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1 Introduction
The RAN4 #82bis meeting was the first meeting to discuss the over–the–air (OTA) mmWave measurement systems for UE RF, UE RRM and UE demodulation purposes after the approval of the testability study item [1] in the previous RAN plenary meeting. One of the few agreed contributions under the testability agenda item in the RAN4 #82bis meeting was the work plan [2], which links the NR work item [3] high–level objectives to the testability SI. The work plan set for the April meeting as goals (but not limited to) for UE RRM to make progress on defining the baseline measurement setup and Discuss initial contributions on potential alternate test methodologies (if applicable). The same plan states for the May meeting as the table below indicates. 

Table 1. Work plan defined tasks for the RAN4 #83 meeting under the testability SI. Complete table including further meetings is in [2]. 

	Timeline
	UE RF tasks
	UE RRM tasks
	UE demod tasks

	RAN4 #83, May '17
	Make progress on MU element descriptions
	Finalize the baseline measurement setup
	

	 
	Make progress on MU budget values
	Make progress on propagation modeling for RRM scenarios
	

	 
	Make progress on mapping between MU elements and UE RF requirement definitions in the NR WI
	Based on preliminary observations from ETRFFD, exchange views on defining the far-field distance criteria for the RRM measurement setup
	 

	 
	Make progress on ETRFFD
	Define work plan for alternate test methodologies (if applicable)
	 

	 
	Make progress on alternate test methodologies (if applicable)
	 
	 


This contribution aims to advance the highlighted (green colour) column UE RRM measurement system. 
The challenges of such kinds of measurement systems are discussed widely both in 3GPP reports and in various other technical and scientific papers. Therefore, these challenges are not directly discussed here. Also the MPAC (multiprobe anechoic chamber) test system defined for LTE in TR 38.977 [4] and used referred to in this paper is well–known and not reviewed here. A quick overview is found [5]. 

The contribution starts by motivating why the proposed simplified sectorized MPAC test method is feasible and then discusses the details. However, not all the details are in this contribution; for example, the measurement uncertainty (MU) budget is not yet discussed. The available time limits the level of details here but more importantly this paper starts the discussion on RRM/demod baseline and will guide the further development work.    
2 Motivation
The starting point for the test system to be drafted is the report [6] from the NR study item [7]. Several requirements were already stated ([6], pp. 147–149), which [1] refers also to: 
The key aspects of the baseline setup are:

-
Far-field measurement system in an anechoic chamber


-
The criterion for determining the far-field distance is TBD
-
A positioning system such that the angle between the dual-polarized measurement antenna and the DUT has at least two axes of freedom and maintains a polarization reference

-
A positioning system such that the angle between the link antenna and the DUT has at least two axes of freedom and maintains a polarization reference; this positioning system for the link antenna is in addition to the positioning system for the measurement antenna and provides for an angular relationship independently controllable from the measurement antenna
MPAC is a known anechoic chamber OTA test method. It remains open to modify the MPAC method to mmwaves considering the complexity limitations. One feasible solution is to use a simplified sectorized MPAC method. This is covered in the next sections. The text starts by defining the concept of sectorized MPAC. For interested readers, the list of references contains articles where mmWave / massive MIMO test setups are studied, see references [8] to [14]. These articles are for base stations but most of the aspects in testing of mmWave BSs and UEs are similar. Both devices are expected to perform also analog beamforming by using different type of antenna elements to form antenna arrays to increase the directivity. Thus, many of the aspects in the testing are related to testing of the operation and performance of the beamforming procedure. 
There are several aspects of the simplified sectorized MPAC. The most important ones are listed below.  
1. The same method is very easily applied also for BS testing. This reduces the overall testing complexity as the test houses do not need to build up necessarily different chambers for UEs and BSs. Probably the chamber size for UE can be smaller than for a BS because UE array is expected to be smaller. However, it is beneficial to specify similar OTA test methods for both UE and BS. 
2. Channel models from TR 38.901 can be reproduced. Especially, the power angular spectrum (PAS) which is not possible with the two–probe baseline system for RF 

3. Dynamic models (time-variant power angular spectrum) or the beamforming applicability of the receiver to adapt to the receiving signal can be tested with the simplified sectorized MPAC  

A procedural advantage is that because the LTE MPAC system is well–known, the companies in the meeting may progress directly to the method details. 

