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1 Introduction
In the last meeting [1] was presented, it discussed how the existing conducted blocking levels may be represented as OTA requirements. The discussion focused on both power level and direction of a blocking signal which is equivalent to the existing set of requirements. It suggested 
Location/Direction based method

This assumes that the blocker comes from a worst case direction and is based on a fixed interferer power level. However it is difficult with this method to incorporate the random statistical effects that were used when setting the blocker level in the existing (conducted) requirements.

Power based method

This is a literal translation of the existing conducted requirement and with knowledge of the element/sub array gain translates the current conducted level to an OTA power level.

This paper further studies the derivation of the blocking level for the conducted requirement.

2 Discussion

As it seems likely the OTA blocker level will have to be examined further in terms of direction and power level the blocking level simulations from the SI phase of AAS were examined. 
The 2 proposed methods for translating these results to an OTA blocker are discussed below:

2.1 Location/direction based method

One key point which was overlooked in the discussion made in [1], is that the blocker power level is not equivalent to a single signal from a single UE, but is derived from the sum of all the interference power from the simulated network. In the network there are 3 scheduled UE’s in each cell at any time.
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Figure 1. Blocking UE distribution (10 per cell –allocated to adjacent network)
As such the idea of a worst case UE coming from a single worst case direction (Location/Direction based method discussed in [1]) is not consistent with the current means of deriving the blocker level.

For a single run of the simulations the blocker noise at the victim BS is the sum of 171 different UE power levels (19 locations, 3 sectors, 3 UE’s per sector). The power from each UE for each of the centre 3 sectors can be seen.
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Figure 2. Histogram of UE interference level at victim BS (3 sectors)
In each case the total power and highest individual UE power is: 


Sect1:
Ptotal = -73.33 dBm
,
PUEmax = -75.13 dBm,

delta = 1.80 dB

Sect2:
Ptotal = -74.05 dBm,

PUEmax = -81.38 dBm,

delta = 7.33 dB
Sect3:
Ptotal = -74.72 dBm,

PUEmax = -79.60 dBm,

delta = 4.87 dB
It can be seen that the relationship between the worst case UE and the total interference power is not stable. Also the location of the highest power UE is not predictable, the case above was selected as an example as it had the highest power UE’s close to the sectors under analysis:
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Figure 3. Worst case UE locations (victim BS at (0,0))
However this is not always the case, the worst case UE’s are just as likely to be at any location within the simulation
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Figure 4. Examples of worst case UE locations (victim BS at (0,0))
The random nature of the shadow fading is such that the largest UE may be at any azimuth angle from the victim BS and at a wide range of distances, hence it is not always in the main lobe in azimuth or elevation.

Using a the location/direction based method to identify a worst case UE would therefore not be consistent in any way with the methodology used to identify blocking levels in previous requirements.
2.1.1 Absolute worst case blocker level

Finally when looking at the location/direction based approach it is interesting to identify what a worst case blocker may be.

An absolute worst case UE, would be transmitting at maximum output power with trade between max antenna gain and path loss.
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Figure 5. Antenna gain and PL from blocking simulation assumptions
With the figures used for the simulation the worst case is the closest blocker at 35m from the BS. The antenna gain and PL are -79.86dB (~80dB).

Hence worst case interference level = 23dBm – 80dB = -57dBm

In the simulation the result can be worst than this as the lognormal fading can be positive as well as negative,  if considering the lognormal fading at 99.99% probability is at least 3 standard deviations (99.7%) so would be + 30dB.

Hence worst case interference level = 23dBm – 80dB + 30dB = -27dBm

This is perhaps pessimistic as probability is applied to the fading but not to the location and PL, however it demonstrates how difficult it is to identify a ‘worst case’
2.2 Power based method

By default as it is not feasible to identify a worst cast blocker and use the location/direction based method then a requirement based on the existing method of the power at the conducted interface must be used.
To do this the methodology of how the current conducted blocking level is examined as well as the best way to translate the conducted power level to an OTA power level.

2.2.1 Calculation of Blocker power level
The current power level at the antenna connector is extracted from the 99.99% probability of a blocker level being at that level or below. The simulation to extract this figure includes assumptions for the victim BS antenna gain, based on either the non-AAA antenna or the AAS antenna in [2]

 REF _Ref457383044 \r \h 
[3]. 
As we are testing the BS OTA then to make assumptions about its antenna performance would seem counter intuitive, hence this assumption can perhaps be removed from the simulation.

