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1. Overall Description:

The COST2100 SWG 2.2 subworking group would like to kindly inform 3GPP TSG RAN and TSG RAN WG4 concerning the development of test methodologies for radiated performance evaluation of devices with MIMO and/or multiple receive antennas. 
Historically, COST has been involving in the design of test methodologies for single-antenna device OTA. Within COST2100, there is a sub-working group (SWG2.2) which has dedicated research topic on MIMO OTA test methodology. 
Currently, there are 11 candidate methodologies that could potentially be used for evaluating the OTA performance of MIMO devices. During the regular meetings in COST2100 SWG 2.2, technical papers have been presented on concepts of methodology, MIMO channels, test environments evaluation and measurement results. 

Joint RAN4/COST2100 meetings have been organised to exchange technical views on the development of those MIMO OTA candidate methodologies. 

In addition, a round-robin measurement campaign has been proposed to practically proving the working principles of the proposed candidate methodologies. The measurement campaign involves using a common set of Device Under Tests (DUTs), a common set of MIMO channel models, a common set of reference measurement channels, a reference test configurations, etc. The actual measurement process will take about 3 months in order to generate meaningful measurement results from the methodologies. 
Furthermore, to ensure common understanding of complex terminologies used throughout the measurement campaign, a common definition of MIMO OTA terminologies has been produced (see attached .zip file). The definition includes the correct interpretation of test parameters/figure of merits that will be measured during the measurement campaign. This is still under discussion in COST2100 SWG 2.2. 
COST2100 SWG2.2 will also be collaborating with CTIA in order to share the technical information in the development of MIMO OTA test methodologies. However, COST2100 SWG2.2 will focus on MIMO OTA development based on anechoic chamber methods only. A joint workshop between CTIA and COST2100 SWG2.2 presenting and discussing all methods for OTA testing of multi antenna terminals will take place in Aalborg the 3rd of June 2010 during the next regular COST2100 meeting hosted by Aalborg University.
We believe that a methodology for multiple-branch receive diversity evaluation could be close to completion in 2010 time frame.
The COST2100 SWG 2.2 working group will update 3GPP TSG RAN and TSG RAN WG4 with any future plans in this area.
2. Actions: 

The COST2100 SWG 2.2 kindly asks RAN4 to take into considerations the above development of MIMO OTA, and review the MIMO OTA definitions, and provide comments if necessary.
3. Date of next COST2100 meeting:

11th Management Committee Meeting, Aalborg, Denmark
    
2-4 June, 2010
_1332288790/MIMO_OTA_definitions.zip


MIMO_OTA_definitions.doc
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Definition of terms used for MIMO OTA


The definition of terms used in this measurement campaign for MIMO OTA is given here to ensure consistent interpretation of measurement results. 



Basic Definition



MIMO OTA is defined as over-the-air radiated performance measurement of MIMO and/or multiple reception antennas UE/MS in active mode in both uplink and downlink. So, this definition applies to downlink receiver diversity UE/MS. This definition also applies to both UMTS/HSPA and LTE system. 



Terminologies for Polarisation


Before defining figures of merit, it is appropriate to make a clear understanding of polarisation for the antenna and the environment.  Consider the incident E-fields in Figure 1, where at an incoming angle defined by angles ( and (, those E-fields have defined polarisations, Einc( and E inc(. If the isotropic antenna at the origin is considered as a receiver antenna within a mobile environment, the incident E-fields will arrive at several different angles as a result of the scattering objects in that environment.  
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Figure 1 - Diagram showing the incident fields on a point in space


As the mobile moves within a radio environment, a number of E-fields will have arrived at the mobile at several different angles. If all of these total E-fields are integrated together, the integration of the Einc( fields add up to result in a vertically polarised power, PV, that is defined as:
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Likewise, the horizontal power, PH can be defined by the E inc( fields as:
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This can then be used to derive the cross polarisation power ratio, XPR, as follows:
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(3)


Thus XPR defines the time averaged power ratio of the vertical to the horizontal polarisation in a mobile environment. It is a parameter that is not defined by the mobile receiver antenna. The value of XPR will be dependent on the polarisation state of the transmit antenna and the depolarisation of the E-fields due to the scatterers in the radio environment. 


