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1. Introduction

NR base station RF core requirements and conformance testing requirements will be developed for base stations converging a frequency ranges from today’s bands up to millimetre-wave frequencies. The requirement can be divided into three main categories, as described in a companion contribution [1]. It is clear that OTA testing will be an important component in NR conformance testing. 

In [2] some fundamental aspects to base station conformance testing with respect to OTA testing was presented. In this contribution the NR relevant information is used to create a text proposal for adding sub-clause 10.3.2.1 in TR 38.803 dedicated for NR BS OTA testing aspects. At the end of this contribution a text proposal is attached for approval.
This is a revised version of R4-1701062.
2. Discussion

It is clear at this point that OTA requirement will play an important role of the systemization of NR base stations. Fundamentally, base station OTA testing can be divided into two main categories; Down-link testing and Up-link testing.

In the Release 13 AAS specification two radiated requirements was introduced, one for Down-link and one for Up-link:

1. Radiated transmit power, based on EIRP as figure of merit

2. OTA sensitivity, based on EIS as figure of merit

EIRP and EIS is key parameters to capture radiated and received power levels in dBm in the OTA domain. 

In the RAN4 WI, eAAS work is ongoing to define ACLR based on power over the sphere, which is a key parameter for UEM in general. So far the discussion related to eAAS, derives the power over the sphere from multiple spatial EIRP(,) samples. Which samples is measured is different depending on requirement and is still under discussion.

In AAS/eAAS extensive studies shows that moving the requirement to the radiated domain requires careful consideration on how the spatial aspects is captured when it comes to requirement development. In Table 2-1, the OTA figure of merit for some vital requirements are listed.

Table 2-1: Figure of merits for OTA requirements
	Requirement
	Figure of merit
	Test points
	Note

	Radiated transmit power
	EIRPd
	EIRP is measured at few steering directions
	

	OTA sensitivity
	EISd
	EIS is tested for two orthogonal impinging polarizations
	

	OTA EVM
	EVM=100.sqrt(EIRPe/EIRPd)
	EVM is directly related to the signal-to-noise ratio which is tested for a few steering directions.
	EIRPd is the power of the desired signal and EIRPe is the power of the in-carrier emissions

	OTA ACLR
	ACLR=TRPd/TRPe
	To measure TRPd and TRPe spatial EIRP samples are required over the whole sphere. Not all samples are measured.
	ACLR is a ratio between the total radiated power of the desired signal and the total radiated power of the neighbour channel emission

	OTA OBUE
	TRPe
	To measure TRPe spatial EIRP samples are required over the whole sphere. Not all samples are measured.
	

	OTA spurious emission
	TRPe
	To measure TRPe spatial EIRP samples are required over the whole sphere. Not all samples are measured. 
	Since that the SEM region is outside intended operation the grid could potentially be reduced to 2 axes.

	OTA TAE
	EIRPd
	Measured in one direction. The test equipment extracts the TAE from the modulated signal.
	The direction doesn’t matter. Beams carrying reference signals must be enabled.

	OTA frequency error
	EIRPd
	Measured in one direction. The test equipment extracts the frequency error from the modulated signal.
	The direction doesn’t matter. All transmitters enabled.

	OTA occupied bandwidth
	EIRPd
	Measured in one direction. The test equipment extracts the occupied bandwidth from the modulated signal.
	The direction doesn’t matter. All transmitters enabled.


The figure of merit for missing requirements in the table above is FFS.

From the table it is clear that some requirements are based on absolute values in terms of EIRP or EIS, while others are defined as a ratio between EIRP’s or TRP’s. Also there are requirements, such as frequency error, where the signal is measured as EIRP, but the desired figure of merit is extracted by dedicated test equipment.

From a testing perspective it is important to capture EIRP, EIS and TRP, which are the foundation for all OTA requirements. In sub-section 2.1, 2.2 and 2.3 a general overview on how those key parameters can be measured is described. 
2.1 EIRP test setup
In Figure 2.1-1, a general test setup for measuring EIRP is showed. 
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Figure 2.1-1: General test setup for EIRP
The test object is placed at positioner that can rotate the test object allowing different steering angles to be tested. The transmission loss in the chamber, including measurement antenna and feeders is determined by a test range calibration using a reference antenna. Details on the calibration can be found in TR 37.842, clause 10.  

The distance between the test object and the measurement antenna is determined by the far-field distance and acceptable measurement uncertainty. For large antenna apertures the chamber size can be minimized using a compact antenna test rage. 

From a testing perspective it is always beneficial to measure two orthogonal polarizations at the same time for each spatial sample. By doing this, polarization matching involving physical alignment of the test object with respect to the measurement antenna is avoided.

