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1. Introduction

At the last RAN4 meeting (RAN4#84bis in Dubrovnik) the polarization aspect with relation to OTA RF core requirements was discussed. Traditionally, antenna characteristics have not been included in RF core requirements, but with the introduction of OTA requirements for AAS base stations some aspects of polarization will be captured by OTA requirements. 
Polarization is a fundamental characteristic of all types of antennas ranging from simple dipoles to advances AAS for base stations. For AAS base stations the polarization domain is exploited for both down-link transmission up-link transmission. When introducing OTA requirements, it is vital to find relevant AAS BS RF core requirements that are defined in a manner that testing is time wise effective without restricting any AAS base station implementation.  

This contribution presents a summary of how polarization interacts with OTA RF core requirements. Also, suggestions on how the characteristics can be captured with respect to the definition of OTA RF core requirements is presented.
2. Discussion

Polarization is an important factor for antennas used for radio communication. Both radio communication antennas and electromagnetic waves are said to have a polarization. According to IEEE standard definitions of terms for antennas [1], the viewpoint taken for polarization is that this term can be used in three related meanings; 

1. Polarization can refer to a field vector at some point in space (e.g. impinging wanted signal).
2. Polarization can refer to a plane wave (e.g. relevant for EIRP and EIS).

3. Polarization can refer to an antenna (e.g. the polarization of the co-location reference antenna).

The polarization of a field vector specifies the shape, orientation, and sense of the ellipse that the extremity of the field vector describes as function of time. In a single-frequency plane wave, a specified field vector has the same polarization at every point in space. This is taken to be the polarization of the plane wave. A detailed description can be found in antenna theory text books, such as [2]. The definition of the tilt angle of the polarization ellipse now requires that it be measured according to the right-hand rule, with the thumb pointing in a reference direction.
For a plane wave, the reference direction is the direction of propagation. This is advantageous, since it removes any ambiguity about the specification of the orientation of the polarization ellipse.

For an antenna, it should be noted that the polarization of the antenna is defined as that of the wave it radiates, whether it is used for transmitting or receiving. This means that for the receiving case, the coordinate system used to describe the polarization of the antenna and the incoming wave is oriented in opposite directions; see section 11 of IEEE Standard Test Procedures for Antennas [3].
The interdependence of directivity and polarization has led IEEE to the inclusion of several terms, including partial directivity and partial radiation intensity. Partial directivity is defined to handle directivity per polarization (e.g. of the polarization of a dual polarized antenna element).  An electromagnetic wave can be broken down into two orthogonal components. Dual polarised passive base station antennas are traditionally characterized in terms of port-to-port isolation and co- and cross-polar radiation patterns. Traditionally, radiation patterns associated to passive base station antennas are characterized for a wanted polarization, e.g. +45o or -45o in horizontal and vertical plane. Hence, a single column base station antenna consists of two antenna arrays, one for each polarization.
For an AAS base station with many transceivers capable of advanced beam-forming schemes the polarization domain will be used for both down-link and up-link communication. In Rel-8, E-UTRA exploits down-link, dual polarized beam forming as a consequence of the pre-coding schemes specified in the E-UTRA layer 1 specification [4]. For up-link polarization matching is required since the polarization of the impinging wave coming from the terminal is unknown at the base station. 

Traditionally, all RF core requirements have been defined per transceiver meaning that antenna characteristics (e.g. polarization) not have been considered. However, the introduction of OTA RF core requirements will require considerations related to classical antenna parameters, where polarization is one of them.
For eAAS OTA RF core requirements different figure of merits has been used, as showing in Table 2-1.

Table 2-1: OTA RF core requirements
	Requirement
	Type of requirement

	Radiated transmit power
	EIRP 

	OTA Base station output power
	TRP

	OTA Output power dynamics
	EIRP

	OTA Transmit ON/OFF power
	The co-location reference antenna is used to measure the TDD OFF power level

	OTA Transmitted signal quality
	EIRP

	OTA Occupied bandwidth
	EIRP

	OTA ACLR
	TRP

	OTA Operating band unwanted emission 
	TRP

	OTA Transmitter spurious emission 
	TRP

For co-location spurious emission, the co-location reference antenna is used to measure the emission level

	OTA Transmitter intermodulation 
	Emission: TRP

Interfering signal: Co-location Reference Antenna

	OTA sensitivity
	EIS 

	OTA Reference sensitivity level
	EIS

	OTA Dynamic range
	EIS

	OTA In-band selectivity and blocking
	EIS

	OTA Out-of-band blocking
	Fixed distance (FoM is FFS)

	OTA Receiver spurious emission 
	TRP

	OTA Receiver intermodulation
	EIS

	OTA In-channel selectivity
	EIS

	Radiated Performance requirements
	EIS


EIRP is defined in IEEE [1] as:

Equivalent Isotropic Radiated power: In a given direction, the gain of a transmitting antenna multiplied by the net power accepted by the antenna from the connected transmitter. 
The definition is based on a passive antenna fed by a single transmitter. In 3GPP the definition has been extended to support active array antennas in TR 37.841. 

