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1. Introduction

The need for averaging to improve measurement reliability for NS_07 spurious emissions was discussed in [1].  As suggested in [1] and in the ensuing discussion during the RAN4 #57 meeting, it is clear that some amount of averaging is recommended.  However, consensus was not reached on how the averaging should be specified and how much averaging is required.  In this contribution, we further investigate the need for averaging to overcome measurement uncertainty, and provide a proposal on how it can be specified for the NS_07 requirement.
2. Discussion

2.1. Spurious emissions requirement
We begin the discussion by reviewing the NS_07 spurious emissions requirement.  As specified in Table 6.6.3.2-1 of TS 36.101, a UE device operating in Band 13 must limit its emissions to -35dBm/6.25 kHz in the frequency ranges from 769– 775 MHz and 799–805 MHz.  This emissions requirement, taken directly from FCC Part 27.53, must be met in all deployment scenarios regardless of whether NS_07 is signaled by the network or not.  Because this is a regulatory requirement which must absolutely be adhered to, there is no allowance for measurement uncertainty in the corresponding test specification in TS 36.521-1.  In addition, as specified in TS 36.101, a spurious emissions requirement of -57dBm/6.25 kHz must be met in the frequency range from 769– 775 MHz when the NS_07 value is signaled by the network.  This more stringent requirement is not directly derived from a regulatory mandate, but instead is a requirement that was agreed in 3GPP RAN4 to faciliate coexistence with nearby public safety devices.  However, despite this requirement not being a regulatory one, TS 36.521-1 still does not provide any allowance for measurement uncertainty.

It is recognized that the more stringent NS_07 requirement is a very challenging one to meet as it represents a 22dB tightening compared to the FCC requirement.  Furthermore, because there is no allowance for measurement uncertainty in the test specification, the actual uncertainty or measurement tolerance becomes an additional effective tightening of the requirement for the UE.  That is, if the uncertainty is for example 3dB, the UE must now be designed to guarantee an emissions value no greater than -60dBm, which is 25dB more stringent than the FCC requirement, to ensure that it can pass this test.  It was not the intention to impose an additional tightening of this already challenging requirement.  Several solutions are possible to address this problem

1. Introduce a measurement uncertainty allowance for this test in TS 36.521-1,

2. Relax the requirement in TS 36.101 by the measurement uncertainty,

3. Remove or reduce the measurement uncertainty by averaging, or

4. Accept the uncertainty and design the UE to meet a requirement more stringent than what is specified in TS 36.101.
Each of these approaches has pros and cons which we describe below.  But before a detailed discussion of each of the approaches, it is instructive to first better understand the root of the uncertainty itself.

2.2. Measurement uncertainty

Measurement uncertainty comes from many sources as described below.

2.2.1. Test equipment uncertainty

The test equipment itself introduces uncertainty in the measurement.  Spurious emissions of this sort are often measured using a spectrum analyzer.  Because of the presence of noise and limited dynamic range of the spectrum analyzer, the reported emissions will be higher than what is actually produced by the DUT.  These effects can be minimized by properly configuring the gain of the spectrum analyzer such that the signal to be measured is well above the noise floor of the spectrum analyzer.  However, because the spurious emissions to be measured are low in power, and relatively close in frequency to the actual transmitted signal, the dynamic range and linearity limitations of the spectrum analyzer may introduce an additional uncertainty in the reported measurement.  
2.2.2. Signal source uncertainty

A second source of uncertainty comes from the signal itself.  In the case of spurious emissions, the signal that is being measured is a noise-like signal.  By its very nature, it has an uncertainty associated with it when observed over a finite time interval.  Modeling the signal (the spurious emissions over the frequency range of interest) as having a Gaussian distribution in I and Q domains, the standard deviation of the envelope after logarithmic conversion is 5.6 dB (see [2]).  
2.2.3. Other sources of uncertainty

The last source of uncertainty can be attributed to user error.  Measuring absolute power levels with a spectrum analyzer is fraught with error.  A spectrum analyzer is a general purpose piece of test equipment that provides a great deal of flexiblity and configurability to the user.  Different spectrum analyzer models will provide different options or will process the signal in different ways (i.e., swept frequency spectrum analysis vs. FFT-based analysis).  Unfortunately, in practice, this flexibility and variability can lead to erroneous measurements, particularly when absolute levels are required.  Setting the input level and gain of the spectrum analyzer is critical, especially for signals which large fluctuations in peak variation, to avoid overloading or underloading the various RF and IF stages of the spectrum analyzer.  Properly accounting for biases in the reported measurement due to the noise equivalent bandwidth of the RBW filter and the effect of log averaging is also critical to obtaining an accurate result.  Other options including using the noise marker, zero span mode, VBW averging, trace averaging, sample detector vs. average detector can also produce variability in the final result if not carefully controlled.

