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1 Introduction
In RAN4#71, the issue of “radiated receiver sensitivity” was discussed. While there was little consensus in the discussion in general, there seemed to be a common understanding among vendors the OTA equivalent reference sensitivity should be a property which is subject to manufacturer declarations. Vodafone on the other hand expressed preference for a fixed level similar to that used in the legacy BS requirements. The discussion on the topic led to an agreed way forward , [1], where the following items were identified:

1. EIRS and field strength are equivalent and interchangeable. Thus the specification can find a harmonised means of referring to the OTA receive requirement and effort should focus on finding a specification wording to harmonize field strength and available-power (i.e., EIS/EIRS) approaches 

2. Reach agreement on definition and selection of the desired stimulus signal,

a. It is agreed that the stimulus (desired) signal should be a UE-specific signal that arrives at the base station from a single elevation/azimuth angle combination

b. Propose and agree on declarations that are necessary to fully specify the stimulus (desired) signal.

3. Reach agreement on applying the requirement either per receiver or to the combination of all receivers

4. Determine the feasibility of defining a common implementation-neutral reference sensitivity, possibly based on BS class

5. Define a framework for vendor declaration of AAS OTA receiver sensitivity targets. (i.e., “threshold” vs “window”)

6. Agree on a better term than “radiated receiver sensitivity” for the receiver requirement

Huawei has attempted to reconsider the common vendor position with regard to the OTA sensitivity, in order to accommodate Vodafone (and, presumably, other operators) as shall be described below in the discussion section.

This document proposes an OTA sensitivity requirement definition which includes assumptions on the conformance verification process. It suggests radiation pattern information is required in addition to measured requirement values, to demonstrate conformance to the proposed core requirement.
2 Discussion
In the WF from RAN4#71 [1], it is pointed out that “There is no need for any concept of declaring beams for the uplink requirement; a UE does not transmit multiple beams, and the base station typically performs (static or dynamic) combining between transceivers.” This raises the question whether a fixed beam radiation pattern in the UL will represent any value (for e.g. cell planning purposes). Requiring fixed UL beam shapes may even prove detrimental to the development of better AAS receiver features. Instead it can be more efficient to use the DL cell specific beam shape as the reference for the OTA equivalent receiver sensitivity requirement. Properly defined, this type of sensitivity requirement would ensure the effective receiver sensitivity always matches the DL cell specific beam coverage, providing UL coverage in the entire cell.
Radiation pattern information of at least the cell specific beam is thus valuable for coverage prediction. 

In [2] it is shown that the normalised radiation pattern, the directivity and the total radiated power (TRP) is a sufficient set of information to predict the (wanted) radiated power in the DL for an AAS BS. It is also shown that the total isotropic power (TIS), the directivity and the normalised radiation pattern is correspondingly sufficient for the UL. 

It is further shown that TIS and TRP values can be reused for a number of antenna settings (declared beams). This is not possible for the corresponding EIRP or EIS, which would require separate requirements for each beam. Hence the TRP and TIS offers an opportunity to reduce the number of requirements, which is preferable. TIS can also be a directly defined absolute value requirement, whereas EIS would always need to be indirectly defined if defined as an absolute value requirement.

Referring to the legacy BS requirements, it is found that the rated output power is a declared value, and the requirement is that the rated output power shall be produced within a certain boundary. This type of requirement is preferably reused for the AAS BS. Considering that different beam settings may be intended for different purposes, it is suggested that the rated output power may be declared per declared beam. As a result, TRP or EIRP may be interchanged as declarations since on can be deduced from the other using the directivity information. TR37.842 already suggests EIRP shall be declared, and so this is reasonable to maintain.
Further referring to the legacy BS requirements, the reference sensitivity is defined as a throughput requirement at an input power level. This power level is a fixed absolute value defined per BS power class. [2] and [3] provide a means to reuse this arrangement for AAS BS requirements. It is proposed that the reference sensitivity shall be one value (per AAS BS power class) to be tested for each declared DL beam setting, assuming that the directivity and normalised radiation pattern for this beam applies. Bearing in mind that the reference point for the OTA reference sensitivity requirement defined as described above, would not coincide with the reference point for the legacy BS reference sensitivity requirement, the value for the OTA requirement cannot be assumed the same as for the legacy BS requirement.

