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Introduction
A new SI on radiated metrics and test methodology for the verification of multi-antenna reception performance of NR UEs [1] was started at RAN4 meeting 88bis for Rel-16. In [1] it is agreed that: 

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
This paper focuses on performance metrics for FR1. The first contributions on metrics were discussed and documented in [2] although no decisions were made other than that throughput remains the baseline measure and that further input is needed.
     
 Analysis of Legacy LTE MIMO OTA metrics
2.1 3GPP LTE MIMO OTA metric - TRMS

The 3GPP LTE MIMO OTA metric is Total Radiated Multi-antenna Sensitivity (TRMS) as defined in 37.144. At the specified TRMS power levels the UE must meet or exceed data throughput levels defined as a percentage of the maximum throughput of the reference measurement channel (RMC). TRMS is currently defined for 70% and 95% of an RMC with fixed MCS and rank = 2. The environmental conditions use the SCME UMi channel model with no added noise. This choice of metric and test conditions means TRMS is a measure of MIMO throughput at rank 2 near the noise floor of the UE. This is not a network condition where rank 2 MIMO would expect to be scheduled, but the combination of test parameters means that the result is sensitive to three important UE antenna metrics:
· Antenna gain – this will directly impact the required power to reach a particular throughput
· Antenna gain imbalance – this will indirectly impact the required power to reach a particular throughput since the weaker branch will impact the ability to demodulate the rank 2 signal
· Antenna correlation – this will indirectly affect the required power to reach a particular throughput since a UE with highly correlated receive antenna patterns will not be able to demodulate the rank 2 signal

It can be seen that TRMS is a hybrid metric that is influenced by both the gain of the antenna system in a similar way that SISO TRS is affected, as well as MIMO properties of the antenna which are not measured by TRS. Measurement campaigns have shown that the required power to reach throughput thresholds between different devices vary by many dB, and this is certainly influenced by the antenna gain which is known to vary by many dB from extensive TRS measurement results [3]. In addition, the choice of the UMi channel model was considered appropriate as MIMO is more likely to be used in smaller cells, despite the fact that with no added noise, TRMS is measuring cell-edge MIMO performance where the channel model might be expected to look more like UMa with higher correlation.

2.2 CTIA LTE MIMO OTA metric - MARSS

The CTIA, the LTE MIMO OTA metric is MIMO Average Radiated SIR Sensitivity (MARSS) where SIR is the signal to interference ratio. The primary difference from TRMS is that the MARSS test signal power is fixed at a level well above the UE noise, and spatially isotropic noise is added to the test signal in order to create a known SIR. The use of a fixed high signal power is to better represent the operating conditions where rank 2 MIMO is more likely to be scheduled. The performance measure is the SIR level at which the UE must meet a particular throughput (70%, 90% or 95%). This different test environment leads to a different sensitivity to the three antenna metrics discussed for TRMS in 2.1:
· Antenna gain – this will not directly impact the required SIR to reach a particular throughput since the signal power is set tens of dB above the UE noise floor such that only a very poor antenna gain would impact the result
· Antenna gain imbalance – this will not directly impact the required SIR to reach a particular throughput since the weaker branch will use a higher gain in the receiver in order that the two streams have equal level to optimize rank 2 demodulation performance 
· Antenna correlation – this will indirectly affect the required SIR to reach a particular throughput since a UE with highly correlated receive antenna patterns will not be able to demodulate the rank 2 signal

It can be seen that the MARSS metric and test conditions are insensitive to UE antenna gain and gain imbalance and are only sensitive to antenna correlation. This reduction in the number of antenna parameters affecting the performance is consistent with many MARSS results which show performance clustered in a 2 dB window around 25 dB SIR, with few outliers showing significantly worse performance. This phenomenon was discussed by CTIA in [4]. In addition, CTIA chose the UMa channel model, not because it was representative of small cell channels where performance is interference limited, but because this drop from SCME using cross-polarized BS antenna assumption creates very high correlation and this was considered to be a more challenging signal for the UE to demodulate and therefore better at differentiating good from bad MIMO performance.

2.3 Comparison of 3GPP and CTIA metrics

It can be seen that neither the 3GPP or CTIA metrics are an exact match for typical network conditions. In the first case, both use fixed MCS and rank so are not configured like real network where power is fixed, and MCS/rank vary according to the channel conditions. The use of variable MCS/rank is currently outside the scope of this Rel-16 SI although is being considered within CTIA for LTE MIMO OTA testing. It is also clear that the choice of channel models is inconsistent with what might have been expected: TRMS is a cell-edge metric so UMa is more likely while MARSS is an interference limited case where UMi is more appropriate. That said, it is not the intention here to adjudicate on the correct choice of channel model but more simply to point out that the metrics are measuring different aspects of the UE, with MARSS being a MIMO only metric (although gain imbalance is not included) and TRMS is a hybrid metric that includes both MIMO and SISO aspects. Both metrics have value but the downside for the industry is that many UE may have to be validated against both metrics which adds time and cost to the certification process. 

Another factor which influences the usefulness of TRMS and MARSS is the extent to which SISO OTA requirements exist (TRP and TRS/TIS). Originally, SISO OTA requirements sensitive to just the antenna gain were expected to be defined in 3GPP however this work was stopped in Dec 2017 and is being pursued separately by ETSI TFES for the EU. CTIA has not yet set any SISO OTA requirements either but is still working on it. In the absence of any SISO OTA requirements, the value of TRMS becomes greater since this by definition includes the gain of the receiver antenna system while MARSS does not. This is discussed further in [4].

