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1 Introduction
The meeting RAN4 #83 discussed the first time the proposal of simplified sectorized MPAC (SS MPAC) for RRM/demodulation measurement setups ([1]). Along the contribution was presented also the way for the performance estimation purposes through new metrics ([2]). This contribution is the extension of the ideas presented in [1], [2] and serves to further evaluate the concept. This contribution is for the technical presentation of the method; the proposals related to the method are presented in [3]. 
First, a very quick review is given based on [1] in subsections 1.1 through 1.8. Sections 3 onwards discuss further details on SS MPAC. 
1.1 Motivation for the Test System
The mmWave OTA test setup shall have the capability to reproduce the channel models required. In other words, the test setup shall model realistic propagation paths. At mmWave the operation and performance of the beamforming procedure of UE is of high importance. More precisely, the power angular spectrum (PAS) is the parameter that the system shall produce. According to [3] the requirements can be listed shortly as follows:
1. Real–time system performance assessment, i.e. while communicating

2. Capable of emulating realistic radio channels, meaning with realistic angular distributions of waves, either irradiating EU or being radiated by it

3. Up– and downlink performance, or reception and response in multi–node configurations

At the moment, the known test methods fail in some of the requirements above. LTE MPAC with wave field synthesis is not affordable because electrically large UE requires a huge number of probes. 
1.2 Reasons for SS MPAC

Multiprobe anechoic chamber (MPAC) method is well–known in the industry ([5]). Thus, an extension of MPAC to mmWave frequencies is a step easily adapted and not too high changes in the procedures are required. An extension called simplified sectorized MPAC (SS MPAC) is able to reproduce in the chamber most of the channel models used in the industry including the recently approved 3GPP models ([6]). Dynamic models (time–variant PAS) or the beamforming applicability of the receiver to adapt to the receiving signal can be tested with SS MPAC. A minor non–technical advance is that the same method is very easily applied also for BS testing. 
Simultaneous beamforming performed at both link ends by BS and UE means that weak multipath clusters are effectively filtered out. Additionally, the specular propagation is more dominant per measurement campaigns. Therefore, less clusters per beam are modelled. But to reflect the characteristics for multiple beam pairs (chosen for data transmission through the beam selection and refinement processes) prevalent in typical operating scenarios SS MPAC can be used to test such scenarios. Furthermore, SS MPAC is proposed also because the plane wave synthesis is not the target but, instead, to emulate spherical waves from/to the probe directions. 
1.3 Building Blocks of SS MPAC

The very same building blocks as in LTE MPAC systems are used; chamber, positioner, probes, emulators. The differences are 

· Number of probes is defined utilizing new metrics and 

· Probes are positioned in a sector.

1.4 Metrics

Because of the emphasis on the beamforming the metrics concentrate on the figures of merit of beamforming. Three different measures are highlighted and all of them are meant for the test setup performance evaluation, not for the chamber validation:
· Two metrics for the beam allocation validity through the discrete angular spectrum

· Beam peak distance to measure the angular distance of the beams reproduced by the OTA system to the reference
· Total variation distance of beam allocation distribution to measure the statistical distance of the beams reproduced by the OTA system to the reference
· A metric for the PAS validity through the spatial correlation
· Total variation distance of PAS to measure the similarity of the PAS by the OTA system to the reference
Spatial correlation figure of merit is also applicable. If desired to use the spatial correlation metric the weighting function is proposed to treat the high correlation values as more important. 

The numerical limits for the metrics are FFS.

1.5  Number of Probes
The traditional MPAC theory predicts an extremely high number of probes for a mmWave OTA test system because of short wavelength. The two ways in SS MPAC to reduce the number of probes to a reasonable level are
· Sectorized probe setup and
· Metrics for the beamforming procedure and not for the test zone correlation

The size of the sector is FFS. If not a full ring sector is used some limitations to the test cases will be applied. However, these limitations are less severe for mmWave testing as are, e.g., from the two–probe test system. 

