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1 Introduction

During the AAS ad-hoc in Venice, a Way Forward on OTA sensitivity was endorsed [1]. This way forward concluded that the EIS requirement should be based on declaration of a number of parameters:

· One or more OTA sensitivity direction ranges (OSDR)
· For each OTA sensitivity direction range, a minimum EIS value

· For each OTA sensitivity direction range, a receiver redirection range.

· Within the receiver redirection range, EIS is achievable within any portion of the receiver redirection range that is “active”. However not all of the receiver redirection range may be “active” at any one point in time.

· For the receiver redirection range, one or more “sensitivity RoAoA”

· A “sensitivity RoAoA” is a contiguous range of angles of arrival within which the minimum EIS can be achieved at any point when the sensitivity RoAoA in question is active

· Only one of the declared sensitivity RoAoA can be active at any point in time
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Figure 1: Structure of the OTA sensitivity declarations
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Figure 2: Simple example of a contiguous and continuous receiver redirection range and some RoAoA positions
Importantly, both the receiver redirection range and any of the sensitivity RoAoA may be any range that the vendor may declare and do not need to be contiguous.

As part of the Way Forward, a couple of issues were identified as for further study:

· Further check AAS systems implementations and applications and see if there are any that are not covered and considered by these concepts.

· FFS how to declare the sensitivity RoAoA

· Declare the largest sensitivity RoAoA that may be positioned anywhere within the receiver redirection range

· Declare the size and shape of the sensitivity RoAoA at several significant positions within the receiver redirection range
· Others are not excluded.
This paper makes proposals for these issues in order to resolve the outstanding issues for the OTA sensitivity requirement core part.
2 Covarage of all AAS implementation options by the concept
The concept captured in the Way Forward is highly flexible in that it allows for declaration of a flexible number of sensitivity RoAoA of fully flexible “shape” fitting into an redirection range of flexible shape that is part of one or a flexible number of OSDRs. Due to the flexibility, it is to be expected that the concept can accommodate conceivable approaches to receiver architecture and design.

In this section, a number of receiver approaches are reviewed and it is verified that the concept can fit these approaches.

“Simple” receiver; 1 RX with no adjustable passive combining

The first type of receiver that is considered is one in which a single TRX is connected to an antenna with a fixed coverage area.
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Figure 3: Simple, static, 1RX AAS architecture
This type of receiver could be described by means of the following declaration:

· A single OSDR

· A single sensitivity RoAoA that describes the beam pattern of the fixed antenna

· The receiver redirection range would exactly coincide with the sensitivity RoAoA in this case. The entire of the receive area could be active
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Figure 4: Declaration for the simple 1RX AAS architecture
1RX receiver with adjustable passive combining

This receiver is similar to the first one described above, with the exception that the spatial coverage pattern of the antenna can be adjusted by means of RET type adjustment of the antenna system.


[image: image5]
Figure 5: RET adjustable AAS architecture
If for each setting of the passive array the achieved sensitivity level should be the same, then this type of receiver could be described using the following declaration:

· A single OSDR

· One or more sensitivity RoAoA describing the RoAoA within which the receiver EIS is achieved with each setting of the passive array (see discussion in the next section on how many sensitivity RoAoA should be declared)

· A receiver redirection range encompassing all sensitivity RoAoA (see discussion in next section on receiver redirection range details).
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Figure 6: Example declaration for the RET adjustable AAS architecture when achieved EIS is the same for all AoA
It may be the case that there exist some settings of the passive array system for which a different sensitivity would be achieved. Also in this case, the receiver sensitivity behavior could be described using the framework agreed in the WF. In this case, several OSDR could be declared, each of which is associated to one of the achievable EIS levels.
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Figure 7: Example declaration for the RET adjustable AAS architecture when achieved EIS can differ depending on AoA
“Fully flexible” receiver with all antenna elements mapped to baseband inputs

In this type of receiver, every antenna element is fed to baseband and adaptive baseband combining is performed individually for each UE.

A fully flexible receiver can be described by means of declaring:

· A single OSDR

· A single sensitivity RoAoA within which after baseband combining the sensitivity can be achieved

· Since baseband processing is individual per UE, this sensitivity RoAoA would be “active” the whole time

· The receiver redirection range would exactly match the sensitivity RoAoA
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Figure 8: Declaration for fully flexible AAS architecture
It should be noted that at surface level, the declaration in this case appears to be very similar to the 1RX, static antenna case. However in this case, the sensitivity is achieved by means of a UE specific combining possibly combined with an interference rejection. At a minimum, the sensitivity will be either higher or over a greater range than for 1RX, and also rejection of noise or interference sources will be greater.
“Hybrid” receiver with some semi-static combining and some baseband combining (RX diversity)

The first few receivers described above, with either a single TRX or with full baseband flexibility are valid but probably less likely examples of AAS implementation. A much more likely example is one in which receiver combining functionality is distributed such that some of the combining is static, some semi-static and some is dynamic and in the baseband.

This hybrid type of system is also easily describable using the principles discussed for the more simple systems above.
Receiver with two coverage areas (e.g. a main coverage area and a “spot” coverage area)

A scenario that was mentioned during the ad-hoc discussions was one in which a basestation provides a main receiver coverage area and then some additional “hotspot” area.
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Figure 9: Two coverage areas
This scenario is also describable using the agreed WF. The means for declaration depend to some extent on whether the EIS achieve in the hotspot is the same as that in the main coverage area or different. If the EIS is the same as achieved in the main coverage area, then the following type of declaration could be made:
· A single OSDR

· One or more sensitivity RoAoA. Each sensitivity RoAoA would be non contiguous and contain both the main coverage range and the supplemental coverage range, since both ranges can be active together.

