Page 1
[bookmark: _GoBack]3GPP RAN4 WG Meeting #91	R4-1907144
Reno, USA, May 13-17, 2019

Agenda item:	10.2.3.1
Source:	Apple Inc.
Title:	Views on FR1 MIMO OTA testing conditions
Document for:	Discussion
Introduction
The Study Item on NR MIMO OTA was approved in RAN #80 with the following objective specific to FR1 [1]:

-	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
…
-	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


With TR38.827 as the repository of key agreements [2], a number of intermediate agreements have guided progress on the FR1 MIMO OTA methodology development.  This contribution provides initial views on the environmental conditions applicable to FR1 MIMO OTA test setup.
Discussion
Recalling the discussion of MIMO OTA testing conditions for LTE, a useful description of the outcome of this study is captured in TR37.977 [3]:

5.1.2	Definition of Signal-to-Interference Ratio (SIR)
In real world scenarios the mobile will experience an interference floor higher than the device noise floor. As a consequence, the methodology for quantifying MIMO OTA performance of a device may have to include the use of an external interferer signal. MIMO OTA testing is useful for a situation where, in general, a high signal level is received that is not close to the sensitivity level of the UE and the interference floor is dominated by inter-cell interference and/or other interferers and not the UE noise floor. In most UE performance testing, interference is modelled as AWGN for conducted testing. This proposal intends to align with this assumption and use AWGN for the interference signal.

From a system level point of view, the omnidirectional (isotropic) and uncorrelated nature of the interfering signal to the wanted signal is a crucial assumption.  Injecting a noise signal that is correlated to the wanted faded signal is neither a scenario that is typically found in the network nor a scenario for which the UE modem is designed.  As a result, we propose the methodology for injecting an omnidirectional (isotropic) and uncorrelated interferer signal.


In addition to this LTE study outcome, the following observations can be captured based on our internal experience with device MIMO performance evaluation:

Observation 1:  Throughput vs SNR test methodology is targeted to evaluate the MIMO specific performance on the device.  Furthermore, this methodology is well aligned with the conducted demodulation performance requirement definitions in TS38.101-4 [3] and provides for better traceability of requirements between radiated and conducted test environments.

Observation 2:  In Throughput vs SNR measurements, we fix the downlink power to a high value and inject the noise in the system. In doing so we evaluate the device baseband radio and decoder performance for MIMO. The performance in such cases are not limited by the sensitivity of the device and can provide better understanding of MIMO specific performance. 

Observation 3:  In throughput vs power measurements, the downlink power level is reduced and the throughput performance is evaluated. This type of testing captures the antenna sensitivity rather than MIMO features of the device. The antenna performance is already captured in SISO measurements like TIS,TRP and efficiency etc. This test methodology does not remove the impact of SISO from MIMO on the devices and hence does not provide any new insight into the MIMO specifics of the device.

In the case of LTE, the outcome related to this topic resulted in the fragmentation of the conformance certification ecosystem across two test environment conditions (UE noise limited and SNR controlled).  3GPP RAN4 ultimately chose the UE noise-limited environment [5], while CTIA defined the SNR control method in their MIMO OTA Test Plan [6].

Observation 4:  Fragmentation in the conformance certification ecosystem for FR1 MIMO OTA is highly undesirable from the point of view of enabling rapid adoption of 5G NR.

Proposal 1:  Based on the technical analysis of the merits of an SNR controlled test environment in LTE MIMO OTA, practical experience with MIMO performance evaluation, and a strong desire to harmonize the conformance certification ecosystem for FR1 MIMO OTA, it is proposed to adopt the SNR control method as the testing condition applicable to the FR1 MIMO OTA test setup.
Conclusions
Based on the analysis provided in this paper, the following proposal can be made:

Proposal 1:  Based on the technical analysis of the merits of an SNR controlled test environment in LTE MIMO OTA, practical experience with MIMO performance evaluation, and a strong desire to harmonize the conformance certification ecosystem for FR1 MIMO OTA, it is proposed to adopt the SNR control method as the testing condition applicable to the FR1 MIMO OTA test setup.
References
1. [bookmark: _Ref4797557]RP-181402, “Study on radiated metrics and test methodology for the verification of multi-antenna reception performance of NR UEs,” CATR, OPPO, Samsung, 3GPP RAN #80, June 2018
1. [bookmark: _Ref4797671]R4-1901362, “Study on radiated metrics and test methodology for the verification of multi-antenna reception performance of NR User Equipment (UE),” 3GPP RAN4 #90, February 2019
1. [bookmark: _Ref7652102][bookmark: _Ref7651257][bookmark: _Ref7690912][bookmark: _Ref4798288]TR37.977, “UTRA and E-UTRA; Verification of radiated multi-antenna reception performance of User Equipment (UE),” V15.0.0, 3GPP, September 2018
1. TS38.101-4, “NR; User Equipment (UE) radio transmission and reception; Part 4: Performance requirements,” 3GPP
1. [bookmark: _Ref7691019]TS37.144, “User Equipment (UE) and Mobile Station (MS) GSM, UTRA and E-UTRA over the air performance requirements,” V15.0.0, 3GPP, June 2018
1. [bookmark: _Ref7690840] “CTIA Test Plan for 2×2 Downlink MIMO and Transmit Diversity Over-the-Air Performance,”  Ver. 1.1.1, https://www.ctia.org/about-ctia/test-plans/ 



9/9