The number of installed / active probes within the sector is also FFS. It should be, however, noted that preliminary studies indicate that a significantly lower number of active probes is feasible than the LTE MPAC test zone metric would predict. 
1.6  Size of the Chamber
The size of the chamber is a critical factor because the implementation cost increases along the size of the chamber. The link budget will also be a problem if high measurement distance is used. The way to reduce the size of the chamber is to look at the statistical error through the new metrics. The great benefit of the proposed SS MPAC is that it scales very well to different needs. 
1.7 Test Zone

The concept of the test zone is well–known from LTE MPAC test systems. 

In SS MPAC setup the focus is on the beam selection process. Previously, in LTE MPAC setups 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 SS MPAC is to consider the spectrum to be discrete and only the angular resolution of the probes will be implemented rather than a continuous distribution as in LTE MPAC. This takes the question back to the metrics. 
1.8 Measurement Uncertainty
The measurement uncertainty budget is TBD. 
2 Test Scenarios

2.1 Channel Models
The figure below shows the dependencies in a simple format for the channel model, test system and test requirements. The link from the requirements to the channel model is presented as weaker because the starting point is the channel model. 

[image: image1]
Figure 1. Dependencies of channel model, test system and test requirements. 

The channel model should be as simple as possible — but no simpler! Because the channel model(s) is not specified yet the next sub–sections observe the mmWave testing from a different perspective. It is highlighted that by selecting appropriately the test system a correct degree of freedom to define channel model is maintained. If not selected well the test system baseline the flexibility in the channel modelling will be significantly limited and realism in the channel models will be lost. 
2.2 Prevalent Tests in mmWave Testing
The needs of 5G mmWave testing should be the definitive factor in deciding the test system for all OTA testing categories RF, RRM and demod. Here a few possible but obvious testing scenarios are presented and these are analysed considering the test system performance requirements. Simple division for single/dual probes vs. multiprobe test systems is used. The list is by any means not complete. The term locked beam used in the table means that UE has a special test feature where the beam is locked to a direction. It is well–understood that the next two tables are indicative only but the information given is to the best of our knowledge. This is not a severe limitation for the table because the intent of the table is more to figure out the big picture of the test cases. 
Table 1. Possible test cases for single probe and multiprobe test systems. 
	Test case
	Category
	Single/dual probe test system
	Multiprobe test system

	System access 
	RRM
	Ok with a locked beam
	Ok 

	Link adaption (power variation)
	RRM
	Ok with a locked beam
	Ok

	Mobility and handover
	RRM
	Nok
	Ok

	Beam acquisition
	RRM
	Nok
	Ok

	Beam refinement and tracking
	RRM
	Nok
	Ok

	Dual-port (co-located) throughput performance
	Demod
	Ok
	Ok

	MIMO throughput performance
	Demod
	Nok
	Ok

	Overall beam selection and dynamic MIMO throughput performance
	Demod
	Nok
	Ok

	Multicarrier aggregation 
	Demod
	Ok with a locked beam
	Ok

	Multi-RAT performance
	RRM/Demod
	Nok
	Ok

	
	
	
	


Are spatio–temporal channel fading characteristics required in mmWave testing? This is one of the definitive questions in deciding the test system in Testability SI and is not solved (only) from the test system’s technical performance point of view. If considering the other way around, i.e. beam selection (acquiring + tracking) is included in the testing requirements the initial studies made indicate strongly that the beam selection means to include the spatio–temporal fading characteristics for the channel models used. The single probe test system (single or a few probes) cannot reproduce the spatio–temporal characteristics and, therefore, if, for example, RRM baseline measurement system were a two–probe system it would mean a significant reduction in the set of the test cases.  
The table above — even though it is not a complete one — is a strong indicator for SS MPAC to be selected as the test system for RRM/demod test cases. 
Observation 1: Single probe test systems (single or a few probes) necessarily causes a significant reduction in the set of test cases. 
2.3 Test Cases as Function of Number of Probes

The next table presents a summary of the test cases with regards of selected test parameters when the number of (active) probes is varied. The probes may be dual–polarized. The table is not restricted to SS MPAC only but describes the capability of the test system to reproduce the channel models. The table is not definitive because many different factors influence possible test cases; chamber size (range length), angular distance between the probes, probe beam width, etc. Furthermore, with more probes in SS MPAC case the sector size could be increased for certain angular resolution but this is not either covered in the table below. The table values are not exact in the sense that they were studied through a comprehensive set of simulations. 
Table 2. Possible description of the evolution of test cases as a function of number of the (active) probes. 
	Number of Probes
	Incremental Channel Model

	1
	Power variation in a locked beam

	2
	Functional limited dual-port (rank 2 channels) without spatial aspects

	4
	Limited set of GSCM LOS models (e.g. TR 38.901) 

	8
	Limited set of GSCM including NLOS models

	16
	Comprehensive set of channel models, limited dynamic PAS enabled

	32
	Accuracy improved, more accurate dynamic PAS enabled

	64
	Accuracy improved, PWS enabled


Observation 2: Spatial aspects are not accounted if only 1 or 2 probes are used. 

