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1. Introduction

At the last RAN4 meeting (RAN4#86-bis in Melbourne) a discussion on details related to conformance testing of co-location requirements was initiated in [1, 2]. At the end a way-forward contribution was created to capture some open issues [3].
As an introduction to the coming discussion the background related to the co-location requirements defined in TS 37.105 and about being captured in TS 37.145-2 is captured in this contribution.    
This contribution continues to elaborate around technical aspects associated to co-location requirements. For some of the issues solutions are presented, while for others more discussion and analysis are required. 
2. Discussion

In the eAAS WI, several different approaches for co-location requirements have been discussed. Here some of the different approaches for co-location requirements is summarized;

I. Parameter based

This approach is based on general parameters such as EIRP for radiated emission and EIRL for impinging signals. This approach gives freedom for test environments to provide correct radiated levels, based on current assumption of 30 dB port-to-port isolation. To determine proper EIRP and EIRL levels as part of the requirements assumptions on the AAS base station implementation is needed.  

II. Scenario based

This approach defines a co-location scenario in terms of co-located base stations and alignment. A typical scenario is two base stations mounted in the same mast separated 0.1 m. It has been verified that 0.1 m corresponds to approximately 30 dB isolation for two passive base station antennas. 
III. Dual base station

This approach assumes two base station of the same type is used. One base station is the test object, while the other is used to either inject an interferer or measure emission. Also, here the signals should be selected to achieve the same scenario as assuming 30 dB antenna port-to-port isolation. This approach requires test functionality to be included to generate interferer signals and measure emission.
IV. Standard antenna

This approach specifies a standardized antenna to be used to inject interferer signal and measure emission. It’s not clear, how the relation between alignment and antenna characteristics can be associated to maintain the legacy port-to-port isolation of 30 dB.
When TS 37.105 was created RAN4 concluded to use the scenario approach (II) to define all co-location requirements for AAS base stations. The definition of the Co-location Reference Antenna (CRA) and the placement with respect to the test object is the result.

The intension with the scenario-based co-location concept for co-location requirements is to mimic a scenario where two base stations are located in the same mast. Co-location requirements are requirements which are based on assuming the AAS base station is co-located with another base station of the same base station class; they ensure that both co-located systems can operate with minimal degradation to each other. For these requirements a concept of a co-location Reference Antenna (CRA) is introduced. The CRA is a key component for requirements listed in Table 2-1.

Table 2-1: Co-location requirements defined in TS 37.145-2

	Requirement


	TS 37.145-2, sub-clause 
	CRA operation
	Description

	OTA Transmit ON/OFF power
	6.5
	Measure emission within the operating band
	The CRA is used to mimic a victim base station to receive transmitter OFF power leakage from the aggressor AAS base station.

	OTA Spurious emission
	6.7.6.3

6.7.6.5
	Measure emission outside the operating band
	The CRA is used to mimic a victim base station to receive spurious emission from the aggressor AAS base station.

	OTA Transmitter intermodulation
	6.8
	Inject an interferer within the operating band
	The CRA is used to mimic an aggressor base station to inject an interferer signal into the AAS victim base station.  

	OTA Blocking
	7.6.3
	Inject an interferer outside the operating band
	The CRA is used to mimic an aggressor base station to inject an interferer signal into the AAS victim bases station.


For co-location requirements where the frequency range of the signal at the CRA is different from the AAS base station, a CRA suitable for the frequency stated in the requirement is required.

All co-location requirements are based on power levels at the conducted interface of a CRA, depending on the requirement this interface is either an input or an output. For AAS base station with support for dual polarizations the CRA has two conducted interfaces each representing one polarization. Worth mention with respect to the location of the CRA mounted at 90 degrees azimuth angle, is that polarization characteristics are degenerated (e.g. +/- 45 degrees corresponds to V-pol at 90 degrees, rather than +/-45 degrees).  
The definition of the CRA together with its specific placement with respect to the test object is specified in TS 37.105, sub-clause 4.10. 

In the way-forward from last meeting [3] the following aspects needs further considerations:

Measurement uncertainty and test procedures for co-location proximity method based performance requirements have still open items including:
1. What are the requirements for co-location reference antenna, including antenna type and alignment relative to EUT during conformance test. These aspects shall be clarified in the conformance specification. 