3 Simplified Sectorized MPAC 

The fundamental problem with the LTE MPAC setup applied for mmWaves is the number of probe positions when the wavelength decreases and the electrical size of DUT increases, discussed originally in [15] and considered also in the LTE MPAC summary [5] and in [16] at RAN4 #82bis. The straightforward extension to mmWaves is out of question so a new perspective is needed. That’s why in this section some key parameters are discussed in considering the options to reduce the complexity — which is here in addition to the chamber size the number of probes —  and it is referred also to the need to define new metrics, i.e. how the accuracy of the test system is evaluated. 

The elements of the simplified sectorized MPAC setup are essentially the same as for the LTE MPAC, but with differences in the probe positions, are listed as follows:
· Anechoic chamber 

· Number of dual polarized probes in a sector seen from the UE, e.g. 120( x 60( (azimuth x elevation)
· Fading emulators
· UE and/or UE emulators
· BS and/or BS emulator
Because the present contribution is limited in its length the consideration here is only on the number of dual polarized probes in a sector and the size of the chamber. Other elements listed above are for future considerations. The sector size used here is an example and not intended to be definitive. The probes in the sector all have the same distance (range) R to the centre of the UE. The more detailed definition of the centre point of the UE is FFS; for the purposes of this contribution it is assumed to be the geometrical centre point. 
Figure 1 shows the elements of the simplified sectorized MPAC setup. Note that the figure is for depiction only and to give some idea about the system. The positioner inside the chamber is not drawn. The elements in the figure are not in scale. 
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Figure 1. Basic building blocks of the simplified sectorized MPAC 
Note: Figure 1 is without the positioner in the chamber. The UE (here with the legend DUT Antenna array) is not in scale and only the antenna array is depicted. The number of probes and their locations are also indicative only. Propsim® is the product family of Keysight and refers to the channel emulator.
A positioner is used in the chamber to rotate the UE because the sector in the chamber is limited in its size. However, the rotation functionality is not a valid method to cover test cases where there are simultaneous signals coming from angles that are not covered by the sector in a single position. The possible solutions for this problem are FFS. They include options like 

· To study different techniques how the channel model could be modified to include clusters outside of the angles of the sector
· To exclude test cases, which require higher angular variation for incoming beams higher than the size of the sector  
3.1 Per Cluster Angular Spread at mmwaves
One of the enablers for the cost effective sectorized MPAC testing is the assumption of small per cluster angular spread (AS) at mmWaves – at least for scenarios with minimal movement wher AoA are largely static. One of the reasons for this is the beamforming performed at both link ends that filters out effectively weak multipath clusters of the channel model. This means also that the number of significant clusters is reduced significantly compared to non–directive antenna systems. Additionally, the specular propagation is expected to become more dominant compared to diffuse scattering at mmWave frequencies, see below the measurement campaign reports [17] to [19]. 
The UE antenna construction is assumed to be an array or arrays. The reasoning above is based also for this assumption. This assumption provides that the UE has multi–connectivity features, i.e. there are also lower frequency radios. 
Part of the narrow AS assumption is that the UE uses a code book of fixed beams (at mmwaves). It simplifies the beam acquisition process and, in turn, is enabling as a factor the decrement of the number of probes for the beam acquisition. See also the section 3.3 for the discussion on discrete power angular spectrum.  
The measurements show the assumption is reasonable. METIS report D1.4 [17] recommends AS = 0.5( at 60 GHz in shopping malls, cafeteria and open air square scenarios. The results from [18] indicate that the power angular profiles at 28–30 GHz in indoor environment are sparse and specular. Furthermore, only a few specular paths including LOS path and specular reflections were identified in [19]. There is not so much difference between departure and arrival spreads. These findings may, however, require modifications to the recently approved channel model in TR 38.901 as the AS values are higher in that report. The link level channel models will be discussed further in future meetings. 
3.2 Size of the Chamber
The size of the MPAC chamber is a critical factor. The implementation cost increases significantly along the size of the chamber. The calculations of the far–field distance, see as an example [6], p. 151, dictates the far–field distance to be meters for tablet size devices already at 28 GHz. Furthermore, the same table lists the path losses in free space for the same distances. The link budget issue due to high path loss is easily seen. Therefore, the size of the chamber should be minimized. 
The way to reduce the size of the chamber is to look at the statistical error produced using the same performance criteria as discussed in the next section. The error here means the error compared to the ideal channel model reference assuming the far–field, i.e. plane wave. Therefore, it is needed to specify error limits and how they are calculated (measured). In this way the effective far field for the purposes of the measurements to be made can be minimized rather than using the classic Fraunhofer distance.
· Error of x dB (value is FFS) compared to the reference is acceptable
· Metrics to measure the error are FFS

