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1 Introduction
In RAN4#80bis the WF [1] was approved.  It was agreed that:

· The wanted signal and blocking interferer are present at the same time.

· The wanted signal should be in the same direction as the interfering signal.

And the remaining issues require further discussion:

· Blocking signal Level and direction
· Blocking Metric
This contribution further discusses the blocking signal level and direction.
2 Discussion

2.1 Blocking signal requirement

In the WF [1] 2 options for the blocking signal level and direction were identified: 

1) The blocking signal level currently defined at the conducted interface is used with an estimate of an equivalent non-AAS antenna gain based on AAS declarations (OSDD declarations or similar). As the gain is used to relate the equivalent non-AAS OTA requirement to the conducted requirement a single direction is sufficient.

2) The OTA blocking level(s) and direction(s) are based on the level(s) which would provide the same conducted blocking protection as a non-AAS when used in the same deployment scenario as the AAS.

These options have certain similarities and can both be considered to fit in the following procedure:



2.1.1 Option 2

Examining option 2 first (as it makes more sense looking at 2 before 1)
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Figure 1.
Example of Option 2 in elevation

Assuming the blue antenna pattern is the antenna pattern of the reference non-AAS deployment, if the power to arrive at the receiver conducted input were to be the same as the conducted requirement (e.g. from 36.104 blocking level is -43dBm). The power level to achieve this from different directions could be calculated.

e.g.

Direction 1.
Distance =35m (45m in diagonal) , Angle = 40°, Antenna gain = -3dBi, 
FSPL = 71.5dBm





PD1= -43dBm – (-3) + 71.5 = 31.5dBm

Direction 2.
Distance =150m, Angle = 10°, Antenna gain = 7dBi, 
FSPL = 82dBm





PD2= -43dBm – (7) + 82 = 32dBm

Direction 3.
Distance =600m, Angle = 3°, Antenna gain = 18dBi, 
FSPL = 94dBm





PD3= -43dBm – (18) + 94 = 33dBm

Of course in test the distances would be much smaller and hence the signal source would not be as large
Interesting  points to note are:

· Signal levels are all greater than the power attributed to a UE in blocking simulations (i.e. 23dBm).

· This seems like an impossible scenario – however it can be attributed to the fact that the blocking analysis is not done in a simplistic way. It is a statistical analysis which has a number of random factors, including the location of the aggressor UE’s and more importantly in this case a 10dB log normal shadow fading profile. The fading can be positive and negative and explains why the  level calculated in the example seems higher that the maximum output power of the UE, in the simplistic analysis it is not that the UE power is higher than 23dBm but that the path loss has been overestimated i.e. with shadow fading it may be less than the FSPL. 

· All power levels are very similar.

· Possibly a coincidence, but may be useful to reduce number of test points using this method? 

These points do not indicate a problem with the method, it must be remembered this method is not attempting to model a real situation, it is attempting to achieve an equivalent conducted power level at the receiver input as the conducted requirement.

Now we have the required OTA power in each of the directions, if an AAS (of a type previously analyzed in REL13 work) were tested we would get the following:
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Figure 2.
Example of Option 2 in elevation with AAS element pattern

With the AAS it has previously been discussed that the antenna gain seen at the input to each receiver unit is the element pattern (rather than the beam formed pattern). It can be seen in a simplified fashion in Figure 2 the effect of this on each of the identified test directions.

At point 1, the element pattern gain of the AAS is higher than the beam pattern gain of the non-AAS, hence if the blocker level previously identified (PD1= 31.5dBm) we used then the level at the conducted point would be higher. 

The OTA requirement on the AAS using this method would hence be stricter than the conducted requirement in REL13 requirements.

Observation 1: Method produced an OTA requirement which is stricter than the conducted requirements.

It could be argued that as the AAS has a different radiation pattern then in order to achieve the same performance as a non-AAS then this is reasonable. However it is exactly this effect which was identified in the REL12/13 AAS work and was the reason behind the extensive simulation campaign [4][5]. The conclusion of the that work was that when the statistical simulations were carried out the 99.99% blocking level for both the non-AAS case and the AAS case were close enough so that the same conducted blocking level could be used for AAS as was used in non-AAS. Hence the effect of the difference between the element radiation pattern and the beam formed radiation pattern did not change the conducted blocking level.

Observation 2: The simulation results from the REL12/13 work showed that the change in radiation pattern between AAS and non-AAS did not result in a different conducted blocking level. 

