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1 Introduction
In RAN4#78bis, first discussions on the new radio study item took place in RAN4, including discussion on RRM aspects. In [1] we proposed that RAN4 should discuss requirements and testing methodology for new radio access RRM tests. In this contribution we provide further considerations on testing aspects of new radio access technology.
2 Discussion

One of the main outcomes of RAN4#78bis was the agreement of a way forward for studies on RF parameters to respond to WP 5D. 
	· Study RF parameters based on the following sub-frequency ranges.
· 24.25-33.4, 37-43.5, 45.5-52.6, 66-86


· It is for further study which specific frequencies to select for time consuming studies, such as co-existence simulations. The number of specific frequencies chosen may be less than the number of frequency ranges.

Study how to develop ways to derive respective RF parameters requested in RP-160508 based on the frequency ranges above


In addition, there is strong interest in also using NR on frequencies below 6GHz.

When it comes to RRM and demod testing, there were a number of relevant discussions in RAN4#78bis, including

· Whether the purpose of radiated tests is to verify the overall performance of the device including a practical antenna system, or radiated tests are being used as a method of providing test signals because conducted testing is not feasible.

· General RRM methodology, and whether it would follow the (main) LTE paradigm for connected state measurements which could be roughly expressed as : UE making downlink measurements, providing the results to a network node and the network node making mobility decisions. This is more related to the suitable RRM requirements than test procedures.
· Other methods than radiated tests to perform practical testing of mm-wave devices, for example using an IF test signal rather than testing at the RF frequency.

Purpose of radiated tests in NR demod and RRM

We agree with the comment that it may be possible to simplify and reduce the cost of tests if the purpose is to couple a test signal to the DUT, rather than to ascertain its overall performance including antenna subsystems. In general terms, for NR we can envisage both types of tests. Similarly to LTE it would seem necessary to develop MIMO-OTA like requirements which verify the practical gains of beamforming and MIMO based on the overall performance of the whole device including baseband, RF and antenna systems. However, we also think that there is a strong role for tests analogous to the current conducted tests used in LTE, where a test signal is used. The test signal does not necessarily need to be based on real-life operation; the important point is that it is provided to exercise and verify a subset of the device functionality. In a sense this could be considered to be a block-level test rather than a test of the device as a complete system.
Since there is strong interest in the industry in developing new radio access for frequencies below 6GHz, conducted testing will remain a suitable RRM test method (eg RAN4 is also currently developing conducted RRM tests for LAA access at 5GHz). For frequencies below 6GHz, beamforming techniques will still be important for NR, and it is expected that there could be devices with up to at least 4 or 8 antenna ports but it is still likely to be more straightforward to develop conducted RRM requirements and tests in this frequency range. OTA-like tests are also likely for NR, however we see this as a separate activity, following on from the work done for LTE on MIMO-OTA.

Observation 1 : Especially for frequencies below 6GHz, conducted RRM tests and requirements will remain important for new radio access technology.
For frequencies above 6GHz, it may be necessary to use radiated tests, and the radiated test method should be viewed as a means of coupling test signals to the device under test.

Observation 2 : For frequencies above 6GHz, radiated RRM tests and requirements may be needed, primarily as a means of coupling test signals to the device under test.

Uncertainties in radiated signals and the purpose of RRM requirements and tests
With radiated test methods, there is likely to be significantly more variation in the test signals coupled to and from the UE than there would be in a conducted test. With a conducted test, it is possible to define an interface point – the UE antenna connector – and to calibrate the signals provided and measured at this point to sub dB accuracy. For example, a power meter may temporarily replace the UE, and the test equipment calibrated such that when tests are run, the accuracy of the signal levels in the test approaches the accuracy of the power meter. In radiated tests, the signal levels experienced by the UE depend on both the test antenna that is used to couple to the device and the device’s own antenna elements, and hence it is more difficult to set absolute requirements on signal levels, although of course in the end there should also be some level of consistency between different devices when placed in an identical radio environment. There are, however, some other metrics that could be considered.

1. Repeatability of measurements/levels : If the conditions experienced by the device are not varying then it should produce measurement results or transmit uplink reference signals which are consistent over time. Taking measurement of MRS as an example, it should then be possible to put requirements on the variability of measured MRS strength (eg 90% of measurement samples shall be within XdB of each other) without reference to an absolute level.
Observation 2.1 : Repeatability of measurements is a useful metric for radiated testing