The results from a blocking simulation (non-AAS to non-AAS) with and without the victim BS antenna gain are shown below:
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Figure 6 Blocker level case 1c (non-AAS to non-AAS)
Some key statistics are:

With Antenna gain









Without Antenna gain
mean blocker level (dBm) = -72.56 




mean blocker level (dBm) = -60.6
5 percent blocker level (dBm) = -79.6




5 percent blocker level (dBm) = -70.1
50 percent blocker level (dBm) = -73.9



50 percent blocker level (dBm) = -62.2
95 percent blocker level (dBm) = -62.4



95 percent blocker level (dBm) = -46.8
Max blocker level (dBm) =
-40.7





Max blocker level (dBm) = -31.0

There are not enough points in the simulation data to get 99.99% figures however it is clear that the results without the antenna are significantly (~10dB) higher power levels than the effect with the antenna.  This is perhaps not what is expected.

When considering the worst case we tend to assume that the worst case blockers come from the directions where the antenna has most gain, however as has already been shown the 99.99% level probability is considerably lower than the worst case level (-40dBm @ 99.99% vs. -27dBm calculated worst case). It would seem from the simulation that in most cases the blocker experiences negative gain rather than positive from the antenna. This can be verified by examining the calculated gain for each of the blockers considered:
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Figure 7 CDF curve for victim BS antenna gain
The plot in Figure 7 shows that ~85% of the blockers are attenuated by the antenna, the mean antenna gain experienced is ~-13dBi, which is consistent with the mean blocker levels in the simulation.
Clearly it is not a simple task to de-embed the victim BS antenna gain from the simulation and get a reasonable result (consistent with the existing conducted requirement).
Hence whilst assuming a victim BS gain and antenna pattern would seem to be an unnecessary assumption for an OTA requirement, it is essential to the correct analysis of the blocker level.

The existing assumptions about both aggressor and victim BS antenna gain should remain in the simulation when setting the blocking level.
2.2.2 Translating the conducted blocker level to OTA
The simplest way would be to take the existing conducted requirement (-40dBm) and with knowledge of the receiver antenna gain translate this to an OTA figure. In order to do this there are a number of possible options:

· Translate the figure using the element/sub array gain/directivity in the AA+RDN so the level is at the input of each RX Unit

· Translate the figure using a system equivalent gain/directivity based on the declared RoAoA

· Translate the figure based on the narrowest possible Rx beam and highest UL gain.

· Translate the figure based on the values used in the simulations so it is fixed (i.e. does not vary with AAS RDN+AA performance)

The 1st of these is consistent with the current conducted requirement. However requires knowledge of the all the elements and sub/arrays in the system. This is contrary to the OTA approach where it is hoped the AAS can be treated as a black box wherever possible

The 2nd is similar to option 1 as the RoAoA is dominated by the element/sub array pattern. It has the advantage that no knowledge other than that provided in the existing declarations is required and the AAS can be treated as a black box. 
The 3rd option requires knowledge of the system beam forming capability (beyond that already declared in Rel13), it also has the possibility of reducing the blocker test level using the BB beam forming. Depending on the implementation (and where blocking takes place within the system) this may result in the test not being strict enough.

The 4th option is simple and gives a fixed figure, there may be some implementations where this results in tougher requirements (at eth conducted interface) and some where it results sin easier requirements. However as the analysis is all statistical in nature this is acceptable.

Options 1 and 2 should give a similar result, as the RoAoA of the AAS will be limited by the elements with the widest beam width restriction and this will be the elements or sub arrays. For example the existing assumption of a system using 65deg element beam widths cannot have significant gain beyond +/-32.5deg, hence this would limit the RoAoA declaration. Using the existing spatial declarations to derive this figure is advantageous as it would not require additional declarations.
A means to estimate antenna directivity based on the RoAoA declarations has been discussed in [4] when looking at the minimum radiated sensitivity requirement, a similar approach could be used here.

Option 2 or option 4 are hence the favoured to find the OTA blocker level. Which is used is open for further discussion.

3 Summary
The possible means of setting an OTA blocker level have been further investigated. It has been assumed that the methodology should be as close as possible to that used for the non-AAS blocking levels and eth REl13 conducted AAS blocking levels.
A number of points have been identified:

· Finding a worst case level and direction (location/direction based method in [1]) is not feasible due to the statistical nature of the methodology.

· It is not correct to de-embed the victim BS antenna gain pattern to find an OTA blocking level.

· The level should be set by assuming a victim BS antenna gain in the simulation to give a conducted requirement (as in previous conducted specifications) and then translated to an OTA requirement (Power based method in [1]).

· The ‘conducted’ blocker power should then be converted to an OTA power for the OTA requirement by offsetting by either:

· Translate the figure using a system equivalent gain/directivity based on the declared RoAoA.
· Translate the figure based on the values used in the simulations so it is fixed (i.e. does not vary with AAS RDN+AA performance)
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