At a fixed angle, ( and (,  the receiver antenna will receive a given power density due to E-fields, Einc( and E inc( , incident on the receiver antenna. However, this power density will be different from what would be received by an isotropic antenna and as such the receiver antenna will have a defined gain in two different polarisations, 
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 that are illustrated in Figure 2. These can therefore be considered as the antenna gains in the “( polarisation” and “( polarisation”. 
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Figure 2 - Diagram illustrating the ( and ( polarisations of antenna gain



It is therefore important in this context to talk about two terminologies regarding polarisation that must not be confused before understanding the figures of merit:



· The radio environment polarisation defined by the cross polarisation ratio, XPR.



· The antenna polarisation purity, for a defined angle, ( and (, can be defined as:


AntennaCrossPolarisation
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In this instance, it is assumed 
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 is the “wanted polarisation”, though it is equally valid if 
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 is chosen as the wanted polarisation to use the reciprocal of Equation (4). Thus polarisation purity defines how pure the wanted polarisation is, if it is totally pure then it will be equal to infinity though in practice an antenna with good polarisation purity will be above 20dB.


Polarisation purity of two probe antennas is shown with regard to a single probe in Figure 3. In order to allow the ring of probes to properly emulate a chosen XPR, the vertical and horizontal probes must each have a polarisation purity of at least 20dB when in the presence of each other. It must be noted that when the probes are close together they may be subject to mutual coupling, which will affect their polarisation purity. 
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Figure 3 - Illustration of probe antennas and their polarisation



If a mobile antenna was placed into the centre of the ring of probes, it would receive a proportion of vertical power in one polarisation when Einc( fields are transmitted by the vertical probes. If only the horizontal probes were radiating and transmitting E inc( fields onto the mobile then it would receive a proportion of horizontal power. Therefore, the cross polarisation of the mobile for the purposes of OTA is defined as:



CrossPolarisation
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The cross polarisation will vary depending on the orientation of the mobile. Another useful factor to note, which can be useful for purposes of calibrating the OTA is that if a co-located dipole antenna and loop antenna were used (as shown in Figure 3(b)), as a combined set of two antennas the cross polarisation would be equal to that of the XPR in Equation (3). This would assume that the loop and the dipole have clear polarisation purity though in practice this is not normally the case.



It is worth mentioning that for the general case of exploiting True Polarisation Diversity (TPD) [1] within MIMO systems, wherein the number of transmit antennas would cause different XPR arriving at the mobile according to their different polarisations. Further work would require more advanced channel models in order to obtain the variable XPRs for different transmit antennas. A large variation on XPR as it is selected at this stage (i.e. from +20 to -20 dB), which indicates that the multipath is not rich enough so as to decouple all power from one polarization to its orthogonal, and more than two polarization states could be used effectively.


Definition of signal-to-noise ratio (SNR)


Signal-to-noise ratio is defined as the ratio of average signal power, Pm, to average noise power, (2. Thus in dB it is defined as:
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Definitions of Figures of merit (FOMs)


1. MIMO OTA Throughput



MIMO OTA Throughput is defined here as the time-averaged number of correctly received transport blocks in a communication system running an application, where a Transport Block is defined in the reference measurement channel. Thus, MIMO OTA throughput is measured at the top of physical layer of HSPA and LTE system. Typical applications used for MIMO OTA testing are FTP, video streaming, HTTP web browsing and UDP.



The time-averaging is to be taken over a time period sufficiently long to average out the variations due to the fading channel. Therefore, this is also called the average MIMO OTA throughput. The throughput should be measured at a time when eventual start-up transients in the system have evanesced.  Note that the application services can be run in the BS emulator. Alternatively, a laptop computer running the application can be connected to the BS emulator. 


2. Total Receiver Sensitivity (TRS) 



The TRS is defined as a minimum threshold power that can be received, averaged over two polarisations such that:
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where PVS is the lowest vertically polarised power and PHS is the lowest horizontally polarised power that can be received by the mobile terminal. Both PVS and PHS are measurable by MIMO OTA methodology using emulated base stations. 


