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1. Introduction

At the last RAN4 meeting in Athens (RAN4#82) a concept for defining a minimum requirement to be added to OTA sensitivity was agreed. The concept of the minimum requirement and the relation to the current declared OTA sensitivity is described in a way-forward [1] from last meeting.
The essential parts of the way-forward can be summarized as:

Proposal 1:

Keep the REL13 Radiated OTA sensitivity requirement and declarations to satisfy the antenna performance parameters captured in that requirement.

Add a new requirement and set of declarations for minimum EIS which replaces the conducted reference sensitivity requirement.

Proposal 2:

1) The RoAoA which defines the 3dB contour for the minimum EIS is declared.

a. The 3dB RoAoA is contained within the RoAoA declaration for the REL13 Radiated OTA sensitivity requirement.

2) An equation such as the Elliott formula (final choice is FFS) is used to calculate the D value.

3) An off peak margin of 3dB is used.

Proposal 3: The L value for wide area BS is a fixed value of 2dB to cover all frequencies and antenna geometries.

Proposal 4: Contributions offering Antenna efficiency and L value for medium and local area AAS BS are encouraged for next meeting.

This contribution has collected the background information relevant for the current requirement together with the background information required to create a minimum requirement creating the complete OTA sensitivity requirement for AAS base stations beyond Release 13/14. At the end of this contribution a text proposal has been created to capture background information related to the OTA sensitivity requirement in TR 37.843.
2. Discussion

In AAS a requirement to capture OTA sensitivity was developed and introduced in Release 13 in TS 37.105. The OTA sensitivity requirement is based upon the declaration of one or more OTA sensitivity direction declarations (OSDD), related to an AAS BS receiver. The AAS BS receiver may optionally be capable of redirecting/changing the receiver target by means of adjusting BS settings resulting in multiple sensitivity RoAoA. The sensitivity RoAoA resulting from the current AAS BS settings is the active sensitivity RoAoA. If the AAS BS is capable of redirecting the receiver target related to the OSDD then the OSDD shall include: 

1. The set(s) of RAT, Channel bandwidth and declared minimum EIS level applicable to all sensitivity RoAoA in the OSDD.
2. A declared receiver target redirection range, describing all the angles of arrival that can be addressed for the OSDD through alternative settings in the AAS BS.

3. Five declared sensitivity RoAoA comprising the conformance testing directions as detailed in TS 37.145-2.

4. The receiver target reference direction.
Some of the declared sensitivity RoAoA may coincide depending on the redirection capability. In addition to the declared sensitivity RoAoA, several sensitivity RoAoA may be implicitly defined by the receiver target redirection range without being explicitly declared in the OSDD. The declared OTA sensitivity applies only to the active sensitivity RoAoA inside the receiver target redirection range. The OTA sensitivity EIS level declaration shall apply to all supported polarizations, under the assumption of polarization matching. 

For E-UTRA a received signal whose AoA of the incident wave is within the active sensitivity RoAoA of an OSDD the throughput criterion, as described below, shall be met when the level of the arriving signal is equal to the minimum EIS level in the respective declared set of EIS level, RAT and channel bandwidth. The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in TS 36.104 with parameters specified in Table 2-1.
Table 2-1: E-UTRA AAS BS reference measurement channel

	E-UTRA

Channel bandwidth 
 [MHz]
	Reference Measurement Channel (RMC)

	1.4
	FRC A1-1 in 3GPP TS 36.104, annex A.1

	3
	FRC A1-2 in 3GPP TS 36.104, annex A.1

	5
	FRC A1-3 in 3GPP TS 36.104, annex A.1

	10
	FRC A1-3 in 3GPP TS 36.104, annex A.1

	15
	FRC A1-3 in 3GPP TS 36.104, annex A.1 

	20
	FRC A1-3 in 3GPP TS 36.104, annex A.1 


The requirement applies for all declared sets of EIS level, RAT and channel bandwidth, within the OSDD comprising E-UTRA, and for all related active sensitivity RoAoA settings within the AAS BS capability.

In eAAS WI part of Release 14/15, the plan is to create an all OTA specification for AAS base stations. To accomplish task, the OTA sensitivity requirement in TS 37.105, sub-clause 10 needs to be extended to also include a minimum requirement that can be used as reference for other OTA receiver requirements, such as receiver intermodulation and receiver blocking, in the same fashion as reference sensitivity for conducted receiver requirements.
Due to obvious similarities between the existing OTA sensitivity requirement and the proposed minimum requirement it has been discussed if the two could be merged. However, it has been pointed out that the two requirements capture different aspects of radiated characteristics related the AAS base station receiver capability.
1. The current OTA sensitivity requirement in TS 37.105, sub-clause 10 is based on a declared EIS value and a declared RoAoA. This requirement captures the spatial performance of the receiver including the array antenna performance. One important characteristic which can be captured is the scan-loss of the system due to large steering angles for a specific array antenna geometry.
2. The proposed minimum requirement will create the reference (replacement for the conducted sensitivity requirement) for other OTA receiver requirements. The intention with this requirement is not to capture antenna performance but to de-embed the antenna characteristics in order to show equivalence to a non-AAS system with a passive base station antenna.
At the last meeting RAN4 agreed the following general principles: 
1. Extend the current OTA sensitivity requirement with a minimum requirement to be used as reference for other OTA requirements.

