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1 Introduction

During the previous AAS WI, an OTA requirement was introduced on sensitivity. The requirement captures all system impacts on sensitivity, including the antenna array performance, matching with the receiver, receiver noise figure and radiated self-interference. Since the requirement is spatial, then there is a need to take into account not just the sensitivity level itself, but also the range of angles of arrival over which the sensitivity is valid.
In existing conducted specifications (and in the AAS specification), a conducted reference sensitivity has been defined. The reference sensitivity is the basis for determining the level of acceptable receiver distortion arising from receiver blocking and receiver intermodulation.

In order to define OTA receiver requirements, there will be a need for an OTA reference sensitivity. An OTA reference sensitivity is more than just a number; there needs to be a concept of how the OTA reference sensitivity will be used when setting receiver requirements such as blocking and RX intermodulation.

During release 13, there was also some discussion about the possibility of a minimum sensitivity. (In this context, the term minimum sensitivity is used to refer to the lowest signal level at which the UE should be able to achieve the BLER or throughput metric. Exceeding “minimum sensitivity” would mean being able to meet the BLER metric at an even lower RX power level than the required minimum level.) It is essential in these discussions to differentiate the purposes of a minimum and a reference sensitivity and ensure that each is designed correctly (even in the case that they end up the same value). Failure to specify reference sensitivity with a sound concept would lead to poorly specified and in the worst case wrongly specified blocking and RX intermodulation requirements.
This paper firstly reviews the concepts of minimum and reference sensitivity. Some observations are then made on important considerations, in particular for reference sensitivity. It is proposed that the basic concepts are understood and agreed before a discussion takes place on sensitivity values.
2 Types of RX sensitivity
This description is partially taken from a contribution [1] from RAN4#77 in Anaheim.

As discussed in the introduction, it is important to take into consideration that there are different types of sensitivity level. In particular, it is important to differentiate between the actual sensitivity level of a system, an expected minimum sensitivity level and a reference sensitivity level.

Reference sensitivity
A reference sensitivity level has been defined for the conducted requirements. The reference sensitivity is an important component of other receiver requirements, such as blocking, RX intermodulation etc. For each of these receiver requirements, interferers at a standardized absolute power level are applied to the receiver along with a wanted signal at 6dB above the reference sensitivity level. The requirement is that a BLER target is met on the wanted signal. In effect, these requirements imply that the radio must be designed such that the interferer is rejected sufficiently that the receiver noise level does not increase to more than 6dB above reference sensitivity. By means of considering the absolute interferer level and the absolute reference sensitivity level, a required amount of selectivity to the interferers in dB can be calculated. This is illustrated in figure 1 considering RX intermodulation. The current requirement states that when the BS is provided with a signal at 6dB above the reference sensitivity level and two other signals whose IM products will fall into the receive band, the BLER target shall be met. This indirectly implies that interference from the IM is allowed to increase the noise floor by 4.77dB, which in turn places a fixed requirement on the relationship between the received interferer signal level level in dBm and the allowed amount of power in dBm for IM components. Similar calculations can be made for other uplink requirements.
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Figure 1: RX IM requirement based on fixed reference sensitivity
It is very important to understand that the requirements are set with a wanted signal level based on reference sensitivity, not the actual sensitivity of the receiver. As it is, the reference sensitivity defines:
· The amount of dB rejection of the blocker signal

· The absolute level of IM that the LNA may produce given absolute IM

· The dynamic range, based on an absolute sensitivity and an absolute level of in band interferer.

If the requirement would be set based on the actual sensitivity of the receiver, then the required selectivity against interferers, LNA linearity, dynamic range etc. would no longer be fixed, but would depend on the achieved sensitivity.

For OTA, as described in the next section apart from the actual sensitivity value, there is a need to consider the range of angles of arrival over which the sensitivity should apply.

Minimum declarable sensitivity

A minimum declarable sensitivity should not be confused with reference sensitivity, as described above. For conducted requirements, it is generally accepted that the reference sensitivity is also seen as a minimum sensitivity. For AAS, however further consideration is needed on the implications of RX combining on the definition of both types of quantity. Furthermore, care should be taken about the concept of linking a minimum OTA sensitivity with a conducted  reference   sensitivity level.

It has been proposed in the past that a minimum declared sensitivity should vary depending on the size of the declared RoAoA. The minimum sensitivity is that obtained by a non AAS with a passive antenna whose beamwidth (or possibly coverage area) is in some way comparable with the declare RoAoA.
Such an approach is tempting and has merits, and is well worth to consider further as an approach for minimum sensitivity. Some care is needed to consider what is actually important; for example when existing site grids are re-used, then sufficient sensitivity to maintain an ISD needs to be provided regardless of whether the “coverage area” (which might include more than a single cell for an AAS) is different compared to a non AAS solution.

Further considerations are also needed as to how to understand the “beamwidth/coverage area” in the proposal in the context of the RoAoA and redirection range in the OTA sensitivity requirement. It should be noted that a sensitivity RoAoA can potentially be much larger than the planned coverage area of any individual cell, in particular if cell splitting is applicable to the AAS. 

Setting a minimum sensitivity with a scaling without considering how reference sensitivity (for which it may not be appropriate to apply scaling) could work may contain some dangers; clearly minimum sensitivity should never end up being greater than reference sensitivity.
Actual sensitivity

The OTA sensitivity requirement necessitates declaration of a minimum sensitivity level for the AAS. The EIS declaration in release 13 may not be the same as (but will certainly not be above) actual sensitivity, however in reality the declared and actual achievable sensitivity are likely to be very similar.

