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1 Introduction

In the harmonization outcome CR in [1] it was noted that the applicability of the existing RTS results applies for the case of UEs with 2 Rx antennas. For devices with > 2 Rx antennas, an enhanced version of the RTS defined in [2] is required. In the WF [3] from meeting #83 it was agreed that RTS would investigate the support for UE with > 2 Rx receiver. This contribution outlines the principles and likely performance of such an enhancement.
2 RTS for UE with 2 Rx
The description of the RTS method to date is found in [2] subclause 6.3.1.3. This is a two-probe implementation.
The harmonization outcome [1] stated:

RAN4 has reviewed harmonization analyses and has drawn the following conclusions regarding the MPAC/RTS harmonization outcome:

1.
For the FDD bands tested in the MPAC/RTS harmonization, the harmonization cost varies between 0.5 and 0.92 dB.  This harmonization cost is within the harmonization target for all bands and, therefore, harmonization between MPAC and RTS for Bands 13, 5, 3, and 7 can be confirmed.

2.
Considering the positive outcome of the MPAC/RTS harmonization analysis, the following applicability criteria for the MPAC/RTS harmonization are proposed based on the current understanding of the RTS methodology capabilities:

a.
The harmonized RTS system is a two probe system capable of measuring devices with two Rx antennas. Devices with more Rx antennas are not supported.
b.
The RTS method is only applicable to devices which do not change their antenna pattern in response to the radio environment.
c.
The RTS method requires device support for the antenna test function (ATF) defined in TR 36.978. The ATF access of devices depends on the support of chip vendors.
d.
There are two methods defined for ATF access, L3 signalling or a vendor-supplied device app. The devices used for harmonization were all modified to install the special ATF application. Harmonization has been confirmed using devices with the special ATF application. Harmonization for unmodified devices using the L3 access has not been confirmed.

e.
RTS is harmonized for FDD bands. TDD harmonization has not been evaluated.

f.
Harmonization measurements for RTS were performed with correlation based channel models; harmonization and channel model validation limits would need to be confirmed for geometric based channel models.
Point 2 (a) refers to the definition in [2] subclause 6.3.1.3 of a two-probe implementation of the RTS method. Given the long time-scales involved in the MIMO OTA project, the existence of UE’s with > 2 Rx was not considered in the early days. As such, the RTS method was developed with support for the UEs available at that time. More recently RAN4 has developed performance requirement for 4 Rx UE and this has resulted in the availability of devices with 4 Rx. In the original RTS method, the link between the number of probe antennas and number of UE receivers was implicit, but the underlying rule for RTS is that the number of probe antenna ha to be equal to or larger than the number of UE receive antennas.
More recently, in Rel-13, the RTS antenna test function (ATF) was defined in [4].  By this time the awareness of the potential for UE with more than two receivers, and for carrier aggregation was recognized, so the ATF protocol description was defined to allow for the potential of up to 8 UE receivers and 8 carrier CA. The use of the L3 ATF is not yet widespread, and existing UE RTS implementations rely on the vendor-supplied test application as stated I point 2 (d) above. This application currently supports a two Rx assumption, even on devices with > 2 Rx. Support for > 2 Rx is likely to be done with the L3 version of the ATF as described in [3] rather than a vendor-supplied application.
3 RTS for UE with >2 Rx
The RTS method is in principle extendable to UE supporting > 2 Rx. To enable > 2 Rx support, it is necessary to have at least as many probe antennas as receivers. The reason for this is in the second stage, it is necessary to simultaneously transmit the pre-coded signal for each receiver over the air using the inverse transmission matrix. For the UE to see independent signals at each receiver input there must be at least as many transmitters as receivers.
Beyond the need for the ATF to support more receivers and the number of probes to be at least as many as the number of receivers, there are no other enhancements required.

Although RTS could be extended to any number of UE receivers, the limiting factor is likely to be the achievable isolation between each transmission in the second stage. For this reason, a study was carried out using real UE antenna patterns from a 4 Rx device to investigate if the algorithms used to predict achievable isolation were still capable of reaching the required 15 dB of isolation per signal. This analysis was done by calculating the condition number of the antenna patterns, and if this is below 5, sufficient isolation is always achieved.
4 Isolation experiment for 4 Rx
Real antenna patterns for a 4 Rx device were obtained and analysed for two different scenarios shown in Figures 1 and 2. In Figure 1, the pattern is analysed in a horizontal phi cut and in fFgure 2 with a vertical theta cut. The four probe antennas consisted of a pair of cross polarized antennas with variable annual spacing from 6 to 354 degrees.
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Figure 1. Phi cut with theta = 90 degree (Frequency = 3400MHz)
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Figure 2. Theta cut with theta = 90 degree (Frequency = 3400MHz)
The condition number of the antenna was calculated which is an excellent indicator of the achievable isolation. Results show for the horizontal cut, for most angles of the probe antennas were below 5 with a low of 2.94. for the vertical cut, for all but the nearly co-located case, the results were below 5 with a minimum of 2.14.

These condition numbers indicate that achieving 15 dB isolation is not a probem at this frequency for this set of antenna patterns. 

To further investigate likely isolation a worst case 4 Rx UE at 700 MHz. was chosen. It is very unlikely that a UE would implement 4 Rx at this frequency due to the low performance and larger size of the antennas so this was a good case to study the likely achievable isolation.

Figure 3 shows the results for 700 MHz, 824 MHz and 960 MHz.
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Figure 3. Phi cuts for 60 different thetas from 3 to 177 degrees for 700 MHz, 824 MHz and 960 MHz
As expected, the conditions numbers are worse than for the 3.4 GHz case but the minimum values were:

· 5.31 for 700 MHz
· 3.08 for 824 MHz
· 1.9 for 960 MHz
Two key points are worth stating. First, it is only necessary to find one point on the sphere at which the required isolation can be met. Secondly, the potential for a particular UE’s antenna patterns to be sufficiently correlated that the isolation target cannot be met is a possibility that may be encountered d during the test process. Should this occur, the consequence is limited to that device and not the method itself.

Whether RTS might scale to 8 Rx has not been studied, however it is unlikely that UE with that many antennas in the < 6 GHz frequency bands wil be developed so this remains an issue for the future.

5 Conclusions and next steps

This contribution has studied investigated the potential for RTs to support UE with > 2 Rx receiver. Following this initial analysis of real antenna patterns at four frequencies the results indicate a high probability that RTS will scale to 4 Rx UEs. This would allow the correct measurement of the current two stream MIMO (2x4) as well as the possibility of future extensions to 4x4 MIMO.

The next step is to perform isolation measurements on a real UE using the second stage process.
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