3GPP TSG-RAN WG4 Meeting #83

R4-1705831
Hangzhou, China, 15 – 19 May, 2017

Source: 
Keysight
Title: 
Metrics for evaluating RRM/Demodulation Measurement Setup
Agenda Item:
10.7.4.1
Document for:
Approval
1 Introduction
This contribution is part of the RRM / demodulation measurement setup discussion started in [1] in this meeting. Any test methodology needs metrics to evaluate the performance of an implementation. Regarding the LTE MPAC systems well-known and established test system validation metrics exist. The proposed setup in [1] is an extension of the LTE MPAC but because of different test system requirements, the metrics for the SS MPAC should be considered from first principles. The test system metrics extension means to look at the test system from a different perspective. The old metrics from LTE MPAC should be studied one by one whether they are applicable or appropriate for mmWave test systems. This contribution does not study the existing metrics.

In [1] the beam selection and acquisition within a discrete set of clusters was discussed. These are the key points where the proposed new test system metrics are targeted. Because of the highly directive nature of the antenna arrays at both ends of the link the beam sizes and directions (also the locations when referred to 2D map of the azimuth and elevation angles) are very important. This paper presents two statistical measures for the beam locations. Their role is to statistically check how well the SS MPAC OTA setup matches the desired channel model, which is here called the reference. Note the reference is already modified from 38.901 to make reductions in the number of probes. Visually the matching is very easily interpreted from the 3D histograms. Numerical values are calculated using the formulas presented in sections 2.1.1 and 2.1.2 below. 
The beams and powers allocated to them form the power angular spectrum (PAS) seen by the UE. For the numerical comparison, the formula in section 2.1.3 is given. Normalization is used to limit the calculated value for the range [0, 1]. 
The fourth metrics presented here is an extension from the LTE test setups for the spatial correlation in the test zone. The extension means to weight the higher correlation cases because the higher correlation has a more severe impact on the system performance, e.g. on spatial multiplexing. As in all metrics the error between the OTA performance and the (modified) reference is measured. These are also a PAS metrics but now by definition limited to the test zone. The emphasis in the test metrics is, however, on the first three test metrics. The reason for this emphasis lies in the discussion done in [1]. The narrow beams filter out the multipaths effectively. Thus, channel models for the strongest beam pairs (chosen for data transmission through beam selection process) contain only one or few clusters meaning spatial correlation is less important to control. 
The intent of the metrics proposed here is not to define the number of probes in the sector or the angle between the probes. Instead, the aim is to define the performance evaluation methods. The criteria are not discussed in this contribution; they should be defined based on the larger view. Based on the criteria the OTA setup is built up. 
Finally, the metrics presented here are — the built–in intent of the metrics — suitable for simulation purposes. Therefore, even though not studied thoroughly enough yet and not discussed further in this contribution the idea proposed that partly the criteria could be evaluated using only simulation tools. 
2 Discussion

2.1 Metrics
The metrics discussed here are for the equivalence in section 10.2.2.3 of [2] and not for the parameters listed, e.g., in section 6.2.1 of[2]. Specifically, the beam acquisition as the first step to grade the OTA system is considered. The channel model implementation in a chamber is compared to the targeted channel model, i.e. how well the implemented model corresponds to the correct one (called here now as the reference which is already modified from the ideal in 38.901 to enable use of fewer probes). 
It is assumed that the number of beams is fixed and the beams are targeted to a certain grid of directions. Thus, the beam angle spectrum is discrete. Furthermore, at least partly these beams are through analog beamforming. At each time instant the UE finds the beam with the highest power, which varies because of the fading in the channel. Furthermore, because the fast fading is not the same in the implemented (“test”) model and in the reference the instantaneous comparison is not possible. Therefore, the comparison is statistical. The figure below shows an example where the test and reference implementations are compared side by side so that the statistical distribution of the selected beams are shown on the probe angle map, i.e. the azimuthal axes define the positions of the probes in the sector and the height of the bar indicates what is the probability that the beam is found by that probe. The beam searched for at every time instant is the highest power beam. The figure is the visualization for the metrics in sections 2.1.1 and 2.1.2, in other words the statistics shown in Figure 1 is the data for these two metrics. If the test setup generates the same 3D histogram as the reference it means that the test setup is correct. Visually it is very easy to have a view how closely to each other they are. The numerical values are calculated in sections 2.1.1 and 2.1.2. 
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Figure 1. Reference and test model comparison as a function of the probability of detecting the maximum power in beam n. The height is the probability and the horizontal axis are for the beam space angle of the nth beam.
2.1.1 Beam Peak Distance 

