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1 Introduction
A considerable amount of work has been done on simulating networks in order to analyze the requirements for ACIR as part of the co-existence study for WP5D. However little has been discussed about blocking requirements.
For <6GHz systems it has been agreed that the same approach as eAAS will be used for OTA blocking requirements but for mm wave (>6GHz) further investigation is required to see if the same approach is suitable.
As agreed in [1], the proposed work split among eAAS and NR is as follows:

In band Blocking

eAAS: Decide OTA requirement framework for blocking (How to derive OTA level from conducted level, which directions to set requirement etc.)

NR: Investigate blocking scenarios and levels for mm wave. Decide whether the requirement framework eventually decided for AAS is suitable for NR and if not, develop an NR framework
In this contribution the issues surrounding the blocking requirement and the possible differences which may affect it are further discussed.
2 Discussion

The current non-AAS and the REL13 AAS blocking requirements are at the conducted interface. It is the purpose of the eAAS WI to provide an OTA requirement for AAS which provides the same level of performance and protection as the REL13 conducted requirement.
A couple of key points about the existing conducted blocking requirement can be noted:


· As the requirements are conducted they include assumptions on the BS antenna performance.

· The wanted signal level is not considered during the analysis.

· Requirements are based on statistical analysis of blocking signal power, the limit is based on 99.99% probability of  a certain interference level
· Level is the sum of 3 interfering UE’s, however it has been shown [5] that the 0.01% cases which set the requirement are dominated by a single UE.

· The direction of the 0.01% UE (either in azimuth or elevation) is not consistent and does not follow the maximum gain direction of the BS antenna (main reason being the log normal fading is a bigger effect than antenna gain on the variability).
· The blocking interferer signal level cannot be represented by a single ‘worst case’ UE in a ‘worst case’ direction.

Further work in the AAS WI also found

· BS antenna pattern did not significantly change the 99.99% conducted interference power level.
For the eAAS WI the task is to define an OTA requirement which offers the same protection and performance as the existing conducted one. It is hence difficult to redefine the methodology behind the derivation of the requirement. The requirement will hence be described OTA but will attempt to create conditions at the Rx unit input which are as close as possible to those described by the conducted requirement.

For the mm wave there is no existing conducted requirement, so the blocking requirement does not have to be constrained by this. The mm wave system is likely to be designed as having a full OTA requirement from conception, and also to incorporate both BS and UE beam forming from the start. It is therefore possible that a more realistic OTA blocking requirement can be considered. 
2.1 Worst case scenario
When considering blocking it is useful to consider the worst case scenario, the worst case analysis based on an interfering UE as close as possible to the victim BS gives and interference values of Pint at 30GHz:
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Assuming max gain on all antennas:

GBS_ANT = 10*log10(8*16)+8 = 29dBi  (Note)

GUE_ANT = 10*log10(2*2)+5 = 11dBi  (Note)

PUE = 23dBm

Note: this is the method used in simulation parameters – not really correct for determining antenna gain.
Pint = 23+11+29-95.4 = -31.5dBm

This is considerably higher than the blocking interference levels used in existing LTE systems (~43dBm) mostly due to the high BS antenna gain. For this to be realised then the interfering UE would need to be in the same location as the UE on the victim network and the power level would only be apparent after beam forming (possibly in the BB). Such scenarios are statistically unlikely and hence in the past a statistical approach has been taken to deriving a worst case blocker level (at 0.9999% probability).
2.2 Element or array BS antenna gain pattern

It is not clear when analyzing blocking if the BS should use the element pattern (and gain) or the array pattern (and gain). High power interferers are usually associated with generating problems in the RF parts of the system, LNA, mixer, ADC etc. If BB combining is used then all the RF components are subjected to blocking levels based on the element (or sub array) radiation pattern not the array pattern. 
However it is possible that with some architectures with RF beam forming some components (notably the ADC) may be after the beam forming and hence subject to the interferer and the array gain.

It is not reasonable and nonsensical to have a blocking requirement which changes based on the BS implementation, hence there should be a single blocking requirement whatever the antenna and RF implementation.
This is not as straight forward as it sounds as the blocking interference level is set statistically and there is a dependence between the probability of an interfering UE being in a certain direction and the antenna directivity pattern.

Hence the levels for an omni (total OTA power), an element and an array are studied to try to find a suitable single OTA requirement for NR > 6GHz.
2.3 Network set up
For a simulation based analysis the same network parameters as for the ACLR simulation have been used [2], [3], [4].

