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1 Introduction
In this contribution we discuss further details of testing for NR demodulation and RRM, for both base station and UE. The way forward for testing was agreed in [1].
2 Discussion

The way forward in [1] captures the following agreements:
	· UE RRM testability

· Potential testing setups and channel models need to be identified

· Evaluate if using IF is feasible

· Further details of testing methodologies are FFS

· UE Demodulation testability

· Potential testing setups and channel models need to be identified

· Evaluate if using IF is feasible

· Study if a subset of tests that can be shifted to be tested at low frequency utilizing the legacy LTE test setup

· Identify areas of test that will be new to NR that may fall between traditional RRM and demod tests
· Further details of testing methodologies are FFS


	· BS RRM testability

· The purpose and scope of BS RRM testing approaches should be discussed

· Potential testing setups need to be identified

· Evaluate if using IF is feasible

· Further details of testing methodologies are FFS

· BS Demodulation testability

· The purpose and scope of BS demodulation testing approaches should be discussed

· Potential testing setups to capture the scope need to be identified

· Evaluate if using IF is feasible

· Further details of testing methodologies are FFS


Looking at the way forward, one of the main aspects which can be evaluated at this stage is use of IF for testing. The evaluation should be done for base station and UE, and the considerations are somewhat similar (although in the end the conclusion may not be the same). Throughout this contribution we refer to the device under test (DUT) which could be generically understood to mean either a UE or a network transmission node.

The potential test set ups and methodologies seem to depend on the detailed core requirements e.g. number of serving beams, number of cells and so on. Essentially 3 main configurations for RRM and demodulation tests could be considered
1. Conducted RF testing, similar to the methodology used in LTE

2. Conducted IF testing

3. Radiated OTA testing

Our expectation is that conducted RF testing will remain an important technique in the cases where it is practically feasible, especially for lower frequency bands. Therefore, a dual track approach can be envisaged in future, where RAN4 also develops conducted demod/RRM tests applicable to NR as well as new test methodologies such as OTA or IF for DUT without conventional RF connectors for each antenna element.  Developing conducted demod/RRM tests is relatively well understood, and can be considered later in the normal way during the NR performance work item.

Proposal 1: Conducted RF tests for NR demodulation and RRM may be specified in the NR performance WI phase
However, it is also clear that mm-wave devices may not have antenna connectors and may incorporate larger antenna arrays, capable of performing receive and transmit beamforming. Hence, in this contribution we focus on conducted IF testing (2), and radiated OTA testing (3). 

Observation 1: Multiband UE and MSR base station may be tested on a band where conducted RF testing is practically feasible, which may somewhat reduce the need for certain OTA or IF tests. 
In [2], some useful details of possible UE architectures for mm-wave are given. Generically, we can assume hybrid beamforming in which each IF port is connected via a network of combiners/splitters and RF phase shifters to multiple antenna elements. Figure 1, taken from [2] illustrates the block diagram.
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Figure 1. Block diagram of an RF front end circuit

Due to the high losses at mm-wave frequencies, the LNA, PA and RX/TX switch are placed as close as possible to each antenna element. A group of antenna elements is connected to the same IF signal path (and ultimately to baseband) and each antenna element in the group has a phase control input, which the baseband beam tracking algorithms used to steer the beam in the desired direction. Hence the maximum number of independent beams (or MIMO layers) which this architecture may transmit or receive is determined by the number of IF ports in the design. Naturally, the architecture does not need to transmit or receive the maximum number of independent beams, in which case further combining/splitting can be done at baseband in the digital domain.

This discussion on architecture indicates some of the benefits and limitations of IF testing. 

Advantages
· In the hybrid architecture, the number of IF ports are significantly less than the number of antenna elements, for example a 16 element antenna may correspond to 4 receive/transmit chains

· The IF frequency is naturally lower than the RF frequency meaning that metallic connection to test equipment using conventional coaxial cables and connectors is fully feasible.

