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Introduction

Receiver Sensitivity requirement for AAS Rel-14 has been discussed by RAN4. A Way Forward was agreed at the last RAN4#81bis meeting to specify the OTA sensitivity based on the conducted reference sensitivity taking into consideration losses and the Directivity which is estimated based on the declared RoAoA.
In this contribution, we discuss further aspects related to OTA receiver sensitivity based on the WF agreed during the last meeting and make suggestions for specifying OTA receiver sensitivity for AAS Rel-14.
Discussion
During the last meeting a Way Forward in [1] was agreed on the OTA sensitivity to be based on the conducted reference sensitivity taking into consideration losses and antenna directivity corresponding to the declared RoAoA. 

The agreed formula in the Way Forward for OTA sensitivity defines the minimum EIS as follows:

· Minimum EIS = Conducted reference sensitivity – D + L
· L is a loss factor accounting for antenna losses, cable losses, integration losses etc.
· Conducted ref sens is rel13 value
· D represents the estimated minimum antenna directivity of a non AAS BS within the range of angles of arrival (that is part of the OSDD declaration), calculated using one of the options below.
The Way Forward also states that 
Minimum EIS represents a threshold for minimum sensitivity performance. Basestations with sensitivity better than minimum EIS will pass the requirement
We think and hence propose that an AAS BS with an EIS that is lower than or equal to the Minimum EIS will be considered compliant to the OTA sensitivity requirement.

Proposal 1: An AAS BS is considered compliant to the OTA sensitivity requirement if it meets the throughput/BER requirements at Minimum EIS level.
Furthermore, in the Way Forward, two options are consider for estimating the Directivity D:

· Base D on a formula applied to the declared OSDD.
· Make a table of possible D based on BS class, number of sectors and possibly some other factors
· Contents of the table could be derived using the formula
By considering that AAS implementations can have vast variety of OSDDs encompassing different declared RoAoA with various corresponding azimuth and elevation beamwidths, it is therefore more appropriate to base directivity D on declared RoAoA. For the core requirements, the definition of the directivity of an antenna in annex C5 of the TR37.840 [3] should be applied. 
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 is the electric far-field pattern of an arbitrary antenna.

Proposal 2: For core requirement, it is proposed that the Directivity D for OTA sensitivity is calculated based on the directivity definition of an antenna in TR37.840 applied to the declared RoAoA.
It is noted that the directivity calculation in TR37.840 is defined for the maximum directivity. In this case the directivity in the agreed formula in WF [1] should be modified to say that D represents the estimated “maximum antenna directivity” instead of “minimum antenna directivity”.

Also a directivity margin should be added to the formula to allow coverage for the declared RoAoA other than just in the peak direction.

Proposal 3: It is proposed to modify the formula in WF [1] as follows:

· Minimum EIS = Conducted reference sensitivity – D + L +Directivity Margin
· L is a loss factor accounting for antenna losses, cable losses, integration losses etc.
· Conducted reference sensitivity is rel13 value
· D represents the estimated maximum antenna directivity of a non AAS BS within the range of angles of arrival (that is part of the OSDD declaration), calculated using one of the options below.
· Directivity Margin to allow coverage for the declared RoAoA other than just in the peak direction
For conformance requirements, the directivity D can be estimated based on some approximation formula utilising the corresponding azimuth and elevation beamwidths for the declared RoAoA. The formula for derivation of the Directivity D in [2] is suggested to be based on the so called 36000+ model described in [4]. There are other Directivity estimation models referred in [4] as indicated below:

· Kraus: 

D = 10*log10(41253/(ABW*EBW))
· Elliott: 
D = 10*log10(23400/( ABW*EBW))
· Tai/Pereira: 
D = 10*log10(72815/(ABW2+EBW2))
· 36000+ model:
D = 10*log10(36000/( ABW*EBW)+0.3)
Directivity estimation error for Krau, Elliott and the 36000+ model are analysed and presented in [4] and [5] with the summary as illustrated in the figure below.
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In [4], it is suggested that the 36000+ model is the recommended model for AAS because of the range of beamwidths applicable in AAS system. This is not clear, since in the figure above, as it appears that the Elliott model gives the lowest estimate error. Some more discussion is needed to validate the claim about the choice for the 36000+ model over the Elliott model.
Proposal 4: To further discuss whether the Elliott model or the 36000+ are best for estimating minimum EIS.
Once agreed on the approximation formula for estimating D, a similar approach used for conformance requirements for EIS in AAS Rel-13 can be applied for Rel-14. It should be noted that the declared RoAoA and the OSDD are similar to the declared one in AAS Rel-13, but they are expected to be different in shape due to the difference between the declared EIS in Rel-13 and the required absolute value OTA sensitivity in Rel-14.
Proposal 5: For conformance requirements, the calculated corresponding minimum EIS for each declared OSDD is verified at the edges of the OSDD in the same way as is currently specified for AAS Rel-13.
Conclusion
In this paper, we discussed the requirements for OTA Receiver Sensitivity and considered the open issue in the WF on OTA sensitivity in [1]. 
The following proposals are made:

Proposal 1: An AAS BS is considered compliant to the OTA sensitivity requirement if it meets the throughput/BER requirements at Minimum EIS level.
Proposal 2: For core requirement, it is proposed that the Directivity D for OTA sensitivity is calculated based on the directivity definition of an antenna in TR37.840 applied to the declared RoAoA.
Proposal 3: It is proposed to modify the formula in WF [1] as follows:

· Minimum EIS = Conducted reference sensitivity – D + L +Directivity Margin
· L is a loss factor accounting for antenna losses, cable losses, integration losses etc.
· Conducted reference sensitivity is rel13 value
· D represents the estimated maximum antenna directivity of a non AAS BS within the range of angles of arrival (that is part of the OSDD declaration), calculated using one of the options below.
· Directivity Margin to allow coverage for the declared RoAoA other than just in the peak direction
Proposal 4: To further discuss whether the Elliott model or the 36000+ are best for estimating minimum EIS.

Proposal 5: For conformance requirements, the calculated corresponding minimum EIS for each declared OSDD is verified at the edges of the OSDD in the same way as is currently specified for AAS Rel-13.
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