Also, from the requirement definition point of view, total EIRP is often of interest.

2.2 EIS test setup

In Figure 2.2-1, a general test setup for measuring EIS is showed.
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Figure 2.2-1: General test setup for EIS
The test object is placed at positioner that can rotate the test object allowing different impinging signal angle of arrivals to be tested. The transmission loss in the chamber, including measurement antenna and feeders is determined by a test range calibration using a reference antenna. Details on the calibration can be found in TR 37.842, clause 10.  

The distance between the test object and the measurement antenna is determined by the far-field distance and acceptable measurement uncertainty. For large antenna apertures the chamber size can be minimized using a compact antenna test rage. 

2.3 TRP test setup

Measuring TRP in a shielded anechoic chamber required EIRP samples from all direction around the test object. However, for base stations where often the power is directed within a certain sector, it is reasonable to measure EIRP samples within the spatial angles where the intended radiation is supposed to be (e.g. the radiation behind traditional 3-sector base station aperture is very low, both for the desired signal and the emission). A concept to measure EIRP samples within the intended region of radiation is required to minimize the test effort needed for TRP.
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, where EIRPp1 and EIRPp2 is associated to two orthogonal polarizations, N is the number of samples along the  axis and M is the number of samples along the  axis in a uniform sampling grid.
To conserve test time, it is suggested to only measure samples in directions in which the radiated power from the base station is significant. The sampling resolution and total number of samples Total number of samples that need to be measured will most certainly be different depending of requirement to be tested. 

Another aspect of measuring TRP is that total power is defined as the power going through a spherical surface, which means that having sufficient distance to the test object to fulfil the far field criterion is not critical allowing for testing closer than the far-field distance. 

3. Conclusion

This contribution presents some general information related to how to measure fundamental parameters OTA. 

Based on EIRP samples, spatial characteristics (single EIRP sample) can be tested together with characteristics such as TRP, where the spatial aspect is not captured. 

It is clear that based on EIRP and EIS measurements, other parameters such as;

· Occupied bandwidth,

· EVM

· OBUE

· Spurious emission

· ACLR 

· TAE

· Frequency error

· OTA sensitivity

· Radiated transmit power

, can be tested OTA in a controlled free-space environment.

For some characteristics, such as frequency error, the spatial aspect is not of interest. However, the test setup is very much similar to other transmitter tests.

For NR OTA BS testing will play key role for systems operating at frequencies above 6 GHz. Also for systems capable of advanced beamforming operating below 6 GHz OTA testing is interesting. A text proposal with general information on how critical OTA parameters can be tested have been created.

At the end of this contribution a text proposal for approval to TR 38.803 is attached.
4. References

[1]
R4-1609855, “Further elaboration on NR BS requirement applicability”, Ericsson

[2]
R4-1609856, “On test setups applicable for NR base stations”, Ericsson

[3]
R4-168306, “On NR BS requirement applicability & conformance testing aspects”, Ericsson
[Text proposal]
10.3
BS RF requirements testability 

10.3.1

General

< Texts to be added >
10.3.2
Testability of BS RF TX and RX characteristics
10.3.2.1 
Over the air testing
It is clear at this point that OTA requirement will play an important role of the systemization of NR base stations. Fundamentally, base station OTA testing can be divided into two main categories; Down-link testing and Up-link testing.

In the Release 13 AAS BS specification [x] two radiated requirements were introduced, one for Down-link and one for Up-link:

I. Radiated transmit power, based on EIRP as figure of merit

II. OTA sensitivity, based on EIS as figure of merit

For in-band requirements, EIRP and EIS are key parameters to capture radiated power levels and received sensitivity power levels in dBm in the OTA domain. 

For out-of-band requirements, such as unwanted emission, TRP is a relevant parameter.

In RAN4 AAS/eAAS/NR WI extensive studies shows that moving the requirement to the radiated domain requires careful consideration on how the spatial aspects is captured when it comes to test requirement development.
Table 10.3.2.1-1 shows some examples of figure of merits relevant for OTA conformance test requirements, they are not intended to imply agreements for core requirements.
Table 10.3.2.1-1: An example of figure of merits relevant for OTA requirements
	Requirement
	Figure of merit
	Test points
	Note

	Radiated transmit power
	EIRPd
	EIRP is measured at few steering directions
	

	OTA sensitivity
	EISd
	EIS is tested for two orthogonal polarizations
	

	OTA EVM
	EVM=100.sqrt(EIRPe/EIRPd)
	EVM is directly related to the signal-to-noise ratio which is tested for a few steering directions.
	EVM is based on the ratio between EIRPe is the power of the in-carrier emissions and EIRPd is the power of the desired signal after channel equalization in the measurement receiver. 