It is clear that measurement uncertainty exists and comes from many sources.  Much of this uncertainty can be reduced by proper technique, but it is undeniable that some will remain.  We now turn our attention to how the uncertainty can be addressed.
2.3. Options to address measurement uncertainty

2.3.1. Measurement uncertainty allowance

Perhaps the most straightforward method to address the measurement uncertainty is to acknowledge it, quantify it, and make an allowance for it in the test specification.  Many RAN4 performance requirements include allowances for measurement uncertainty in TS 36.521-1, but as previously stated, those requirements related to spurious emissions do not.  One reason why an allowance is not provided for spurious emissions measurements is that many of these are based on regulatory requirements which must be complied with.  Therefore, providing an allowance introduces the risk that a rogue device may be able to pass the test and therefore violate a regulatory requirement.  However, the specific NS_07 requirement discussed in this contribution is not one of these regulatory requirements, and is therefore not held to the same standard of strict compliance.  The requirement was derived in RAN4 based on a statistical analysis of coexistence, so an allowance for measurement uncertainty may be tolerated.  One challenge to this approach is that while the performance requirement is specified by RAN4, an allowance for measurement uncertainty is decided by RAN5.  
2.3.2. Modification to the performance requirement

Any measurement uncertainty, without an explicit allowance or in excess of such an allowance in the test specification, represents an effective tightening of the performance requirement.  Therefore, another approach to addressing the problem is to modify the performance requirement to reflect the expected measurement uncertainty.  Since a significant  portion of the uncertainty is due to the noise-like aspect of the signal itself, rather than the test equipment or procedure, it seems reasonable that this aspect be reflected in the performance requirement defined in RAN4.  However, there are methods to mitigate this signal-based uncertainty (i.e., measurement averaging), so care must be taken in balancing any modification to the performance requirement with what steps should be expected to be taken in the test procedure as defined by RAN5.
2.3.3. Averaging to reduce uncertainty

Averaging is a well known technique for reducing random measurement uncertainty.  Averaging can be performed either in the time domain or in the frequency domain.  In the time domain, the signal can be averaged either by VBW filtering or by using an average detector with a longer sweep time.  In the frequency domain, the signal can be averaged over multiple traces.  In all cases, averaging is most effective when the uncertainty is uncorrelated from sample to sample.  Indeed, when the uncertainty is completely uncorrelated, the standard deviation is reduced by the square root of the number of averages.  As a matter of practice, it is reasonable to assume that some form of averaging should be performed to improve the reliability of this measurement.  The critical parameter to determine by RAN4 is how much averaging shoud be performed and how to specify it in a way to achieve sufficient reliability without overly constraining the test procedure, which should be defined by RAN5.  Of course, a tradeoff exists here.  While increased averaging provides improved reliability against measurement uncertainty, it increases test time.  However, for those test cases which are not required to be run on a production line, an increase in the test time may be tolerable.
2.3.4. Implementation margin
The simplest approach, from a specification perspective, is to simply ignore the problem and cast the burden on the UE implemenation to meet an effectively more stringent requirement.  Indeed, this is implicitly the approach that has been taken on the other emissions requirements, which make no accommodation for uncertainty.  However, there are two aspects which set this particular requirement apart from other emissions requirements.  The first is as mentioned previously that this requirement is not a regulatory one.  The second is the relative difficulty of this requirement compared to other emissions requirements.  Even with the complex NS_07 A-MPR scheme provided in recognition of the severity of this requirement, this remains a very challenging emissions requirement for the UE to comply with.  Given this, there is limited implementation margin in the UE design to absorb the measurement uncertainty.