EIRP is a suitable parameter for requirements capturing the capability to generated and direct power related to the wanted signal. For emission requirement TRP is the general figure of merit, except for co-location spurious emission. According to IEEE, EIRP and TRP are related to each other via the directivity. In Figure 2-1, the basic relations between the parameters are described per polarization. 
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Figure 2-1: Relation between radiated power parameters 

For up-link OTA requirements RAN4 needed a parameter for the impinging signal level for OTA sensitivity. For that purpose, EIS was defined. The general relation between a transmitted signal with a certain EIRP and a received signal level described as EIS is depicted in Figure 2-2.
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Figure 2-2: EIS definition 

EIRP is the power generated in a specific direction and EIS is the power at an impinging angle at the receiver. EIS can also be seen as a field-strength. Worth mention is that the free-space path-loss is not included in the definition of EIRP and EIS, but rather the relation between them in a link budget. 
Depending on figure of merit the polarization aspect needs some careful consideration. In the following sections, the polarization aspect per type of requirement is described. 

2.1 EIRP requirements

From IEEE [1], the Equivalent Isotropic Radiated Power (EIRP) is in the far-field region defined as the total power as: EIRP = EIRPp1+EIRPp2, where p1 and p2 are two orthogonal polarizations. This means that if not specifically denoted partial EIRP, the EIRP is always the power sum over two orthogonal polarizations.  
Referring to EIRP as the sum of two polarizations, excludes polarization matching in conformance testing, when two orthogonal polarizations are measured simultaneously. However, RAN4 does not state if polarization is captured in the RF core requirement definition. The EIRP value is declared by the base station manufacturer. The conformance test specification has two options for testing EIRP:
1. If the test facility only supports single polarization, then measure EIRP with the test facility's test antenna/probe polarization matched to the AAS BS.

2. If the test facility supports dual polarization then measure total EIRP for two orthogonal polarizations (denoted p1 and p2) and calculate total radiated transmit power for particular beam direction pair as EIRP = EIRPp1 + EIRPp2.

2.2 TRP requirements

TRP is defined as the total radiated power from an antenna system. This means that TRP always by definition captures two orthogonal polarizations and the power radiating in all angles around the sphere. 
As shown in Figure 2.1, the RF core TRP requirement level can easily be determined from the power accepted by the antenna, minus dissipated element losses. 

For the wanted signal requirements, e.g. radiated output power, OBUE and ACLR it is reasonable to derive TRP, based on EIRP spatial samples in the far-field region as:
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, where EIRP1 and EIRP2 is associated to two orthogonal polarizations.

For spurious emission in the output band region, the far-field criteria determined by 2D2/, where D is the largest physical dimension of the test object and  is the carrier wave length. Its therefore better to use the general definition of TRP:
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, where PD is the power density.

This definition allows the test distance to be shorter which will have a positive impact on conformance testing. 

2.3 EIS requirements

For OTA requirements relying of impinging signals that illuminates the base station antenna aperture, e.g. the wanted signal for OTA sensitivity or the interfering signal for receiver blocking, a parameter referred to EIS have been defined. 

For OTA sensitivity requirements EIS is used to describe the field-strength for which a link quality is met. The concept of EIS could also be used for other requirements, such as the interferer level for receiver blocking. However, for those cases a new abbreviation needs to be considered to minimize the risk of misunderstands. The OTA receiver blocker signal could be referred to as EIRL (Equivalent Isotropic Received Level). 
To be able to capture polarization properties for an arbitrary AAS base station with unknown implementation and polarization characteristics, the OTA sensitivity requirement is defined per two orthogonal polarizations. This means that the EIS level for each polarization is specified and tested. For the special case where, only support for one polarization is declared, only one test is required. In the case of single polarization support, the test signal must be matched to the test object. 