2. How measurements are performed when signal level is very close to noise floor in all tests

3. Why to define conformance requirements which cannot be reliably measured

4. Impact of dead zone caused by having co-location reference antenna between EUT and measurement antenna during Tx IMD test

5. Impact of dynamic range in Tx OFF power measurement  

6. Measurement uncertainty budget format and values

7. How to align proposals from different companies
In the following sub-sections, we briefly elaborate around some essential issues identified by the way-forward.
2.1 CRA definition

For a wide-area AAS base station the CRA is defined as a traditional passive base station antenna providing coverage within a 120 degrees sector. Therefore, the CRA is specified to be a single column passive antenna which has the same vertical radiating dimension, frequency range, polarization, as the composite antenna of AAS BS and nominal 65degrees horizontal half-power beam width suitable for 3-sector deployments. Based on the approach selected for co-location requirements, this description is sufficient. 

For medium range and local area base stations, it is reasonable to specify other types of CRA to be used.

Observation:

CRA definitions for medium range and local area base stations are required. 
2.2 CRA placement

To mimic a wide area co-location scenario the CRA is supposed to be placed at a distance d from the edge of the AAS base station, as shown in Figure 2.2-1.
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Figure 2.2-1 Placement of CRA
The edge-to-edge separation d, between the tested AAS base station and the CRA is specified to 0.1 m. The alignment of the AAS base station and the CRA shall be aligned in a common plane perpendicular to the mechanical bore-sight direction. The vertical radiating regions of the CRA and the AAS composite antenna shall be aligned.
For medium range and local area base stations, it is reasonable to specify another placement.

Based on previous discussions and information in this contribution, the figure in TS 37.145-2, sub-clause 4.15 needs to be improved to capture information visualized in Figure 2.2-1.

Observation:

The descriptive figure in TS 37.145-2, sub-clause 4.15 needs improvements with respect to alignment of CRA and test object. 

2.3 Measurement of emission

For TDD OFF power and spurious emission requirements the measured expected signal level at the measurement receiver is very low. Even if external LNA is used before the measurement receiver, the noise floor of the measurement receiver will have a significant impact on the measurement uncertainty. Therefore, alternative approaches need further considerations in the case where the signal can’t be detected properly. 

Since the emission received at the measurement receiver PUEM for co-location requirements are very low (typically close to the noise-floor of the test equipment), it is suggested to measure the noise change between test object transmission OFF and transmission ON. The relations between measure noise change 1, noise floor N0 and the relation to PUEM with respect to the noise floor denoted 2 is visualized in Figure 2.3-1.
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Figure 2.3-1: Relative noise measurement  

The absolute emission level is calculated as:


[image: image3.wmf]2

0

d

-

=

N

P

UEM

, where N0o is the noise floor of the measurement receiver and 2 is found in Figure 2.3-2.
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Figure 2.3-2: Measured noise change to relative noise level

The absolute noise floor of the measurement receiver, including probe antenna, cables, filter and LNA is determined by a calibration procedure. The calibration will determine the absolute accuracy of measuring out-of-band unwanted emission close to the thermal noise floor. 
Observation:

A test approach based on noise-rise can be adopted too minimize measurement uncertainty. 

In a companion contribution [5] example measurements produced by a noise rise method is presented.

2.4 CRA impact on TX IMD

According to the description in TS 37.145-2, sub-clause 4.15 of how to mount the CRA with respect to the test object, the CRA is mounted at 90 degrees azimuth angle. At this angle, it is reasonable to believe that the radiation from the test object carrying spurious emission is very low. This means that the blocking effect caused by the CRA, can be assumed to be neglectable. 

A simple model where an AAS is radiating emission from an array antenna can be used to confirm the impact, when EIRP samples is set to zero for directions where the CRA is blocking the direct path to the test object. Just by analysing the radiation pattern from a typical passive base station antenna indicates that the antenna gain at 90 degrees azimuth angles is typically -10 dB, about 25 dB lower than the gain in beam peak direction. 
Observation:

The blocking impact of CRA, while measuring spurious emission is negligible.

2.5 CRA selection for in-band region

For requirements which are defined within the operating band of the CRA and test object. The CRA shall be selected as described in section 2.1. As an example, a very good antenna to be used as a CRA would be a single column passive base station antenna with the same intended coverage parameters as the test object. 
It is not advised to use a multi-column antenna since the radiating performance may be different for a single-column in a multi-band antenna compared to a single column antenna. 