2.4.  Specification of standard deviation
We now investigate the appropriate method to address the measurement uncertainty in the core specification.
We first consider how best to specify the performance requirement.  RAN4 is responsible for setting the performance requirement for the maximum allowed emission level.  This performance requirement comes as the outcome of coexistence analysis between UE transmitters in Band 13 and public safety devices receiving in the affected frequency range.  This analysis takes into account the volatility in the actual emission level at any point in time due to the fact that the emission itself is a noise process with non-zero variance or standard deviation.  The expected value of the emission is set to a value (-57 dBm in this case) to faciliate coexistence with public safety devices.  However, the expected value of a process is a stochastic quantity that theoretically requires infinite time to measure.  In practice, a finite observation window is available to measure the emission level.  As such, the emission level will be subject to a non-zero standard deviation.  We suggest that it is appropriate for RAN4 to specify the standard deviation of the measurement as part of the emissions requirement.
An indirect implementation of this approach was proposed in [1] and [3] where instead of specifying the maximum standard deviation of the measurement, the minimum amount of averaging in either the time domain or in the frequency domain was specified.  The pitfall to this approach, however, is that the number of time averaged samples or trace averages required to achieve the desired standard deviation is also dependent on a number of other factors including RBW, VBW, log vs. linear averaging, detector type, etc.  Therefore, specifying only the number of time averaged samples or the number of trace averages in RAN4 without specification of the other related parameters is incomplete.  Furthermore, specifying the detailed parameters of the measurement is more appropriate in RAN5 for inclusion in TS 36.521-1.  Therefore, a direct specification of the standard deviation in TS 36.101 itself is more complete and in line with a specification of this core requirement.
One of the conclusions reached in [1] is that a standard deviation of 0.3 to 0.5 dB, and a corresponding peak-to-peak deviation of 1.0 to 1.5dB is tolerable for the NS_07 emissions measurement.  Although not explicitly stated, the implication is that this amount of residual uncertainty after averaging can be absorbed in the implementation margin of the UE.  The paper further concludes that this level of standard deviation can be reached with 10ms time averaging per sample point, or with 10 trace averages in the frequency domain.  Unfortunately, as previously stated, specifying the time average per point or the number of trace averages may not be the best solution.  Furthermore, the analysis of [1] reflects only the test equipment uncertainty, but neglects the component of uncertainty due to the signal itself.  Thus, we believe that the standard deviation proposed in [1] can be taken as a working assumption, but that the translation of the standard deviation to a particular set of measurement parameters; i.e., averaging time or number of trace averages, should not necessarily be followed.
We propose the following highlighted text for inclusion in TS 36.101
6.6.3.3.2 
Minimum requirement (network signalled value “NS_07”)

When “NS_07” is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.6.3.3.2-1. 
Table 6.6.3.3.2-1: Additional requirements 

	Frequency band
(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 

	
	10 MHz
	

	769 ≤ f  ≤ 775
	-57
	6.25 kHz

	Note:  The emissions measurement must be sufficiently averaged to ensure a standard deviation < [0.5] dB.


NOTE:
For measurement conditions at the edge of each frequency range, the lowest frequency of the measurement position in each frequency range should be set at the lowest boundary of the frequency range plus MBW/2. The highest frequency of the measurement position in each frequency range should be set at the highest boundary of the frequency range minus MBW/2. MBW denotes the measurement bandwidth (6.25 kHz).

2.5. Measurement parameter examples

In this section, we provide specific examples for the purposes of illustrating how the standard deviation requirement can be met.  The specific examples provided here are of course dependent upon the capabilities of the spectrum analyzer used.  Assume that the source of measurement uncertainty can be limited to the uncertainty caused by the noise-like property of the signal itself; that is, that test equipment uncertainty and operational uncertainty can be mitigated and therefore ignored.  In this case, it can be shown [2] that the standard deviation can be as high as 5.6dB when no averaging is performed.  To obtain a standard deviation of 0.5dB, the time-bandwidth of the measurement (product of averaging time and resolution bandwidth) should be 110 or greater.  The table below lists example spectrum analyzer parameter settings to achieve this goal.  Other configurations are also possible.
Table 1.  Example spectrum analyzer parameter settings to achieve 0.5dB standard deviation.
	RBW
	VBW
	Detector type
	Span
	Sweep time
	Num Points
	Trace Averages

	6.25 kHz
	6.25 kHz
	Sample
	6.25 MHz
	200 ms
	1000
	90

	6.25 kHz
	18.75 kHz
	Average
	6.25 MHz
	10 s
	1000
	2

	6.25 kHz
	18.75 kHz
	Average
	6.25 MHz
	1 s
	1000
	18


3. Conclusion

This contribution has provided further consideration on the measurement averaging required for the NS_07 emission requirement.  The sources contributing to measurement uncertainty have been highlighted and in particular, it has been shown that the signal itself with its noise-like characteristics is a large contributor to measurement uncertainty.  Several options for addressing the uncertainty have been presented.  Since a significant if not majority contribution of the uncertainty originates from the signal itself, it is appropriate that RAN4 include some accomodation for this uncertainty.  It is proposed that the maximum standard deviation of the measurement be specified in TS 36.101.  Finally, several examples have been provided for spectrum analyzer settings for averaging which achieve the desired standard deviation specification.
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