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1
Introduction
This document is presented to provide a text proposal for TR 37.977 [1] on single cluster channel models based on the SCME UMi and UMa channel models.
2
Summary
At the RAN4 #63 meeting in Prague, the text proposal for the set of baseline channel models based on the SCME UMi and UMa channel models was agreed in [2]. This text proposal provides additional background information on a set of single cluster channel models for consideration that may be used for the purpose of MIMO OTA performance testing for the MIMO OTA Work Item Technical Report, TR 37.977. The single cluster models included in this proposal allow for evaluation of larger devices and to, possibly, provide for a lower complexity approach. The concept of the single-cluster models is already introduced in the existing content of TR 37.977 in clause 6.3.1.1.
The study item technical report in [3] contained the definition of a set of single cluster models in clause 6.2. The single cluster model was defined with AoAs = [0 0 0 0 0 0] degrees.  This is actually a problematic case as it locks all like-angle sub-paths together with identical Doppler, which results in a breakdown of the model.

At the RAN4 #68bis meeting in Riga, a contribution was presented concerning the stationarity and ergodicity of geometry based channel models in [4]. In this contribution, an unexpected randomizing effect of specifying starting phases for the single cluster channel model was discussed.  This issue is observed in the Vertically polarized model and the Dual polarized model when all AoAs=0. The contribution recommended a fix for the Single Cluster scenario by dithering the AoAs slightly.  When this is done, the performance of the Vertically polarized model and the Dual polarized model are approximately equivalent. It is proposed to dither the AoAs slightly in the single-cluster model in accordance with the guidance in [4]. The resulting angle spread after dithering increases from 35.00 to 35.02 degrees, which is not significant, however the results in [4] indicate that the models now perform as expected.
This contribution provides additional background information for the single cluster models in clause 6.3.1.1.2.
3
Proposal

It is proposed to approve the text proposal for TR 37.977 on single cluster channel models.
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<< Unchanged content omitted >>
6.3.1.1
Candidate Solution 1

An OTA method based on the use of an Anechoic RF Chamber is described consisting of a number of test antennas located in the chamber transmitting signals with temporal and spatial characteristics for testing multiple antenna devices. The method consists of a number of test antennas located in different positions of the chamber, and the device under test (DUT) is located at the center position. The DUT is tested over the air without RF cables.
The Anechoic chamber techniques creates a realistic geometric based spatio-temporal-polarimetric radio channel for testing MIMO performance using Geometric based stochastic channel models as defined in Clause 8.2.
The components of the solution include:  

- Anechoic Chamber 

- System Simulator (SS) 

- N channel RF emulator, with OTA Channel Generation Features 

- N linearly polarized antenna elements configured V, H or co-located V&H or slant X polarizations

- K azimuthally separated antenna positions with predefined angles at radius R

- Channel model definition for each test case

An illustration of an anechoic chamber is shown in Figure 6.3.1.1-1 below.
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Figure 6.3.1.1-1: N-element Anechoic Chamber approach (Absorbing tiles and cabling not shown)
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Figure 6.3.1.1-2: OTA system level block diagram

A system level block diagram is shown in Figure 6.3.1.1-2, which includes the SS to generate the M branch MIMO signal, and an RF Channel Emulator with an OTA Channel Generation Feature to properly correlate, fade, scale, delay, and distribute the signal to each test probe in the chamber. For the selected environmental conditions modelled by the SCME UMa and UMi channel models, the minimum setup configuration can be described as below:
Table 6.3.1.1-1: Example of a minimum setup for Boundary Array implementations using the Anechoic Chamber Methodology
	
	Full Ring
	Single Cluster

	Minimum number of antenna positions
	8
	3

	Antenna spacing
	45°
	Determined on the setup

	Applicable channel model
	SCME UMa/SCME UMi
	Single Cluster UMa and Single Cluster UMi


The full SCME or Multi-Cluster channel models are defined in section 8.2. The Single-Cluster model would be based on the channel models defined in section 8.2 with a set of dithered AoAs around zero degrees.
<< Unchanged content omitted >>
6.3.1.1.2
Scalability of the methodology
The number of antennas is scalable. In theory, there is no upper limit and the lower limit is one. The required number of channels depends on three main aspects: channel model, DUT size, and polarization. The key question is how accurately the channel model is emulated. Based on the quiet zone discussion, it was proposed to use 8 antennas in the case of single polarization and 16 antennas in the case of dual polarization. However, for single cluster case, fewer antennas may be enough. On the other hand, if elevation is needed, the antenna number will be higher. Additionally, the antenna positions can be adjusted to optimize the accuracy with limited number of antennas. 

Another aspect is the channel model. Most of the geometry-based stochastic channel models (GSCMs) are two-dimensional, i.e. azimuth plane only, but the proposed MIMO OTA concept is not limited to the azimuth plane. It can also be extended to elevation plane, when we talk about 3D MIMO OTA. However, the 3D MIMO OTA is rather complex and it does not provide very much additional information about the DUT. Therefore, 3D MIMO OTA can be considered as one future development, but it is not the recommended solution in the beginning of MIMO OTA testing.

Downscaling of the proposed method is more attractive due to the possibility to save the cost of the test system. Full SCME requires multiple antennas, but single cluster SCME can be implemented with lower number of antennas than full SCME. The same downscaling benefits of the single-cluster model apply based on DUT size. The difference between full SCME and Single Cluster model is depicted in Figure 6.3.1.1.2-1. Basically the only difference is that the mean Angle-of-Arrival (AoA) of each cluster is turned to the same primary direction. If all AoA’s were identical, it would be a problematic case as it locks all like-angle sub-paths together with identical Doppler, which results in a breakdown of the model. With slight dithering as in the example that the AoAs = [0 -1 1 -2 2 -3] degrees, the angle spread after dithering increases from 35.00 to 35.02 degrees, which is not significant, however the model now performs as expected.. Obviously, one primary cluster requires a lower number of antennas than multiple clusters especially when angular spread is narrow, e.g., 35 degrees. The number of fading channels is the same as the number of antennas. Therefore, single cluster SCME would require less fading channels as well.
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	a) Full SCME
	b) Single Cluster


Figure 6.3.1.1.2-1: Full SCME vs. Single Cluster model
<< Unchanged content omitted >>
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