While the current WI does not require the establishment of AAS BS power classes, the TRP rated power is seen to be the natural ground for such classification.

The discussions in RAN4 on beam declarations have generally been focused on “cell specific” beams. While this appears a natural approach, it is not seen necessary in this contribution to require the declared beams to be cell specific. Therefore, it is here only required that the declared beams are fixed (in the sense that they do not change or adapt during the measurement process).

In  [2], it is concluded that the use of field strength when formulating the requirement poses no advantage as compared to the legacy method using power levels. It is therefore preferred to adhere to the legacy formulations for consistency.

Discussion document [3] outlines a test where a fixed beam corresponding to the DL cell specific beam shape is measured and used for the UL sensitivity test according to the above discussion. The advantage of this approach is:

1. The cell coverage defined by the DL cell specific beam is explicitly tested with regard to UL sensitivity performance.

2. Minimum restriction is put on the UL beam forming (as long as the UL sensitivity requirement is met) giving maximum innovation headroom for potentially improved AAS UL performance or features.

3. The need for an UL beam definition is eliminated.

The following observations and conclusions are noted in [3]:
· Existing measurement equipment and measurement methods are applied. 

· The measurement method produces information about the antenna radiation pattern for the transmitter  at the applied settings, which can be used directly as current radiation pattern information in cell planning tools (subject to data format). These antenna radiation patterns can also be used for UL planning.

· The measurement method produces an output power measurement corresponding to the conducted maximum output power measurement applied to an imaginary conductor placed in the place of the antenna array, applying the total coherent combination used in the antenna/transmitter setting tested and compensating for the resulting antenna gain. 

· The measurement method produces a reference sensitivity assessment similar to the corresponding conducted reference sensitivity, applying the total coherent combination used in the antenna, but the compensation is made according to the transmitter setting tested, thus not necessarily compensating for the resulting UL antenna gain. Instead the test ensures the resulting UL gain is matching the DL power capabilities of the DUT, consequently providing link balance.

· Existing test models are used.

· The need for DL beam declaration parameters is only related to the information on how to set it. No other properties need declarations as the antenna properties are evaluated during the measurement process. The need for an UL beam declaration is eliminated.

· The restrictions on the UL beam forming are reduced without reducing the coupling between the UL and DL performance requirements.
· It is shown that link balance can be demonstrated using a radiated test of reference sensitivity and maximum output power which can replace the corresponding conducted requirements, while reusing, the same requirement (potentially with the level compensated for the antenna efficiency and feeder loss in the legacy system).

· Only small modifications to the current E-UTRA specifications are required to apply the test. The current types of reference sensitivity and maximum output power requirements for conducted measurements are reused.

· The spatial distribution of the radiation is through this method separated from the reference sensitivity and the maximum output power requirements themselves. (I.e. only one sensitivity and output power requirement respectively is needed, regardless of the number of antenna settings available in the AAS.)