3. Total Radiated Power (TRP)


The total power received by an antenna taking both vertical and horizontal powers into account is integrated over all angles as follows where both polarisations are added together. If the antenna is put into transmit mode and the same power as PV + PH  inserted at the antenna feed, then the total radiated power (TRP) will be the same as the total power received because antennas have a reciprocity (i.e. they function the same way in transmit mode as they do in receive mode). So, Equation (8) can also be used to calculate TRP, with PV  and PH  are now representing the vertically and horizontally polarised power radiated from the DUT antenna. Thus, TRP can be expressed as
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4. Antenna Branch Correlation


The antenna branch correlation may be consisting of spatial, polarisation or pattern correlation. It may be a combination of all three. The spatial correlation is defined between two antennas as the comparison of E-fields received in two polarisations. Thus the closed form expression to antenna branch correlation is defined as follows:
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       (9)


where
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where subscripts 1 and 2 designates Antenna 1 and Antenna 2, respectively. XPR is the cross polarisation ratio defined in Equation (3).  The functions, 
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are angular power distribution of the incoming E-fields both in the “( polarisation” and “( polarisation” respectively.



5. MIMO channel capacity



In an OTA test system, the antenna probes and DUT antennas integrated with the OTA channel will create a channel matrix H, for each sample where the capacity limit can be determined by the well known Shannon formula:
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where the signal to noise ratio, SNR, is fixed so that the time variant channel matrix, H, will create a time variant capacity due to the fading environment and the antenna’s interaction within it. When the time variant capacity is averaged over time period, the average MIMO channel capacity can be obtained. 



6. Mean Effective Gain (MEG)


The MEG of an antenna is defined as the ratio of total power received in the environment by an antenna compared to what would be received by an isotropic antenna:
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(12)


which simplifies to:
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where 


[image: image23.wmf](



)



f



q



q



,



p



 and 


[image: image24.wmf](



)



f



q



f



,



p



 are the same notations for angle of arrival distribution as used for defining antenna branch correlation. An important factor to note when deriving MEG is that the angles of arrival must satisfy the following criteria:
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7. Branch Power Ratio (BPR)



This is also sometimes called Gain Imbalance. The BPR is defined as the time averaged power received at branch number n, relative to the power received at branch number m:
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where n is not equal to m for any two branches. If they are equal the BPR is always 0dB. For a mobile with two branches, there is only one combination (i.e. m=1 and n=2) so one single BPR. For four branches there are six combinations and thus six different BPRs.



8. Channel Quality Indicator (CQI)



The definition of CQI is slightly different for HSPA and LTE system. In HSPA system, CQI is carried by a UE’s HS-DPCCH to inform the NodeB of the channel conditions experienced by the UE. A UE will start generating CQI when instructed by the RNC. The UE should generate CQI values corresponding to the Transport Block size with a target BLER of 10%. The mapping of CQI values and Transport Block Size depends on the following configurations:



1. whether MIMO mode is used or not. In this case, MIMO mode is used. 



2. whether 64QAM is used or not



3. In case of type B or single transport block type A CQI reports



Refer to the TS 25.214 section 6A.2.2 for details of CQI definition for MIMO-mode UE. The mapping Table 2 and 3 below are used for UE Category 19 and 20, respectively. 


CQI Mapping Table 2


			CQI1
or
CQI2


			Transport Block Size


			Number of 
HS-PDSCH


			Modulation


			Equivalent AWGN SINR difference (


			NIR


			Xrvpb or Xrvsb 





			0


			4592


			15


			QPSK


			-3.00


			43200


			0





			1


			4592


			15


			QPSK


			-1.00


			


			





			2


			5296


			15


			QPSK


			0


			


			





			3


			7312


			15


			QPSK


			0


			


			





			4


			9392


			15


			QPSK


			0


			


			





			5


			11032


			15


			QPSK


			0


			


			





			6


			14952


			15


			16QAM


			0


			


