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Introduction
As we need to start the conformance work in NR, in this paper we initiate the discussion on NR conformance testing and excessive test permutations. As NR is more versatile compared to any existing 3GPP RAT, careful considerations would be needed to avoide excessive permutations and testing whilst maintaining good test coverage. The conformance aspects for 1-C and 1-H is discussed in [1], where the need for test models and relevant test configurations is highlighted.
In additions some general consideration and proposal to reduce the test permutations is also discussed in this paper.

Discussion
NR test models
The E-UTRA conformance specification contains 8 different test models which are used to test different transmitter requirements as following:
· E-UTRA Test Model 1.1 (E-TM1.1) 
· E-UTRA Test Model 1.2 (E-TM1.2) 
· E-UTRA Test Model 2 (E-TM2) 
· E-UTRA Test Model 2a (E-TM2a) 
· E-UTRA Test Model 3.1 (E-TM3.1) 
· E-UTRA Test Model 3.1a (E-TM3.1a)
· E-UTRA Test Model 3.2 (E-TM3.2) 
· E-UTRA Test Model 3.3 (E-TM3.3) 
Considering the supported bandwidths and numerologies for FR1 and FR2, there are 40 different carrier bandwidth and numerology combinations specified within the scope of release 15 (see below).

[bookmark: _Hlk497144372]Table 5.3.2-1: Maximum transmission bandwidth configuration NRB for FR1
	SCS [kHz]
	5
MHz
	10
MHz
	15
MHz
	30
MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	70
MHz
	80 MHz
	90
MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	[160]
	106
	133
	216
	270
	N.A
	N.A
	N.A
	N.A
	N.A

	30
	11
	24
	38
	[78]
	51
	65
	106
	133
	162
	[189]
	217
	[245]
	273

	60
	N.A
	11
	18
	[38]
	24
	31
	51
	65
	79
	[93]
	107
	[121]
	135



Table 5.3.2-2: Maximum transmission bandwidth configuration NRB for FR2
	SCS [kHz]
	50MHz
	100MHz
	200MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264