· The test method proposed can link radiation properties and AAS sensitivity respective maximum output power in a similar way traditional antenna radiation patterns and legacy BS sensitivity are linked.
It can be noted that the test described in [3] results in an assessment of the fixed beam directivity, normalised radiation pattern, TRP and TRS. Hence it can produce the entire set of information suggested to be complete above. Other test methods to achieve the same information set are not precluded, but [3] serves the purpose of demonstrating the existence of at least one test method.
Assessment of WF [1] item list.
1. The OTA equivalent receiver sensitivity shall be assessed using the DL cell specific beam shape as a reference for an assumed total isotropic sensitivity. Bearing in mind the possibility of multiple simultaneous coherent combinations in the UL, no explicit restriction on UL beam shape or adaptability shall be applied. De-embedding a virtual connector as described in [4] (coincides with the definition of TIS), the OTA reference sensitivity shall be defined in terms of a received power level at which a certain throughput shall be fulfilled. The requirement shall be one maximum level applicable for all cell specific beam shapes. Different AAS power classes may have different corresponding sensitivity requirements, as in the legacy case. (The transformation between field strength and power is indeed plausible, but for using the antenna gain in an EIRS/EIS figure, the applied wave front needs to be flat. – I.e. the far field requirement needs to be fulfilled. Hence the use of field strength values provides no advantage over the power level requirements used in the legacy requirements. Hence power level requirements are preferred for consistency. )
2. The stimulus signal shall be the same as used in the legacy BS reference sensitivity test. The entire DL signal shall have the same antenna weighting during the test. The requirement shall be fulfilled for any angle of arrival inside the main lobe of the cell specific DL beam. The directivity and normalized radiation pattern of the cell specific beam for the applied angle of arrival shall be used for de-embedding the virtual connection point where the requirement is applied. The DL cell specific beam (or corresponding fixed beam) shape is the only necessary declaration for the application of the requirement. (A separate de-embedding and corresponding beam shape assessment is required for each declared DL cell specific beam.)
3. The OTA receiver sensitivity requirement is applied as a composite requirement of the entire AAS BS.

4. The proposed de-embedding method makes it feasible with one common requirement which is totally BS implementation-neutral. The suggested de-embedding method [3] provides also a total radiated power assessment which can be used for the determination of the BS class and the corresponding OTA Equivalent receiver sensitivity (TIS) power level to be applied in the test.
5. The proposed sensitivity target is defined as a threshold (similar as the legacy reference sensitivity). As one common level per BS class can be defined, no further vendor declaration would be required. (Assuming BS class and DL cell specific beam sets are already defined declarations.)

6. The term “OTA receiver sensitivity” is preferred. (However, in the TP below, the current term in the current sub-clause title is used for clarity. Changes to accommodate a preferred terminology are not precluded.)
3 Conclusion
· Radiation pattern information is valuable for predicting BS field performance.

· A coupling between UL and DL performance requirements with respect to spatial distribution facilitates network planning.

· Simple one dimensional figures of merit need to be coupled to the radiation spatial distribution to be useful in this respect.
· The reference sensitivity framework shall be reused for the corresponding OTA requirement. (I.e. a fixed input level of a determined test signal shall produce at least a minimum throughput)

· The OTA reference sensitivity requirement shall be defined as TIS assuming the fixed DL beam radiation properties.

· The value of the OTA reference sensitivity requirement power level needs further studies.

· The grounds for AAS BS power class categorisation shall be the AAS BS rated TRP.

· Test method for verifying the OTA reference sensitivity shall determine that the BS power classification is correct, and reuse the DL radiation properties for establishing the OTA reference sensitivity.
· At least one test method fulfilling these requirements is presented.

· The OTA reference sensitivity requirement shall be applicable inside the declared main lobe(s) of each declared beam.

· The normalised radiation patterns and directivity for each declared beam shall constitute an integral part of the OTA reference sensitivity requirement conformance verification.
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5 Text proposal

7.2
Uplink radiated requirements
The OTA rated output power and the OTA reference sensitivity shall be related through the reuse of the properties of the declared beam for both requirements.

The process of measuring the OTA maximum output power shall give the normalised radiation pattern and the directivity for each declared beam. The OTA maximum output power measurement shall be presented with the normalised radiation pattern and the directivity to demonstrate conformance.

The OTA reference sensitivity shall be defined as total isotropic sensitivity (TIS).

The OTA reference sensitivity shall be a fixed value tested against each manufacturer declared beam.

The OTA reference sensitivity requirement shall be applicable inside the main lobe(s) of each declared beam.

The process of measuring the reference sensitivity shall reuse the directivity and normalised radiation pattern yielded by measuring the OTA rated output power when establishing the coupling between the test device and the AAS BS.
































































