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1 Introduction
The coexistence simulation work so far has generated requirements for ACIR for both UE and BS. These values are relative and hence the interface at which they apply (conducted or radiated) does not change the requirement.
Blocking however is an absolute value and hence the interface is important.

A WF [1]was agreed last meeting on this issue which raised the following questions:

· For above 24GHz:  
· Derive a methodology for deriving a OTA interferer and wanted signal level rather than a conducted interferer level
· If possible reuse the existing simulation assumptions of WP5D coexistence study captured in the TR 38.803 with slight modification for  preliminary study;  
· Other options are not precluded in the future.  
Statistical method: 
· Discuss and agree on what blocker and wanted signal probabilities to use in the simulations
This paper discusses how a methodology for an OTA interfere level can be derived.

2 Discussion

2.1 Background

Blocking interferer level has been calculated in the past based on network simulations. The simulations use the same scenarios as the co-existence simulations (which is reasonable), however the metric is only the absolute blocking signal power received by the victim. The wanted signal is not considered. As such only the victim UE’s need to be dropped in the simulation. This differs from the analysis of ACS for example where the victim network throughput is considered.
The conducted blocking level used in existing specifications is based on a statistical analysis of the received power from the aggressor network. The specification is set at 99.99% power level from the CDF of the total interference power. There are a number of random parameters which contribute to the variation in the simulated network

1. UE location
a. Antenna gain (azimuth and elevation)

b. Distance and hence path loss

2. Log normal fading

The existing simulation also has 3 aggressor UE’s in each aggressor cell, the total interference power is the sum of the interference from all UE’s in all aggressor cells (19 cell layout).
99.99% is a very high probability so it is worth confirming if the simulation is unnecessary and if worst case can be used instead. It is difficult to consider a worse case with shadow fading included as it can be positive as well as negative, however if we assume no fading and FSPL, for the LTE case

Worst case is 23dBm UE power, min distance (along ground)=35m, UE height = 1.5m, BS height =25m, 

So FSPL = 98.46 + 20*log10(((35^2)+(23.5^2))^0.5)/1000) = 71dB

Elevation angle = 34° , for non-AAS it is not clear that antenna gain was modified based on elevation angle, but using the AAS simulation parameters this equates to a gain of approx 4dBi.
Receiver interferer power level = 23dBm – 71dB + 4dBi +10*log10(3) = -39dBm 

This is 4dB higher than the -43dBm figure found using the statistical approach. 

Note if a worst case shadow fading were applied to this it could increase by at least another 30dB.

It can be further noted that for the AAS work the impact of blocking interferers arriving at each element as opposed to the full array antenna pattern were further investigated , particularly the effect that the element gain close to the BS (where the PL is lowest) is higher than the array case.
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Figure 7.2-1: AAS Receiver Array Patterns

Once again worst case analysis of tshi scenario would result in a higher (4dB in this case) power level, but the statistical analysis showed little difference between the 2 cases.
So it can be concluded that although 99.99% is a high probability it still results in a blocking interferer level lower than worst case.

2.2 NR Range 2 (>24GHz)

2.2.1 Summary of previous findings

The NR range 2 simulation assumptions use antennas with much higher gain and narrow beam widths than were assumed for the AAS work (<6GHz) this may have an effect on blocking, in simple terms:
· Antenna gain makes the worst case blocking level higher

· Spatial selectivity makes the probability of worst case occurring lower.

Some provisional simulations were done in [2] which compared the victim BS conducted power level for 3 azimuth beam widths, omni, element pattern and array pattern.
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Figure 4. Distribution of blocker power with omni, element and array BS antenna patterns

The omni had a very different response but considering the element and the array, the difference in gain between the 2 is 21dB, however the difference in 99.99% level is only about 14dB.

Further analysis in [2] showed the reason behind the omni has a higher level than the element despite having less gain is that the interfere power for the omni is based on the sum of a number of UE’s, however the spatial selectivity of the element and the array pattern means that at the 99.99% point only a single UE is contributes significantly to the total.

If the omni pattern is analyzed only considering the highest UE power then the level drops and is lower than that for the element, as perhaps is expected.
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Figure 11. CDF of omni antenna with total interference power and power from largest single UE
The advantage of assuming an omni pattern is that as the gain is zero (in azimuth at least), an OTA  requirement can be extracted from the conducted level without having to be concerned about the victim system antenna gain.

2.2.2 Further analysis – UE location.
The simulator was modified so that more information could be extracted about the nature of the interferers could be analyzed.

The location and the antenna gain of the top 0.01% power level interferes was examined in detail.
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Figure 11. Location of the top 0.01% interferers for element and array pattern
It can be seen that the interferers are in azimuth all within the 3dB beam width of the beam pattern, and in elevation they are close to the BS (for array between 35m to 80m, for element 35 to 50m).

At the same time the average antenna gain experienced by the interferer can be seen.

For the element the average gain is 5.7dBi. Considering the distance from the BS and assuming they are place on the ground (1.5m) the UE’s are at an angle of between 25° to 34° of the element vertical beam pattern. Which is within the 3dB beam pattern.

Without further analysis it can be seen that the 0.01% UE’s for the element pattern are within the 3dB beam pattern of both the azimuth and elevation beam pattern and is consistent with them being on ground level close to the BS.