A couple of proposals for the metrics are discussed in[20]. As discussed already, the narrow beams effectively filter out the multipaths. Channel models for the strongest beam pairs (chosen for data transmission through the beam selection and refinement processes) contain only one or a few clusters with narrow PAS. That is why we must take into account and specify the metrics for testing of the beam selection process. It is important to model multiple clusters in order to reflect the characteristics for multiple beam pairs if those are considered to be prevalent in typical operating scenarios. 
3.3 Test Zone

The test zone in LTE MPAC is the useable portion of the volume within the test system in which the UE can be placed and the test condition criteria are met within the applicable uncertainty limits. The test zone is ideally assumed to have a uniform power distribution within the uncertainty specified by the site validation. The concept of the test zone is largely studied in the literature with regards to the LTE MPAC setups and not needed to review here. The very short summary is that the size of that zone is a function of wavelength dependent on the number of probes and therefore is generally small for limited probe systems and decreases with increasing frequency.  
In the simplified sectorized MPAC setup the focus is not in the size of the test zone. The metrics proposed in [20] concentrate more on the beam selection process because of the nature of the mmWave antenna types. Previously, in LTE MPAC setup the cluster angular spectrum was considered to be continuous and many probes were used to synthesize the uniform plane wave in the test zone where correlation is controlled. A real continuous angular spectrum is ideal and in practice there are limitations to 8 or 16 probes in 2D implementations. The fundamental proposal for the simplified sectorized MPAC method is to consider the spectrum to be more discrete and only the angular resolution of the probes will be implemented rather than a continuous distribution is in LTE MPAC. This means a relaxation or modification of the channel model requirements. Within this discrete spectrum specification there are two options where the first one is for the “continuous” spectrum: 
· UE has electrically small antenna ( plane wave synthesis is possible with a reduced number of probes
· Metrics used in LTE MPAC are implementable 

· UE has electrically not so small antenna ( one probe per propagation path (paths (clusters) are arriving directly from the probes)
· New metrics are required
3.4 Number of Probes
The number of probes in MPAC systems is discussed in many papers, see e.g. [5] and [15]. The target here is to develop a methodology for how a subset of the complete probe array is selected. The array here is an enlargement of the 2D ring of probes used in LTE MPAC systems to 3D at mmWaves, i.e. the elevation is also included. For the sectorized system the sector size is also to define (the sector size is FFS but let us assume for the easiness of operation here the sector size of 120( x 60(). 
If the assumptions in section 3.1 are valid, the probe allocation procedure could follow the order of descending clusters’ powers. Starting from the highest power cluster the first probe allocation / allocations are made. This is not, however, the only option to build up the algorithm for the probe allocation. Different criteria and cost functions could be used. The metrics already discussed briefly above is used to estimate how well allocation procedure works. 