2. A new declaration of the 3 dB contour is created for the minimum requirement. 
3. The of peak margin is set to 3 dB so that the EIS level can be met within the 3 dB contour.

4. The loss-factor, L for wide area BS is set to 2 dB.

Based on decision 1, 2 and 3, the concept of declared RoAoA is extended to described two regions, as shown in Figure 2-1. 
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Figure 2-1: Direction diagram with RoAoA regions for OTA sensitivity
The general region is associated to the OSDD declaration, currently included in TS 37.105, sub-clause 10, while the minimum region is described by new manufacturer declared parameters. The new parameters are associated to some antenna characteristics of a non-AAS base station, more specifically the half power beam width of a passive base station antenna. 

It is reasonable for an AAS base station that the minimum region is within the general region, but nothing hinders them to be declared equal.

Based on decision 3 and 4, the formula to determine the minimum EIS can be written as:
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The next challenge is to find a good approximation of the directivity as function of half-power beam width. 
The intension in eAAS is to complete the OTA sensitivity requirement in TS 37.105, sub-clause 10 with a minimum requirement. Currently, the OTA sensitivity requirement is based on the concept of OTA sensitivity directions declarations (OSDD). The OSDD is a set of declarations, including EIS, RoAoA along -axis and -axis. Using the concept with of having declaration, the tools of declaring the EIS level to be met with in the RoAoA relevant for a specific coverage area needs to be included in the RF core specification. Note that the current OSDD is typically associated to the sector boarder for a 3-sector site deployment not the 3dB-contour.
However, to be able to create a minimum requirement we need to create a new region associated to a fixed EIS level increase. A concept of creating an inner region for the minimum requirement have been proposed at last meeting. The inner region is fixated to the 3 dB contour. Where, 3 dB is associated to the EIS drop experienced from the best possible experienced EIS level to a 3 dB higher EIS level for a non-AAS base station. The 3 dB region is declared by the base station manufacturer. The intersection of the 3 dB region with the -axis and the -axis described the equivalent beam-width of a passive base station antenna. This information can be used to determine the directivity of a passive base station antenna. With respect to the minimum requirement the declared minimum region is declared by the base station manufacturer. In conformance testing the conformance testing the 3 dB contour could be handled in two ways:

1. The base station manufacturer declared the minimum region and shows compliance within the region. Following this approach, the minimum requirement is a function of declared parameters.

2. The 3 dB compliance points is determined in conformance testing. Following this approach, the minimum region is confirmed by conformance testing, meaning that the region does not need any new parameters to be declared.
For a minimum requirements used as a reference for other requirements, it would be reasonable to keep the manufacturer declarations as low as possible.

For both cases, described above an expression to calculate the peak directivity from half power beam widths is required. From antenna theory [2] the directivity of an ideal planar antenna array (one that is perfectly matched and has cosine shaped hemispherical element pattern) can be approximated by the beam widths of the main beam as:
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, where BeW is the half power beam width along the -axis in degrees and BeW is the half power beam width along the -axis in degrees. 
Including the agreed values for L, Doff-peak and the approximation formula for peak directivity the minimum EIS formula can be rearranged in logarithmical scale in dBm as:
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This equation needs to be captured in the RF core specification to described the minimum EIS level part of minimum OTA sensitivity requirement to be used as reference for other receiver requirements. 
3. Conclusion

The OTA sensitivity requirement for Release 14/15 in eAAS will comprises of two parts;
1. A general requirement, based on OSDD. Where the bases station meets a declared EIS level within declared RoAoA as part of declared OSDD.
2. A minimum requirement, based on Prefsens and 3dB characteristics as described above.
At the end of this contribution a text proposal is attached for approval. The text proposal adds background information for the minimum requirement to be added to OTA sensitivity in TS 37.843, sub-clause 6.2.2.
4. References

[1]
R4-1702271, “WF on OTA sensitivity”, Huawei
[2]
Antenna Theory: Analysis and Design, Constantine A. Balanis, Wiley, ISBN 978-1-118-642060-1
[Text proposal]
6.2
Reference sensitivity level


6.2.1 
Background information on the conducted requirement

The conducted reference sensitivity serves two purposes. The first purpose is as a minimum RF performance requirement for sensitivity. The second purpose is as a reference level from which other RX requirements are defined.