UE’s are randomly dropped in each geographical cell, they are attributed a random height, orientation and indoor/outdoor status and the coupling loss between each UE and each BS calculated. UE’s are then scheduled (1 per BS in this case) based on the lowest coupling loss.
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Figure 1. Example of UE drop and allocation (red dots are UE’s, clack circled dots are scheduled UE’s. green and blue triangles are victim and aggressor BS – co-located)
The coupling loss calculations and hence the scheduling are based on the UE element pattern [4], once the allocation is made the UE and BS beam forming is done and the UE power control applied.
[image: image3.emf]
Figure 2. Example of UE orientation and beam forming aggressor network
Finally once the UE output power (and beam forming direction) is known the radiated interference power at the victim BS can be calculated. 

The victim BS is analysed in 3 ways:

· With an Omni receive antenna (effectively capturing the total radiated interference)

· With a sectorised element pattern [3].
· With an array pattern [3] – this is in a fixed direction to save the processing time of dropping UE’s in the victim network scheduling them and pointing them beam. As the aggressor UE’s are random having a fixed victim set up should not alter the results. In elevation the beam is tilted 16° (edge of cell is at 130m or 10° plus vertical BW/2 or 6°)
In the current NR scenarios the victim and aggressor network are aligned, this is different to the LTE and AAS work where the worst case was with adjacent networks (as the power control between the UE and its assigned BS would result in a higher power). Adjacent networks may be investigated at some point but for now it seems a reasonable assumption that aligned networks are worst case as the UE beam forming is likely to have a greater effect than the power control (particularly with the high PL most UE’s are at full power).

2.4 UE Beam forming

One of the fundamental differences between NR> 6GHz and systems operating below 6GHz is the use of UE beam forming. Whilst this increases the EIRP in certain directions it also restricts the directions the power is radiated in. In a probabilistic requirement such as blocking it is not obvious if this will have a negative or a positive impact on results.

Comparing an omni directional BS receiver (i.e. showing total radiated power) with a beam forming UE and omni directional UE gives the following result:
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Figure 3. Total OTA interference power with and without UE beam forming

For the omni directional BS antenna it can be seen that the UE beam forming clearly increases the level of interference at the BS, hence it is important that we investigate blocking scenarios for NR>6GHz with UE BF and cannot simply use the same as for below 6GHz.
2.5   Interference Power
In the existing blocking analysis the interference power is investigated at the conducted level after the antenna. This has 2 main advantages:

· The advantage of making assumptions about than antenna is that it acts as a spatial filter, i.e. in the sectorised network signals arriving from directions within the sector are weighted by the antenna gain.

· The direction of the power is removed from the requirement.

Looking at the situation with an isotropic antenna (sum of all the power arriving at the victim site), the element pattern and with a victim system beam gives the following results:
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Figure 4. Distribution of blocker power with omni, element and array BS antenna patterns

The power from the element pattern is approx 8dB lower than that from the omni pattern despite the fact the element pattern has an additional 8dBi gain over the omni. This is obviously different result than from  a worst case analysis, it is likely due 2 effects: 

· the omni pattern captures more interfering signals (from all 3 sectors), and  
· the interfering UE’s with a low path loss are close to the BS and hence not getting any gain from the element at their angle of arrival. 
The array pattern cdf has a different gradient and hence crosses the other 2 distributions, most of the distribution is to the left of the other distributions so the array pattern will have lower levels of interferes than the omni or the sectorised case, however for a small number of cases, and certainly for the top 0.0001% the array pattern has a much higher level of interferer at around -55dBm compared to -70dBm for the sectorised case.

Note only the omni results show an actual OTA power level at the BS, the sectorised and array cases include the antenna gain so are effectively conducted power levels. The additional (up to) 8dB gain from the element pattern and 21dB from the array are added to the radiated level. The difference in radiated interference power will hence not be as great.
2.6 Interference source
Looking at the source of the top 0.0001% of interferers to see if the beam forming has affected them, the plots below show the total interference power from each drop and the 3 largest UE contributors to each total power:
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Figure 5. Sample of interference power at each drop for omni pattern
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Figure 6. Sample of interference power at each drop for sector pattern
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Figure 7. Sample of interference power at each drop for Array pattern

For the Omni pattern it is clear that the total power is contributed to by a number of sources, hence in such a scenario it is not possible to identify a source for the interference power as it is the sum of several sources in different directions. In the sectorised and the array case however for all of the large interferers the total power is almost identical to the power of the highest interference source. In such cases the source of the interference can be identified.

