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1 Background
The discussion on OTA sensitivity in RAN4#74bis in Rio de Janeiro resulted in a renewal of the WF from the RAN4#74 meeting in Athens [1], [2]. Whilst the WF in [1] remains, a few additional questions to respond were added in the new WF [2]. For convenience, the two WF are rephrased into a combined set of agreed bullets below: The new WF was needed since the references on directions were revealed to be insufficiently agreed. (This applies to OTA requirements in general, but was captured in bullets a, and b below.)

Agreements:

1. Document the agreement requiring vendors to declare sensitivity for any claimed range of angles of arrival.

2. Agree on terminology and semantics used in specifying the range of angles of arrival 
a. Whether the coordinates system is defined in relation to the base station or whether a fixed mandatory coordinate system shall be used and the BS physical structure relation to it shall be declared.

b. Nomenclature describing directions relative to the AAS BS physical structure.

c. Whether a “range of angles” can have a “direction” and if the terminology shall support description and declaration of a direction of the range of angles of arrival for which the OTA sensitivity is declared, or not.

d. Whether, if the description of the direction of the declared range of angles of arrival shall be supported by the terminology, descriptions of shifting direction the range of angles of arrival shall be supported (by e.g. adopting the concept of steering for range of angles of arrival declarations), or not.

3. Agree on the specification of reference points (number and position, in both azimuth and elevation) within each range of angles of arrival necessary to demonstrate compliance to the requirements

4. Choose either TRS or EIS as the figure of merit for Wide-Area, Medium Range and Local Area base stations.

In RAN#75 in Fukuoka, it was agreed that EIS would be an applicable requirement for all classes of BS. Whilst TRS was not explicitly ruled out for the future, Item 4 on the list of issues above can be considered resolved in the sense that at least one option is defined. 

A text was also agreed describing the coordinate system and the directions descriptions to be used commonly for OTA requirements [3]. Therefore it also items 2a and 2b can be said to be resolved.

Whilst no TP or WF was agreed regarding the other items on the list, it can be noted that the following was agreed during the on line discussions:

· There is a need to be able to describe where a RoAoA as described in a directions diagram can be repositioned maintaining  its essential shape, orientation and declared EIS.

· It is possible to identify a specific direction within a range of directions and describe it as the general direction of the range. However, opinions on whether this useful differ. 

Further, It was noted in the discussions that: 

· It is sensitive to reuse terminology from DL in UL descriptions of OTA requirements.

· There is no willingness to treat polarization in a separate general clause for OTA requirements.
In the following, terminology will be sought to be different between the UL and the DL while still being descriptive. 

2 Conclusions from the OTA sensitivity discussion paper
Following the WF in [1]and [2], the items are discussed and conclusions are made in [4], [5] and [6]. For convenience, the issue of terminology is taken first. The conclusions only are reiterated below for convenience. Alternative ideas discussed are not reiterated. 
Terminology and semantics from [4]:

1. An OTA sensitivity direction range is a manufacturer declared RoAoA in which the sensitivity criteria are to be simultaneously met or exceeded for a declared EIS.

2. The receiver aim direction is attributed to the RoAoA of an OTA sensitivity directions range to describe its general direction.

3. Receiver aim redirection is setting the receiver aim direction different from its reference aim direction while essentially maintaining the RoAoA delimiter contour shape, size and orientation of the OTA sensitivity direction range, without changing the declared EIS.

4. Where receiver aim redirection is applicable, it can be described by a range or set of possible aim redirections referred to as the receiver aim redirection range or aim redirection set.

5. The receiver aim redirection set or range can be described as either the envelope of AoA for which the OTA sensitivity requirement can be met or exceeded (but maybe not simultaneously)  if the receiver aim direction is appropriate, or as the range or set of angles to which the receiver aim can be directed. One of these options needs to be agreed.

· Both options of describing receiver aim redirection require the same set of terminology as described above in items 1 - 4.