Repeatability does not of itself demonstrate that the measurement is correct or useful, but it is a prerequisite that in a static environment the measurements do not vary too much over time.
2. Correlation of measurements / levels to L1 performance : We think that such metrics could be very important. Fundamentally, RRM measurements are carried out to predict L1 performance (such as throughput) or at least to predict the potential for L1 performance and throughput. Considering LTE, if RSRP is stronger on one frequency than another, then all other things being equal (such as loading, interference, system BW etc.) then the frequency with stronger RSRP can  be expected to be the one that provides better throughput. In a test environment, the goal is to control the “other factors” and in a practical deployment the “other factors” are known or estimated by the network. Hence, it would be possible to consider a joint requirement based on both L1 performance and measurement. In a certain radio condition (SNR etc.) radiated device throughput is measured and mobility measurements are configured. The extent to which the mobility measurements correlate with the throughput can be evaluated using a metric in different conditions without an absolute requirement on what the measurement itself should be.
Observation 2.2 : The fundamental purpose of RRM procedures needs to be considered when designing radiated requirements and test cases. For example, a joint test to verify how well measurements correlate with L1 throughput could be considered.    
3. Relative RRM requirements
Relative RRM requirements are likely to be very important in radiated tests. For example, we will wish to verify that the device is able to determine the best beams from a number of candidates so that beams can be sorted into merit order. It seems very feasible to develop relative radiated requirements even if the absolute antenna performance introduces more uncertainties than a conducted procedure.

Observation 2.3 : Relative requirements are expected to be very important in radiated RRM testing for new radio  

Alternatives to radiated testing at frequencies above 6GHz

In [3], some discussion on testing was provided. “A typical implementation of mm Wave devices is to have an IF stage (frequency around few GHz) and then all the high frequency components (up-converter circuit, PA, antennas) integrated on a separate substrate. For band agnostic tests (such as demod and maybe RRM) it should be studied whether conducted testing by using an input to the IF stage is feasible or not. This approach could simplify the overall testing procedure and only the RF testing would be done at the actual frequency of operation with a different methodology”
Splitting the tests in this way is likely to be relevant during UE chipset development since it allows the baseband modem implementation (and IF) to be verified independently of the high frequency components, using conventional conducted testing. It could also be very useful for RAN4 tests, and could be complimentary to radiated testing for both demod and RRM. For example, considering the importance of relative tests such as determine a best beam, there is clear merit to verifying that the baseband modem functionality. For demodulation tests it may also be very relevant to verify L1 throughput with IF test signals. There are, however, some aspects which would need to be discussed further eg:
1. Is it possible to standardise the IF frequency used, or will this be UE implementation dependent? If it is implementation dependent, test systems may need to support a relatively wide range of IF frequencies, which may provide challenges for the conventional methodology of test system calibration and validation.
2. Is it possible to standardise signal levels at IF? Our expectation here is that the gain of the high frequency components and the partitioning of (eg receiver) gain between RF and IF will  be implementation dependent, so it is difficult to standardise signal levels at IF. What may be feasible is to set a certain SNR, and to determine performance metrics (such as throughput) in that condition. 

3. Is it possible to standardise the number of IF signals to be connected to the test equipment (within a number of options?). For example, LTE test systems assume 1 RF antenna port for category 0 tests, 2 antenna ports for other LTE categories, and 4 port testing is a topic of active discussion. It seems likely that  there may be virtual antenna port mapping (VAM) between the IF and the physical antenna elements (in the high frequency circuitry) and the number of virtual antenna ports should be standardised to ensure that MIMO schemes can be specified. As long as there is a 1:1 mapping between virtual antenna ports and IF signals it may then be feasible to standardise the number of IF connections (which may eg depend on UE capabilities used in MIMO processing).

Further discussion and studies will clearly be needed in this area. For now, the one aspect which we would like to emphasise is that the IF interface can be regarded as an internal part of UE implementation. To facilitate standardised testing at IF also involves standardising some aspects of the IF interface which could be seen as limiting the options available to UE implementation. Generally, there is going to be a trade-off between allowing sufficient freedom for different kinds of UE implementations (and also allowing future freedom for UE implementers to innovate) and at the same time providing an interface which is sufficiently standardised that 3GPP is able to develop standardised tests that are applicable to the different NR implementations.
Observation 3 : Further discussion and studies are needed to better understand the extent to which an IF interface could be standardised, and what range of options would need to be allowed for, to allow demod (and possibly RRM) testing without being unnecessarily limiting to UE implementation.
3 Conclusions

In this contribution we provide some initial analysis of testing options for new radio access technology. We do not provide any proposals, but make the following observations:
Observation 1 : Especially for frequencies below 6GHz, conducted RRM tests and requirements will remain important for new radio access technology.
Observation 2 : For frequencies above 6GHz, radiated RRM tests and requirements may be needed, primarily as a means of coupling test signals to the device under test.

Observation 2.1 : Repeatability of measurements is a useful metric for radiated testing
Observation 2.2 : The fundamental purpose of RRM procedures needs to be considered when designing radiated requirements and test cases. For example, a joint test to verify how well measurements correlate with L1 throughput could be considered.
Observation 2.3 : Relative requirements are expected to be very important in radiated RRM testing for new radio  

Observation 3 : Further discussion and studies are needed to better understand the extent to which an IF interface could be standardised, and what range of options would need to be allowed for, to allow demod (and possibly RRM) testing without being unnecessarily limiting to UE implementation.
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