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1
Introduction
In RAN#75, a new Study Item was approved [1]. One of the objectives of the SI is to define the over the air (OTA) testing methodology for UE demodulation requirements for New Radio, the associated measurement uncertainty budget(s), and the related test tolerances. Specifically,
· For UE demodulation testing methodology

· Define the baseline measurement setup

· Define how to model propagation conditions between the DUT and the emulated gNB sources
· Define the measurement uncertainty budget and related test tolerances for the baseline setup
· For any alternate method(s) identified, verify equivalence per agreed criteria and quantify impact on the measurement uncertainty budget
In this contribution we discuss some of the challenges for the two highlighted bullets: baseline measurement setup and model propagation conditions between DUT and emulated gNB sources. The approach is strongly conceptual, proceeding from an idea of how to fully model the 3D channel models now in use in RAN1 simulations, no matter how impractical the result. The purpose is to start from the ideal, then investigate ways in which the methodology could be simplified, with the end goal being a practical methodology. If there is no practical outcome, then we must look to other solutions.
2
Discussion

Prior to New Radio (5G), conducted testing was sufficient nearly all the time. Channel models were designed very simply to provide what mattered to the UE demodulator: fading rates, multipath spreads and MIMO correlation to cover the range of expected operating conditions.

The MIMO OTA effort recognized that the previous testing bypassed the antennas; hence, performance was being measured without the one element that enabled wireless to exist in the first place. MIMO OTA has developed a test methodology (MPAC – Multi-Probe Anechoic Chamber) to measure the MIMO performance of LTE UEs [2]. It creates spatial conditions to emulate two of the well-known SCME channel models [3].
Now, New Radio presents many new challenges for testing. On millimeter-wave UEs, there simply will not be any way to access the signals that one would connect cables to, much less space available to place connectors. In addition, the number of antennas in a UE array will increase spatial discrimination. Active arrays will be common on both ends of the link, which means the dynamic performance of UE antenna arrays as they adapt to changing channel conditions will have a big impact on performance. These factors push testing methodologies to consider over-the-air techniques.
2.1
MPAC Starting Point

The first thought one might have for OTA performance evaluation would be to apply the MPAC methodology to the millimeter wave scenario. Before discussing those results, a brief refresher for those not familiar with the MPAC methodology is in order.

The MPAC consists of a set of 16 probe antennas arranged in a circle inside an anechoic chamber (Figure 1, left side). A channel emulator is programmed to drive these antennas to synthesize the angle-of-arrival conditions of the model at the DUT within the test volume. It does this by what can loosely be thought of as a circular beamforming technique. Each cluster in the propagation model is emulated in such a way as to produce the correct MIMO correlation at each point within the test volume. By “correct”, we mean the MIMO correlation that would be measured if the power azimuth spectrum (PAS) of the cluster was Laplacian with a mean angle of arrival (AoA) and angular spread (AS) as specified in the model definition (Figure 1, right side). See [2], Section 8.4.4 for examples of spatial correlation within the test volume.
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Figure 1. Left: schematic picture showing the placement of dual-polarized probe antennas and the DUT; right: depiction of the multiple clusters, each arriving from a different direction and with a different excess delay (from [2]).

The number of probe antennas in a chamber depends on the desired size of the test volume and the wavelength of operation. For most LTE bands, eight probe antennas are sufficient. For millimeter-waves, this must be re-evaluated.
From [4], we have the following relationship between test volume (specified by diameter D), operating wavelength () and number of probe positions K:
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For a typical smartphone (150 mm) operating at 28 GHz, we need at least 91 probe positions. Each probe would be dual polarized, totaling at least 182 driven antennas in the test system. It should go without saying that this is an enormous number of antennas and sources to drive them. Furthermore, the MPAC methodology is currently designed for the two dimensional case, that is, directionality in azimuth only. New Radio will operate in the three-dimensional situation, so both azimuth and zenith/elevation directions are important. Reformulating MPAC to cover a whole sphere to support cluster angles of arrival from anywhere over the sphere would require on the order of the square of the number of antennas. Clearly, the group must consider new methods.
Observation 1: MPAC method as constituted now is not suitable for millimeter-wave frequencies. It requires a very large number of antennas, is formulated only for 2-D scenarios, and direct extension to three dimensions appears even more impractical.
2.2
Simplifying MPAC

Given this situation, it is worth asking what channel effects are absolute requirements for testing the UE demodulator. Here is a list of potential requirements:

· Directivity of the channel (angles of arrival)
· Spatial properties of clusters (angular spread)
· Multipath
· Fading

Of this group, multipath and fading can be relatively easily emulated using techniques commonly employed in commercial channel emulators.