There was a general consensus at RAN4#88bis that alignment between CTIA and 3GPP on MIMO OTA metrics was desirable for the industry, although no specific proposals on how this might be achieved were discussed or agreed. A divergence between 3GPP and CTIA NR MIMO OTA test plans and test metrics must be considered a priority.

Metrics for NR for FR1
When considering Rel-16 NR MIMO OTA testing, there are some changes in the focus of the requirements which cover four main areas: frequency, MIMO rank, channel model and environmental conditions.

3.1 Frequency extension to 7.25 GHz

The easiest to deal with is frequency, and this is a move to higher frequencies than typical for LTE, with the 3.5 GHz and 5 GHz bands of particular interest although the upper limit may reach 7.25 GHz. The higher frequencies have implications for test methods which is covered in different contributions. At an operational level, the higher frequencies are likely to lead to higher gain and more decorrelated antennas as well as a sparser channel model. This generally does not impact metrics unless spatially dynamic channel models are considered which is covered later.

3.2 Extension to rank 4 MIMO

A baseline requirement for NR is that the UE must have 4 Rx ports and support a minimum of 4 layer MIMO. This has implications of the scalability of existing MPAC and RTS test methods which is also covered in different contributions. Form a metric perspective, assuming there is no immediate consideration of dynamic rank, the move from rank 2 to rank 4 does not have any implication on choice of metrics other than there may be a need to test both rank 2 and rank 4 performance.

3.3 Channel model

From [1] it has already been agreed that the channel model will be based on the 3D CDL models in TR 38.901 and not the 2D SCME models used for LTE. Discussion on the consequences of this change are covered in more detail in [5]. The primary change from LTE is that the channel will be moving from 2D to 3D. This has obvious implications on the test methods which is also covered elsewhere. As for the metrics, there is no obvious impact from the channel model, at least for the static case where the cluster AoA and angular spread remain constant throughput the test. However, it should be expected that at the higher frequencies being targeted for NR, coupled with the increased use of FD-MIMO and Massive MIMO in the base station, the used channel model will become more sensitive to dynamic geometry as the UE moves through the environment in ways that were not significant using the SCME model at lower frequencies. This aspect of dynamic geometry is critical at FR2 but its increasing role at FR1 is something that needs to be considered by the industry in terms of how these more advanced base station antenna systems will interact with real devices. Throughput could remain the metric, but the conditions under which it is measured might become dynamic.

Another factor which needs to be considered is the interaction between the channel model and test method. For LTE with a 2D channel model, both the RTS and MPAC methods had no major limitations on what channel model could be implemented. With the move to 3D channel model and higher frequencies and rank 4, the number of MPAC probes is likely going to increase but remain feasible as outlined in [5]. 

On the other hand, the RTS method, which has no limitation on 3D channel complexity, is not able to manage active UE antennas. 

3.4 Environmental conditions

The TRMS metric has no conditions other than the channel model. MARSS includes the addition of isotropic AWGN in order to define known SIR against which throughput is measured. For the new SI, [1] included the following scope:
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The MARSS metric includes the most basic form of interference control being isotropic white noise, however given the considerable growth in interference cancellation (IC) requirements since the introduction of LTE in Rel-8, it is known that the UE is capable of much more sophisticated handling of realistic interference using properly coded signals modulated in time and RB allocation (frequency). The obvious extension of IC into the radiated (OTA) domain is to consider spatial interference where the unwanted signal is arriving from different cluster(s) than the wanted signal. Along with the possibility of dynamic channels, the introduction of spatially coloured interference offers the most promising opportunity in moving OTA metrics from the basics envisaged in Rel-8 towards the much more dynamic conditions expected in today’s networks.
Conclusions
This paper has reviewed the legacy MIMO OTA metrics for LTE in 3GPP and CTIA and compared them. The divergence between the two groups is not considered desirable and it is the intent in this SI to maintain better alignment.

Looking ahead to FR NR MIMO OTA requirements, this paper has reviewed the impact of higher frequencies, higher rank, the channel model and the addition of spatially coloured interference. The goal is to motivate discussion on which areas of future requirements definition should be prioritized in order that the value of extending radiated requirements into Rel-16 provides as much added value as possible given the need to ensure good UE design and cost-effective testing.
The choice of metrics for NR FR1 will be influenced by whether or not any SISO OTA metrics will be defined in Rel-16. If there are to be SISO metrics, then the MIMO metrics can afford to focus on interference limited conditions similar to MARSS, however without SISO metrics, it would be very important to develop an NR metric that considered the UE antenna gain and gain imbalance as these will have significant impact on network performance in cell-edge or indoor conditions where downlink signals are weak. 
References
[bookmark: _Ref528574764][1]	RP-181402, “New SID on Study on radiated metrics and test methodology for the verification of multi-antenna reception performance of NR UEs”, CATR, OPPO, Samsung, 3GPP TSG-RAN Meeting #80, June 2018
[2]	R4-1803567 “NR MIMO OTA Ad-hoc meeting notes“, CATR
[3]	R4-1709053 “TRP/TRS joint band passing rate worksheet”, Intel Corporation
[4]	CTIA MOSG170411* “An alternative FoM for fast and realistic test of MIMO OTA”, Keysight Technologies
[5]	R4-1814833 “2D vs. 3D MPAC Probe Configuration for FR1 CDL channel models”, Keysight Technologies, 3GPP TSG-RAN WG4 Meeting #89, November 2018

* Note CTIA documents are available to CTIA members



image1.emf
Noise - limited and interference - limited (with  spatial interference emulation) scenarios shall be considered   -   Considering the d efinition of interference conditions e.g. coloured by in - channel frequency allocation,  space and time  


