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1 Introduction
There have been a number of proposals to update the co-location test procedure, issues with the current methodology have included:
· Problems sourcing suitable CLTA for all bands
· Problems generating sufficient Tx power for the interference measurements
· The current specification not covering latest implementation (ASS-AAS scenarios)
Whilst the issue raised seem valid they do not differ greatly from the same issues that existed when the OTA co-location requirements were written and it is not clear that suitable solutions to any of these issues have been identified?
In this paper we look at the background of the OTA co-location requirements and see if any of the assumptions have changed.
2 Background
2.1	Non-AAS – conducted requirements
All the conducted co-location requirements are based on an assumption that coupling between 2 co-located antennas is 30dB.
The background for this was investigated during the AAS work and captured in TR37.843 where the source of this figure is a very old Allgon paper from 1999 [2]. As follows:
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Figure 5.1.2-1: The different scenarios used during the antenna coupling measurements. d denotes displacement
The measurements and associated results are all for 1710-1880MHz.
In most scenarios the reported coupling factor between antennas was greater than 30 dB. The figure of 30 dB comes from scenario IV when d is 0.25 m (centre to centre or 0.1m edge to edge).
As conducted requirements have no radiated interface this worst-case coupling factor was agreed and has been used for all FR1 bands since.
2.2	AAS OTA requirements
The primary goal for the OTA requirements was that they were equivalent in all ways to the conducted requirements. In many cases (co-location included) this would have mean deriving a OTA test case that provided the same power levels at the internal conducted interface that the equivalent conducted case specified.
Taking the example of co-location emission requirements the levels of emissions in the requirement is -98dBm/100kHz. As the conducted requirement is conducted power then a direct equivalent would be to measure this as TRP, as the requirement is outside the operating band the antenna gain is not known so even if EIRP and TRP estimated is measured it is still required to measure beam width (if there is a single main beam) to estimate TRP. 
In [4] during the original WI the feasibility of measuring co-location power levels with either a far fled TRP or even EIRP method was studied and shown to be not feasible.
Observation 1: It is not feasible to measure equivalent conducted co-location power levels in far field chamber using either TRP or EIRP methods. 
Similar arguments exist for blocking, transmitter IMD where the issue is still measurement path loss but the problem is generating a signal large enough so the equivalent conducted level is the same as the conducted requirement.
So the issue for OTA conducted emissions is generating an OTA measurement path that allows for measurement of co-location unwanted emissions power levels and/or injection of suitably large interferers.
Observation 2: the challenge for OTA co-location test is to have a low loss OTA measurement path that allows for measurement of co-location unwanted emission power levels and/or injection of suitably large interfering signals.
The solution identified in the original WI was to specify the co-location coupling not as 30dB but by the scenario from which the 30dB was derived. The argument being if a co-located system was being blocked by emissions from or was causing detrimental effects to the DUT then this was a measurable effect and as such could be tested. The solution was therefore to defined the requirement by means of the scenario and as such the CLRA was derived (and from this the more practical CLTA for test).
Observation 3: The Co-Location reference antenna define din the core was based on the original co-location scenarios used to derive the 30dB coupling figure as reliable way to generate a low loss measurement scenario that could be tested.
Where the conducted requirement was easy to simplify and use 30dB coupling for all frequencies the problem with practical antennas is of course that they are band specific and vary in physical characteristics. The intention of the CLTA definition was to allow for a practical realisation of the more theoretical CTRA definition.
Observation 4: The Co-Location Test antenna was a definition of a practical antenna that can be used for any bands when testing. 
It can also be noted that when deriving these requirements it was noted at the time that sourcing CLTA’s may be an issue every attempt was made to identify a method that could use standard.
It can be seen in the WF from RAN4#82bis [4] option for a calibrated test probe based measurement method was still and open issue, but by RAN4#83 [5] the WF had focused in on the CLTA method.
It can also be noted that in TR 37.843 [1] the option of using a standard test antenna was left open:
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Co-location requirements are specified as power levels into or out of each conducted interface of the co-location reference antenna. For conformance testing the requirements are translated to the input or output of either a co-location test antenna (CLTA) or a standard test antenna (such as a dipole).
Observation 5: A standard test antenna is an acceptable way of testing OTA location requirements under the assumption suitable translations can be derived.
