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Introduction
Co-location requirements and specifically TX IMD were discussed in [1] where the finding showed that whilst TX IMD requirement may not be needed in the 7 to 24GHz range other co-location requirements would be.
This paper further discusses the problems of co-location emissions requirements for OTA systems and the possible output of the SI on this item.
Discussion
FR2 requirements have no co-location emissions requirements. 
There were a number of different reasons for their omission:
· For FR2 to FR1 co-location it was shown that the isolation between the bands was sufficient that co-location requirements were not necessary
· For emissions requirements they were omitted because it was deemed unlikely that initially two FR2 BS would be co-located
Simple analysis shows that co-location emissions requirements may be needed even for FR2 despite the high isolation.
For the 7 to 24GHz region then it seems probable that some co-location requirements will be needed. 
Emissions
Traditionally co-location emissions requirements have been analysed based on the isolation between 2 systems of similar frequency. For FR1 requirements this was based on measurements which showed worst case 30dB isolation between 2 passive BS antennas (of the same frequency).
For FR1 conducted requirements this assumption was maintained for all FR1 bands, in most cases as the antennas are used out of band it is likely that the isolation would increase and hence it has proven to be a safe assumption.
For FR1 OTA requirements actual antennas are used in the specification and measurement of co-location power levels and hence the effects of any frequency mismatch are inherent in the specification.
When studying FR2, it was shown that the isolation between FR1 and FR2 antennas was very large and as such it was not necessary to have co-location requirements between FR1 and FR2, however in the 7 to 24GHz region;
At the bottom end the frequencies are close to FR1 so it seems probably that some FR1 co-location requirements will be needed.
At the top the frequencies are close to FR2 so it is possible some FR2 co-location requirements are needed.
It is not clear if 3 different co-location approaches are needed or if co-location can be treated as a single subject.
Existing FR1 co-location requirements
All co-location requirements are based on the interaction between 2 co-located systems to ensure they do not interfere with each other.
The FR1 radiated co-location requirements effectively test this scenario using a co-location reference antenna to mimic the aggressor or victim system.
The logic of the FR1 method is sound but it has a number of difficulties:
· The emissions power levels out of the co-location reference antenna are very low as such difficult to measure
· The antennas used for conformance testing (co-location test antennas) must be identified and a range of different antennas may be required.
For FR1 it was found that both these problems were solvable but not without difficulty. The power measurement can be done by measuring and removing the measurement equipment noise, but this means that measurement uncertainty is quite large.
For the antennas FR1 uses conducted requirements and there are passive antennas suitable as test antennas on the market, so it special test antennas are not required (for FR2 with radiated only requirements there is no such thing as passive antennas for such a measurement).
7-24GHz to 7-24GHz co-location.
It can be shown that co-location emissions are necessary in the 7-24GHz region
CAT B spurious emissions are -30dBm/MHz,
Worst case isolation at 10cm separation in the 2GHz region (and assumption is extended for all of FR1) is 30dB, FSPL at 2GHz is 18dB so we can assume approx. 12dB isolation form the 2 antennas in the direction of coupling.
FSPL increases as frequency goes up:
[image: ]
At 7 GHZ we get approx. 30dB and at 24GHz approx. 40dB, assuming 12dB from the antennas (this may be lower at higher frequencies!) this gives isolation of 42 to 52dB.
A system that meets CAT B emissions therefore will interfere at a level of approx. -72 to -82dBm / 1MHz, or -82 to -92dBm/100kHz.
This is considerably higher than the -117dBm OTA level for FR1, as such it could be expected that without additional co-location requirements a system operating with CAT B emissions could be a problem when co-located.
Observation: A system operating with CAT B emissions would cause de-sensitization when co-located. Additional co-location emissions requirements are therefore needed
As previously discussed there are 2 major problems with the FR1 method of specifying and testing co-location requirements:
Measurable power level
The increased isolation between high frequency systems makes the conducted co-location emissions level higher, however using the FR1 OTA method it does not significantly affect the level as it is the level at the input of the victim receiver which is specified and measured. This input level is not dependent on the isolation between systems but the victim receiver performance and specifically its noise figure.
Observation: Using FR1 style OTA co-location emissions procedure the requirement is based on the victim system noise figure.
As the sensitivity of the receivers in the 7-24GHz requirement is likely to increase so will the power level to be measured for the co-colocation requirement. 