· Describing the receiver aim redirection set as a set of angles to which the receiver aim can be directed is slightly less complex than the alternative .

· Describing the receiver aim redirection range is equally complex for the two options.

Declaring OTA sensitivity [5]:

1. The manufacturer shall declare one or more OTA sensitivity direction ranges. An EIS declaration and a RoAoA declaration shall be related to each such range.

2. The OTA sensitivity direction range as described in a directions diagram shall be a simply contiguous area containing its receiver aim direction.

3. The EIS declared for an OTA sensitivity direction range shall comprise effects of adaptive combining, if any, inside its RoAoA.

4. If receiver aim redirection is applied for an OTA sensitivity direction range, an associated reference aim direction shall be declared by the manufacturer.

5. If receiver aim redirection is applied for an OTA sensitivity direction range, its receiver aim redirection range shall be declared by the vendor.

6. The manufacturer shall declare whether dual polarization or single polarization reception is supported.

7. The declared EIS for OTA sensitivity shall be apply for each polarization supported under the assumption of polarization matching.

Directions for conformance testing [6]:

1. Conformance testing  shall be performed for each OTA sensitivity direction range and the corresponding receiver aim redirection range.

2. For each OSDR, only one inner direction and the four most extreme directions in the RoAoA addressable by the OSDR using the entire receiver aim redirection range  need to be subject to conformance testing. 

3. Details on the identification of the extreme directions and the inner direction shall be agreed in the AAS ad hoc discussions.

3 Implementation in the TR37.842
Terminology supporting a description according to [4], [5], [6] and [7] is introduced.
Declarations related to the requirement are introduced directly in the requirement text. 
The interpretation of the level declarations with regard to polarization is introduced in the requirement text
Directions for conformance testing are proposed in the TP in accordance with the conclusions from [6].
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5 Terminology
The terminology used in this contribution is taken from TR37.842. 

6 Text proposal

3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. 
A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Active Antenna System:  a BS system which combines an Antenna Array with an Active Transceiver Unit Array. An AAS may include a Radio Distribution Network. 
AAS beam: An AAS beam is a beam created by means of a superposition of the signals radiated from different parts of the AAS antenna array.
 NOTE:
For certain AAS BS, there may be more than one main beam.
AAS Transceiver Unit Array: an array of transceiver units which generate radio signals in the transmit direction and accept radio signals in the receive direction.
Array Element: a subdivision of a passive antenna array, consisting of a single radiating element or a group of radiating elements, with a fixed radiation pattern.
Antenna Array: a group of radiating elements characterized by the geometry and the properties of the array elements.
Array Factor: the radiation pattern of an array antenna when each array element is considered to radiate isotropically.
NOTE:
When the radiation pattern of individual array elements are identical, and the array elements are congruent under translation, then the product of the array factor and the array element radiation pattern gives the radiation pattern of the entire array.
Angle of Arrival (AoA): is the direction of propagation of electromagnetic wave incident on an AAS array antenna.
Beam: A beam (of the antenna) is the main lobe of the radiation pattern of an antenna array.

NOTE: For certain AAS antenna array, there may be more than one beam.
Boresight: Boresight (of a beam) is the direction of maximum radiation in a beam.
Cell Specific AAS Beam: Cell specific AAS beam is an AAS beam which is intended to facilitate communication for multiple UEs within a cell. 

Cell Partitioning: the division of coverage in a sector into multiple subsectors. The subsectors may be divided into the vertical and/or horizontal plane.
Directions diagram: A two dimensional Cartesian diagram showing φ on the x axis and θ on the y-axis.
Directivity: the ratio of the radiation intensity in a given direction from the antenna to the radiation intensity averaged over all directions.
NOTE:     If the direction is not specified, the direction of maximum radiation intensity is implied.
Downtilt Angle: the angle between the direction of the maximum antenna gain and the horizontal plane.
Equivalent Isotropic Radiated Power (EIRP): In a given direction, the relative gain of a transmitting antenna with respect to the gain of an isotropic radiating element multiplied by the net power accepted by the antenna from the connected transmitter.