Observation:

A single column passive array antenna shall be used for in-band requirements.
2.6 CRA selection for out-of-band region

For requirements where the CRA is operating at a frequency outside the operating band of the test object, e.g. blocking and spurious emission, a proper CRA must be selected. This means that the height (h) of the radiative aperture may differ between the test object and the CRA. Here the guidance for selection of CRA would be to select a CRA that have the same intended coverage are as the test object. Also, here a single-column antenna with a typical element at the band of interest is a good choice. However, the details in terms of antenna length requires more careful analysis.
Observation:
Further details need to be captured in TS 37.145-2, for how to select a CRA for requirements defined outside the operating band of the test object. 

It’s not at the moment clear how the CRA for out-of-band requirements shall be selected. However, it’s clear that the selected antenna in the out-of-band region will affect the strictness of the test requirement. 
2.7 CRA isolation model

To be able to study the CRA impact on different requirements, there is a need for a lightweight coupling model to be adopted by RAN4. In this section a simple model based on power summation of multiple signal contributions is presented.    

The co-location setup can be seen as N radiating elements located in close vicinity. The port-to-port isolation between the antenna CRA and the Device Under Test (DUT) can be analysed by studying the co-coupling between all elements, where the DUT holds N2 dual polarized elements and the CRA two polarized elements, according to Figure 2.7-1. 
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Figure 2.7-1: CRA coupling model
The edge-to-edge separation between the DUT and CRA is d and the height of the DUT and the CRA is h. Here, the height depends on the number of element used along the vertical axis. The electrical relation between the DUT and the CRA can be described by N port circuit, characterized by [NxN] scattering matrix, S. 
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, where snm is a complex value describing a general N port electrical network. 

The array elements of the S matrix can be determined by measuring the port-to-port isolation between all elements using a network analyser or by simulation in e.g. HFSS. In general, snm will depend on the distance between the n-th element and the m-th element as function of h and d. The coupling will also depend on element placement, element types and other implementation aspects.

The antenna element port to port isolation, inm = |snm|2 for n not equal to m, where snm is the array elements of the S matrix. For array elements, where n=m and the array elements in the S matrix corresponds to port matching, inm is set to zero. 

Then the isolation matrix can be expressed as I, descried as:
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A simple assumption would be to calculate the lnm based on free-space path loss, since element to element will fulfil the far-field criteria. Unfortunately, this approach would not capture all details associated with an array antenna. 

Assuming the DUT and CRA to be placed in an anechoic environment the power coupled between elements can be described as the vector PB as:
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, where PA is the power vector describing the power applied to the system including DUT and CRA.

If the CRA is used to inject a interferer signal, all elements of PA related to the test object is set to zero, only the element related to the CRA is a non-zero value. On the other hand, where the CRA is used to measure an emission level all elements associated to the test object is populated with non-zero values, The PB vector holds the elements with power coupled through the system. 

By using the described methodology, the port-to-port isolation can be evaluated. The port-to-port isolation is an essential part of the measurement uncertainty evaluation later to be conducted by RAN4 to finalize the conformance specification. Also, worth to mention is that more detailed models exist and should not be excluded. What is important is that RAN4 can find means to evaluate the impact of the co-location reference antenna, with respect to length, distance and out-of-band performance. 

Observation:

To be able to evaluate measurement uncertainty, RAN4 needs a coupling model, where different types of CRA antennas can be modelled. 

3. Conclusion

Based on previous agreements associated to base station co-location requirements, the description on some details needs further improvements. In this contribution we have made some observations to consider in the continuing work to define proper test requirements for co-location requirements. 

Observation 1:

CRA definitions for medium range and local area base stations are required. 

Observation 2:

The descriptive figure in TS 37.145-2, sub-clause 4.15 needs improvements with respect to alignment of CRA and test object. 

Observation 3:

A test approach based on noise-rise can be adopted too minimize measurement uncertainty. 

Observation 4:

The blocking impact of CRA, while measuring spurious emission is negligible.

Observation 5:

A single column passive array antenna shall be used for in-band requirements.

Observations 6:

The CRA definition and placement is only considering wide area base station. Further work is needed to define proper CRA definition and placement for medium range and local area base station. 

Observation 7:

To be able to evaluate measurement uncertainty, RAN4 needs a coupling model, where different types of CRA antennas can be modelled. 
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