For example
	Sensitivity FR1 is based on assumption of 5dB Noise figure
	Sensitivity FR2 is based on assumption 10dB NF (24.25 – 33.4 GHz) and 12dB NF (37 – 52.6 GHz)
The 7-24GHz range has an estimated NF ranging from 7 to 9dB so is consistent with existing values.
Co-location emissions levels are based on minimum (~0.6dB) interference to a co-located victim non-AAS receiver.
For FR1 this is calculated based on the receiver reference sensitivity.
i.e. for 0.6dB desensitization

This is then translated to a conducted requirement of -96dBm/100kHz by adding the co-location isolation assumption of 30dB.
For the OTA requirement the figure is subject to scaling based on the number of transmitters. i.e. assuming 8 or more TRX it is 9dB higher, -117dBm/100kHz.
For 7-24GHz region the NF assumption is 2 to 4dB higher than for FR1 so but can be assumed the requirement would be also 2 to 4dB higher. 
The higher power level means a higher test level which would make the requirement easier to measure, however the same limitations that make the BS NF higher apply to test equipment. Assuming these 2 challenges are equal it can be assumed that measuring the co-location power levels at 7-24GHz will be an equivalent challenge to measuring then for FR1.
Observation: measuring co-location emissions levels in 7-24GHz region will be a similar challenge as measuring tin FR1.
For FR2 although there is an assumption of 10 to 12dB for the receiver noise figure used to derive the OTA sensitivity requirement there is no equivalent non-AAS receiver with that noise figure attached to a passive antenna. Measuring the power at a single conducted output therefore is less meaningful as it is not clear how this would affect the receiver performance as a whole.
Test antennas
For FR1 the non-AAS (type 1-C) and passive antenna infrastructure is well established, as such it was deemed acceptable that a suitable co-location test antenna could be found without the need to design special test antennas.
For FR2 as all systems are OTA there is no such thing as a co-location test antenna.
For  7-24GHz it is clear that at the upper end of the frequency range systems will be all OTA and hence the same problems will exist as with FR2. For lower frequencies non-AAS and passive antenna systems may exist giving the opportunity for passive antennas to be used in co-location testing, however at this stage it is not possible to estimate what antennas may be typical for this range.
Sourcing co-location test antennas for 7-24GHZ region may therefore be similarly difficult to FR2
Observation: Sourcing co-location test antennas for 7-24GHz will be similarly difficult to FR2.
7-24GHz to FR1 co-location
There are 2 scenarios here, with either a 7-24GHz aggressor and a FR1 victim or a an FR1 aggressor and 7-24GHz victim.
Clearly if the FR1 BS is the aggressor then this will mean changes to the existing FR1 co-location requirements. If a change of methodology is used this may also need to be applied to FR1 requirements.
If the 7-24GHz BS is the aggressor then the current FR1 co-location reference antenna and specified power level can be used as requirement.
7 to 24GHz to FR2
FR2 currently has no co-location requirements, the primary reason being current frequency allocations and estimated deployments make the likelihood of co-location very low. 
As there are no requirements there is not currently a solution to how such requirements could be derived and more specifically measured.
As no bands in 7-24GHz have been allocated the same reasoning could be used, however at some point, a possible solution would be to increase the minimum distance between systems and hence increase the isolation. As high frequency antennas are much smaller than the equipment they are attached to the separation may be much greater by default. 
By increasing the distance assumption to 1m (from 10cm) the FSPL is 20dB higher which could be sufficient if otherwise CAT B emission are met.
Summary
The issues surrounding co-location emissions for the 7 to 24GH region have been discussed and a number of observations made
Observation: A system operating with CAT B emissions would cause de-sensitization when co-located. Additional co-location emissions requirements are therefore needed
Observation: Using FR1 style OTA co-location emissions procedure the requirement is based on the victim system noise figure.
Observation: measuring co-location emissions levels in 7-24GHz region will be a similar challenge as measuring in FR1.
Observation: Sourcing co-location test antennas for 7-24GHz will be similarly difficult to FR2.
It seems that we have a problem that to protect systems in co-location scenarios we need a requirement by have no practical means to easily set an OTA requirement.
It is also clear that co-location between systems in different frequency ranges (FR1 and FR2) must apply to 7 to 24GHz BS. 
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