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Introduction
The Study Item on NR MIMO OTA was approved in RAN #80 with the following objective specific to FR1 [1]:

-	In general
…
-	A study to define the environmental conditions is needed
-	Noise-limited and interference-limited (with spatial interference emulation) scenarios shall be considered
-	Considering the definition of interference conditions e.g. coloured by in-channel frequency allocation, space and time
-	Maintaining alignment with the corresponding baseband demodulation test case parameters in [TS38.101-4] as much as possible
-	Using the channel models defined in [TR38.901] as well as the associated aspects related to channel modeling in [TR38.810] as the basis of the emulated propagation environment
-	For testing methodology in FR1
-	Use the reference MPAC MIMO OTA methodology and the harmonized RTS methodology in TR37.977, extend the applicability of the LTE MIMO OTA methodology to NR FR1
-	Use the performance metric based on the LTE MIMO OTA performance metrics in TS37.144 and CTIA MIMO OTA Test Plan as a starting point such that
-	The DUT configuration, DUT positions (FS DMP, FS DML, FS DMSU), and DUT azimuth positions should be reused where possible
-	Support up to 100 MHz CBW
-	Support UE operating frequency in the range of 450 MHz – 6000 MHz


[bookmark: _GoBack]With the skeleton TR38.827 agreed in [2], a number of intermediate agreements have guided progress on the FR1 MIMO OTA methodology development.

So far, FR1 related discussion has centered on the channel model definition, as captured in the FR1-specific agreements in [4] and [5].  Some proposals, e.g. [6], have proposed test methodologies that go well beyond scope of extending the applicability of the LTE MIMO OTA methodology [7] to NR FR1, in our understanding.  This paper provides our view on this topic. 
Discussion
Because LTE MIMO OTA normative requirements on total radiated MIMO sensitivity (TRMS) exist in 3GPP [8], it is useful to check the channel model assumptions used in the LTE MIMO OTA measurement methodology.  The channel models defined in TR37.977 (the SCMe UMa and SCMe UMi profiles) are single drops of the small-scale extended SCM fading models [9].  We note that the extension of the SCM model involved adding sub-paths to the SCM definition in [10] as an approach to support wider (20 MHz) channel bandwidth.

Following the LTE MIMO OTA channel model evaluations, verifications, and methodology harmonization, the normative test cases use just the SCMe UMi profile (shown below).
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Observation 1: The SCMe UMi channel model used in LTE MIMO OTA test methodology and the TRMS requirement do not model elevation spread of the downlink signal.

The absence of elevation modeling for LTE MIMO OTA is not surprising, given that the metric which dominates UE design optimization for performance in LTE is antenna efficiency.  Without beam forming capabilities on the UE and the lack of support for beam management in the LTE specification, modeling elevation spread in a performance test case is superfluous.  A comparison of performance metrics of SCMe with WINNER II (which does model elevation) does not yield compelling evidence in support of modeling elevation spread for LTE device performance evaluation [11].

The 3D spatial channel model (with elevation modeling) emerged in 3GPP with TR36.873 [12] in support of the overall full-dimension MIMO (FD-MIMO) specification effort [13].  We observe that in this context, the 3D channel model is used to enable system level evaluations of networks of FD-MIMO base stations deployed at varying heights with beam forming as the principal method of multiplexing users.

Observation 2: The existence of a 3D channel model in 3GPP LTE specifications did not automatically translate to the development of 3D emulated environments for the verification of MIMO OTA performance in mobile terminals.

The channel model development effort for NR has been captured in TR38.901 [14], and this model does, indeed, include elevation parameters.  This model is fully flexible to enable system level simulations of FR1 networks, NR FD-MIMO systems, and FR2 networks.  Just as with the LTE 3D channel model, the efficacy of modeling elevation depends on the case under evaluation.

Without considering the practical implications of including all possible model parameters into a conformance test system for FR1 MIMO OTA, the test system complexity can increase without sufficient justification.  It is not at all clear whether the inclusion of elevation modeling, as proposed in [6], leads to better MIMO OTA performance characterization than a test environment based on LTE MIMO OTA without elevation modeling.

Observation 3: Elevation modeling for FR1 MIMO OTA is not well justified in terms of the metric’s traceability to device design requirements.

As the cellular industry adopts NR, some sensitivity to barriers for this process can also be considered.  In the world of conformance test systems, the LTE MIMO OTA test setup exhibits significant complexity and, consequently, represents a significant investment for a test or validation lab.  The potential introduction of a methodology which models elevation spread of the downlink signal implies inability to reuse existing LTE MIMO OTA test chambers for FR1 MIMO OTA upgrade or migration.

Observation 4: Reuse of LTE MIMO OTA test equipment for FR1 MIMO OTA measurement setup is an industry-wide desire.

Based on these observations, it is useful to propose a baseline for the emulated propagation environment in FR1 MIMO OTA.

Proposal 1: The baseline emulated propagation environment for FR1 MIMO OTA is 2D without elevation modeling.  Other channel model parameters not related to elevation modeling can be further aligned with TR38.901.
Conclusions
Based on the analysis provided in this paper, the following observations and proposals can be made:

Observation 1: The SCMe UMi channel model used in LTE MIMO OTA test methodology and the TRMS requirement do not model elevation spread of the downlink signal.

Observation 2: The existence of a 3D channel model in 3GPP LTE specifications did not automatically translate to the development of 3D emulated environments for the verification of MIMO OTA performance in mobile terminals.

Observation 3: Elevation modeling for FR1 MIMO OTA is not well justified in terms of the metric’s traceability to device design requirements.

Observation 4: Reuse of LTE MIMO OTA test equipment for FR1 MIMO OTA measurement setup is an industry-wide desire.

Proposal 1: The baseline emulated propagation environment for FR1 MIMO OTA is 2D without elevation modeling.  Other channel model parameters not related to elevation modeling can be further aligned with TR38.901.
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Table 8.2-1: SCME urban micro-cell channel model

SCME Urban micro-cell

Cluster # Delay [ns] Power [dB] AoD [°] AoA [7]

1 0 5 10 | -3.0 | -52 | -7.0 6.6 0.7

2 285 | 290 [ 295 | -43 | -65 | -8.3 14.1 -13.2

3 205|210 | 215 | -5.7 | -79 | 9.7 50.8 146.1

4 660 | 665 | 670 | -7.3 | -95 | -11.3 38.4 -30.5

5 805 | 810 | 815 | -9.0 | -11.2 | -13.0 6.7 -11.4

6 925 | 930 | 935 | -11.4 | -13.6 | -154 40.3 -1.1
Delay spread [ns] 294
Cluster AS AoD / AS AoA [°] 5/35
Cluster PAS shape Laplacian
Total AS AoD / AS AoA [] 18.2/67.8
Mobile speed [km/h] / Direction of travel [°] 3,30/ 120
XPR 9dB
(NOTE: V & H components based on assumed BS antennas)

Mid-paths Share Cluster parameter values for: AoD, AoA, AS, XPR





