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1. Introduction

At the last RAN4 meeting (RAN4#88 in Gothenburg) it was suggested to change focus on what test parameter to use for FR2 TDD OFF power level test requirement. Instead of measuring gated TRP specified by the RF core requirement it was suggested to focus more on EIRP as test parameter in the conformance test specification. The benefit with EIRP is that EIRP can be measured at certain directions associated to the beam peak direction. Traditionally, EIRP requirements are defined within a manufacturer declared service area, where EIRP is tested at extreme directions associated to the service area. Now, RAN4 needs to define how EIRP will be tested with respect to spatial angles for TDD OFF power emission.     
In an agreed way-forward document [1] guidance for this meeting was captured. In this contribution we present some feedback on the way-forward as well as further aspects to consider if EIRP is selected as the parameter for conformance testing.
2. Discussion

For TDD base stations, the intension with the transmit ON/OFF power requirement is to protect against interference caused by a base station that can’t control the TX leakage in the RX period. The requirement is constituted by a transient period requirement covering the transition between OFF and ON period and an absolute OFF power level requirement for the OFF period. In this contribution an overview of the technical background is summarized in section 2.1, together with some test aspects in section 2.2. In section 2.3 and 2.4 we propose some ideas for further considerations. 
2.1 Background
The OTA transmit ON/OFF power requirement for NR base stations is captured in TS 38.104, sub-clause 9.5. The requirement consists of two parts; Transmitter OFF power and OTA transient period. The first specifies the transmitter OFF power level and the second specifies the transient period. The transmitter transient period is the time period during which the transmitter is changing from the OFF period to the ON period or vice versa. 
In Table 2.1-1, the essential details for the requirement is listed. 

Table 2.1-1: Minimum requirement parameters
	BS Type
	Transition
	Transient period length (us)
	OFF Level (dBm/MHz)
	Anchor point

	1-C
	OFF to ON
	10
	-85
	Antenna Connector

	
	ON to OFF
	10
	
	

	1-H
	OFF to ON
	10
	-85
	TAB

	
	ON to OFF
	10
	
	

	1-O
	OFF to ON
	10
	-106
	At the output of the co-location reference antenna

	
	ON to OFF
	10
	
	

	2-O
	OFF to ON
	3
	-36
	TRP

	
	ON to OFF
	3
	
	


For BS type 1-C and BS type 1-H the technical background for the requirement is derived from a scenario where two base stations are co-located in neighbouring cell masts (detailed description is captured in TR 25.945, sub-clause 6.2.5).

For BS type 1-O the technical background for the requirement is derived from a scenario where two base stations are co-located at a given scenario in the same mast (detailed description is captured in TS 38.104, sub-clause 4.9).

For BS type 2-O the technical background for the requirement is derived from a scenario where two base stations are co-located in neighbouring cell masts (detailed description is captured in TR 38.817-02, sub-clause 9.5.1.3). 

Transmitter OFF power is defined as the mean power measured over 70/N us filtered with a square filter of bandwidth equal to the transmission bandwidth configuration of the base station centred on the assigned channel frequency during the transmitter OFF period, where N=SCS/15 and SCS is the is sub carrier spacing in kHz.
2.2 Test setup aspects
From a conformance testing perspective both the transmitter OFF power level and the transient period is verified using a test setup where a signal analyser measures both parameters at the same time. The dynamic range is manged by a controlled limiter and an attenuator. The transient time measurement requires one measurement of the wanted power in ON period and one measurement of the OFF-power level in OFF period. A synchronization signal from the test object is needed to synchronize the test equipment to calculate the transient time. The test setup used for test NR BS type 1-C and 1-H is described in whitepapers from test equipment manufacturers [4, 5, 6]. In Figure 2.2-1, the principle test setup is visualised. 
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Figure 2.2-1: Traditional test setup for BS type 1-C and BS type 1-H

To be able to re-use test equipment such as signal/spectrum analysers for BS type 2-O testing, an OTA test setup has been created in Figure 2.2-2. The test object is now placed in an anechoic chamber to facilitate OTA testing. Since the requirement is based on TRP it is here suggested to use two measurement antennas with two orthogonal polarizations (denoted p1 and p2). The measured power is summed in a power combiner. This approach removes the need for a mechanical polarization matching procedure to capture TRP and total EIRP properly.  
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Figure 2.2-2: OTA test setup for BS type 2-O

For TRP the test distance d is not limited by the far-field criteria. However, for EIRP the test distance d is determined by the far-field criteria as d>2D2/, where D is the largest dimension of the test object antenna aperture in m and is the wave length in m associated to the wanted signal. 
The expected emission level at the signal/spectrum analyser input can be calculated to:
POFF = EIRPOFF – 20log10(4d/) + Gmeas (dBm), where Gmeas is the antenna gain of the measurement antenna. The typical antenna gain for a horn antenna at 30 GHz is in the region of 20 dBi, as showed in Figure 2.2-3.
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 Figure 2.2-3: Gain characteristics for a typical SGH