Observation 3: Even with a moderate number of active probes the test case coverage is relatively good. 
Note also the simulation results in [10] in this context. 
3 SS MPAC Probes
One of the complexity measures in OTA test systems is the number of probes. It is very well known how LTE MIMO OTA uses either 8 or 16 dual–polarized probes. The probes themselves are neither complex nor expensive. The reason for the complexity is two–fold; the probes require wiring from the channel emulator or from the radio heads and the circuitry needed to feed the probes. In SS MPAC the solution to these both issues is to use a switching circuitry. This means that the number of installed probes in the sector is significantly higher than the number of active probes used to reproduce the channel model in the chamber. The next figure shows a descriptive case. The size of the sector is defined by the fact how large spatial angle will be covered both in azimuthal and in elevation directions. 
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Figure 2. Installed probes in the sector and UE. 

The probes are installed in a form of a sector of angles with approximately equal distance R from UE and with certain angular spacing. If there is any variation of R across probes it can be compensated to a certain extent by the phase and amplitude calibration. 

Not drawn in the figure above but the great idea is that the chamber installation comes with the switching circuitry. From the channel emulator there is a limited number of outputs available. These outputs or even a sub–set of the outputs is connected to the circuitry behind the probes. Therefore, it should be used terms installed probes and active probes where the active probes are a subset of the installed probes. The circuitry behind the installed probes is used to select the active probes and in a test case the selected probes are defined by the mapping of the channel model to the test system. Additional benefit of the switching circuit is that the it reduces the number of expensive radio heads. Thus, the total cost of the test system is lowered. Still, the capability to reproduce realistic channel models is preserved because of the freedom to select the number of active probes. The sector with a set of active probes (within the set of installed probes) means that the number of clusters to model is not limited to a single cluster. Depending on the probes selected active also multiple clusters can be modelled. 

There are no virtually limitations on the type or the technology used for the probes, which practically means it is the cost that will most probably the driver. Therefore, the probes fabricated on a PCB is an attractive option. The radiation properties are not yet studied in details; radiation efficiency is a factor but more importantly the wiring to the probes because of the signal loss is to design with care. The loss in the wiring is part of the link budget calculation. 

Observation 4: The use of a switching circuit along a greater number of installed probes allows to reduce the complexity and the cost of the SS MPAC test system. 

Observation 5: The use of a switching circuit along a greater number of installed probes allows the flexibility in defining the optimum number of active probes. 
Observation 6: Realistic channel models with multiple clusters are reproduced regardless of the simplifications. 
The example figure above indicates also the range of the overall size of the chamber along the new metrics ([9]). The simulation results using these metrics are presented in [10]. If the sectorized format is used and the sector size is limited to certain values in azimuth and in elevation, e.g. 120( x 60(, it is possible to reduce the size of the chamber locating UE close to the chamber wall opposite to the probe installations. 
Observation 7: The size of the chamber in SS MPAC is reduced significantly when the sectorized format is used and UE is located close to the chamber wall opposite to the probe installations. 
The mapping procedure of the probes for the channel model, i.e. how the probes correspond to the right beams is a straightforward task. The main idea is that the strongest beams are always searched for. As soon as the highest power (cluster) is found the next iteration cycle of the algorithm is performed and the second highest power (cluster) is searched for. The process can be repeated until a predefined threshold is extended. The threshold may be the number of clusters, the power of the cluster normalized to the strongest, etc. 

Observation 8: Mapping of the probes to correspond the clusters in the channel model is a straightforward task. 