	OTA ACLR
	ACLR=TRPd/TRPem
	To measure TRPd and TRPem spatial EIRP samples are required over the whole sphere. 
	ACLR is a ratio between the total radiated power of the desired signal and the total radiated power of the adjacent channel emission

	OTA OBUE
	TRPem
	To measure TRPem spatial EIRP samples are required over the whole sphere. 
	

	OTA spurious emission
	TRPem
	To measure TRPem spatial EIRP samples are required over the whole sphere. 
	Since that the SEM region is outside intended operation the grid could potentially be reduced to 2 axes.

	OTA frequency error
	EIRPd
	Measured in one direction. The test equipment extracts the frequency error from the modulated signal.
	The direction doesn’t matter. All transmitters enabled.

	OTA occupied bandwidth
	EIRPd
	Measured in one direction. The test equipment extracts the occupied bandwidth from the modulated signal.
	The direction doesn’t matter. All transmitters enabled.


In Table 10.3.2.1-1, the parameters are defined as:

EIRPd is the EIRP for the desired transmitted signal.

EISd is the EIS for the desired received signal.

EIRPe is the in-carrier error signal.

TRPd is the TRP for the desired transmitted signal.
TRPem is the TRP unwanted emission.
The figure of merit for missing requirements in the table above is FFS.

From the table it is clear that some requirements are based on absolute values in terms of EIRP or EIS, while others are defined as a ratio between EIRP’s or TRP’s. Also there are requirements, such as frequency error, where the signal is measured as EIRP, but the desired figure of merit is extracted by dedicated test equipment.

From a testing perspective it is important to capture EIRP, EIS and TRP, which are the foundation for all OTA requirements. In sub-clause 10.3.2.1.1, sub-clause 10.3.2.1.2 and 10.3.2.1.3 a general overview on how those key parameters can be measured is described. 

10.3.2.1.1
EIRP test setup
In Figure 10.3.2.1.1-1, a general test setup for measuring EIRP is showed. 
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Figure 10.3.2.1.1-1: General test setup for EIRP
The test object is placed at positioner that can rotate the test object allowing different steering angles to be tested. The transmission loss between the test object and the measurement antenna in the chamber is determined by a test range calibration using a reference antenna. More details on test methods and calibration procedures can be found in TR 37.842, clause 10.  

The distance between the test object and the measurement antenna is determined by the far-field distance and acceptable measurement uncertainty. For large antenna apertures the chamber size can be minimized using a compact antenna test rage. 

From a testing perspective it is always beneficial to measure two orthogonal polarizations at the same time for each spatial sample. By doing this, polarization matching involving physical alignment of the test object with respect to the measurement antenna is avoided.

Also, from the requirement definition point of view, total EIRP is often of interest, where total power refers to the sum over two orthogonal polarizations. 

10.3.2.1.2
EIS test setup
In Figure 10.3.2.1.2-1, a general test setup for measuring EIS is showed.
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Figure 10.3.2.1.2-1: General test setup for EIS
The test object is placed at positioner that can rotate the test object allowing different impinging signal angle of arrivals to be tested. The transmission loss between the test object and the measurement antenna in the chamber is determined by a test range calibration using a reference antenna. More details on test methods and calibration procedures be found in TR 37.842, clause 10.  

The distance between the test object and the measurement antenna is determined by the far-field distance and acceptable measurement uncertainty. For large antenna apertures the chamber size can be minimized using a compact antenna test rage. 

For EIS, and efficient test approach is to illuminate the test object two times with orthogonal polarizations. The EIS level should be met at both cases. This approach eliminates the polarizations matching stage.

10.3.2.1.3
TRP test setup
Measuring TRP in a shielded anechoic chamber required EIRP samples from all direction around the test object. However, for base stations where often the power is directed within a certain sector, it is reasonable to measure EIRP samples within the spatial angles where the intended radiation is supposed to be (e.g. the radiation behind traditional 3-sector base station aperture is very low, both for the desired signal and the emission). A concept to measure EIRP samples within the intended region of radiation is required to minimize the test effort needed for TRP.
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, where EIRPp1 and EIRPp2 is associated to two orthogonal polarizations, N is the number of samples along the  axis and M is the number of samples along the  axis in a uniform sampling grid.
To conserve test time, it is suggested to only measure samples in directions in which the radiated power from the base station is significant. The sampling resolution and total number of samples Total number of samples that need to be measured will most certainly be different depending of requirement to be tested. 

Another aspect of measuring TRP is that total power is defined as the power going through a spherical surface, which means that having sufficient distance to the test object to fulfil the far field criterion is not critical allowing for testing closer than the far-field distance. 

[The end of text proposal]
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