For the array patter the average gain is 27dBi. Considering the distance from the BS if the UE’s were on the ground then they would be at an angle of between 16° to 34°. The array beam is only 12.6° so the interfering UE’s if they were on the ground would be outside the main beam in elevation losing at least 15dB in beam forming gain. The average antenna again therefore should be much less than 27dBi if it is assumed the URE’s are on the ground.

It must therefore be assumed that the UE’s are in buildings and that the building penetration loss due to that is less than the loss in gain due to being outside the beam when the interferers are on the ground (outside).

Due the large level of randomness in the simulations and the huge amount of data available it is difficult to extract the exact conditions of each UE, however it seems this is sufficient to come to the conclusion that the worst case interference occurs inside the 3dB beam pattern.

Proposal 1: The interferer direction is within the 3dB beam pattern.

2.2.3 Antenna gain and OTA level

The analysis so far has given the following information:

	 
	omni
	omni (1UE)
	element
	array

	peak gain (dBi)
	0
	0
	8
	29

	gain for 0.01% UE (dBi)
	0
	0
	5.7
	27

	conducted 99.99% level (dBm)
	-67
	-72
	-68.7
	-55

	OTA interferer level (dBm)
	 
	-72
	-74.4
	-82


Whilst the OTA power for omni (1UE) and the element are very similar, the OTA power for the array case is significantly lower. 

The reason for this being the path loss (both LOS, NLOS and BPL) are higher for the array case. 

Observation: Considering the 99.99% interferer conducted power level the equivalent OTA power level varies with antenna gain.

2.2.4 Impact of BS architecture

The element pattern and the array pattern represent 2 extremes of architecture:

Full BB combining: This has a 1:1 architecture each antenna element is connected to a receiver unit, the interferer is due to element pattern.

Full RF combining: Or 1:N architecture, the extreme of this (though unlikely) is that a single Rx unit is connected to the full array (N elements), the interferer is due to the array pattern.

Architectures using switched beams may be like the full RF combining option, architectures using analogue RF combining may have LNA’s in a 1:1 architecture but down converters after the combining.

As the sensitivity is a fixed OTA level with an expectation of minimum antenna gain i.e. array gain, both architectures require RXU’s with similar noise figures. 

So assuming both types of architecture require RXU’s with similar NF, we can consider 

Full BB combining – requires a greater number of RXU’s and has the highest blocking interferer level requirement

Full RF combining -  requires fewer RXU’s and has lowest blocking interferer requirement.

It would be expected that the full BB combining option would offer better performance at the cost of a larger number of RXU’s, as such if the results showed that the full BB combining architecture offered the opportunity to have a lower interferer level and hence help make the additional RXU’s more affordable then it is worthwhile perusing this. However the results are the other way around, the full BB combining architecture has the higher blocking levels and the higher equipment cost.

Therefore using the interferer level found from the full BB combining analysis for all systems means an RXU suitable for a 1:1 architecture is also suitable for any 1:N architecture.

Proposal 2: base the interferer level on the element pattern interferer power.

2.2.5 Proposal

As it has been proposed to assume an element pattern when calculating the interfere level, this should be the OTA level associated with a victim element antenna.

The difficulty with extracting the OTA power level from the simulations is that the statistics of the distribution are based on the conducted power level. These statistics change as the victim beam pattern changes. To find the correct level therefore requires capturing not only the conducted power level but also the antenna gain at that point, UE’s which are at the 99.99% are then identified and the gain de-embedded. To get a meaningful number of UE’s a large number of iterations have to be done.

A more realistic approach is to use the actual OTA level from the simulation (the results have been called omni in this paper) for the highest power interferer. These results are very similar to that for the element:
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Figure 11. Conducted interfere power cdf omni and element.
This analysis shows that once the element gain is de-embedded at the 99.99% level the OTA interfere due to the element pattern is 2.4dB lower than that due to the omni pattern.

Proposal 3: The OTA interferer level is omni OTA level for the largest single interferer -2dB

3 Summary

The existing statistical methodology for extracting a blocker interferer level result in a 99.99% case which is lower than the actual worst case scenario. 
Due to the number of random parameters in the simulations it is difficult to identify specific OTA characteristics associated with the 99.99% interfering power level case.

As the values are based on probabilities as the victim beam shape changes so does the interferer level received


Wide beam has lower antenna gain but higher probability of a high power interferer


Narrow beam has high antenna gain but lower probability of high power interferer.

This paper has extracted the antenna again for the 99.99% cases in order to compare the OTA interferer levels the BS experiences. As expected they vary with antenna beam width. The wider the beam width the higher the level.

Any form of directional selectivity results in a single UE being responsible for the high (99.99%) power levels, omni patterns are therefore analyzed only considering the highest single UE power.

The antenna gain experienced by the 99.99% UE’s shows that the UE’s must always be within the 3dB beam width of the victim beam pattern.

Proposal 1: The interferer direction is within the 3dB beam pattern.

Only architectures which use full RF beam forming experience the lower levels found with narrow beam widths, as these architectures also have fewer RXU’s it is not restricting implementation if the higher level found due to the element pattern is applied to these also.

Proposal 2: base the interferer level on the element pattern interferer power.

The element pattern and the omni (1UE) statistics are very similar with a small offset.

Proposal 3: The OTA interferer level is omni OTA level for the largest single interferer -2dB

The blocking interfere simulations should therefore be done by recording the power of the largest single interferer arriving at a victim BS with an omni direction (0dBi gain in all directions). The 99.99% point of the captured power levels minus 2dB can be used as the blocking interfere level.
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