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1. Introduction
It has been agreed that co-location method shall be used in testing of co-location spurious emissions, Tx OFF power, Tx IMD and co-location blocking. This document discusses practical issues related to measurement using co-location method.
2. Discussion
While co-location proximity method is very simple and easy to apply on theory, the practical measurement situation still has multiple open technical issues as identified on the agreed way forward during RAN4#86bis [1]. In this document these technical issues are discussed further and ways to address them are proposed.

Measurements close to / at / below noise floor

Tx OFF power requirement is set at -106 dBm/MHz at co-location reference antenna output, which is equivalent to -166 dBm/Hz. In practice it means that the requirement is similar or even more stringent than state-of-the-art spectrum analyser noise floor. Any additional cable losses or RF HW in between the co-location reference antenna (CRA) will only make the situation worse. If the measurement system would be able to reach the same noise level as the Tx OFF power requirement, a device which just meets the requirement would fail the test by 3 dB as noise from equipment under test (EUT) and noise from measurement equipment are summed. 

One possible way to try to address this is to place an LNA at the input of the measurement chain, therefore amplifying the signal before it reaches a spectrum analyser. However, in this case both the LNA and spectrum analyzer need to be protected by a RF limiter to avoid excessively high input powers. RF limiter would need to cut the signal in such a way that after the LNA gain the spectrum analyser input level is still low enough. It is unclear if suitable components to do this exist. Even if they do, the measurement would still need to have large test tolerance to guarantee that EUT do not fail the test due to the measurement setup. An example calculation of such scenario is shown in Table 1 based on signal chain shown in Figure 1. It should be noted the used values are just examples and are meant to highlight the principle only.

Figure 1: An example signal chain for Tx OFF power measurement


[image: image1.emf]EUT

CRA

Y

combiner limiter LNA

spectrum 

analyzer


Table 1: Impact of measurement system noise floor

[image: image2.emf]Real TDD OFF power at CRA output  -106dBm/MHz

Thermal noise floor -114dBm/MHz

Limiter losses 1dB

LNA NF 2dB

LNA gain 20dB

SA noise floor -106dBm/MHz

Resulting signal level at SA input -87dBm/MHz

Resulting noise level at SA input -91.83dBm/MHz

Total measured power level -85.77dBm/MHz

Increase in measured level due to test setup noise 1.23dB


To summarize, it is not currently known if Tx OFF requirement is feasible to measure reliably. 
Rather similar situation is faced with co-location spurious emissions, but there the requirement is even more stringent. The high power transmitted signal can be likely filtered out, but that does not make the measurement of emissions any easier.
Given the timeline to close the specifications, it is not expected that a working solution can be found on time. Therefore it is proposed that for Rel-15 Tx OFF power and co-location spurious emissions tests are replaced by manufacturer declarations, i.e. manufacturer guarantees that the requirements are met.

Proposal 1: Replace Tx OFF and co-location spurious emissions requirements by manufacturer declarations, i.e. manufacturer guarantees that the requirements are met.
Co-location reference antenna is between EUT and measurement antenna and blocks the signal

During TRP measurement of transmitter intermodulation there are some measurement directions where CRA may cause a dead zone, i.e. it blocks the emissions coming from EUT and therefore impacts the measurement results. It should be noted however, that the measurement angles where this can happen do not exist within the half-sphere that is on the same side as the radiating face of the antenna. In other words, the CRA may only block some little portion of emissions which are over 90 degrees offset from the broadside on only one side of the antenna. Therefore the impact of this dead zone are negligible. Therefore a restriction on the measured angles can solve this issue.
Proposal 2: Restrict the measured angles so that positions where CRA is in between EUT and measurement antenna are excluded from the results.
It is not possible to separate emissions coming from CRA and EUT
Another more severe problem with Tx IMD test is that it is impossible to separate whether the measured emissions are coming from the EUT or from the CRA. In Tx IMD test a high power signal needs to be input to the CRA, and an external PA is required to do this. Firstly the spectral purity of the interfering signal needs to be excellent, so that the ACLR of the interfering signal is not shown in the measurements. This is not straightforward as the measurement system does not have such linearization system as normal base station. As the frequency separation between the interfering signal and frequencies to be measured are so small, it is also not feasible to filter the signal.

In addition to ACLR, a second issue is that Tx IMD may also be generated with the CRA. Isolators and circulators can be used to add isolation between the CRA input and external PA, but what happens between the isolators and the CRA input cannot be controlled. In addition, introducing isolators adds additional losses to the chain, further increasing the required PA power. This makes the ACLR issue more severe.
Observation 1: No feasible solution has been found to separate emission sources (EUT and CRA) in Tx IMD test.
3. Conclusion
In this contribution, practical issues related to co-location method based measurements were discussed. The proposals for approval are summarized below.
Proposal 1: Replace Tx OFF and co-location spurious emissions requirements by manufacturer declarations, i.e. manufacturer guarantees that the requirements are met.
Proposal 2: Restrict the measured angles so that positions where CRA is in between EUT and measurement antenna are excluded from the results.

Additionally the following observation was made.
Observation 1: No feasible solution has been found to separate emission sources (EUT and CRA) in Tx IMD test.
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