4 Sectorized vs. Full Sphere 

The ideal test system would be able to model clusters or rays arriving from random angles in 3D. However, this is known to be a task too challenging for any test system capable for spatial channel modelling. 
One of the ideas in SS MPAC is to simplify the system complexity by reducing the space angle where the clusters may locate or the rays arrive. Measurement results indicate the cluster angle spreads (AS) are very narrow and the specular reflections dominate, see for more details the references in [1]. Thus, the number of clusters is smaller compared to lower frequency signalling. Furthermore, the filtering effect by the antenna arrays at both end of the link effectively means that the weak clusters are excluded. This does not, however, dictate that a single cluster solution would be enough. 
With the positioner, the dynamic channel modelling is possible because for a UE in data mode the movement is slow enough. Remember also that the 5G use case is mostly for data mode only. In such a case the limitation to a sector instead of the full sphere is tolerable. 
Observation 9: UE in data mode allows dynamic channel modelling because the movement is slow enough. 
There might, however, be test cases where the some of the clusters are outside of the sector’s space angle. Channel modelling work arounds may be used in certain simple cases to, e.g., mirror the clusters but this is still FFS whether it is applicable. Otherwise the way to overcome the penalty of the sectorized approach is to remove such test cases from the list. 

Should the sector size be defined in degrees? If not and the size is left open for companies to decide the level of complexity they can stand for it risks the alignment of the laboratories because it would be then more difficult to compare the lab performances with certain calibration test cases. Of course, the sector size is not the only question in defining the inter–lab alignment. The alignment criteria should be studied. The sector size is one of the first ones, though. 

An additional note is given that there is no technical barrier to have multiple sectors. The larger the sector is or the higher the number of sectors (either similar sectors or different sectors) is the higher is the level of complexity, and thus also the cost. Therefore, the balance between the complexity and the performance should be searched for. 
Observation 10: The balance between the complexity and the performance is searched for with regards to the size of the sector or the number of sectors including their sizes. 
5 Electrically Large Devices and Limits
The evaluation of the system performance for electrically large devices is through the system metrics. There is no direct theoretical calculation how to define the maximum “test zone size” like is done in LTE MIMO OTA. The definition in SS MPAC for the “test zone size” is to simulate UE in different sizes, to measure the metrics (see examples in [10]) and to define the limits for these metrics. 
Observation 11: The LTE respective “test zone size” for mmWave OTA system is defined through the OTA system performance metrics. 

A note is given that the limits should not necessarily be only OK / NOK (pass / fail) but more steps could be used. The intent is then to allow more flexibility considering the system complexity, available channel emulator resources and the installation cost. 
Observation 12: Multistep limits can be defined for OTA system performance metrics. 

An example is given here but without numerical values: 
	Good

	Acceptable

	No value


The numerical values must be analysed to respond correctly the real behaviour. This work is still to be done. 

6 Simulation Results

Simulation results are presented separately in [10].

7 Conclusions

Further details on SS MPAC test setup for RRM and demod purposes were discussed. The proposals related to the method are presented separately in [3]. Several observations were noted and are repeated below:
Observation 1: Single probe test systems (single or a few probes) necessarily causes a significant reduction in the set of test cases.
Observation 2: Spatial aspects are not accounted if only 1 or 2 probes are used. 

Observation 3: Even with a moderate number of active probes the test case coverage is relatively good.
Observation 4: The use of a switching circuit along a greater number of installed probes allows to reduce the complexity and the cost of the SS MPAC test system. 

Observation 5: The use of a switching circuit along a greater number of installed probes allows the flexibility in defining the optimum number of active probes. 
Observation 6: Realistic channel models with multiple clusters are reproduced regardless of the simplifications.

Observation 7: The size of the chamber in SS MPAC is reduced significantly when the sectorized format is used and UE is located close to the chamber wall opposite to the probe installations. 
Observation 8: Mapping of the probes to correspond the clusters in the channel model is a straightforward task.

Observation 9: UE in data mode allows dynamic channel modelling because the movement is slow enough.

Observation 10: The balance between the complexity and the performance should be searched for with regards to the size of the sector or the number of sectors including their sizes.

Observation 11: The LTE respective “test zone size” for mmWave OTA system is defined through the OTA system performance metrics.
Observation 12: Multistep limits can be defined for OTA system performance metrics. 
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