NOTE:
For an AAS BS the EIRP can be seen as the equivalent power radiated from an isotropic radiating element, producing the same field intensity as the field intensity radiated in the declared beam pointing direction of the active antenna system being considered.
Equivalent Isotropic Sensitivity (EIS): power level relative to an isotropic antenna that is required to be incident on the AAS array from a specified azimuth/elevation direction in order to meet a specified receiver sensitivity requirement.


NOTE:
EIS is directly related to field-strength via free-space impedance and effective aperture antenna area. EIS is expressed as the receiver power that would be collected by an isotropic antenna if it were subject to a uniform field around the whole sphere as the AAS array experiences in the specified azimuth/elevation direction.  
Front-to-Back Ratio: the ratio of maximum directivity of an antenna to its directivity in a specified rearward direction.
Gain: the ratio of the radiation intensity, in a given direction, to the radiation intensity that would be obtained if the power accepted by the antenna were radiated isotropically.
NOTE:     If the direction is not specified, the direction of maximum radiation intensity is implied.
Main lobe: Main lobe is the radiation lobe in the direction of the maximum radiation power. 
Half Power Beamwidth: in a radiation pattern cut containing the direction of the maximum of a lobe, the angle between two directions in which the radiation intensity is one-half the maximum value.
Radiating Element: a basic building block of an array element characterized by its radiation properties.

Radiation Pattern: the angular distribution of the radiated electromagnetic field or power level in the far field region.
Radio Distribution Network: a passive network which distributes radio signals generated by the active transceiver unit array to the antenna array, and/or distributes the radio signals collected by the antenna array to the active transceiver unit array.
NOTE: 
In the case when the active transceiver units are physically integrated with the array elements of the antenna array, the radio distribution network is a one-to-one mapping. 

Receiver aim direction:
is attributed to the RoAoA of an OTA sensitivity directions range to describe its general direction.
Receiver aim redirection:
 is setting the receiver aim direction different from its reference aim direction while maintaining the RoAoA delimiter contour shape, size and orientation of the OTA sensitivity direction range, without changing the declared EIS.
Receiver aim redirection range:
is the range or set of possible aim redirections where receiver aim redirection is applicable.
Receiver reference aim direction:
is the receiver aim direction declared to be the reference direction to receiver aim redirection.
Side lobe: Side lobe is the radiation lobe in any direction other than that of the main lobe.
Transceiver Unit: the active unit consisting of transmitter and/or receiver which transmits and/or receives radio signals, and which may include passive RF filters
3.2
Symbols

For the purposes of the present document, the following symbols apply:

<Symbol format (EW)>
<symbol>
<Explanation>
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The array antenna pattern in dB.
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The composite array element pattern in dB.
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The array factor.
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The azimuth angle (defined between -180° and 180°).
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Elevation angle of the signal direction (defined between 0° and 180°, 90° represents perpendicular to array).
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The signal correlation coefficient.
3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

AA
Antenna Array
AAS
Active Antenna System

AE
Array Element
AoA
Angle of Arrival 
AUT
Antenna Under Test
EIRP
Equivalent Isotropical Radiated Power

EIS
Equivalent Isotropical Sensitivity
EMC
Electromagnetic compatibility
ISD
Inter-Site Distance

MCL
Minimum Coupling Loss
OSDR
OTA Sensitivity Direction Range
OTA
Over-the-Air

RDN
Radio Distribution Network
RoAoA
Range of Angles of Arrival
RXU
Receiver Unit
TXRU
Transceiver Unit
TXRUA
Transceiver Unit Array
TXU
Transmitter Unit
ULA
Uniform Linear Array