Channel directivity and spatial properties – properties a successful NR implementation should be able to exploit for best performance – would seem to be the most difficult of the four to “fake”. The UE under test is obviously located in a real, physical space within a test system. That test system must be constructed so that waves appear to arrive in clusters from real, specific directions in physical space. This test system is dominated by an anechoic chamber, the size of which is determined by far-field requirements [5].
In [6], the authors note that MPAC would require many probes for millimeter-wave devices, and propose to use a “sectorized” version of MPAC. This is depicted schematically in Figure 2. The figure shows a ring of probe antennas as white circles, representing the standard MPAC configuration. The yellow circles represent the “sector”, a subarray of probes from which the desired Laplacian power azimuth spectrum could potentially be synthesized. The paper goes on to explain how to use this technique for testing base station arrays.
It’s worth considering whether the sectorized approach could be used for the purposes of UE demodulation testing. One would construct a test system with a sector placed at points on a sphere corresponding to the mean angles of arrival (azimuth and zenith) of each cluster we would like to create. This is suggested only as a starting point, because it is likely the number of antennas would still be very large. Each sector representing a cluster would still require multiple antennas, and there may be overlapping sectors. The number of antennas per cluster would depend on the angular spread of the cluster. Reference [6] does not explain the relationship between angular spread and number of antennas; this would require further study. In addition, the clusters are two-dimensional (azimuth and elevation), so the sectorized array would need to be two dimensional as well, with the same question about the number of elements required to create the elevation angular spread.
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Figure 2. MPAC with fully-populated ring versus sectorized MPAC.

We may then ask how many clusters need to be modeled. Starting with the 3D channel model defined in [7]
, the number of clusters can vary depending on the RMS delay spread from around 14 to 24. If a cluster requires say, eight probe locations (a wild guess) to produce an accurate representation of the PAS in the test volume, this again drives the total number of antennas to be very large.
Observation 2a: A sectorized version of the MPAC would still require a very large number of antennas, but could potentially be designed for 3-D scenarios.
Observation 2b: More work is required to determine the relationship between angular spread and the number of antennas to determine the right dimensions of the sectorized array.
The next step is to ask what can be trimmed away from this hypothetical system to reduce complexity. The easiest place to start is probably the number of clusters. Looking at the LTE channel models in [8] Annex B.2.1, we note that there are no more than nine excess delays. The SCME models used for LTE evaluations had 18 excess delays [9]. LTE was simulated with these models and the result became the baseline performance specifications. This process should probably be followed in NR as well, with discussion around the reduction of clusters. Reducing the number of clusters to nine in the sectorized MPAC is better, but probably still will result in many more antennas than has been used in test systems.
Observation 3: Simplifying the cluster delay profile can reduce the system complexity, but still results in a system more complex than used up to now.
One final consideration about simplifying the cluster delay profile is that each cluster helps provide the spatial diversity required to support SU-MIMO. Current plans in RAN1 are that the UE should support up to 8-layer SU-MIMO. As a result, the test system should have a sufficient number of clusters to avoid reduced rank effects (“pinhole” channels). There should be discussion as well to agree what the minimum allowable rank of the channel is, and hence the maximum number of layers supported by the test system.

Observation 4: There should be discussion to agree on the minimum allowable rank of the spatial channel, and the channel should have a sufficient number of clusters to support that rank.
Finally, there may be ways to reduce complexity by relaxing the precision to which the MIMO correlation produced by each cluster matches the target correlation produced a Laplacian PAS. Perhaps, like the reduction in multipath delays produces a less rich power-delay profile with the benefit of lower complexity, allowing something less than a perfect Laplacian PAS is acceptable, as long as the mean angles of arrival (AoA, ZoA) are maintained. This requires much further study, as well as consensus in the group as to what constitutes an acceptable approximation.
Observation 5: Additional complexity reduction may be possible at the expense of approximations to the target MIMO correlation within the test volume.
3
Conclusions
Some initial thoughts have been presented regarding test environment considerations for measuring UE demodulation performance. The approach has been strongly conceptual, proceeding from an idea of how to fully model the 3D channel models now in use in RAN1 simulations, no matter how impractical the result. The purpose of this approach was to start from the ideal, then investigate ways in which the methodology could be simplified, with the end goal being a practical methodology. There were the following observations:
Observation 1: MPAC method as constituted now is not suitable for millimeter-wave frequencies. It requires a very large number of antennas and is also formulated only for 2-D scenarios.
Observation 2a: A sectorized version of the MPAC would still require a very large number of antennas, but could potentially be designed for 3-D scenarios.
Observation 2b: More work is required to determine the relationship between angular spread and the number of antennas to determine the right dimensions of the sectorized array.

Observation 3: Simplifying the cluster delay profile can reduce the system complexity, but still results in a system more complex than used up to now.

Observation 4: There should be discussion to agree on the minimum allowable rank of the spatial channel, and the channel should have a sufficient number of clusters to support that rank.

Observation 5: Additional complexity reduction may be possible at the expense of approximations to the target MIMO correlation within the test volume.

Based on these observations, the following lines of investigation appear to be worth following to arrive at a practical for measuring UE demodulation performance test system. We ask RAN4 to endorse these 3 principles:

Principle 1: Investigate simplifying the cluster delay profile, and any associated tradeoffs.

Principle 2: Investigate the minimum allowable rank of the spatial channel, and assess the number of clusters to support that rank.

Principle 3: Investigate reducing the number of antennas required to approximate the target MIMO correlation within the test volume, and any associated tradeoffs.
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