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Introduction

During Autumn 2015 the core requirement text for the radiated OTA sensitivity requirement was worked on extensively and completed. 

As part of the OTA sensitivity requirement, several new terms and concepts have been introduced to the specification. Those involved in the discussions to develop the requirement are very familiar with the terminology and requirement description. In the future, however the specification will be used by those not involved in the discussion and must be interpreted accurately.

In general, it is not the purpose of a core specification to extensively describe a requirement and the background behind a requirement. The specification should contain sufficient definitions and normative text to ensure that the requirement is stated concisely and clearly. Information on the background to the requirements can be captured in a TR. The TR was developed whilst the requirement was being finalised and could be further improved by adding a retrospective description of the requirement framework.

This proposal aims to include a retrospective informative description of the OTA sensitivity requirement that may be useful for future reference.

Potential text

Annex <X> (informative):
X.1 OTA sensitivity requirement
The OTA receiver sensitivity requirement is intended to capture system performance, including antenna array, RDN, TRX array and BB combining and demodulation algorithms. In this way, the requirement captures all aspects that influence OTA sensitivity such as beamforming and combining, receiver electronics noise figure and receiver radiated self-interference (arising e.g. from Passive intermodulations in some bands).

AAS receivers may vary enormously in both dimension and implementation. At one extreme is the example shown on the left hand side of figure x-1, in which there is a single receiver and a passive combining network in the RDN. The receive pattern will be fixed and the receiver can be said to have a “beam pattern” in this case. The opposite extreme is shown in the right hand side of figure x-1. In this case, there are a large number of receivers and a 1:1 mapping with antenna elements. RX combining can be performed on a user specific basis in baseband. For each user (and potentially each constellation of interfering users) there may be a specific combining and radiation pattern. Thus it is not possible to talk about a receiver beam pattern or receiver beam for this kind of architecture. Most AAS implementations will lie somewhere between these two extremes.
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Figure X-1: Two extremes of receiver architecture (left) no adaptive combining, (right) all adaptive combining
The OTA sensitivity requirement is designed to be flexible to all different types of receiver architecture and is complex in its description.

Central to the description is the concept of a sensitivity Range of Angles of Arrival (sensitivity RoAoA). A sensitivity RoAoA is a range of angles in azimuth and elevation. When illuminated in any direction within this range, an AAS BS is able to meet or exceed a (declared) OTA sensitivity level. Outside of the range the sensitivity level does not comply to any requirement. The concept of sensitivity RoAoA is depicted in figure 2. The left hand side of the figure shows a one dimensional cut of an RoAoA. The sensitivity is achieved over a range of declared angles in the depicted dimension. An RoAoA must in reality be declared to capture steering in both θ and φ. This can best be achieved by projecting the φ and θ polar coordinates onto a Cartesian representation, as depicted on the right hand side of figure 2. Several grey shaded potential RoAoA are depicted. Each grey area captures a range of combinations of (θ,φ) within which sensitivity can be achieved.
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Figure X-2: Illustration of range of Angles of Arrival in which sensitivity is met in one dimension (left) and two dimensions (right)
For a simple AAS with only passive combining, a sensitivity RoAoA can be related to a receive beamwidth. This is not the case though where there is adaptive baseband combining. It is important to note that a sensitivity RoAoA is not equivalent to a cell coverage pattern. A cell is defined by the coverage area of DL reference symbols and an uplink RoAoA can potentially cover more than one cell. (For example, if cell splitting is implemented then in the uplink, the RoAoA may contain 2 or more cells).

In the left hand example of figure X-1, as an example the phase progression applied in the RDN combining may be adjusted (i.e. RET applied). In this case, the coverage pattern of the uplink will change. Changing the uplink coverage will redefine the position of the sensitivity RoAoA. In 37.105, redefining the position of the sensitivity RoAoA is known as redirecting.
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Figure X-3 “Redirection” of the RoAoA depicted in one dimension (Left) and two dimensions (Right)
By means of redefining the position of the sensitivity RoAoA, the AAS can be made to cover a larger range. However it is not possible to achieve sensitivity in all parts of the larger range simultaneously, as reconfiguration of some parameters is needed to redirect the RoAoA. The complete set of all angles of arrival that can be covered by all possible redirections of the sensitivity RoAoA is called the redirection range in 37.105.
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Figure X-4: Illustration of extremes of redirection of RoAoA and the redirection range (highlighted in red)
Ultimately, the AAS BS is able to achieve a (declared) sensitivity for any angle of arrival within the redirection range. However, at any individual moment in time, the AAS is not able to instantaneously receive an incoming signal at sensitivity level that is outside of the current sensitivity RoAoA.