· Whether one or more sensitivity RoAoA would be declared depends on whether either the main or the supplemental range or both can be repositioned.

· The receiver redirection range would encompass all declared RoAoA
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Figure 10: Example declaration for two coverage areas AAS
It could be the case that the EIS achieved in the additional coverage area is different to that achieved in the main coverage area. This could be captured by declaring 2 OSDR; one relating to the main coverage area and the second relating to the additional coverage area. Each OSDR would capture the sensitivity RoAoA(s) for the respective coverage area/subsystem.

GoB type receiver
Some receivers may be based on a fixed Grid of Beams (GOB), with the receiver selecting the most appropriate beam for reception. If selection of the beam would be dynamic, based on the user to be receiver then this type of receiver would be in effect a more restricted version of the full flexibility baseband receiver described above. An OSDR could be declared with a sensitivity RoAoA covering all beams (assuming that the BS could select a beam for a user from any direction). Alternatively, if only subsets of the grid of beams could be active at any point in time, then each subset could be declared as a separate sensitivity RoAoA.
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Figure 11: Grid of beams receiver redirection range. Each beam could be a sensitivity RoAoA

Considering the above, for a number of receiver approaches the framework in the agreed Way Forward is demonstrated to have flexibility to capture each approach. Of course it is not possible to analyze all possible receiver architectures, however the analysis of this set of scenarios together with the inherent flexibility of the WF provides confidence that the framework is sufficient for describing all types of receiver implementation

3 How to declare the sensitivity RoAoA
A question that arises concerning the general declaration in the Way Forward is how the sensitivity RoAoAs can be declared.
There are many reasons why different sensitivity RoAoAs activated in different parts of the receiver redirection range may have a different size or area, as suggested in figure 12. One example is that in the case of a single receiver connected to a passive array with repositioning of the RoAoA by means of applying a linear phase progression, the element factor will cause a reduction in the passive antenna gain, implying a smaller RoAoA for larger steering.
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Figure 12: Example of declaration of several sensitivity RoAoA, each with different size
There are numerous other reasons in other applications why the size and shape of a sensitivity RoAoA is  dependent upon it’s position. 
Many types of application will allow for a large, or even infinite set of sensitivity RoAoA and clearly declaration of each possible RoAoA as a mandatory part of 3GPP compliance would be infeasible. A guideline on what to declare for the sensitivity RoAoA is necessary.

The agreed Way Forward suggested two possibilities. The first is to determine the sensitivity RoAoA from all possible sensitivity RoAoAs that covers the largest “area” (i.e. range of angles) that can be placed anywhere within the receiver redirection range on a directions diagram, and declare this sensitivity RoAoA. The redirection range describes the complete set of all possibile sensitivity RoAoA. In principle, a “minimal” sensitivity RoAoA can be placed at an arbritrary location (possibly limited in some cases if the redirection range is a finite set of points not a continuous range of angles) within the receiver redirection range. Obviously, in many cases the equipment would in fact be capable of achieving the EIS within a larger range of angles than this minimum sensitivity RoAoA. If desired, additional information on larger sensitivity ranges could be provided by the vendor as supplemental information above and beyond the minimum 3GPP declaration.
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Figure 13: Example of declaration based on single size sensitivity RoAoA
One potential problem that could arise with this approach is that there is a need to define on what basis the “minimum” sensitivity RoAoA would be declared. Clearly, the smallest possible RoAoA would be a single angle of arrival, but simply declaring a single angle would in many cases not be helpful.

An alternative is to declare independently a number of sensitivity RoAoA within the receiver redirection range. Since it would not be possible to declare all sensitivity RoAoA, a guideline is needed as to the basis, if any on which sensitivity RoAoA are selected to be declared. One possibility is to declare sensitivity RoAoA whose edges align with the most extreme boundaries of the receiver redirection range in the theta and phi axis.
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Figure 14: Declaration of only RoAoA at extremes of receiver redirection range
In general, for the minimum declaration it is probably preferable not to declare sensitivity RoAoA that are not tested, or for which only a single point is tested. We note in passing that one of the proposals for test points includes only a single point at the edge of each RoAoA. Selection of testing points is discussed in another document [2], however clearly there is some linkage between the test point selection and any guideline on how to select sensitivity RoAoA for testing.
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Figure 15: Test points scenario in which only the extremes are tested
4 Conclusion

Regarding the open issues from the previous WF:

· We have not identified any types of implementation that cannot be described by the framework captured in the Way Forward

· Of the two proposals for declaring a sensitivity RoAoA, we do not have a strong preference.

· If the “minimum RoAoA that fits anywhere” approach it taken, then some clarification is needed that the minimum should not be a single angle (The declaration should in fact be the largest RoAoA that can still fit anywhere within the receiver redirection range)

· If the “declare several representative RoAoA” approach is taken, extremeties on the theta and phi axes are obvious points for declaring the RoAoA. 

· Alignment with the agreed set of test points is needed.

It is very important to note that the above proposals relate to a minimum declaration for 3GPP conformance testing. If larger sensitivity RoAoA are available than the minimum declaration suggests or it is useful to declare additional sensitivity RoAoA, provision of supplemental information by the vendor is of course not precluded.
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