If extrapolated to NR, this would imply 8x40=320 waveforms to test the bandwidth and numerology combinations. When reducing the number of conbinations, it is important to consider that for NR, the spectrum utilization does not scale linearly with bandwidth (unlike E-UTRA for most deployed bandwidths i.e. 5, 10, 15 and 20 MHz).
An excessive number of 320 waveforms to enable transmitter testing would be far beyond reasonable as for each waveform of each test model, the physical channels, power allocations for individual PRB:s etc would need to be specified.
There are some possible alternatives to reduce the excessive permutations:
1) A simplified approach where a simple generator can produce the needed waveforms without sophisticated addition of boosted/deboosted PRBs or inclusion of all physical channels, if it can be shown that such features are not needed from waveform generation perspective; i.e. the waveform would show proper amplitude statistics without irregularities and proper frequency domain shape. This alternative if proven feasible would be future proof as a generic test model generation algorithm could be captured such that in the future additional bandwidths could be added to the NR specifications without the need for new test model parameters to be specified.
2) Specify a limited number of basic waveforms with limited bandwidth which can be combined to larger bandwidths to cover all specified bandwidths. For FR1, for example a 5 MHz, 10 MHz and a 20 MHz waveform would be sufficient to compose all supported bandwidths similar to the approach used for FRC:s. As the specrum utilization and bandwidth does not scale for NR, one implication would be an overlap to cover the concerned bandwidth and thus for at least one of the involved bandwidths the overlapping PRB:s can not be transmitted as in figure 1. In this case the waveform might not fully represent the physical layer.
[image: ]
It should be noted that for some transmitter tests, we might need to develop spatially diverse test models which might need to contain some beam switching to be able to increase sparsity of measurement points for non-directional requirements to enable reduction in testing time and complexity.
For test model and wave form generation, RAN4 should also decide which and how manyd physical channels should be included (e.g. whether a single or multiple PDSCH, single or multiple CSI-RS, PDCCH, single or multiple user-secific DM-RS etc…) and also the DM-RS and PTRS pattern(s).
In the context of test models, RAN4 should also consider if all modulations and all numerologies should be tested or make a smart selection of the test scenarios. On modulation scheme for example, if 64QAM is tested with more stringent EVM levels compared to QPSK or 16QAM, it is obvious that the transmitter fulfilling 8% EVM requirement without any problem would fulfill less stringent EVM when lower modulation is concerned.
For FR1, the 60 kHz sub-carrier spacing is not mandatory for UE and thus a possible way to reduce the test permutations, RAN4 could prioritize test models for 15 kHz and 30 kHz to reduce workload. 
It should be noted that the test models should aim to be based on single numerology on PDSCH and not multiple numerologies on PDSCH as there is an agreement that there is no need for RF tests considering multiple numerologies. In addition the test models if they should contain SSB/PBCH should strive to use same numerology for SSB/PBCH and PDSCH if possible. When several numerologies for SSB/PBCH are possible, only a single numerology should be used otherwise the permutation would increase multiplicatively.
We encourage RAN4 to consider the discuss the fundamental principles for generating the test models and also possible reductions, considering that having excessive waveforms would risk to be by far beyond feasible to address if E-UTRA approach would be relied upon instead of a proper solution.
Test configurations for NR
The test configurations are designed to describe the carrier allocation and power allocation based on the vendor declared paramaters. The test configurations are multi-carrier centric. Considering the possible test permutations for a single NR carrier, for multiple carriers the test configurations would result in an even larger number of permutations if not carefully designed. 
In existing specifcations the test models are mostly based on 5 MHz carier bandwidth even though larger bandwidths are supported, due to the reason that for E-UTRA, 5 MHz carriers at the edges compose the stricter case compared to larger bandwidths due to the size of the guard.  (For E-UTRA, the guard for 5 MHz carrier and larger is 10% which in absolute terms is lowest for 5 MHz compared to 10, 15 or 20 MHz). One challenge for NR compared to E-UTRA would be the non-scalable spectrum utilization and different FFT suppression of the different SCS, for different bandwidth and numerology resulting in different guard sizes and suppression requirements.
To limit the test configurations, one can also consider limiting the number of involved carriers in terms of bandwidth and numerology. Considering FR1 a possible selection could be 5 MHz, 10 MHz and 20 MHz for FR1 where 20 MHz can be adopted for test configurations adapted for NR bands larger than 100 MHz. 
For FR2, e.g. 50 and 100 MHz could be adopted.
Before adopting any limited set of bandwidths, further discussion is needed on whether the proposed limitation would present the strictest possible scenario or not, as due to non-scalable spectrum utilization and guard and suppression requirements, there might be other stricter corner cases.
The numerology for the test configurations should be selected carefully and limited to one numerology as multiple numerologies or even combinations would further increase the permutations.
It should be noted that RAN4 in addion to relevant test configurations for contiguougs operation, should also develop test configurations covering non-contiguous operation and multi band. The multi-band test configurations could possibly limited to one RAT per band in release 15 to reflect the first deployment, but in coming releases add more comprehensive test configurations also covering RAT combinations for the involved bands should be added.
Applicability table
Applicability tables in particular for multi-standard specifications when more RATs are involved than the RATs covered by the release 15 capability sets, could be designed in a way that some test reduction is achived (as in the example of CS7).
B, M, T aspects
The test based on Bottom, Middle and Top (B, M, T) is currently used in RAN4 specifications. One approach to reduce test permutation would be to condsider relevant selection of B, M and T depending on the requirements. This is approach is already applied to some extent in the existing specifications but RAN4 should consider if there is additional possibilities to reduce.
OTA measurement uncertainties
The NR specification contains OTA requirements corresponding to 1-H, 1-O and 2-O. In addition to proper OTA measurement procedures, OTA measurement uncertainties for both FR1 and FR2 should be specified. The measurement uncertainities should be carefully studied to have as accurate as possible values in the specification, but given the finalization date for conformance part ( in December 2018) which also contain the work on receiver performance, RAN4 should be pragmatic and not spend excessive effort and lengthy discussions to settle the last tenth of the dB for measurement uncertainity and use the most dominating factors and add a small margin on the factors not included. 
[bookmark: _GoBack]The measurement uncertainty can directly lead to test tolerance on some requirements but again, with careful considerations without jeopardizing the quality of requirements and conformance specifications are needed when deciding on the link between measurement uncertainty and test tolerance.
Conclusion
In this paper, the discussion on NR conformance and the excessive permutations is initiated. The NR test models and test configurations and the need to reduce the permutations is discussd in detail. In addition some possible approaches to reduce the test permutations are described in this paper. The OTA aspect and the need to have a pragmatic approach to conclude on the measurement uncertainties is also elaborated.
We thus encourage RAN4 to discuss and agree on the essential aspects for conformance as without this, the multiplicative permutation explosion is beyond any reasonable and handlable level.
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