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1. Introduction
In the previous meetings there has been a lot of discussion on whether it is feasible to do measurements close to noise floor, i.e. when the signal to noise ratio is less than 10 dB or even negative. This issue has identified as one of the open issues in the approved work plan [1]. In this contribution a proposal is made how measurements close to noise floor should be handled.
2. Discussion
In RAN4#87 in Busan [2] was agreed. Figure 1 below is copied from [2], and it shows the theoretical increase of measured power (in x-axis) when signal is below the noise floor by the amount of dBs shown in y-axis. It can be easily seen that two uncorrelated signals with same power level result in 3 dB higher power level. 
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Figure 1: Theoretical increase in measured power when a signal with power below noise floor is measured
When different TDD OFF power and co-location spurious emissions tests are analysed, the minimum requirements are at most 8 dB above the theoretical thermal noise floor of -174 dBm/Hz. The measurement system setup may vary between different tests, and therefore the noise figure is not straightforward to analyse. One example of measurement setup is shown in [3], where the conducted measurement chain consists of a signal combiner, RF limiter, low-noise amplifier and spectrum analyser. Depending on the exact parameters of each device, the noise figure performance can vary. Additionally, e.g. filters may need to be added to the measurement setup. 
In [4], it has been shown that even with an optimal measurement setup the minimum requirement can be below measurement system noise floor.
Observation 1: It is a realistic assumption that measured level will be slightly above, at, or below the measurement system noise floor. It is therefore possible that an error-free measurement 3 dB above the minimum requirement still depicts a system that passes the test.
A section of chairman notes from RAN4#87 Busan is highlighted below:
[image: image2.png]R4-1806908 On conformance testing of co-location requirements
CR. rev Cat Rel15)v
Source: Ericszon

Abstract:

‘This contribution continues to elaborate around technical aspects associated to co-location requirements. For some of
the issues solutions are presented, while for others more discussion and analysis are required.

Discussion:

Huawei: We shall define the co-located test antenna in the test spec. We do not need to change the definition of
reference antenna in core spec.

Nokia: We agree with Huawei that to keep the concept in the core requirements. We can address the practical issue in
the test spec. We shall capture all the BS class in the test spec. We may have some challenging to define the MU in the
Suture. We nieed to consider the OTA Tx off requirements. We fully agree with observation 4. On observation 3, we do
ot understand why multi-columa antenna cannot be used. On the coupling model, it is a difficult issue.

Keysight On measuring the noise level arouad the noise floor, we need to consider the accuracy and we aced to
comter o 1 ot posbl o deve e I o sk e f e el ound i e St

Ericsson: We uaderstand the difficult of measuring noise level. We think we can detect some noise. We need to
understand the challenging in details. For Nokia, all BS in the market support multiple bands. We do not have solution
for multiple column antenna, it & why we propose the solution for single column antenna. For Huawei proposal, we can
consider it We need to more study before we introduce the testing antenna in the test spec.

Decision:  The document was Noted.





In addition, it needs to be highlighted that in some of the tests, like TDD ON/OFF transient time, the measurement equipment needs to measure a pulse-type signal. During Tx ON periods the measurement equipment needs to tolerate very high signal levels, and immediately after an accurate measurement should be done at a signal level close to the thermal noise floor of the measurement system. This traditionally increases the measurement uncertainty
Observation 2: It is not possible to define accurately what is the measurement uncertainty when measurements with low (below 10 dB) or negative SNR are done.
When looking at 37.105 and 37.145-1, for example for TDD OFF power the test requirement is at least 2 dB relaxed compared to core requirement. The core requirement signal level is 21 dB higher than in the co-location proximity method based requirement.
Observation 3: 37.145-1 has 2 dB at least TT for TDD OFF power.

One option that was considered was to calibrate the noise floor out of the measurement, i.e. to measure the noise level when there is no signal present and then deduct the test system noise floor away from the measurement results. The only benefit of this would be that the MU/TT number could look smaller, while in practice the amount of uncertainty would be the same. This noise de-embedding is also a time consuming method, as the test system noise floor can vary as a function of time and frequency, for example. Effectively, you would need to do at least two measurements for each tested frequency, which would at least double the testing time.

Observation 4: Deducting the test system noise floor has only visual impact to the real measurement uncertainty, while it at least doubles the testing time.
Based on all the observations it is clear that sufficient margin needs to be added to the adopted test tolerance, so that systems meeting the minimum requirement do not falsely fail the test. We prefer to use a single MU/TT value as it is significantly less time consuming and clearer approach than doing noise floor calibration. When it comes to the total uncertainty, the exact required value cannot be accurately calculated. 
Proposal 1: Adopt 5 dB test tolerance for the test cases where measurements with low SNR need to be done. These test cases include TDD OFF power and co-location spurious emissions.
3. Conclusion
In this contribution measurements with low, or even negative, signal-to-noise ratio were discussed. The following observations and proposal was made.
Observation 1: It is a realistic assumption that measured level will be slightly above, at, or below the measurement system noise floor. It is therefore possible that an error-free measurement 3 dB above the minimum requirement still depicts a system that passes the test.
Observation 2: It is not possible to define accurately what is the measurement uncertainty when measurements with low (below 10 dB) or negative SNR are done.

Observation 3: 37.145-1 has 2 dB TT for TDD OFF power.

Observation 4: Deducting the test system noise floor has only visual impact to the real measurement uncertainty, while it at least doubles the testing time.

Proposal 1: Adopt 5 dB test tolerance for the test cases where measurements with low SNR need to be done. These test cases include TDD OFF power and co-location spurious emissions.
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