Using option 2 therefore is not correct, the reason is that the effect of the difference between the spatial pattern of the non-AAS antenna radiation pattern and the AAS element radiation pattern has already been considered in the simulations. In these simulations; the antenna pattern, the UE location and power level, the path loss shadow fading value are all random factors which are taken into account to get the conducted blocker power level at  99.99% probability. By re-introducing the difference between the AAS and non-AAS radiation patterns when translating the requirement to OTA  the same effect is being included twice and hence the OTA requirement it generates is not equivalent to the existing conducted requirement. 
2.1.2 Option1 
Now coming back to option 1. Option 1 uses the OSDD declarations to estimate the element pattern gain, the relationship between the OSDD declarations and the element pattern is similar to the issues which arise when estimating the antenna gain/directivity for the minimum EIS requirement [2]. From that it is clear that the existing OSDD and RoAoA definitions is not fully in line with predicting the antenna or element gain/directivity, however with some modifications to the nature of the declarations a good estimate is possible. Alternatively it is always a possibility to declare the element pattern of the AAS independently of the OSDD (this may also be useful in min EIS requirement).

So assuming a reasonable estimate of the element pattern can be obtained, and hence the directivity/gain is known option 1 uses this figure to find an OTA level which gives the equivalent of the conducted level (at the same point in the system).
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Figure 3.
Example of Option 1 in elevation with AAS element pattern

Note the actual direction of the interferer is not important, only that the gain/directivity in that direction is known and hence the level at the ‘conducted’ point is known however the obvious choice for this is the centre of the beam.

Observation 3: Option 1 gives an equivalent to the conducted requirement.

Observation 4: Option 1 depends on the accuracy of the element gain/directivity estimate

2.2 Wanted signal level and blocking signal level
It has already been agreed that a wanted signal is needed for the blocking requirement and that it is applied at the same time and location as the blocker.

So far we have discussed the wide area blocking levels and scenario’s however in the non-AAS specifications the delta between the blocking level and the wanted signal is kept constant across the different BS classes, hence one the correct level for 1 is found then the other classes follow this.

Table 1. Blocking and wanted power levels for E-UTRA (10MHz) [3]
	 
	wide
	medium
	local

	P signal wanted (dBm)
	-95.5
	-90.5
	-87.5

	P blocker (dBm)
	-43
	-38
	-35

	delta (dB)
	52.5
	52.5
	52.5


One of the advantages of keeping the difference between the wanted signal and the blocking signal constant is that it keeps teh estimate of the equivalent antenna element gain honest. For example:

If the gain/directivity was estimated low:


The Blocker power at the ‘conducted’ point would be lower than intended (i.e. easier).


The wanted signal power would be lower than intended (i.e. harder).

And if the gain/directivity was estimated high:


The Blocker power at the ‘conducted’ point would be higher than intended (i.e. harder).


The wanted signal power would be higher than intended (i.e. easier).

Keeping a constant delta between the 2 values gives means the relative blocking behavior can always be guaranteed, although clearly the accuracy of the absolute level is somewhat dependent on the accuracy of the gain/directivity estimate.

It can be noted however that this is not so different from the situation in today’s systems, where the absolute OTA blocking performance is changes depending on the antenna, cable loss etc.

Observation 5: Keeping a constant delta between wanted signal and blocking signal level guarantees relative blocking performance.

3 Summary
In this contribution the open issue on blocking signal level and direction has being discussed, the 2 options identified in the WF [1] have been expanded upon and the following has been observed:
Observation 1: Method produced an OTA requirement which is stricter than the conducted requirements.

Observation 2: The simulation results from the REL12/13 work showed that the change in radiation pattern between AAS and non-AAS did not result in a different conducted blocking level. 

Observation 3: Option 1 gives an equivalent to the conducted requirement.

Observation 4: Option 1 depends on the accuracy of the element gain/directivity estimate

Observation 5: Keeping a constant delta between wanted signal and blocking signal level guarantees relative blocking performance.

In all OTA requirements when the target is to maintain the existing conducted level of performance but to translate eth requirements to OTA then there are possible errors in the estimation of antenna gain. Both option 1 and option 2 suffer from this (as do requirements on EIS etc..). So it must be considered what is the best way to minimize these errors and have a requirement which offers the same min performance and protection as the non-AAS specification.

Of the two options investigated it is clear that option 2 should be rejected as it is not consistent with an OTA version of the existing REL13 conducted specification.

Option 1 should therefore be further investigated and the correct methodology to reduce the possible errors on the absolute level due to element gain/directivity estimation error should be carried out.
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Model of equivalent directional antenna gain(s) related to similar non-AAS deployment
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