The wide area sensitivity requirement has been derived based on estimation and assumption of the achievable noise figure in the BS receiver and the SNR requirement for the reference measurement channel.

For the medium range BS class, system simulations were conducted based on 2 network layers of which one was a macro layer and a second a micro layer. The micro sensitivity is set such that the macro layer is not significantly degraded due to large power UL transmissions in the micro layer, whilst the micro layer sensitivity is somewhat relaxed due to the fact that interference from the macro layer renders achieving the same sensitivity level not useful. Based on the simulations, a different sensitivity level than for the wide area BS class was decided.

For the local area BS class, system simulations and calculations of interference to the pico cells due to other network layers was calculated. The presences of potentially strong interference due to UEs transmitting to micros or macros means that a tight sensitivity for a pico cell does not make sense from a performance or cost perspective.

Thus in effect the wide area sensitivity is based on achievable performance, whilst the sensitivity for the other layers is based on interference conditions in a heterogeneous network.

6.2.2
OTA sensitivity requirement
6.2.2.1
General

In the Rel-13 AAS BS specification TS 37.105 [3] there are 2 requirements related to receiver sensitivity:

· Reference sensitivity, described in sub-clause 7.2, part of the conducted receiver requirements; applies per TAB connector.
· OTA sensitivity, described in sub-cause 10.2, part of the radiated receiver requirements; applies in the farfield region for parameters associated with  declared OSDD. 
The Rel-13 OTA sensitivity requirement currently is based on meeting a declared EIS value over a declared RoAoA. To provide a minimum EIS requirement level which can replace the conducted reference sensitivity level, the EIS value is not declared but a minimum requirement is set based on the existing conducted minimum requirement.
6.2.2.2
Declared OTA sensitivity level
The declared OTA sensitivity requirement is based upon declaration of one or more OSDD, following the concept defined for Rel-13 AAS specification TS 37.105, sub-clause 10.2.
6.2.2.3
Minimum OTA sensitivity level
The minimum EIS value depends on the equivalent non-AAS directivity of the UL radiation pattern and can be calculated in dBm as follows:
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Where: 

· L is a loss factor in dB accounting for antenna losses, distribution losses, integration losses, etc. The L value for wide area BS is a fixed value of 2 dB to cover all frequencies and antenna geometries.
· Conducted reference sensitivity, PREFSENS is the conducted reference sensitivity level in dBm in the Rel-13 TS 37.105, sub-clause 7.2 [3].
· D0 is the estimated antenna peak directivity in dBi of a non-AAS BS, which has a beam pattern related to the AAS BS minimum RoAoA region. 
· Doff-peak is the peak directivity off-peak margin in dB to allow coverage for the minimum RoAoA region other than just in the peak direction, using the same estimated antenna pattern used to derive the estimated antenna directivity D0. 


The peak directivity in dBi of an ideal planar antenna array (one that is perfectly matched and has cosine shaped hemispherical element pattern) can be approximated by the beam widths as:
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, where BeW is the half power beam width along the -axis and BeW is the half-power beam width along the -axis. 
The BeW and BeW is declared by the base station manufacturer and corresponds to a non-AAS base station passive antenna having the same coverage as the AAS base station. The detailed description on these parameters are FFS.
In compact form the minimum EIS level in dBm can be expressed as:
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6.2.2.4
OTA sensitivity conformance directions
The OTA sensitivity requirement validates the OTA sensitivity within regions described in Figure 6.2.2.4-1:
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Figure 6.2.2.4-1: OTA sensitivity RoAoA regions

The conformance testing is performed at the following directions:
1. The receiver target reference direction.

2. The direction determined by the maximum  value achievable inside the general RoAoA maintaining the receiver target reference direction  value.
3. The direction determined by the minimum  value achievable inside the general RoAoA maintaining the receiver target reference direction  value.
4. The direction determined by the maximum  value achievable inside the general RoAoA maintaining the receiver target reference direction  value.
5. The direction determined by the minimum  value achievable inside the general RoAoA maintaining the receiver target reference direction  value.
6. The direction determined by the maximum  value achievable inside the minimum RoAoA maintaining the receiver target reference direction  value.
7. The direction determined by the minimum  value achievable inside the minimum RoAoA maintaining the receiver target reference direction  value.
8. The direction determined by the maximum  value achievable inside the minimum RoAoA maintaining the receiver target reference direction  value.
9. The direction determined by the minimum  value achievable inside the minimum RoAoA maintaining the receiver target reference direction  value.

The directions to be tested is visualized in Figure 6.2.2.4-2.
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Figure 6.2.2.4-2: Conformance test directions
[The end of text proposal]
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