			





			7


			17880


			15


			16QAM


			0


			


			





			8


			21384


			15


			16QAM


			0


			


			





			9


			24232


			15


			16QAM


			0


			


			





			10


			27960


			15


			64QAM


			0


			


			





			11


			32264


			15


			64QAM


			0


			


			





			12


			32264


			15


			64QAM


			2


			


			





			13


			32264


			15


			64QAM


			4


			


			





			14


			32264


			15


			64QAM


			6


			


			








CQI Mapping Table 3


			CQI1
or
CQI2


			Transport Block Size


			Number of 
HS-PDSCH


			Modulation


			Equivalent AWGN SINR difference (


			NIR


			Xrvpb or Xrvsb 





			0


			4592


			15


			QPSK


			-3.00


			43200


			0





			1


			4592


			15


			QPSK


			-1.00


			


			





			2


			5296


			15


			QPSK


			0


			


			





			3


			7312


			15


			QPSK


			0


			


			





			4


			9392


			15


			QPSK


			0


			


			





			5


			11032


			15


			QPSK


			0


			


			





			6


			14952


			15


			16QAM


			0


			


			





			7


			17880


			15


			16QAM


			0


			


			





			8


			21384


			15


			16QAM


			0


			


			





			9


			24232


			15


			16QAM


			0


			


			





			10


			27960


			15


			64QAM


			0


			


			





			11


			32264


			15


			64QAM


			0


			


			





			12


			36568


			15


			64QAM


			0


			


			





			13


			39984


			15


			64QAM


			0


			


			





			14


			42192


			15


			64QAM


			0


			


			








Note: CQI1, CQI2 and Type A and Type B CQI reports are defined in TS 25.214 section 6A.2.2. 


In LTE system, the CQI is defined based on PDSCH BLER of 10%. For a group of downlink physical RBs, the CQI is estimated by the UE and reports to the eNodeB of the channel conditions experienced by the UE. The estimated CQI value reported by the UE will correspond to the transport block size and modulation scheme that can be transmitted by the eNodeB. 


The mapping of CQI index to modulation scheme and transport block size is given by table below: 


Table 1: 4-bit CQI Table



			CQI index


			modulation


			code rate x 1024


			efficiency





			0


			out of range





			1


			QPSK


			78


			0.1523





			2


			QPSK


			120


			0.2344





			3


			QPSK


			193


			0.3770





			4


			QPSK


			308


			0.6016





			5


			QPSK


			449


			0.8770





			6


			QPSK


			602


			1.1758





			7


			16QAM


			378


			1.4766





			8


			16QAM


			490


			1.9141





			9


			16QAM


			616


			2.4063





			10


			64QAM


			466


			2.7305





			11


			64QAM


			567


			3.3223





			12


			64QAM


			666


			3.9023





			13


			64QAM


			772


			4.5234





			14


			64QAM


			873


			5.1152





			15


			64QAM


			948


			5.5547








Note: for further details, refer to TS 36.213 section 7.2.3. 


9. Block Error Rate (BLER)


Block Error Rate or Block Error Ratio is defined as the ratio of the number of erroneous Transport Blocks received by the DUT to the total number of Transport Blocks transmitted by the BS emulator. A Transport Block is defined as the information payload in bits used in the reference measurement channel (e.g. H-Set 9). An erroneous Transport Block is a Transport Block which fails the cyclic redundancy check (CRC). 



10. Antenna Efficiency



Antenna efficiency is a ratio of the total radiated power (TRP) by the antenna compared to the input power, Pin. It is a measurable quantity, although not all the proposed MIMO OTA methodologies will be able to measure it. The reverberation chamber-based methodologies can measure the antenna efficiency.  


It is assumed here that the antenna is in transmit mode for purposes of understanding though the efficiency is equally valid for receive mode.
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where 
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[1] Valenzuela-Valdés, J.F. et al., "Evaluation of True Polarization Diversity for MIMO Systems", IEEE Transactions on Antennas and Propagation Letters, Vol. 57, No. 9, pp. 2746-2755, September 2009.
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