The following plots show the locations of the top 0.0001% of interferes for each of the BS antenna patterns:
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Figure 8. Location of top 0.0001% UE’s for Omni pattern
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Figure 9. Location of top 0.0001% UE’s for Sector pattern
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Figure 10. Location of top 0.0001% UE’s for array pattern

The Omni distribution in Figure 8, is not so meaningful as it was seem in Figure 5 that the interference power in this case does not come from a single source, however it does show that the interference sources are randomly distributed around the BS as can perhaps be expected.
For the sectorised BS pattern (Figure 9), and the array BS pattern (Figure 10) the results are also not surprising and are consistent with the BS antenna pattern used.

The UE’s in the sectorised case are clustered next to each BS sector. They are all contained within an angular spread of no more than +/- 30° and within 15m of the minimum distance (i.e. 35m to 50m) from the BS. 
The UE’s in the array case are aligned to a much greater extent in the direction of the array gain all being within +/-3° of the beam. In distance they are more spread out between 35m (min distance) and 85m.Although these results seem to be unsurprising, they are different to those from a similar exercise done for the eAAS work [5] where the frequency was lower and no UE beam forming was used. In that case the location of the 0.0001% UE’s was much less predictable. 
2.7 Possible OTA solution

At this stage possible solutions are being investigated, clearly more investigation needs to be done, however we have the following information:

· With directional patterns only a single UE is responsible for the 0.0001% interference

· The 0.0001% interfering UE’s are located:

· In azimuth where the beam has maximum gain 

· In elevation (or distance from BS) between 35m (min BS-UE distance) and 80m from the BS (corresponding to FSPL between 94 to 100dB @ 30GHz)

Taking point 1, if we wish to find the true OTA power level arriving at the BS with the spatial selectivity but not the directivity/gain of a directional antenna on the BS, then we can take the results from the omni antenna (which has no gain) but rather than the total power (sum of all UE) take the largest power from a single UE.
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Figure 11. CDF of omni antenna with total interference power and power from largest single UE
If we take the 0.9999% point as -72dBm as a reference then this should be the OTA power for all the sectorised cases.

As azimuth and elevation have different response it is useful to split the directional gain between them, this is not straightforward as the way antenna gain is derived currently is not correct, however the following method is used fro this analysis:

· The element pattern has a horizontal beam width of 65° and a vertical of 80°, this has a given gain of 8dBi [4], again as the way gain is derived is not correct it is difficult to split this however approximately attribute 5dBi to azimuth and 3dBi to elevation.

· For the array case in azimuth the array has 16 elements which gives approx 12dBi gain, with the element gain gives a total of 17dBi. In elevation there are 8 elements giving 9dBi gain, with the element gain this gives total of 12dBi (total is 29dBi as required).
If we take the OTA 0.9999% power level and add the azimuth gain

For the element we get -72dBm + 5 = -67dBm


For the array we get -72dBm + 17 = -55dBm

These values are almost the same as those found for the 0.9999% points for the element and the array (Figure 4).

So it seems that the OTA blocker level can be represented by:

· Highest single interfering UE power in a simulation with omni-directional BS antenna, 
or


· Total interference power (same as single highest interfering UE power) of a directional antenna minus the azimuth gain (assume elevation gain is zero).
Exactly how a situation could be defined so that the azimuth gain is at a maximum and the elevation gain is at 0dB is not obvious at this stage. A simple approach would be to use the max gain direction for the requirement and offset the limit by a value to represent the elevation gain. It is possible this value could be chosen based on an assumed value of element gain and used in all cases without significant error.
2.8 Summary

The purpose of this investigation was to see if the different conditions in the NR >6GHz assumptions (higher PL, higher BS BF gain, UE BF gain) effected the way we could derive OTA blocking levels.

It can be seen that:

· UE beam forming effects the level of the interference at the BS (increases it)

· When directional antenna are used on both UE and the BS:

· The interference is dominated by a single UE – hence analysis of the total radiated power from the worst case UE when the BS has an omni directional antenna gives the wanted OTA blocking level
· The direction in azimuth is predictable (the max gain of the azimuth beam width).

· The distance from the BS and hence the elevation gain varies but the 0.9999% case occurs when elevation gain is 0dBi. A simple solution would be to assume an element elevation gain (e.g. 3dB) and offset the blocker interference power level for this value.
Using the example results in this paper the blocker would be OTA level of -72dBm – 3dB = -75dBm in the direction of max antenna gain (i.e. 0).
Although of course more analysis is needed to find the correct levels, it seems that it is possible to define a simple OTA blocking interfering level which is defined with a fixed power and in the direction of maximum gain of the BS antenna (either the array or the element).  It is not necessary to know the actual antenna element gain or the array gain the same single value is used for all cases.
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