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1
Introduction
The continued evolution of the air interface throughout the development of LTE since Release 8 and now with the NR work item [1] is resulting in an increasing exploitation of the spatial domain within the channel for the purposes of increased cell capacity, data rates and spectral efficiency. Performance requirements have historically been specified and tested at the UE temporary antenna connectors using cabled connections. This approach has been sufficient for many years but this is increasingly becoming insufficient as a means of ensuring that cabled performance is well correlated with the end-user performance which is perceived through the UE antenna and actual network conditions. This SI proposal aims to address the needs for new UE radiated requirements and associated test methods to keep pace with the evolution of the air interface.
This contribution provides many observations on the topic of quantifying the radiated multi-antenna reception performance of NR UEs and motivates a new study item to define the testing methodologies for NR FR1 and FR2 to address this topic.
2
Discussion

2.1
Situation with radiated requirements for FR1
During the development of LTE there have been many innovations in the air interface such as higher order MIMO, CA, new transmission modes and interference cancellation. Requirements for these enhancements have been specified and tested at the temporary antenna connector and it remains unknown what the actual performance of the UE would be in realistic network conditions with the UE antenna included. Since LTE was introduced in Release 8 (2008) there have been two developments related to radiated requirements.

The first was the WI [2] “LTE UE TRP and TRS and UTRA Hand Phantom related UE TRP and TRS Requirements” which started in Dec 2012 and was closed in Dec 2017 without a conclusion. This means that there are no SISO radiated requirements for LTE smartphones which is a step backwards from what we had for UMTS. The second area was the WI [3] “Radiated performance requirements for the verification of multi-antenna reception of UEs in LTE” (aka MIMO OTA). The original study item for this started in March 2009 and it took 8.5 years before the first radiated requirements [5] and the associated test methods [6] were agreed. Given the situation with TRP/TRS, these MIMO OTA requirements are the only radiated performance requirements that apply to LTE.

Although the agreement of MIMO OTA requirements was a landmark event, it should be noted that the requirements scope is for 2x2 SU-MIMO with TM3 for forced rank 2 with fixed MCS and no interference – which is the simplest form of MIMO that can be configured from Release 8. Since then, all the innovations that have happened in the air interface which have the potential to deliver higher performance through exploiting the spatial domain, remain unspecified and untested at the radiated interface. It can be concluded that during the LTE era, a large and growing confidence gap has emerged between what we have validated at the UE temporary antenna connector for all the innovations since Release 8, and the confidence we have in end-user performance experienced through real antennas and real channels conditions.

It was evident from the work to define TRP/TRS metrics that the main issue preventing agreement was that in the 9 years since Release 8, the radiated performance variations in LTE smartphones had grown too wide, which highlights the need to define such requirements at the beginning of a new technology and not years later. It can be assumed from the SISO performance variations that there will be a corresponding spread for MIMO performance.

Although it is welcome that basic MIMO OTA requirements now exist, it is also a problem that there is no way of correlating these requirements to existing conducted requirements to evaluate the “MIMO gain”. The MIMO conducted requirements are based on throughput thresholds at specific power and SINR levels using ITU-R channel models while the MIMO OTA requirements are based on the signal power required to reach a specific throughput threshold using the SCME UMi channel model. This lack of traceability means making sense of the MIMO OTA requirements in terms of the MIMO gain that might be expected in the network is not possible.
This lack of traceability has made it difficult for some operators to make commercial decisions on whether to upgrade existing networks to take advantage of the new 4x4 capable UEs now entering the market. Even then we are still talking about release 8 features and not the plethora of innovations that have been specified over the last 9 years and beyond into the NR era. These include:

· Higher order MIMO

· The impact of CA on antenna performance

· Various forms of interference cancellation

· CoMP

· Multiple new transmission modes

Although we have a firm understanding of these features at the temporary antenna connector we have almost no understanding how much of the expected performance gains are still available OTA. An additional area where requirements are lacking is in the use of closed loop MCS/rank since all current requirements use open loop fixed MCS. This situation has been partially solved through pressure from the industry by the introduction of TR 37.901 [4] “User Equipment (UE) application layer data throughput performance” which provides conducted test environments for data throughput testing using closed loop MCS/rank. However, despite the existence of these test cases which can be used for benchmarking, no closed loop performance requirements have been developed by RAN4.
To fully understand the performance of legacy and current air interface developments it will be necessary to specify radiate requirements using the latest air interface features in a configuration (e.g. closed loop) that most closely matches expected deployment in real networks with realistic network conditions including interference coloured in space, time and frequency. It will also be necessary to develop new ways (e.g. radiated simulation) to define such requirements since the legacy approach of waiting until the ecosystem has delivered significant variety of devices, measuring them and then setting requirements, has been shown to be too time consuming, and in the case of TRP/TRS, the lack of timely requirements led to an uncontrolled ecosystem that prevented requirements being agreed.
2.2
Situation with radiated requirements for FR2

It is the starting assumption for FR2 that defining cabled requirements is not possible, primarily because the level of integration of the antenna arrays required to make NR work at FR2 mean that cabled connections are not viable. It is also the case that even with cabled connections, it would be very difficult to extrapolate cabled performance into radiated performance.

Thus, at FR2 we have a very different situation in that all requirements (RF, demod, RRM) must be defined and tested OTA. This presents both an opportunity and a challenge since on the one hand it might be assumed all performance requirements would be defined with the antenna included while on the other the difficulties experienced with MIMO OTA in the timely setting of requirements and test methods would not fit the timescales of the WI. The short-term solution to this dilemma for Rel-15 is in the WF [7] 
· Proposal 1. Adopt “pure baseband” testing methodology for demodulation performance testing in FR2.
· Assumes max rank 2 with cross polarized transmission
· Rank 2 spatial MIMO would not be included
· As a starting point an isotropic UE antenna pattern is assumed
This approach simplifies the requirements definition to the RF/baseband domain which is consistent with legacy conducted requirements as the UE antenna and any spatial aspects are omitted. The resulting test system, being radiated, is more complex than a cabled system, but is otherwise as simple as an OTA test system can be. There are clearly practical reasons why this initial approach to requirements is necessary, however there is a downside in that this approach further widens the gap between what is specified and tested without the UE antenna effect vs. what is the actual performance in a real network. At FR2 frequencies, it is known that the impact of the antenna system performance (directivity pattern, pointing direction, correlation etc.) is far more critical than it was at FR1. The sparser channel at FR2 wil make antenna correlation less of an issue than was the case at FR1 however the antenna directivity and direction, and the impact of body blocking, is far more critical at FR2 than was ever the case at FR1.
The initial priority to specify and test UE demodulation performance in an OTA environment that discounts the spatial performance of the UE antenna is a necessary first step that will provide the requisite understanding of the RF and baseband performance of the UE. However, this alone is not sufficient to specify the performance of the system since the dynamic spatial characteristics and performance of the UE antenna system is critical to the FR2 system performance in ways that did not exist at FR1.
2.3
Motivation for a new SI
What has traditionally been specified and tested for LTE, and now for NR, is requirements that discount the performance of the UE antenna system. This has historically been an expedient and efficient way to define the radio system. However, with the increasing exploitation of the spatial domain, particularly now with the introduction of FR2, it can no longer be considered sufficient to only specify UE requirements at the RF/baseband level, and a renewed focus is required to develop meaningful UE requirements that characterize the dynamic spatial performance of the antenna system.

A study item is proposed to develop the feasibility of new radiated requirements and associated test methodologies, fit for the more advanced capabilities of LTE and NR. The actual performance requirements would be specified in a future WI.
3
Conclusions

It is proposed to create a new RAN4 Rel-16 study item [8] to study what kinds of radiated requirements are feasible and necessary to better characterize the end-user performance of LTE in FR1 and NR in FR1 and FR2. This should include study of the testing methodology and the associated measurement uncertainty budgets. It is expected that the testing methodologies for FR1 and FR2 will be different. The Study Item’s outcome shall be captured in TR 38.xyz.
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