Beam peak distance is the angular distance between the centre of gravity (called also expectation in the statistics) of the blue and red histograms. 
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 is the space angle of nth beam, 
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 is the probability of detecting the maximum power in beam [image: image8.png]


, 

· Unit is degree (or radian). 
Both the space angle and the probability could be read from Figure 1. Note the similarity for the expectation formula in rolling the dice; the expected value for the six–sided dice is the sum of the possible values 1, 2, …, 6 each multiplied with its probability (all equal to 1/6).
The limitation of beam peak distance as a metric is that the result is not unique in the sense that same centre of gravity may be calculated for a different set of beams and probabilities.  
2.1.2 Total Variation Distance of Beam Allocation Distributions
Statistical distance is the total variation distance of the reference and the test histograms probability measures. This is based on the data as the beam peak distance. The statistical consideration only is different and here the output of the formula is in the range [0, 1].  
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· 0 means full similarity, 1 means maximum dissimilarity

2.1.3 Total Variation Distance of PAS

Total variation distance of power angular spectrum (PAS) is meant to measure the similarity of the PAS produced by the OTA system and the reference PAS. In this sense, it is like the spatial correlation metrics in section 2.1.4. The additional information in the total variation distance of PAS is the capability to reflect the UE size and resolution (antenna array aperture). This is done through the classical Bartlett beam former with the EU array. The PAS estimate is for the reference as
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,
where P((’) is the PAS of the reference model. The respective estimate for the OTA system is 
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where a(() is the array steering vector of EU to the space angle (. Ro is the implementation dependent spatial correlation matrix for the probe locations.  
Both estimated spectra are next normalized such that they can be interpreted as 2D probability distributions. The integration over the difference of the normalized spectra is finally calculated as 
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where r denotes for ideal reference and o for the OTA system, and ( is the space angle. The range of Dp is [0,1] where zero denotes the full similarity and unity the full dissimilarity. 
2.1.4 Spatial Correlation

The spatial correlation metric is meant to measure the similarity of the produced power angular spectrum (PAS) to the reference but considering also the power of the beams on a particular test zone within the setup. It is the way how the test zone size is measured in LTE MIMO OTA. But now at mmWaves the beam selection process is the focus. Therefore, the spatial correlation metric is of less significance. 
The difference to the LTE spatial correlation definition is that weighting is applied here. The weight is used for the correlation level so that the not all correlation levels are treated equally; the deviations within the low correlation cases is not equally important, for example, to the spatial multiplexing performance as it for the high correlation cases. 
The correlation with any pair of spatial locations q = (¯pq1,p¯q2) can be written as 
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 is the wave vector for the given space angle [image: image19.png]


. The spatial correlation function achievable with an MPAC setup is then
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where K is the number of probes, gk is the weight of the kth probe, dp1,k  and L(dp1,k) are the distance and the path loss term between the kth probe and the location p¯q1, respectively. 
The weighted RMS correlation error is 
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3 Summary
Different metrics were presented to estimate the performance of the OTA test setup primarily for beam selection and PAS accuracy.  
Proposal 1: The LTE based metrics should be evaluated one by one whether they are applicable for mmWave RRM/demodulation OTA setups.
Proposal 2: The metrics presented in section 2.1.1 through 2.1.4 are used as the base to develop the new set of performance criteria to evaluate mmWave RRM/demodulation OTA setups. 
4 References
[1] R4-1705838
“Simplified sectorized MPAC for RRM/Demodulation Setup”, Keysight, RAN4 #83, Hangzhou, May 2017

[2] TR 38.803 “3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Study on New Radio Access Technology; RF and co-existence aspects (Release 14),” v2.0.0


2