For the receiver architecture depicted in the right hand side of figure X-1, adaptive UE specific processing in the baseband may enable the basestation to receive from any direction. Hence the sensitivity RoAoA and the redirection are likely to coincide for this architecture.

The sensitivity is defined as Equivalent Isotropic Sensitivity, EIS. The EIS is relates to the strength of a directional signal. A receive quality metric is also defined, which is based on throughput for E-UTRA and BER for UTRA. The sensitivity requirement is deemed as being met if, when the basestation is illuminated with a UTRA or E-UTRA signal of the declared power level, from a direction within the sensitivity RoAoA the basestation receiver achieves the quality metric. Sensitivity must be achieved for a signal coming from any direction that is within the sensitivity RoAoA for any position of the RoAoA within the redirection range.

The minimum EIS level that must be achieved within the redirection range is declared by the vendor. The actual sensitivity does not need to be equal to the EIS; the sensitivity may exceed EIS at some points within the redirection range but may not be worse than the declared EIS.

Conformance testing is performed by transmitting a signal from 5 angles of arrival that mark edges of the redirection range and a reference direction.
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Figure X-5 Illustration of conformance test directions 
The combination of the declaration of an EIS value (a specific value of EIS is declared within the redirection range for each supported RAT/bandwidth), a redirection range within which the EIS value is achieved and some conformance test parameters is known as an OTA Sensitivity Directions Declaration (OSDD). 

A minimum of one OSDD declaration must be made and tested. However, it is optionally possible to declare more than one OSDD. Each different declared EIS value forms a different OSDD with different redirection range etc. 

Some examples of declarations for OTA sensitivity are as follows:
Example1: Basestation with no adaptive combining capable of 0-10 degrees downtilt

	Declaration identifier
	Declaration
	Used in requirements
	Notes

	D10.1
	OSDD identifier
	10
	OSDD 1

	D10.2
	OSDD operating band support
	10
	Band 1

	D10.3
	OSDD RAT support
	10
	E-UTRA

	D10.4
	OTA Sensitivity E-UTRA supported channel BW  
	10
	5, 10, 15, 20MHz

	D10.5
	Redirection of receiver target support
	10
	Yes

	D10.6
	Minimum EIS
	10
	-115dBm

	D10.7
	Receiver target reference direction Sensitivity Range of Angle of Arrival
	10
	See figure X-6

	D10.8
	receiver target redirection range
	10
	See figure X-6

	D10.9
	receiver target reference direction
	10
	(0,0)

	D10.10
	Conformance test directions sensitivity RoAoA
	10
	See figure X-6

	D10.11
	Conformance test directions
	10
	(0,0), (45,0), (-45,0), (0,5), (0,-15)


Redirection range and some example sensitivity RoAoA:
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Figure x-6 Example redirection range and conformance points for an AAS capable of downtilt
Basestation with fully adaptive combining

Redirection range and sensitivity RoAoA are completely aligned

	Declaration identifier
	Declaration
	Used in requirements
	Notes

	D10.1
	OSDD identifier
	10
	OSDD 1

	D10.2
	OSDD operating band support
	10
	Band 1

	D10.3
	OSDD RAT support
	10
	E-UTRA

	D10.4
	OTA Sensitivity E-UTRA supported channel BW  
	10
	5, 10, 15, 20MHz

	D10.5
	Redirection of receiver target support
	10
	No

	D10.6
	Minimum EIS
	10
	-120dBm

	D10.7
	Receiver target reference direction Sensitivity Range of Angle of Arrival
	10
	See figure X-7

	D10.8
	receiver target redirection range
	10
	See figure X-7; redirection range and sensitivity RoAoA coincide

	D10.9
	receiver target reference direction
	10
	(0,0)

	D10.10
	Conformance test directions sensitivity RoAoA
	10
	See figure X-7

	D10.11
	Conformance test directions
	10
	(-45,0), (45,0), (0,-20), (0,15)
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Figure x-7 Example of a declaration of redirection range and conformance test points for an AAS BS that performs all RX combining in baseband
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