URA
Uniform Rectangular Array

=================Next changed section===============
7.2
Uplink OTA requirements

7.2.1
OTA sensitivity
The OTA sensitivity requirement applies to the AAS base station operating as a system; i.e. including combining of received signals from all active receivers

7.2.1.1
Requirement definition

The OTA sensitivity requirement is based upon the declaration of one or more OTA sensitivity direction ranges (OSDR), each comprising a declared range of angles of arrival (RoAoA) and a related declared EIS minimum level.
Applicable to each OSDR, for a received signal whose solid angle of arrival is within the declared RoAoA, the throughput or error rate criteria (as described below) must be met when the EIS of the arriving signal level is equal to the declared minimum. Each solid angle can be described as a combination of an φ and an θ.
The EIS declared for an OSDR shall comprise the effects of adaptive combining inside the RoAoA, if any.
It is FFS whether the EIS declarations will be subject to an upper limit to the value that can be declared.

For each OSDR, the declared RoAoA as described in a directions diagram shall be a simply contiguous area containing its receiver aim direction.
More than one OSDR may be declared; each associated with its own declared RoAoA and EIS. A RoAoA related to one OTA sensitivity direction range may be non-overlapping, or may partially overlap, or be subsets of the RoAoA related to another OSDR.
The OTA sensitivity requirement must be met over the whole of each OTA sensitivity direction range. However, unless receiver aim redirection is applied, conformance testing shall only be performed for each receiver aim direction and the OSDR directions at extreme φ keeping θ at the receiver aim direction value, respective at extreme θ keeping φ at the receiver aim direction value, as depicted in the example in figure 7.2.1.1-x1. The manufacturer shall declare the five directions for conformance testing.
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Figure 7.2.1.1-x1, direction diagram showing a RoAoA without receiver aim redirection capability. The receiver aim direction is marked by a red cross. The extreme directions subject to conformance testing are marked by  grey crosses.
If receiver aim redirection is applicable for an OSDR, the manufacturer shall declare a related receiver reference aim direction and a receiver aim redirection range, in which the receiver aim direction can be redirected. The conformance testing shall be performed for the receiver reference aim direction and for the directions with extreme φ keeping θ at the receiver reference aim direction value, respective at extreme θ keeping φ at the receiver reference aim direction value in the receiver aim redirection range, as depicted in figure 7.2.1.1-x2. The manufacturer shall declare the five directions and how to set the receiver aim direction for each conformance test direction, so that the requirement can be met.
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Figure 7.2.1.1-x2, direction diagram showing a receiver aim redirection range. The receiver reference aim direction is shown by a yellow cross. The receiver aim directions are marked by red crosses. The extreme directions subject to conformance testing are marked by  grey crosses Note that the RoAoA is exceptionally small compared to the receiver aim redirection range, for demonstration purposes.
The OTA sensitivity is a received signal level above which a specified throughput (E-UTRA) or BER (UTRA) shall be met. 

For E-UTRA, the requirement is to meet or exceed the throughput when the AAS BS is presented with a specified stimulus signal transmitted through a specified channel at the OTA sensitivity level.
For UTRA, the requirement is to meet or achieve a lower BER when the AAS BS is presented with a specified stimulus signal transmitted through a specified channel at the OTA sensitivity level.The received signal level can be represented as a field-strength or EIS power level. The relation between field-strength and EIS is:
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,where E is the field strength in units of dBV/m and f is carrier frequency in MHz of a plane wave incident to the AAS BS from within the OTA sensitivity RoAoA.
The stimulus signal is the fixed reference measurement channel (FRC) for target throughputs or BER as specified in non-AAS requirements in TS25.141 for UTRA FDD, TS25.142 for UTRA TDD and TS36.141 for E-UTRA.  FRC for non-fading conditions/no multipath will be used.
The OTA sensitivity requirement applies per polarization, under the assumption of polarization matching. The manufacturer shall declare whether dual polarization or single polarization reception is supported by the AAS BS.
=============================== End of text proposal ==================================
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