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Introduction
[bookmark: _GoBack]Emissions requirements for BS in the same geographical area are specified for all BS type for FR1 but there are no similar requirements for FR2. The 7 to 24GHz frequency range is between FR1 and FR2 so it is not clear if co-existence emission requirements are needed above the general CAT B emissions.
This paper looks at the background for FR1 and FR2 and investigates the 7 to 24GHz case.
Discussion
FR1 Background
The existing FR1 co-existence requirements are not clearly documented but seem to be based o the following:
In TR 25.942
Subclause 7.4.1.2.1.3
The test scenario described in [20] implies that the base stations of the two operators are in line-of-sight with clearance of the first Fresnel zone. Therefore the propagation model applied is the free space loss model (see [17]).
The base station antenna gain used to calculate the power received in this case is 10 dB, instead of 13 dB, to consider the tilt of the antennas.
Thus, since the distance between BSs of different operators is 577/2 m, the path loss is 87 dB, and, including the antenna gains, 67 dB.
The distance of 577/2 m (or 288m) is based on a 500m ISD ():
[image: ]
With the existing level of co-existence emissions in the DL (-52dBm/1MHz) this equates to approx. 0.5dB de-sensitization of the victim BS.


With interference of -52dBm/MHz – 67 = -119dBm/MHz then

Which gives a de-sense of 0.5dB as follows:

Note this level is calculated at 2GHz and the same level is used for almost all frequencies (with the exception of GSM bands where the levels are different).
The co-existence requirement hence places a minimum distance between BS in the same geographical area, at smaller distance the co-existence emissions requirement may not be sufficient.
Whilst it is true that as frequency increases the path loss increases it is also true that cell sizes and ISD shrink. 
FR2 background
For FR2 co-location and co-existence were not considered as there are very few frequencies bands allocated to FR2 so there is little change of co-existence in the same geographical area.
Co-location was discussed in [1] and it is shown that co-existence requirements may be needed if there were systems in the same geographical area.
Whilst individual contributions may have analysed the effect of co-existence (same geographical area) interference and the need for a specification, none were documented in the TR. So looking at a similar analysis for FR2.
For co-existence there are a number of things to be considered:
· Higher frequencies mean PL will be higher
· Higher PL means cells will be smaller and hence closer together.
· AAS means beam forming at both the aggressor and victim BS, 
· Correlation of noise from the aggressor at the co-existence band is important
· Probability of victim pointing beam at the aggressor is small
Making the following assumption
· Min cell size 200m
· Aggressor noise uncorrelated
· Victim beam in elevation only points at the bottom of the aggressor BS (if the beam were to pint higher then the UE would likely be in a building so building penetration loss will prevent any interference).
So the ISD is 300m and the co-existence distance is 173m giving a PL of 105dB at 24GHz
TX antenna gain is element gain approx. 5dB
Rx antenna gain is rolls off by approx. 5dB at 8°, so assuming is pointing directly in azimuth Rx gain is 19dBi.
So the interfere power assuming CAT B emissions are met (i.e. -20dBm/10MHz) is:

The FR2 OTA equivalent conducted sensitivity is 

NF is between 10 and 12, BW for is for 50MHz FRC, IM is 2dB and SNR is -1.1dB (ref TR 38.817-02)

With the co-existence interfere this reduces to:

A de-sense of 0.7dB but only when the receiver beam is pointing at the aggressor beam in azimuth.
Although not the purpose of this paper it is unlikely that a co-existence requirement is needed for FR2.
7 to 24 GHZ Analysis
There are 2 cases to consider for 7-24GHz frequency region:
· x-C type BS with static antenna patterns
· x-H, x-O BS with beam forming and variable antenna patterns.
x-C systems
For x-C systems it is unlikely they are viable for the entire frequency range as the cells will become too small. In [2] the min cell size using x-C was considered. Looking at NLOS case
[image: ]
Cells of 200m can be maintained up to approx. 15GHz
Using this to calculate co-existence separation (based on the DL)
[image: ]

Path loss is between varies across frequency but is somewhat offset by the smaller cell sizes.
Again based on [2] we can assume a maximum antenna gain for a x-C system to be approx. 20dBi, using a 3dB reduction in gain to account for down tilt the interference assuming a CAT B compliant system is

As the FRC BW is not known at this frequency 1MHz can be used to investigate the desensitization so with a NF of 7dB (@10GHz) the equivalent system noise will be -107dBm.
This level of noise will therefore be a significant degradation.
To achieve a 0.5dB degradation metric the co-existence noise must be approx. -116dBm at the Rx input or -48dBm at the aggressor output.
This is not dissimilar to the existing requirement of -52dBm
Observation 1: x-C systems in the 7 to 24GHz range will require an additional co-existence emissions requirement
Observation 2: the co-existence emissions limit will be similar to the FR1 limit.
x-O systems
For OTA beam forming systems the situation will be more similar to FR2, beam forming gain can be expected and the cells will be appropriately larger.
Considering the cell sizes calculated for x-C as a lower bound and assuming as with FR2 that element gain us used for the aggressor and off peak gain of 19dBi used for the victim (24dBi – 5dB).
The interference power at CAT B levels is hence

This is a de-sense level of 2.5dB. Considering that the desensitisation will only occur for a small percentage of time when the victim is pointing a beam directly at the aggressor (and the UE in question is near the absolute level of sensitivity) then this may be acceptable.
Observation 3: x-O systems in the 7 to 24GHz may not require additional co-existence requirements.
Summary
The derivation of FR1 and FR2 co-existence emissions requirements for other band in the same geographical area has been revised and the same approach has been applied to the 7 to 24GHz region. The following observations have been made:
Observation 1: x-C systems in the 7 to 24GHz range will require an additional co-existence emissions requirement
Observation 2: the co-existence emissions limit will be similar to the FR1 limit.
Observation 3: x-O systems in the 7 to 24GHz may not require additional co-existence requirements.
Observation 1 and 3 may seem to contradict the findings of the existing FR1 AAS specifications however it should be remembered that they were based on the principle of equivalence rather than fully re-analysing each scenario. FR1 AAS systems are not defined specifically as having beam steering capability and hence the 1-O requirements are the same as the 1-C requirements (albeit TRP rather than conducted power)
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