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1	Discussion
This contribution addresses some collected comments to the Tdocs [1], [2], [3] presented in RAN4 #84, with the goal of clarifying Azimuth’s positions on these issues. It also asks the group for clarification on parameters of UE antenna arrays for future study.
1.1	Ergodic Capacity as a Metric
[bookmark: _GoBack]The methodology within RAN4 for development of specifications generally is for multiple companies to run transmitter and receiver simulations, implementing as accurately as possible realistic transmitters and receivers. For demodulation performance, this means an implementation of the UE demodulator. The results of these simulations are used to agree on performance requirements under very specific test conditions.
Ergodic capacity is optimal and serves as a reasonable and easily computable comparison metric until simulations are available. Since it assumes a perfect demodulator, it’s the most sensitive test of whether channel model simplification will affect throughput. A real UE, with less than perfect demodulator, will show less difference.
System simulation activities have not started for NR. Ideally, the evaluation of a reduced complexity model would proceed using a full transmitter and receiver demodulator implementation. Simulation using a UE demodulator implementation has the advantage of being able to evaluate the ideal as well as the reduced complexity models to determine if there are any undesirable effects. This should help determine whether the simplified models are still relevant in a real-world environment. Until system simulations are underway, ergodic capacity fulfils the need to make comparisons between channels.
1.2	Doppler Spectrum Effects
The channel models specified for LTE were based on a conducted methodology and employed correlation-based models with the classical (Jakes) Doppler spectrum. The Jakes Doppler spectrum is symmetric about the center frequency, so does not allow modelling of direction-dependent Doppler spectra. This is not suitable for NR due to the more directional nature of antenna arrays, and the test methodology must be developed that support the direction-dependent Doppler spectrum.
All ray-based models, including 25.996 [4], the SCME [5], and the current cluster-based 3-D model defined in 38.901 [6] have the capability of capturing the effect of direction-dependent Doppler. One can get a qualitative feel for this with the example found in Figure 2 of [1], reproduced below. This shows the Doppler spectrum for each cluster in the CDL-A model, using a different color for each. The choice of clusters in any reduced-complexity model will determine the range of Doppler spread experienced in any UE test. This must be considered when developing the model. More comments on this subject are in Section 1.3.
Unlike the spatial properties, Doppler effects are not viewed to be a challenge for channel emulators to support with mmWave testing. For the purposes of comparing different channel models (reduced-complexity or otherwise), the goal in [3] was to see the effects on spatial properties, not time-domain properties. For that reason, Doppler effects were minimized. A final model selection will, however, need to take into account spatially-dependent Doppler effects.
[image: ]
[bookmark: _Ref489016807]Figure 1. Doppler spectrum for the baseline CDL-A model; UE moving directly away from eNodeB.
1.3	Threshold Technique for Cluster Truncation
As briefly mentioned in the discussion section of [3], thresholding might not be such a good idea if the goal is to construct a less complex test system. The thresholding of CDL-A to clusters within 10 dB of maximum conveniently produced four clusters. Doing the same for CDL-B results in some 15 clusters – quadrupling the number of probes needed in a chamber.
For that reason, some other criterion should be developed if fewer clusters are to be used. The proposal of using angular spread is a good idea. For instance, clusters could be selected that produced the largest angular spread, limited by a specified maximum number of clusters. Other thoughts are welcome on how to do this.
If a reduced complexity channel has a large angular spread (e.g., clusters from opposing directions), then the UE direction of motion can be selected such that clusters that generate both positive and negative Doppler can be represented in the model. So selecting clusters based on a wide angular spread would fulfil both needs.
One factor that may have an impact on this discussion is the move to find models which are agreed to be more appropriate for the mmWave environment. It’s possible that the conclusion of that discussion may result in models that have few clusters that do not have a wide angular spread, in which case, this idea needs to be reconsidered.
1.4	Dual Polarized Antennas
Dual polarized antennas arise in three places in this discussion:
· BS antenna arrays
· UE antenna arrays
· OTA probe antennas
Each will be addressed in turn.
Orthogonally-polarized pairs of antenna elements (“cross-polarized pairs”) have become popular in cellular systems. In Section 7.3 of [6], they are described as one possible configuration in a rectangular panel array antenna, along with linearly polarized arrays. The development is valid for both the BS and the UE side of the link.
The choice of which to use for the BS side of the link is a matter for RAN4 to decide. It will become part of the model implemented in the test system, and does not materially affect hardware complexity.
The choice of linear-polarized or cross-polarized arrays for UEs is a matter for UE vendors to decide. We agree that the effect of the UE array on decisions of model complexity reduction could be important and should be investigated so that a test methodology is not specified that unfairly disadvantages one UE design over another.
In an OTA test methodology, it seems we cannot easily escape the use of orthogonally-polarized pairs of probe antennas. Their purpose, when driven with appropriate signals, is to recreate the realistic environmental condition of polarization scattering. The channel models specify XPR, which represents the amount of scattering from vertical into horizontal polarization, and vice versa. In addition, with cross-polarized pairs at the BS, probe antennas representing orthogonal polarizations are required for producing these effects.
Even without this, we know it is impossible specify that an OTA signal have “no polarization”: all EM waves have a polarization; the effect in a system depends on what it is in relation to the receiving antenna. This will be true no matter how simplified a model is, or if mmWave environments are found to support only a single spatial layer. Polarization must be defined for repeatable conditions to exist.
1.5	Different UE Antenna Patterns
For evaluating different UE antenna patterns, we propose that further evaluations include the UE2 array shown in [7], reproduced in Figure 2 below.
[image: ]
Figure 2. Dual polarized patch antennas (left), two uncorrelated single polarized linear arrays (middle) and BS 4x8 dual polar patch array (right).
The group is ask if there is a more recent agreed set of baseline UE array configurations.
Omitted from [7] is any suggestion for the spacing of the elements. For results in [3], one-half of a wavelength was used. It is proposed that this spacing is kept as a baseline, unless there are concerns about this.
Proposal 1: UE arrays specified in R4-1702844, with the assumption of a ½- element spacing, are sufficient for evaluating dependencies of UE arrays on model reductions.
In addition to the array configuration, the spatial response of each element is important. In [3], an ideal dipole response was used for simplicity. Reference [7] shows a more directional element response. To avoid over-specifying the model by using a vendor’s measured response, it would be good to use some analytic model for this element response. 38.901 [6] offers a 2-D log parabolic response for BS array elements, as defined by Table 7.3-1, reproduced below. The question is whether there are a set of values for the 3 dB beam widths (azimuth and elevation) that produce a reasonable approximation of a real UE element response.
Table 7.3-1: Radiation power pattern of a single antenna element (Excerpt from 38.901)
	Parameter
	Values

	Vertical cut of the radiation power pattern (dB)
	



	Horizontal cut of the radiation power pattern (dB)
	



	3D radiation power pattern (dB)
	



	Maximum directional gain of an antenna element GE,max
	8 dBi



On the other hand, an ideal dipole response is simple, could be representative enough, and we need not worry about additional parameter questions. We welcome guidance from the group on this question.
Proposal 2: UE array elements are assumed to be modelled as ideal dipoles.

2	Conclusion
It is hoped that the comments noted during discussion of [1], [2], [3] were properly understood, and that this document has provided meaningful responses to some of the questions raised. In addition, views on items related to UE arrays for study are sought: 
Proposal 1: UE arrays specified in R4-1702844, with the assumption of a ½- element spacing, are sufficient for evaluating dependencies of UE arrays on model reductions.
Proposal 2: UE array elements are assumed to be modelled as ideal dipoles.
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