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1. Background
The traditional TIS definition for SISO OTA test is not suitable for characterizing the mobile terminal’s MIMO antenna radiation performance. In section 5.1 of 3GPP TR 37.967 [1] on measurement of radiated performance for MIMO and multi-antenna reception for HSPA and LTE terminals, TPR and TIS have been selected as two important performance metrics applies to both HSPA and LTE system. For SISO OTA test, the TRP and TIS definitions and measurement methods have been clearly defined in [2]. As explained, the TRP is used as the figure of merit for the mobile terminal in the transmit mode, which is defined as the integral of the power transmitted in different directions over the entire radiation sphere. TIS (or total radiated sensitivity, TRS) is used as the figure of merit for the mobile terminal in the receive mode, which is defined as the minimum received power required to achieve a certain specified BER or FER. When testing a mobile terminal in the receive mode, the receiver sensitivity (or Equivalent Isotropic Sensitivity (EIS)) is measured at a discrete set of sampling points on a sphere enclosing the DUT. The TIS is obtained by integrating the spherical EIS pattern [2]. TIS is a measure of the receiver’s sensitivity and is thus measured under the most favorable channel environment. For SISO case, the most favorable channel is a line of sight channel with no fading and the sensitivity will be solely determined by the noise and self interference.

When LTE terminals work in the transmit mode, only single antenna is in effective work state, so the TRP measurement method for SISO still can be applied for LTE case. But when LTE terminals work in the receive mode with multiple-antenna configuration, traditional TIS measurement method for terminals with only one antenna is not appropriate for LTE terminals with multiple antenna elements. The major reasons are that for MIMO systems, not only the noise and the self interference will influence the sensitivity of the receiver, but also the spatial correlation, power imbalance and MIMO antenna gain will influence the receiver sensitivity. The SISO TIS measurement for each individual antenna element will not be able to characterize the influence of the MIMO antennas for the receiver sensitivity.  If we use the traditional method to test each antenna’s TIS one by one, the measurement results do not reflect the practical usage condition. One example, if each antenna of one LTE terminal with multiple-antenna configuration has good TIS performance when test using traditional method, but due to high correlation property at receiver side, it can not work with good performance during the practical usage. Thus a TIS definition for MIMO antenna is needed. This proposal proposes the TIS definition for MIMO OTA test and measurement method.
2. TIS definition for MIMO OTA
For LTE MIMO, there are several MIMO working mode. The TIS definition and measurement method is expected to be independent of the MIMO working mode. Also the MIMO OTA test is expected to be applicable to multiple standards like HSPA or LTE. It is thus expected that the definition of TIS can be applicable to other standards without any problem.  The TIS for SISO can be looked as the minimum average power to achieve a certain BER. The similar concept can be used to define the MIMO TIS. The MIMO TIS is thus defined as below:

TIS: the average of the minimum power over the sphere to achieve a given BER or FER for the given MIMO working mode of the system under single path uniform channel model. The definition contains the following requirement

1)
TIS is defined as the average of the minimum received power required to achieve a certain specified BER or FER. Thus during the measurement process the terminal should be configured as its real work mode. The BER or FER should be measured under the MIMO working mode.

2)
MIMO channel models are required to make sure the MIMO receiver can work well under the MIMO working mode. Some simulation has been performed to check whether we need to have the MIMO fading channel to do the TIS measurement. We try to simulate the Line of sight channel’s influence on the channel capacity and also the fading channel’s influence on the channel capacity. The results are shown in Fig.1
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Figure 1 Channel capacity comparison

For the line of sight constant channel, the channel phase difference between the MIMO antennas is very critical to the channel capacity and the channel capacity is very sensitive to the phase difference. Thus with different test setup due to the phase difference which could be resulted, the test results could differ a lot. For the case when a fading channel is used, the random fading channel has eliminated the sensitivity of the channel capacity to the channel phase difference between the MIMO antennas. The test results are more repeatable and consistent.

3)
The fading channel models to be used for TIS measurement. As the TIS is to measure the average of the minimum power to achieve a given BER or FER. It is clear that multiple path fading channel due to the delay spread will require higher power to address performance degradation due to the frequency selectivity. For single path fading channel, it is clear that isotropic channel will result in smaller spatial correlation coefficients and power imbalance as compared with single cluster non-uniform channel models. It is thus proposed in this contribution that single path isotropic channel model is used for the measurement of the proposed TIS.

4)
The proposed TIS definition is independent of different MIMO OTA test methods. It can be tested by multiple probe antenna based method, the reverberation chamber based method and two-stage method.

Using one-tap fading channel with uniform PAS distribution for MIMO TIS measurement has the following advantages:

1)
It’s easy to set up this wireless channel propagation scenario for different OTA test methodologies, including multiple probe antenna based method, reverberation chamber based method and multiple-stage method.

2)
For the PAS is uniform distribution over [0 360] degree in horizontal direction, the correlation property resulting from uniform distribution over all possible AoA directions is relatively lower than other PAS distribution, which corresponds a better propagation environment and thus lower receiver power.

3)
TIS test requires searching for the given BER or FER, which is very time-consuming. For the traditional SISO TIS measurement method, we should rotate the UE in horizontal and vertical direction to measure the EIS at a discrete set of sampling points on a sphere enclosing the DUT (In [2], 60 sampling points should be measured, 12 rotation angles in horizontal direction and 5 rotation angles in vertical direction). By using uniform PAS distribution, there is no need to rotate in horizontal direction. Only vertical direction rotation is needed, which can simplify the measurement procedure. For reverberation chamber based method, there is no need to rotate at all.
3. Summary and Discussion

This proposal proposes the MIMO TIS definition and also recommend using single tap uniform channel model to measure the MIMO TIS. The proposed TIS definition can be applicable to different standards and different MIMO working mode. The recommended channel model for MIMO TIS measurement can not only test the MIMO receiver’s sensitivity but also reduce the test time and improve the test repeatability. It is thus proposed to approve the MIMO TIS definition: the average of the minimum power over the sphere to achieve a given BER or FER for the given MIMO working mode of the system under single path uniform channel model
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