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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 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 [8]. 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. Also, polarization will be treated in relation to each requirement.
2 Introduction

The discussion on OTA sensitivity has been complicated by the wide range of implementations that may be referred to as AAS BS. The simplest (conceptually) AAS BS in an ordinary BS with an integrated antenna, or integrated into an antenna.  The more complex implementation consists of many transmitters arranged into an array, feeding antenna elements in a non-descript way (via the RDN), which are arranged in a non-descript way (the antenna array, which may be one dimensional, two dimensional or three dimensional in any orientation). In [3] and [4] it is concluded that it is difficult to predict any common spatial properties with regard to OTA sensitivity, other than what is specifically declared by the manufacturer.
Whilst a large set of possible implementations are unlikely to appear in the field, it is important to recognise that the current knowledge may not suffice to identify all useful implementations. Therefore, care should be taken as to design the terminology to allow description of the largest possible set of properties in an unambiguous manner. The possible AAS BS implementations shall not be restricted by the terminology used to describe AAS BS. This shall of course also extend to declarations.
With this in mind, the issue of declaration from the WF is addressed below.
3 Declaring OTA sensitivity

The agreement referred in paragraph 1 of the WF is that OTA sensitivity shall be declared per at least one declared OTA sensitivity direction range defined in [7]. The simple way would be to allow the manufacturer to define the declared RoAoA to match the RoAoA where the EIS is actually met. The terminology applied in the requirement must allow this in a way that is not overly complicated. The use of directions diagram to describe the requirement is simple and useful. (Note that the declaration itself need not use the directions diagram.) However, some restrictions on the RoAoA for the OTA sensitivity direction range may be reasonable to agree. 
One such restriction proposed is that the RoAoA of the OSDR when described in a directions diagram shall be a simply contiguous area. Whilst this restriction is not strictly necessary, it helps defining the directions for conformance testing in a simple manner. For the same reason it is proposed to apply the restriction that the OTA sensitivity direction range shall contain its receiver aim direction.
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.

The simplest AAS BS concepts (as described above) will have reciprocal antenna properties and hence there has been some expectation of reciprocal behaviour. For more complex AAS BS implementations where multiple demodulated signals can be combined in the digital domain, it is possible to apply adaptive combining. A corresponding action can be done also for transmission (referred to as adaptive lobe shaping) and in that sense, there is reciprocity also in this case. However, the transmitter beam power is restricted by the maximum output power, and therefore multiple simultaneous beams cannot be upheld simultaneously at the maximum per beam transmitted power. For the receiver however, the signal power is already used for demodulation prior to combining and therefore the simultaneous adaptive combining can be made without any loss in sensitivity performance. Since adaptive combining can be made in parallel, it can be performed inside the OTA sensitivity RoAoA without any loss in generality. It is suggested that the EIS declared for an OTA sensitivity direction range shall comprise effects of adaptive combining, if any, inside its RoAoA.
3. The EIS declared for an OTA sensitivity direction range shall comprise effects of adaptive combining, if any, inside its RoAoA.

From the above it is clear that redirecting the aim of the OTA sensitivity directions range is not the same as adaptive combining inside an OTA sensitivity direction range. It is setting the receiver aim direction different from the redirection reference aim direction declared for it. 
4. If receiver aim redirection is applied for an OTA sensitivity direction range, an associated reference aim direction shall be declared by the manufacturer.

Hence the applicability of aim redirection can be inferred by the declaration of reference aim directions for each OTA sensitivity direction range. In order to identify the extreme aim redirections, also the aim redirection set or range needs to be declared.
5. If receiver aim redirection is applied for an OTA sensitivity direction range, its aim redirection set or range shall be declared by the vendor.

The issue of polarization was discussed in RAN4#74bis and RAN4#75. No agreement was reached on how polarization should be considered in relation to OTA sensitivity, but there seemed to be consensus that polarization matching should be assumed. The two proposals related to OTA sensitivity were: 
· That the requirement (i.e. the declaration) applies to each nominal polarization in the case of dual polarization. 
· That the requirement (i.e. the declaration) applies to the mean of the sensitivities for the two nominal polarizations in the case of dual polarization. 
The latter proposal represents some difficulties in the definition of the mean sensitivity presented, which becomes apparent if the difference of the two polarization sensitivities is great – say a floating transformation from single to dual polarization. However, a third interpretation of the OTA sensitivity requirement could be that the declaration applies only to the best polarization. This would have the merit that the value would represent the same property for single polarization as for a dual polarization. (This can also be said to apply in some sense for the declaration applying per polarization in the case of dual polarization.) 
Declaring the OTA sensitivity per polarization is the most flexible way to handle the issue since the test criteria are polarization agnostic, but this leads to the need to define the polarizations as well, which represents a big complexity. 
Applying the declared EIS for each polarization in the case of dual polarization seems a good middle way offering the most information without adding substantial complexity to the declarations, requirements, or testing. 
As described in [5], the test procedure may be affected by whether dual polarization reception is supported or not by the AAS BS. Therefore the manufacturer shall declare whether dual polarisation reception is supported. (Note that the actual polarizations, as described in [6], need not be declared to enable testing.)
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.

As explained in [6] and [5], the complexity of OTA sensitivity testing can greatly be reduced if the DUT supports maximum ratio combining. In order to utilise this, the information on whether MRC is supported needs to be available to the tester.However, this is more of a conformance testing related declaration, which may be premature to address in the current discussion.
4 Observations
· The terminology, declaration philosophy and conformance testing allows for the specific differences between the transmitter OTA requirement and the receiver OTA requirement while maintaining a degree of reciprocity between the two.

5 Conclusions
Declaring OTA sensitivity:

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.
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7 Terminology
The terminology used in this contribution is taken from 3GPP TR37.842 and  IEEE Standard definitions of Terms for Antennas IEEE Standard 145-1993.
Additional explanations of terms can be found below:

RoAoA:







Range of Angles of Arrival
OSDR:







OTA Sensitivity Directions Range

OTA sensitivity direction range 
a manufacturer declared RoAoA in which the OTA sensitivity criteria are to be simultaneously met or exceeded for a declared EIS
Receiver aim direction 
direction attributed to the RoAoA of an OTA sensitivity directions range to describe its general direction.

Receiver aim redirection 
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.

Receiver reference aim direction
a reference direction from which receiver aim redirection is made

Receiver aim redirection range
the range of angles inside which the receiver aim direction of an OSDR can be pointed.









































































































































































