· Detailed OTA testing methodologies do not need to be considered. If a reference baseband receiver (or measurement processing) is agreed in RAN4, the reference receiver can be simulated and then the test implementation becomes similar to the RAN4 simulations, i.e. the IF testing provides a means to inject test signals which have similar characteristics to the simulated signals. This assumes that the number of IF ports in the implementation is the same as assumed by RAN4 in the baseband reference receiver.
Disadvantages

· The number of IF ports is at least partially an implementation design choice. While UE or g-eNB capabilities such as the number of simultaneous independent beams/MIMO layers determines a minimum number of IF ports, performing additional beamforming in digital domain is not precluded. Indeed, full digital beamforming could be considered.
· The IF frequency is not standardised

· The LNA or PA gain (and corresponding AGC control of the gain by baseband algorithms) is excluded from a test performed at IF. Similarly, impairments introduced by the LNA or PA are not seen in the test.

· The correct operation of the RF stages of beamforming (i.e. proper control of the phase shifter circuits by baseband, impairments introduced by the phase shifters etc.) are not able to be verified by an IF test

· The T/R switch is excluded, which means that separate transmit and receive IF signals need to be provided. As well as excluding T/R switch losses from the testing, this leads to a fairly large number of connections (e.g. with 4 RX and 4 TX chains there would be a need for 8 IF connections) in addition to further connections when carrier aggregation is used. This seems a critical aspect for TDD tests.
·   We cannot assume that all implementations use an IF. In this case, a baseband IQ interface could be considered equivalent (zero IF) however the number of connections is again doubled (e.g. 8 RX connections and 8TX connections = 16 connections for a 4 TRX chain implementation). The viability of this approach is questionable due to the large number of connectors needed.
Observation 2 : IF testing may be limiting to UE or gNB implementation unless alternative test solutions like baseband IQ interface are also available
To illustrate the difference between the approaches, we consider a likely future RRM test which verifies the ability of the UE to report a new best beam from the serving TRP. Of course, no core requirements are yet considered for this case and the test would depend on the procedures and details of the mobility reference signals. Nevertheless, we can expect that the OTA test would be performed using a procedure such as

1) A connection is established using a beam from a randomly chosen direction, and mobility reference signals are also transmitted on the beam, with identity=X
2) Transmission of mobility reference signals is started on an another beam (either adjacent or different randomly chosen direction) with identity=Y with lower power than the serving beam (identity=X)

3) The power of beam Y is increased, and/or the power of beam X is reduced

4) It is expected that a report of new best beam Y is sent within D ms.

Considering an analogous IF test, for an implementation where there is one IF/ADC to receive each beam then the test would simply consist of injecting signal with ID=X into one IF port and signal ID=Y into another port. The test would verify the baseband ability to measure the power of beams, and the ability of the DUT to compare results and generate corresponding reports within a required delay. This goes some way to verify corresponding requirements (e.g. excessive filtering of measurement metrics could cause a delayed measurement report) but it does not test

· Ability of the baseband beam tracking algorithms to configure and control the RF phase shifters such that an IF port is receiving in the required direction

· Consistency or calibration of the gain of each RF path including LNA and T/R switch etc.
· Consistency of gain of the antenna elements themselves (we list this separately because it is also not tested in any LTE conducted tests and in practice there may be big imbalance between LTE antenna elements)

IF testing may then be regarded as more of a functional test whereas OTA testing would create a more realistic test environment and test the DUT as a complete system.
Observation 3: IF testing cannot exercise all DUT functionalities, especially analogue beamforming

