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1. Introduction

At previous RAN4 meetings information related to requirements part of unwanted emissions was captured in TR 37.843. 

This contribution presents background to the transmitter intermodulation requirement and aspects related to how to defined an OTA transmitter intermodulation requirement. 
2. Discussion

The transmitter intermodulation requirement is a measure of the capability of the transmitter array to inhibit the generation of signals in its non-linear elements caused by presence of victim wanted signal and an aggressor interfering signal reaching the transmitters via the antenna aperture. 
In Release 13, the transmitter intermodulation requirement was extended to also captured intra-system transmitter intermodulation. Intra-system transmitter intermodulation requirement is a measure of the capability of the transmitter array to inhibit the generation of signals in its non-linear elements caused by presence of disturbance from some neighbour antenna elements, when the element isolation is less than 30 dB. 
When OTA ACLR, OTA OBUE and OTA spurious emission is defined, the relevance for having a conducted intra-system requirement disappear, if unwanted emission is specified for signal conditions with and without beam-forming. 
Therefore, OTA transmitter intermodulation requirement just capture aspects of base station to base station co-location. 
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Figure 2-1: Tradition test setup for transmitter intermodulation
For E-UTRA the transmitter intermodulation requirement is defined for signals conditions described in Table 2-1.
Table 2-1 Interfering and wanted signals defined for E-UTRA
	Parameter
	Value

	Wanted signal
	E-UTRA single carrier, or multi-carrier, or multiple intra-band contiguously or non-contiguously aggregated carriers

	Interfering signal type
	E-UTRA signal of channel bandwidth 5 MHz

	Interfering signal level
	Rated total output power in the operating band – 30 dB

	Interfering signal centre frequency offset from the lower/upper edge of the wanted signal or edge of sub-block inside a sub-block gap
	± 2.5 MHz

± 7.5 MHz

± 12.5 MHz


With respect to the OTA transmitter intermodulation requirement, the intention according to the eAAS WI WID is to create a requirement giving equivalent to the current conducted requirement. This means that the interfering power level at each transmitter at the TAB (even though not connector exists) shall be the same as before (The rated total output power in the operating band – 30 dB). 
The relation between the aggressor base station output power creating the interfering signal, the antenna-port-to-port isolation, aggressor base station antenna gain, victim base station antenna gain and the free-space path loss is visualized in Figure 2-2 as a signal budget for the interference signal. 
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Figure 2-2: Signal budget for the interfering signal
For the traditional requirement it is assumed that the output power of the aggressor base station is equal to the output power of the victim base station. Also, it is assumed that the antenna gain of the aggressor base station is equal to the antenna gain of the victim base station. 

The current requirement states that Liso is 30 dB, and the aggressor base station power Pa is equal to the victim base station output power. 

The interfering signal level can be expressed as:
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, where d is the distance in meter,  is the carrier wave length in meters, Ga is the aggressor antenna gain in dB and Gv is the victim antenna gain in dB.

From the equations above it is clear that the mutual orientation and distance between the antennas together with the aggressor carrier wave length will determine antenna port-to-port isolation. Moving away from 30 dB antenna port-to-port isolation towards an OTA requirement a new concept for how the aggressor interfering signal is injected is required. 
A concept of using an “co-location reference antenna” for injecting the interfering signal have been proposed earlier [1, 2]. In Figure 2-3, the concept is visualized. An aggressor antenna is placed close to the test object. The placement of the aggressor antenna is selected so that the field strength at the test object corresponds to the interfering signal set to the total power – 30 dB per transceiver. This approach requires the element gain to be known from manufacturer declaration or based on fixed element gain. It is important to differentiate the peak gain in the main-lobe direction, with the element gain at 90o azimuth angle, corresponding with a typical co-location scenario.
The placement of the reference antenna is based on a realistic co-location scenario as presented in a companion contribution [1, 2], suitable for OTA testing environment, as depicted in Figure 2-3.  
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Figure 2-3: Test setup
The co-location reference antenna is injecting the interfering signal, while the unwanted emission (ACLR, OBUE and spurious emission is tested). RAN4 have decided that ACLR, OBUE and general spurious emission is based on TRP a figure of merit. Generally, in an anechoic chamber TRP is extracted by integrating EIRP level some discrete spatial around the sphere, as described in [3]. This means that the test object needs to be rotated around  and  axis. Also, the test distance requires careful consideration to maintain acceptable link budget for the emissions. 
The interfering signal level needs to be determined in the OTA domain. The required components to establish a link budget is described in Figure 2-4.
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Figure 2-4: Calculation of interfering signal
The interfering signal Equivalent Isotropic Received Level (EIRL) is calculated as:
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, where Pw is the power generated by a single transmitter and Gv(,) is the antenna element gain is the direction towards the co-location reference antenna. Both, Pw and Gv(,) are design parameters and will vary over different implementations. It is reasonable to believe that RAN4 can define a fixed value for Gv at =90 degrees.
3. Conclusion

This contribution presents some relevant aspect on how to define a transmitter intermodulation requirement in the OTA domain. 

A concept of using a co-location reference antenna is introduced. This antenna is used to illuminate the test object with an interfering signal. RAN4 needs to define a scenario used for OTA transmitter intermodulation testing, including separation between test object and co-location antenna and mutual orientation.

The OTA level of the interfering signal is determined to be equal to the case where 30 dB antenna port-to-port isolation is assumed. Following the concept described in this contribution the power level of the interfering signal will be described as EIRL in the OTA domain.
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