3.5 Measurement Uncertainty

The measurement uncertainty budget is TBD. Also, the parameters to include are TBD.  
3.6 Summary for SS MPAC

The above discussion demonstrates that the well–known MPAC 2D or 3D measurement methodology is extendable to mmWaves. The referred documents indicate that the only reason not to choose MPAC was the complexity. But because of the differences of the test cases at sub–6 GHz frequencies vs. mmWaves, the metrics to estimate the performance of the mmWave setup are different, or at least the weighting of the metrics differs. The metrics are discussed and proposed in the contribution [20]. Therefore, the complexity can be reduced to an acceptable level when measured as the size of the chamber and the number of probes in the chamber. 
Proposal: Simplified sectorized MPAC is chosen to be the baseline for RRM/demodulation setups. 
4 Simulation Results

A set of figures for the UMi NLOS case with only four probes is presented here. Four probes were used in these preliminary studies to get an idea about the feasibility of the test system. Similar figures for Indoor Hotspot have also been simulated but they are not shown here. The conclusions are the same as for the UMi case.  
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Figure 2. Example realization of UMi NLOS model.
The figure above is an example of the UMi NLOS model fitted to the probes of the sector. The intent of the figure is to verify that there exists a CDL model that fits to the given probe locations. The model is not directly any of the CDL models in TR 38.901 but its statistics are the same as in the generic stochastic model. The low number of probes makes it not possible to exactly use the TR 38.901 CDL models as such. The probe locations are shown in the figure with black circles and numbers. The power angular spectrum (PAS) shown here is for the channel model only, the antenna pattern of UE is excluded. 
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Figure 3. Example power angular spectrums (PAS) (NLOS) seen by the UE. The same case as in Figure 2.
The left half of Figure 2 shows the the 38.900 model modified to fit the probe locations and then implemented by an infinite nubme rof probes. This is a simulation using the Keysight Geometric Channel Modelling Tool®  (GCM). On the right half of Figure 2 is the PAS of the modified channel when implemented with only four probes seen by UE in an NLOS case as the result of the UE beam sweeping the source. The UE has a 2x2 antenna and beam width is 30(, 6 x 6 beam directions are plotted. The black circles are beam directions uniformly distributed in the hemisphere but only the beams with the highest power on each time instant are plotted. The PAS in Figure 2 is for the same case but the difference in Figure 3 is that the UE beam directivity is included and swept over the azimuth and elevation angles. This is the reason for decreased dynamic range in Figure 3. 
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Figure 4. Histogram over the time of the highest power beam with beam location indexes. The same case as in Figure 2.

Figure 4 is the same case as Figure 2 but now plotted as the histogram showing the locations of the beams with the highest power over the time in the hemisphere. The axes are the azimuth and the elevation locations. The statistics for the histogram are taken from a single run with 1000 time steps. The movement (see also Doppler in Figure 6) is virtual, not dynamic meaning that the cluster angles in the model do not change. This is not the limitation of the proposed method but a reduction made in the simulation for simplicity. This simplification was appropriate for < 6 GHz but may not be good enough for mmWave and is a key factor to be decided in future meetings.
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Figure 5. Power delay profiles for the UMi NLOS case shown in Figure 1 to Figure 3.

The power distribution in the delay domain of the four probes is shown in Figure 5. The reference is the modified 38.901 realization generated by the GCM Tool. 
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Figure 6. Doppler spectrum for the same UMi NLOS case shown in Figure 1 to Figure 4. The UE speed is 6 km/h.
5 Summary
This contribution has presented an overview of the simplified sectorized MPAC test method. The new perspective to mmWave OTA testing is also included in the contribution; where the PAS is thought to be discrete and thus the respective number of probes is tuned to an appropriate level and no longer focus on the system performance evaluation in the test zone but, instead, evaluating the beamforming process. Furthermore, the full 3D is not covered by the probes but a sector only. It is important to note also that the versatility of the channel models is again feasible in the UE testing in contrast to the extremely simple two–probe test setup.   
Proposal: The simplified sectorized MPAC is chosen to be the baseline for RRM/demodulation setups.
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