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1 Introduction

Reference sensitivity is a key performance requirement for an uplink receiver, relating to the level of the receiver noise floor. The reference sensitivity is the minimum signal level that can be detected and demodulated by the UE. The reference sensitivity requirement involves two reference points. One of these is the point at which a wanted signal is applied, whilst the second is a quality measure, which checks that the applied signal is demodulated correctly. In the current requirements, the first reference point is the antenna connector and the second reference point is the output of the baseband decoding, as indicated in Figure 1. In WCDMA, the quality measure is defined as raw BER, whereas in LTE it is throughput.
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Figure 1 Requirement definition points for the current reference sensitivity requirement
When defining requirements for an AAS system, the ideal scenario is one in which the core requirements are not dependent on the AAS architecture and dimensions, the antenna properties and the AAS application (i.e. the antenna combining). Tests may then be derived based on the requirements that are application or implementation dependent. The means to derive tests, where they are applied  (e.g. OTA, antenna connector etc.) is outside of the scope of this paper.
This paper considers possible requirement points for the reference sensitivity requirement.
2 Discussion

Figure 2 shows a reference AAS system together with possible requirement points. In the following discussion, it is assumed that internal transceiver noise is uncorrelated between transceiver units and therefore will not experience AAS cross transciever combining gain.
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Figure 2 Points in a generic AAS system at which the components of the reference sentitivity requirement could be defined
The relevance of the requirement to operation should also be considered. The requirement should be set in such a manner that if a UE is placed in front of two different basestations with power and configuration reflecting the requirements, then the same performance will be obtained from the basestations. 

The following are some possible combinations of requirement reference points. The list is non exhaustive as it is intended to illustrate. The requirement may be applied on individual TRXs or the system as a whole depending on where requirement points are defined
Requirement points applying to individual TRXs
Wanted signal C, Quality measure D

In this case, the wanted signal is defined to apply at the antenna connector of each individual TRX and the quality measure at each TRX output. Since the quality measure is defined prior to the baseband, further thought is needed as to what should be defined. Some examples are e.g. I/Q SINR or the BER at the output of a standard baseband processing attached to the TRX output.
If the requirement is defined in this manner, then it tests the noise level in each TRX. However it does not take into account the gain of the AAS combining algorithm. The AAS architecture and gain can significantly impact the individual TRX reference sensitivity required in order to achieve in overall system sensitivity. Considering that the system reference sensitivity is the most relevant parameter to overall performance, fixing a reference sensitivity per TRX and allowing the system reference sensitivity to vary is unsatisfactory.
Furthermore, the impact manufacturing variability between TRXs is not taken into account by a requirement set in such a manner. Each individual TRX must meet the requirement, which can led to a tighter per TRX requirement than if the requirement would be defined over all TRXs as a whole. 
A further impact of defining the reference sensitivity to be at the antenna connector is that the requirement does not take into account the characteristics of the antennas, and thus assumptions on the antenna characteristics will need to be made in setting the requirements, since the minimum signal level experienced in front of the basestation is assumed not to change depending on the number of antennas.
Wanted signal A, Quality measure D

If the requirement is set at points (A,D), then the wanted signal is considered as applying to the array as a whole, but not spatial processing or baseband processing is covered by the requirement, and the quality measure is defined for individual TRXs. 

Requirement points applying to the array as a whole

Wanted signal A, Quality measure F

If the requirement is defined with the wanted signal at point A (in the far field) and the quality measure at point F, then it is necessary to define not just the level of the wanted signal, but also the position. The sensitivity of the system will depend on the cross TRX combining; i.e. the AAS application. Clearly, an AAS system that places a null in the direction of the wanted signal will show a much lower sensitivity than one that places the main beam in the direction of the wanted signal.
It is preferable not to define a requirement that is dependent on the AAS application. If the requirement points are (A,F), then this could be avoided in several ways, e.g.:

· Define a requirement that applies when the TRX outputs are added with all weights 1, and place the wanted signal directly in front of the antenna

· Define the requirement as applying when the wanted signal is in the antenna main beam (wherever that may be). The requirement itself would not specify specifically the position of the wanted signal, but rather that the wanted signal is at the point of highest antenna gain. Testing different AAS applications would then involve positioning the wanted signal in different positions.

· Define the requirement as applying at all locations in the beam for which the AAS application should be able to receive a signal. The requirement itself would not specify the exact locations at which a signal should be received; this would be defined in tests.

Defining the requirement points at (A,F) avoids some of the disadvantages associated with some of the other definition points. The requirement definition would alow for different AAS architecture and applications, for manufacturing variability and for different antenna element characteristics.
If the quality measure is defined at point F, then cross TRX antenna combining and baseband processing is included. Thus the quality measure formats used in the existing specifications could be re-used (e.g. raw BER or throughput)
3 Conclusion

Possible points for defining the wanted signal part of the reference sensitivity requirement include the far field, in front of each antenna element or at each antenna connector. The quality measure part of the requirement could be defined at the TRX output or at the baseband output.
Defining the requirement with the wanted signal applied in the far field and the quality measure at the baseband output would potentially allow for a requirement that does not depend on antenna characteristics, the AAS dimensions and parameters and the AAS application. However the requirement definition would further need to consider the position in space of the wanted signal. Possibilities are to define a test model for the AAS and define the wanted signal to be in the main beam, or to define a requirement base on the wanted signal being placed at some or all positions in the beam without specifying where these positions are (as these would be application dependent).

Performance tests based on the requirements would need to specify the test points (e.g. far field, antenna connector etc.), the quality measure and the means of test and relate the test parameters to the core requirements.
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