Assuming a compliance level to EIRPOFF=-40 dBm/MHz, radiating aperture largest dimension D=0.1 m and =0.01 m, the emission level seen by the signal/spectrum analyser can be calculated to –88 dBm/MHz. This level is the lowest level to be detected by the signal/spectrum analyser in the OFF period. It is wort to mention that expected EIRPON will be in the range of 50 to 75 dBm for a base station operating within FR2, which would correspond to PON in the range of 2 to 27 dBm at the signal/spectrum analyser input. The signal levels seen by the signal/spectrum analyser is listed in Table 2.2-1. 
Table 2.2-1: The levels seen by the signal/spectrum analyser
	Period

	Power level

	Note

	ON
	2 to 27 dBm
	Power per generated carrier

	OFF
	-88 dBm/MHz 
	Emission power spectral density


The ability for the signal/spectrum analyser to detect and measure an emission level depends on the measurement bandwidth and the noise floor. Hence, the exact details related to measurement bandwidth to be used needs to be considered further with respect to testing transient period and TDD OFF emission level in an OTA environment. 
2.3 Test requirement relation to RF core requirement

For NR BS type 2-O, the RF core requirement power level is defined as a TRP level. Now it is discussed to define the conformance test requirement as an EIRP level. The reason to measure EIRP at few directions instead of around the whole sphere is to minimize test complexity associated to measure transient period and OFF level with commercially available test equipment. 

In general, the relation between TRP and EIRP is the directivity, expressed in logarithmical scale as: TRP = EIRP – D (dBm), where D is the directivity in dBi. Here the challenge is to define what directivity to use to relate TRPOFF defined by the RF core requirement with the EIRPOFF proposed for the conformance test requirement. 

Hence the conformance compliance threshold is derived in logarithmical scale as:

EIRPOFF = TRPOFF + DOFF (dBm), where TRPOFF= -36 dBm/MHz specified in TS 38.104.

The following options for how to set DOFF have been identified:

1. Set DOFF equal to the average element factor directivity.

a. Declared by base station manufacturer.

b. Characterized by measurements.

c. Select an arbitrary element directivity.

2. Set DOFF equal to maximum antenna aperture directivity. 

a. Determined by the wanted signal directivity as DON = EIRPON - TRPON
b. Declared by base station manufacturer.

c. Select an arbitrary composite array directivity.

Depending on what option is selected, it must be clarified further how the exact conversion is captured in the test specification. 

2.4 Spatial aspects

To account for an arbitrary implementation the spatial behaviour of the ON period wanted signal and the OFF period unwanted emission needs to be considered.
Assuming DON and DOFF to equal, means that the spatial behaviour is constant for the ON period and the OFF period. Due to implementation factors, such as transmission line lengths and calibration aspects emission in the OFF period may not have the same spatial characteristics as the wanted signal in the ON period. In Figure 2.4-1, an example is shown. The blue cure is the radiation pattern related to the ON-period wanted signal, while the red curve is the radiation pattern associated to the OFF-period leakage emission. Observe, that the directivity in the plot is maximum normalized. 
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Figure 2.4-1: Example of spatial distributions
A solution to capture the spatial characteristics in conformance testing is to measure the TDD OFF emission level as EIRP in multiple spatial directions and average the result to extract an emission level which would correspond to something that is related to TRP. However, this approach required further considerations how the transient period is handled over different spatial measurement points. 
In Figure 2.4-2, an example of the idea having a set of multiple spatial test points is visualized. The selection of points is influenced by spatial point used for other OTA transmitter requirements.
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Figure 2.4-2: Example of multiple spatial measurement points

In the figure, the test object is configured with a fixed beam pattern, while the emission is measured and checked at different directions. The transient period is tested and checked in one direction corresponding to the bore-sight direction, where the emission level at the measurement receiver is expected to be at its maximum. 
3. Conclusion

In this contribution we present some practical test setup aspects together with some ideas how to relate the RF core requirement TRP level with an EIRP conformance test requirement level. 

Creating an OTA test environment for the TDD OFF power requirement, aspects related to polarization, the capability of the measurement receiver dynamic range are crucial issues to resolve. The polarization aspect is easily captured by having two orthogonal antennas where the power is summed before the leakage emission is measured. Since the EIRP level for the wanted signal can reach levels up to 70 dBm, the dynamic range of the measurement receiver is crucial for testing this requirement. A gated two stage approach is required to resolve the dynamic range allowing for testing the transient period time. 

Since the RF core requirement background is created around TRP, RAN4 needs to find a proper conversion to EIRP before concluding the conformance test specification work. I this contribution we elaborate around some potential candidates. 
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