3 Considerations for OTA reference sensitivity
As discussed above, the reference sensitivity determines the amount of rejection of blockers (or RX intermodulation), LNA linearity etc. that is required in the receiver. In this section, blocking is taken as an example. Changing the reference sensitivity value would imply changing the blocking and RX IM requirements. 

Blocking levels are a property of the deployment scenario for the AAS BS and not an intrinsic property of the basestation itself, and should certainly not relate to a sensitivity level after baseband combining. Thus OTA blocker levels should remain fixed in absolute terms (per BS class). Since the reference sensitivity is not just related to receiver noise figure, but is also related to the amount of rejection of blockers that is required (and the LNA linearity requirement (RX intermodulation) or dynamic range), in order to have a fixed requirement on rejection of blocking, the OTA reference sensitivity is likely to need to be a single, fixed (per BS class) specific level.
A concept of declaring a range of angles of arrival and determining a sensitivity level based on the declaration may be problematic to apply to reference sensitivity. The reason for this is apparent if figure 2 is considered. In the figure, a blocker arrives with some angle of arrival θ (0 degrees in this case). If it would be possible to declare a range of angles of arrival for reference sensitivity and imply from that range of angles of arrival a sensitivity value, then it would be possible to declare either a narrow range of angles of arrival, RoAoA A in the figure which would lead to a low sensitivity level or a wide range of angles of arrival, RoAoA B, which would lead to a high sensitivity level. RoAoA A and RoAoA B would lead to different requirements for rejecting blocking on the same receiver electronics. Similar issues would apply for other receiver requirements; e.g. declaring different sized RoAoA would change the LNA linearity requirements.

Furthermore, blocking rejection and linearity are properties of individual receiver RF and not array behavior and thus it would not make sense to relate blocker rejection and linearity requirements to an RoAoA achieved by the full array.
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Figure 2: Example of declaring different RoAoA with different sensitivity for the same AAS
Of course, it could also be the case that two different basestations could have two different sub-array sizes and thus experience different sub-array gains and internal blocker/intermodulation/sensitivity levels at the “TAB connectors” to one another. However the relative ratio between sensitivity and the other signal levels would remain fixed and so with a single OTA sensitivity value, the dB blocker rejection/linearity/dynamic range requirements would remain the same. This is depicted in figure 3. In the figure, two basestations are depicted which have passive combining with different sub-array sizes. The first BS has a passive gain Gsub1 for each sub-array and the second BS Gsub2. The blocker level is the same in both cases (since blocking relates to the external world) and so is the OTA reference sensitivity. The internal signal levels presented to the receivers differ (presumably receiver AGC would compensate this difference), but the requirement on rejection of the blocker remains X-RdB.
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Figure 3: Example of different AAS with different sub-array gain. Keeping the same reference sensitivity and blocker level leads to the same requirement to reject blocking.
Potentially, separating sensitivity into a minimum value(s) and reference value would enable discussions about (i) acceptable sensitivity and (ii) requirements to ensure an acceptable and absolute blocking, IM & dynamic range requirements to be separated from one another. In particular, with the goal of maintaining the same performance as in 37.104 for the other requirements and bearing in mind that blocking level should be fixed, calculation of reference sensitivity is straightforward:
Calculation of a reference sensitivity level can be done on the basis of providing the same blocking performance as follows:
· Estimate an absolute OTA blocking level. This can be done using system simulations of an aggressor system (or possibly extrapolated from the existing results), since the blocker level is not a property of the basestation itself but of the deployment scenario and aggressor system behavior

· Set the reference sensitivity such that the dB relationship between the reference sensitivity and blocking level is the same OTA as it is for the conducted requirement. This will ensure that the same blocking performance is provided as for systems conforming to 37.104.

Once an OTA reference sensitivity level has been calculated for blocking, then levels for RX intermodulation signals etc. can be calculated based on the reference sensitivity and the dB offset in the 37.104 requirements in order to obtain the same expected LNA linearity as in 37.104.

Thus, calculation of a reference sensitivity level that ensures that the receiver performances are the same as in 37.104 is a straightforward mathematical process.
4 Minimum declarable sensitivity level
The possibility of a minimum declarable sensitivity level was discussed during release 13. A minimum sensitivity level is not strictly necessary (as opposed to a reference sensitivity, which is), but might be seen as desirable. A minimum sensitivity level would not link to any other requirements and more freedom is available for its definition. As discussed above, the proposal during rel-13 of relating minimum sensitivity to a declared RoAoA rather than using a single value could be an interesting possibility to explore.
Since the minimum sensitivity cannot be higher than reference sensitivity, it is proposed that firstly the concept and value for reference sensitivity should be understood, and then minimum sensitivity could be added to this framework.
5 Conclusion

This contribution has considered in general terms OTA sensitivity levels. For moving other RX requirements to OTA, a reference sensitivity concept and level is required. Since the other requirements depend on reference sensitivity and aspects such as blocking rejection should not depend on BS operation and coverage area, it seems likely that a single reference sensitivity value is needed. 
A minimum sensitivity level is a separate concept to a reference level and the concept can be more flexible. Both types of sensitivity should be considered in connection with one another.

It is preferable to align on a basic concept for OTA sensitivity, in particular reference sensitivity first before discussing and settling on a value. When discussing a reference value, it is important to consider that the value which will impact the blocking suppression and PA linearity requirements, and ensure that the reference level ensures that the level of blocking protection and linearity is maintained from non AAS.
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