2.2	Updating/Improving Co-Location requirements
Looking at each of the potential proposals the update the co-location requirements:
· Sourcing CLTA’s for all bands
Whilst this is clearly an issue in order to replace the CLTA with a standard test antenna is already captured in the TR and if done correctly would seem to be acceptable. Under the current wording the standard test antenna would need to reproduce the field as described by the co-location reference antenna. However the same issues remain in that simulating a closely co-located interferer to an array or victim antenna with low path loss and calibrated test antenna (in the far field) is very challenging and we have not seen any proposals that show it is possible
· Power levels for interference signals.
To reduce the required power level of interferers it would be necessary to reduce the coupling between the DUT and the interference source. Whilst it may be possible to increase EIRP using high gain antenna this is complicated by needing to increase the separation between DUT and test antennas to ensure the gain is realised in the far field and also ensuring that the whole DUT is illuminated evenly. Once again we have not seen any proposals that show a practical solution for this.
· The current solution does represent all scenarios for modern AAS.
This is entirely plausible. It is stated in the TR that:
The CLTA is suitable for testing AAS BS implemented with a planar antenna array. The method for testing AAS BS with other antenna array implementations is FFS.
It is difficult to envisage that new systems are installed in a worse case than 10cm apart of the vertical edge. As such is the assumption that the existing requirement is to difficult. This raises a number of sub-issues:
a. If scenarios are such that close coupling is not expected and it is assumed the coupling will be greater than the worst case assumption of 30dB – then are co-location requirement even necessary, as with FR1-FR2 co-location where it was shown that the coupling was sufficiently high that no specific co-location requirements were needed. In this case we have always had “site based solutions” described in TR 36.942 which potentially use site engineering to ensure antennas are sufficiently isolated so co-location requirements are not needed. 
b. What are the new scenarios and how do we apply them to the requirements – are they based on frequency, or possibly antennas size/gain ? Are there multiple declarable co-location scenarios available? 
c. If the new scenarios are based on larger coupling values and yet still need specifying and testing then the problem we have with signal levels becomes harder not easier ?
Whilst the existing co-location test antenna method has some issues it is not clear that proposals so far have solved the problems which led to the CLTA methodology. Most of the issues raised are related to practicality of the CLTA and are not dissimilar to those discussed when the CLTA method was chosen for the OTA co-location requirements, whilst the issues are real its not clear what the potential solutions may be.
Observation 6: So far it’s not clear any proposal have been shown to solve the measurement issues related to OTA co-location.
We have seen no claims that the existing OTA co-location requirements and test methods have lead to any co-location issues in the field. As such it’s not clear that the core requirements needs to be significantly modified?
Observation 7: No claims of co-location issues in the field relating to the specification and test methodology have been made.
When considering changing a requirement and/or test method it is important that any new method is compared to the existing method so that the quality of the requirement can be maintained. Alternative test methods are helpful but they must be shown to be equivalent.
Observation 7: New methods must be demonstratable equivalent to the existing methods
We are happy to consider new test methods (and potentially new scenarios) as an enhancement however see no reason why the existing method needs to be replaced.
4	Summary
This paper has investigated the background of the OTA co-location requirements and how the current CLTA method was approved. Most of the reasons why the CLTA was defined seem to be the same today and hence are useful to reiterate. The following observations have been made:
Observation 1: It is not feasible to measure equivalent conducted co-location power levels in far field chamber using either TRP or EIRP methods. 
Observation 2: the challenge for OTA co-location test is to have a low loss OTA measurement path that allows for measurement of co-location unwanted emission power levels and/or injection of suitably large interfering signals.
Observation 3: The Co-Location Reference Antenna defined in the core was based on the original co-location scenarios used to derive the 30dB coupling figure, as reliable way to generate a low loss measurement scenario that could be tested.
Observation 4: The Co-Location Test Antenna was a definition of a practical antenna that can be used for any bands when testing.
Observation 5: A standard test antenna is an acceptable way of testing OTA location requirements under the assumption suitable translations can be derived.
Observation 6: So far it’s not clear any proposal have been shown to solve the measurement issues related to OTA co-location.
Observation 7: No claims of co-location issues in the field relating to the specification and test methodology have been made.
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