Observation 4: IF tests are more straightforward to design

Observation 5: IF tests may be difficult to standardise since many details such as number of IF ports, IF frequency, and signal level at IF are left to gNB or device implementation.
For observation 2 and 3, one proviso is that IF testing becomes more complicated if there is not a 1:1 mapping between IF ports and beams. Assuming that tests are designed assuming a 1:1 mapping, then some DUT may be implemented with a greater number of IF ports, or even full digital beamforming. In this case, similarly to the discussion on reusing 2RX test cases with a 4RX UE there is a mismatch between the numbers of ports assumed in RAN4 test design and the number of ports on the DUT.
One specific consideration is whether thresholds based on absolute reference signal power levels can be tested using either methodology. For IF test, the issue is that the gain of the LNA is unknown and typically not a fixed value anyway (e.g. LNA gain stages are controlled by AGC algorithm). So there is no way to map between an input signal level and an equivalent power level at the antenna element. All that could be done is to provide a signal at IF that does not saturate the following stages (which likely contain some amplifiers that are controlled by baseband AGC as well) and is sufficient to avoid SNR degradation. So at best, RRM tests based on relative levels could be considered (e.g. best beam test described in the contribution).
Observation 6: Absolute reference signal power level testing is not possible in IF testing
For OTA methodologies, the absolute signal levels are somewhat meaningful but will include the overall efficiency of the antenna array. Hence, placing a requirement on the absolute signal level also places an implicit requirement on the antenna design. For example, if the antenna array is illuminated with a fixed signal level (e.g. using a reference antenna) which is compared with an absolute threshold, then it is correct behaviour that a UE with a less efficient antenna would measure a lower power, and a UE with a more efficient antenna would measure a higher power.  If both implementations are expected to pass the test, then there is an implicit requirement on how efficient the antenna is (e.g. a DUT with a less efficient antenna that measures below the threshold would fail the test). This may be problematic when it comes to having requirements for DUT for different form factors.
Observation 7: Absolute reference signal power level testing for OTA would place an implicit requirement on antenna efficiency
Given the likely need to prioritise test development and as IF tests cannot cover all cases or device/gNB implantations, our view is that OTA test studies should be prioritised for demodulation and RRM testing at mm-wave. While this work is clearly complicated and involves the development of a new methodology, it provides a generic method which is applicable to all UE and eNB implementations, and avoids the need to standardise an internal interface for test purposes.
Proposal 2:  OTA test studies should be prioritised for demodulation and RRM at mm-wave.
3 Conclusions
In this contribution we discuss test methodologies for NR demodulation and RRM for both UE and base station. Following the way forward in [1], one main area which can be considered at this point is the feasibility of IF testing. Three different methodologies are evaluated

1. Conducted RF testing, similar to the methodology used in LTE

2. Conducted IF testing

3. Radiated OTA testing

Considering these methodologies, we make the following observations and proposals:
Proposal 1: Conducted RF tests for NR demodulation and RRM may be specified in the NR performance WI phase

Observation 1: Observation 1: Multiband UE and MSR base station may be tested on a band where conducted RF testing is practically feasible, which may somewhat reduce the need for certain OTA or IF tests. 
Observation 2 : IF testing may be limiting to UE or gNB implementation unless alternative test solutions like baseband IQ interface are also available
Observation 3: IF testing cannot exercise all DUT functionalities, especially analogue beamforming

Observation 4: IF tests are more straightforward to design

Observation 5: IF tests may be difficult to standardise since many details such as number of IF ports, IF frequency, and signal level at IF are left to gNB or device implementation.
Observation 6: Absolute reference signal power level testing is not possible in IF testing
Observation 7: Absolute reference signal power level testing for OTA would place an implicit requirement on antenna efficiency
Given the likely need to prioritise test development and as IF tests cannot cover all cases or device/gNB implementations, our view is that OTA test studies should be prioritised for demodulation and RRM testing at mm-wave. While this work is clearly complicated and a new methodology , it provides a generic method which is applicable to all UE and eNB implementations, and avoids the need to standardise an internal interface for test purposes.

Proposal 2 :  OTA test studies should be prioritised for demodulation and RRM at mm-wave
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