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1 Introduction

At meeting #84bis in Dubrovnik [1] was approved on the demodulation test scope. This lists several questions for the demod group to answer regarding the kinds of requirements they intend to develop so that this can motivate the discussions in the testability SI on candidates for the demod baseline test setup.
This paper provides views on how the demo requirements can be categorized in terms of the kinds of test environments that are needed.

2 Background
Historically, all FR1 demod requirements were performed using a cabled approach to the UE temporary antenna connectors. This approach disconnects the UE antennas and directly feeds the test signal into the UE’s RF receiver. The consequence of this test method is that the impact of the UE antenna is excluded from the measured performance.
In earlier generations, this approach has never been seen to be sufficient since the antenna impact on demod performance has not been significant. In the evolution of LTE there has been an increasing level of sophistication in terms of transmission modes and orders of SU-MIMO that have stressed the design of UEs. A the same time the number of supported bands has grown from a handful in rel-8 to over 50 in rel-14. In addition, the introduction of CA in Rel-10 has put further strain on the antenna system. The end result of this evolution of receiver capability in the context of increasing demands on the antenna system means that the end user performance is now much more influenced by the antenna system that has been the case in earlier generations.
The first radiated demodulation performance requirements have now been defined [2] for 2x2 SU-MIMO for TM3 at reference sensitivity. These tests require substantially more complex test systems than the simplest cabled environment of legacy demod requirements, and as such, radiated testing is not expected to replace existing cabled requirements any time soon.

The introduction of NR at FR2 has significantly changed the testing environment since it is now accepted that due to the use of UE antenna arrays and the lack of cabled connections due to higher levels of integration, all testing is expected to be done OTA. However, it does not immediately follow that because the only viable connection method is radiated that all requirements must be tested using approaches similar to MIMO OTA at FR1.
Various approaches have been proposed for how NR FR2 demod requirements should be defined [3] ranging from IF testing with no antenna or RF impact, to OTA with no antenna included through to full OTA with antenna included. Test methods supporting these different types of requirements are all available. This paper proposes how to group future FR2 NR requirements into different categories for the purposes of motivating test method development.

The next section will describe the four main ways of interfacing to the UE before then discussing the different types of demod requirements and how they might map to the different connection approaches.

3 Methods of interfacing to an NR UE at FR2

3.1 Cabled IF
This approach has been most recently promoted in [4]. Although likely to be widely used in a development environment where IF connections are likely to be available, the practical challenges of using such an interface in a conformance environment are considerable. Most of the attributes of this approach are achievable using the simplest OTA method without antenna impact with the added advantage that the RF impairments of the UE front end are included. For the remained of this paper the needs of IF testing wil be addressed through the simplest of the OTA approaches with no antenna.
3.2 OTA with no antenna
The next level up from a cabled IF port (in the absence of cabled RF ports) is to consider a simple OTA connection which can be easily established in a “cable replacement” manner with de-embedding of the UE antenna gain as necessary. Such an interface gets as close as possible to the current cabled RF conditions in terms of the kinds of conditions that can be emulated. These are typically non-spatial TDL channel models with fading.
3.3 OTA with antenna (static chanel geometry)
Following on form the simplest OTA connection is to include the impact of the UE antenna patterns on the signal received by the UE. There are two methods for achieving this, either the RTS method of the spatial emulate approach. The kinds of conditions that can be emulated with this approach are similar to those used for MIMO OTA at FR1, i.e. a spatial CDL model with fading. For this category of connection, it is also necessary for the geometry of the channel to remain static, which assume the UE antenna dos not require to actively change its pattern.
3.4 OTA with antenna (dynamic chanel geometry)
The final connection approach is the full emulation of spatial dynamics including the antenna. This form of connectivity can emulate spatial CDLs where the geometry evolves as a result of changing large scale parameters such as AoA. This form of connectivity enables the full testing of the UE’s beamsteering performance and requires a spatial emulation approach as RTS is limited to static geometry.
4 Categories of demod requirements

Having established the four main environments that can be emulated it is now possible to go through the types of demod requirements that might be defined for NR at FR2. In general, it is desirable to adopt the lowest form of connection possible without sacrificing test coverage.
At the low end of the scale the demod requirements associated with features like CSI reporting would appear to fit well with the OTA with no antennas approach. These lower level functions need to be verified at baseband as they are the basis for system operation.

Proposal 1: CSI-based requirements should use the simplest form of OTA connection with no antenna included

Sustained throughput tests primarily stress the baseband and digital aspects of the UE and are also good candidates for an antenna-independent OTA environment.

Proposal 2: Sustained throughput requirements should use the simplest form of OTA connection with no antenna included

The bulk of demod requirement fall into the throughput testing in faded conditions. Traditionally these have bene carried out using cabled connections with no antenna included, or with a default antenna assumption applied at the baseband of the eNB emulator. It is tempting to first adopt the non-spatial OTA approach without antenna included since this is the closest to the current cabled test environment. However, given that the connection is anyway OTA, the difference in test complexity between the antenna independent and antenna-dependent approaches is terms of test time and complexity is minimal. In addition, the advantage of testing using the UE’s actual antenna offers for the first time the ability to test the UE in the same way the user wil perceive it.
It is known from the work in MIMO OTA that the UE antenna has a major influence on device performance, and although it is of great interest to baseband designers to independently measure the performance of the RF and baseband circuitry, if the real-life environment looks very different to the one used for most tests, the usefulness of such tests must be questioned. This is particularly important given the recent developments in ever more sophisticated transmission modes and other features. If these features are worth having, then they need to be able to demonstrate their value in conditions that are close to real life. For that reason, it is proposed to use an OTA connection with antenna effect included for most demod performance requirements.

Proposal 3: Throughput requirements in faded environments with static geometry should use a static OTA connection with the antenna included

For the final class of requirements, recognition needs to be taken of the act that even in a static geometry environment, the optima AoA is not static because of fast fading [5]. It is also desirable to perform some end-to-end tests in the most realistic environments that include the evolution of the channel due to changing geometry. For these requirements, the full OTA environment with antenna and dynamic channel geometry should be considered

Proposal 4: Throughput requirements in faded environments with dynamic geometry should use a dynamic OTA connection with the antenna included 

Finally, for throughput requirements which have traditionally been carried out using fixed MCS, it is proposed that the use of variable MCS/rank is seriously considered for NR s being a more complete way of testing the actual UE performance in real life conditions [6]

Proposal 5: Consider closed loop variable MCS/rank for demod requirements
5 Conclusion

Proposal 1: CSI-based requirements should use the simplest form of OTA connection with no antenna included
Proposal 2: Sustained throughput requirements should use the simplest form of OTA connection with no antenna included

Proposal 3: Throughput requirements in faded environments with static geometry should use a static OTA connection with the antenna included

Proposal 4: Throughput requirements in faded environments with dynamic geometry should use a dynamic OTA connection with the antenna included 
Proposal 5: Consider closed loop variable MCS/rank for demod requirements
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