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1 Introduction
There are currently no out of band blocking requirements for FR2. In the last meeting a ‘flat’ blocking requirements similar to the FR1 general out of band blocking was discussed, but as FR2 BS may have little or no antenna filtering it was not considered prudent to have a non-specific requirement which may drive cost for no identified risk.

Out of band blocking instead can be handled by specific, regional, co-existence and possibly co-location requirements.

This contribution further discusses these issues.
2 Discussion

When considering possible out of band blockers there are 3 cases which should be considered
1. Co-existence with other 3GPP systems

2. Co-existence with other regional specific interferers.

3. Co-location with other 3GPP systems
For FR1 both 1 and 2 are analysed and included in a mandatory general blocking level which is applied from 30MHz to 12.75GHz. Co-location requirements are contained in a separate section and are optional based on declaration. In addition some regional requirements are dealt with as additional requirement by declaration.
It was found in the analysis for eAAS that the primary factor in setting the mandatory out of band blocking level was co-existence with other 3GPP BS.

2.1.1 Co-existence with other 3GPP

A co-existence case has already been documented in TR37.817 to calculate the required TX OFF level requirement – which is also driven by the co-existence case. The OFF level is given by:
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Clearly out of band blocking is not exactly the same as Tx OFF level as Tx OFF is an emssiosn level not an interferer level, however we can use the same scenario, the important figures here are:

· Antenna  gain is calculated based on 128 antenna elements with 6dB element gain (under assumption that the element gain is consistent with the element spacing) giving 27dBi – this is close to the top end assumed for the sensitivity antenna gain range (which is 30dBi)
· Distance between sites = 100m

In addition when considering blocking we need to use the interfering Tx power, this can be assumed to be 43dBm

So worst case blocker can be considered as:
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However as the blocker is not an emission (i.e. TRP) requirement like Tx OFF, the direction of the antenna gain should be considered. This is the case when co-existence levels are calculated in FR1 cases (for UTRA/E-UTRA) where 3dB is added to both Tx and Rx to consider down tilt. 

As FSPL is assumed then it is fair to say the UE is on the ground (as if it were elevated then it will most likely be in a building), assume the aggressor network has a 200m cell range then the following scenario exists:
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The beam used in the example has 8 elements * 0.5λ spacing in the vertical dimension, giving a vertical beam width of 12.7°
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At 7° offset the beam has approx 9-5.5= 3.5dB less gain.
So a pointing error of 3.5dB should be added for the aggressor antenna

The victim antenna will also be pointing in a different direction, an it is possible to  account for this by applying the interferer at an offset angle, however it is simpler to consider a pointing error for the victim as well and then the level is applicable in the reference direction.
The final calculation therefore is:
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where
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So


[image: image7.wmf]dBm

P

4

.

38

5

.

3

4

.

101

5

.

3

27

43

int

-

=

-

-

-

+

=


This value is off course frequency dependent, path loss for other mm-wave bands will be higher, but by the same reasoning the cells will be smaller and hence the BS closer together. To make the requirement simple it could be regarded that these 2 effects cancel each other out so a single figure can be used for all interfering bands.
Observation1: A single FR2 out of band (co-existence) interfere can be used at approx -38.4dBm

2.1.1.1 FR1 interference
Clearly a mm-wave antenna will have a poor response at FR1 frequencies as the elements will be very short compared to the wavelength, however this does not change the level of any interferer, it merely makes it easier to pass.

As co-existence bands are declared, and it is inevitable FR2 and FR1 system will have to co-exist, it is reasonable to have a core requirement identified – even if it is argued that it is not necessary to test.

There are a number of differences when considering FR1 signals interfering with FR2 BS.

· Lower Freq means PL is lower

· Cell layout and ISD will be larger

· Antenna gain will be lower.
The FR1 assumptions for co-location use d=270m and an antenna gain of approx 13dBi with a pointing loss of 3dB.
Using these figures gives:
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This is very similar to the figure calculate for mm-wave to mm-wave interference, so it seems for the sake of simplicity 
Therefore if compliance is declared for FR1 bands the same OTA power level can be used.
Observation2: FR1 out of band blocking signals can be specified at the same level as FR2 interferers.

Observation3: if the risk is deemed trivial that FR1 will interfere with BS type 2-O the conformance can be omitted but a core is still needed.

2.1.2 Co-location

The FR1 co-location requirements are defined using a co-location reference antenna which enables signals to be defined at the connected interface of a co-located victim/aggressor system.  This is useful as the intention of the FR1 requirements has always been to offer the same protection as the original (legacy) conducted requirements. Co-located antennas in the FR1 frequency range are well known and as non-AAS systems exist it is simple to calculate the conducted values at the co-location reference antenna output/input.

For FR2 the requirements are only OTA so there is no known conducted performance to use as a reference for any co-location reference antenna, also there are no existing systems so it is harder to envisage what form a co-location reference antenna should take. Whilst the use of a co-location reference antenna cannot be ruled out completely it is advantageous for FR2 to see if co-location requirements can be defined with it.

So in this case considering out of band blocking co-location isolation between mm-wave system will be much greater than that between FR1 systems.

Co-existence blocking is calculated as an OTA level in the main beam of the antenna, but co-location is not in the main beam but when 2 systems are (for example) side by side. It is therefore difficult to compare the two.

In order to compare the approximate conducted power level can be considered.

For co-existence we just calculated that the OTA level is -38.4dBm with an antenna gain of 27dBi, so the conducted level is approx -11.2dBm.
The worst case isolation between two mm-wave antennas has not been agreed however it was agreed that for TX IMD for example the high isolation was such that a FR2 TX IMD requirement was not necessary.

In that argumentation the figure of 50dB was used as a worst case isolation between two mm-wave antennas.

In such a scenario the conducted blocking level would be equal to approx 43dBm – 50 = -7dBm.

Considering  that these 2 levels are only 4dB apart it seems that a reasonable goal would be to try to have a single requirement.

Observation4: The co-location scenario results in an approximate conducted level only 4dB higher than the co-existence scenario. Merging the two requirements is a feasible and attractive solution.
2.1.3 Regional specific interferers

In FR1 a number of non-3GPP interference sources were investigated but not all. Some were found to have power levels lower than those identified by co-existence and hence were covered by the general minimum requirement, these included:

· Wifi

· TV broadcast

Some other interferers were investigated and found to be way in excess of the general minimum requirement and also not covered directly by the 3GPP specifications, i.e. mobile radar.

As FR2 will have no minimum requirement covering all frequencies then protection against these systems is not explicitly covered, it is unlikely that Wifi and TV will interfere with FR2 BS due to the great frequency difference, however if any potential risks are identified they should be dealt with on a case any base basis, at this stage no specific additional requirements are highlighted.
3 Summary
FR2 to FR2 co-existence blocking levels have been analysed based on the co-existence scenarios already used for FR2 Tx OFF level.

FR1 to FR2 co-existence blocking levels have been analysed based on a hybrid of the co-existence scenarios for both FR2 and FR1 systems.

The following observations were found:

Observation1: A single FR2 out of band (co-existence) interfere can be used at approx -38.4dBm

Observation2: FR1 out of band blocking signals can be specified at the same level as FR2 interferers.

Observation3: if the risk is deemed trivial that FR1 will interfere with BS type 2-O the conformance can be omitted but a core is still needed.

FR2 co-location was also considered and it was found:
Observation4: The co-location scenario results in an approximate conducted level only 4dB higher than the co-existence scenario. Merging the two requirements is a feasible and attractive solution.
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