For the up-link the adaptive beam-forming responsible for calculating the beam-forming weights strive for optimizing the SNR per UE. For an AAS base station equipped with a dual polarized array antenna, this means in that polarization matching will occur. As a consequence, is that there is no need to specify any polarization properties except that the test object shall be illuminated with two orthogonal polarizations when the conformance test is conducted. The EIS level for each impinging polarization is measured and the EIS level per polarization should meet the requirement level. By including the polarization domain for OTA sensitivity, the test time can be significantly reduced, since the mechanical polarization matching by means of moving the test object is not necessary.  
2.4 Co-location requirements
For co-location requirements, a co-location reference antenna have been introduced. Requirement levels, such as interfering power levels and radiated power levels as referred to the RF ports of the co-location reference antenna. The most common case would be that the base station can use two orthogonal polarizations (e.g. an array antenna with 45 degrees slanted dual polarized elements). 
For the reference co-location antenna, this means that it is constituted by two single polarized array antennas with separate RF connectors named P1 and P2 in Figure 2.4-1.
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Figure 2.4-1: Co-location reference antenna 

The co-location requirements can be divided into two main categories based on how the co-location reference antenna is used:
1. Injecting an interfering signal for the OTA transmitter intermodulation requirement and the OTA receiver blocking requirement.
2. Receiving a power level for the OTA spurious emission requirement and the TDD OFF power requirement.
Since the intension with this concept is to mimic a base station-to-base station co-location scenario the co-location reference antenna is assumed to have the same polarization characteristics as the AAS base station. Meaning that is the AAS base station design is using 45 degrees slanted dual polarized elements, then the co-location reference antenna must be selected with similar elements mounted is the same orientation. 
At 90 degrees, horizontal angle the polarization characteristics for a passive base station antenna tends to degrade. The reason why is that the dual polarized dipole seen from 90 degrees horizontal angle is not at all dual polarized, meaning that the victim and aggressor sees each other through a single polarization. Of cause, other implementations than dipoles could be used where polarizations at 90 degrees still are separated. This would also indicate that the co-location reference antenna must be implemented by the same technology as the AAS base station in mind. 

From Figure 2.4-1, it can be noticed that the co-location reference antenna typically, would have two ports (P1 and P2). The questions now it, how should the power levels going in to the co-location reference antenna for category 1 be handled and how should the power levels going out from the co-location reference antenna for category 2 be handled.
For category 1, the following options have been identified:

a. The declared radiated power PTRP related to the AAS base station is split by two and feed to each port as:
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In this case, if the signal is split using a RF splitter and fed to the dual polarized antenna, a new composite polarization would be created within the service area of the antenna. However, at 90 degrees horizontal angle the polarization is mixed anyway.

b. The radiated power PTRP is feed to one port at the time. This approach would double the test time, since the requirement needs to be tested for two polarizations individually.

For category 2, the co-location reference antenna is used to measure a power level. Here following options have been identified:
a. The measured signal Pmeas is the power sum of for two polarizations as:
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The power sum can be calculated by repeating the measurement two times and sum the results or use a power combiner. 
b. The measured signal Pmeas is the power per port as:
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This approach would break the black-box approach, since the test needs to be conducted per polarization, two times. 
2.5 Fixed distance

For out-of-band blocking, the polarization of the interfering signal illuminating the test object needs careful considerations. Suggesting that the interfering signal always to be polarization matched to the test object would drive test time. Since the polarization state of the AAS base station is unknown in the out-of-band region, another scenario where two orthogonal polarizations are defined (e.g. vertical and horizontal), could be considered. This means that the interfering signal polarizations if fixed over the whole out-of-band frequency range. With respect to polarization, OTA out-of-band blocking requirement needs further studies. 
3. Conclusion

Currently, for non-AAS base stations the RAN4 RF core specifications does not capture anything about antenna characteristics, such as antenna polarization properties.  There a no clear guidance in 3GPP how to capture polarization properties of RF core requirements and conformance test requirements. Since radiated transmit power, OTA sensitivity now all other requirement in eAAS is seen as requirement capturing antenna, radio and base band it is reasonable to include the polarization aspect properly when RF core requirement is defined.
In this contribution, we have presented some background information about how to handle polarization characteristics for requirements based on EIRP, TRP, EIS and co-location. There is no common principle that can be adopted for both requirements as they are defined. 
This intension with this contribution is to give input for the RF core requirement discussion before closure of the eAAS WI core part. 
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