Ior
	dB
	-11,9

	PICH _Ec/Ior
	dB
	-14.9

	HS-PDSCH
	dB
	-7,4

	HS-SCCH_1
	dB
	-5

	DPCH_Ec/Ior
	dB
	-5,9

	OCNS_Ec/Ior
	dB
	-13.3


Table 4. Level Set 3 for EMITE HSDPA SIMO OTA RR measurements.

	

	Unit
	Value

	P-CPICH_Ec/Ior
	dB
	-9.9

	P-CCPCH
	dB
	-11.9

	SCH_Ec/Ior
	dB
	-11,9

	PICH _Ec/Ior
	dB
	-14,9

	HS-PDSCH
	dB
	-8,4

	HS-SCCH_1
	dB
	-8.4

	DPCH_Ec/Ior
	dB
	-2,9

	OCNS_Ec/Ior
	dB
	off


All tested radio environments were calibrated as specified in [2-3], and included NIST Indoor-Outdoor Urban (NIST), SCME Urban Micro cell (UMI) and SCME Urban Macro cell (UMA). The fading channel environments were tested with both H-Set 3 and H-Set 6. Level Set 1 was assigned to H-Set 3 and Level Set 3 was assigned t H-Set 6.
The evaluated Figures of Merit (FoMs) were those in Category I (MIMO Throughput (FRC) and CQI(FRC)), Category II (TRP and TRS), Category III (DUT 2 only) (Gain Imbalance, Spatial Correlation and MIMO Capacity) and Category IV (DUT 2 only) (Antenna Efficiency and MEG).

In this contribution, only Throughput (FRC) results are presented.
3. Test results
Figure 1 shows the test results of HSDPA SIMO OTA throughput for the different DUTs under a NIST Indoor-Urban channel model. 

Figure 2 depicts the test results of HSDPA SIMO OTA throughput for the different DUTs under an SCME Urban-Macro channel model. 

Figure 3 depicts the test results of HSDPA SIMO OTA throughput for the different DUTs under an SCME Urban-Micro channel model. 

Finally, figures 4 and 5 illustrate all DUTs under all different channel models for H-Set 3 and H-Set 6, respectively.

It can be confirmed from these figures that the throughput is definitely decreased according to the decrease in the channel power. Clear differences in performance between different DUTs are observed, particularly as a function of the employed fading channel model.

It is also clear that the DUTs behave differently for different modulation schemes, and that the more demanding 16QAM modulation exhibit larger differences between DUTs. A difference up to 400 bps in 16QAM Throughput performance for the NIST Indoor-Urban model can be observed between DUTs at -86 dBm equivalent receiving power.
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Figure 1. Test results of HSDPA SIMO OTA Throughput for the different DUTs under a NIST Indoor-Urban channel model [Source: EMITE Ing].
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Figure 2. Test results of HSDPA SIMO OTA Throughput for the different DUTs under an SCME Urban-Macro channel model [Source: EMITE Ing].
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Figure 3. Test results of HSDPA SIMO OTA Throughput for the different DUTs under an SCME Urban-Micro channel model [Source: EMITE Ing].
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Figure 4. Test results of HSDPA SIMO OTA Throughput for the different DUTs at H-Set 3and 16QAM [Source: EMITE Ing].
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Figure 5. Test results of HSDPA SIMO OTA Throughput for the different DUTs at H-Set 6 and 16QAM [Source: EMITE Ing].
From the test results in the previous figures we can observe that:

· The throughput test results for the different DUTs are different, as expected, clearly showing differences in performance between USB dongles and the embedded module. 

· The use of SCME Urban Macro and Urban Micro channel models make the measured throughput decrease in comparison to the NIST Indoor-Urban channel model in all cases, as expected.

· The differences in throughput results due to differences in modulation schemes are also clearly observed, which is yet another possibility to be able to distinguish a good from a bad MIMO device, even at this Rx diversity scheme.

· Different DUTs respond differently to different channel models, which could help differentiating a good from a bad MIMO design in future tests.
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4. Conclusions
In this contribution, we have presented the results of the HSDPA SIMO OTA testing using a mode-stirred reverberation chamber. Results show that different DUTs perform differently to different modulation schemes and fading channel models even with only Rx Diversity schemes. This can help differentiating a good from a bad MIMO device in future MIMO tests.

Therefore, it can be observed that the active MIMO OTA testing using mode-stirred reverberation chambers is a good premise to evaluate the real MIMO OTA performance of wireless devices and to differentiate a good from a bad MIMO device.
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