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1. Introduction
[bookmark: _GoBack]At the last RAN meeting (RAN#82 in Sorrento) a SI to study the feasibility to extend the NR specification to support frequencies in the intermediate frequency region (7000 to 24000 MHz) between FR1 and FR2 was initiated. As mentioned in companion contribution [1, 2] the RF requirements defined for FR1 and FR2 are different in terms of levels, concept and requirement coverage. Therefore, RAN4 needs to study the need and feasibility to define base station RF core requirement co-location requirements within the intermediate frequency region.
In release 15 base station RF core specifications, a new concept for handling base station-to-base station co-location requirements have been introduced. Currently the concept is only applicable for base stations operating within FR1. In this contribution, the details of the FR1 co-location concept are summarized together with some further considerations relevant to expand the concept to also include frequencies above FR1.

2. Discussion
The co-location concept defined in release 15 base station RF specifications is based on a base station to base station co-location scenario, where two wide area base stations are co-located close to each other in a common mast. It is assumed that both networks are configured in a 3-sector grid. Based on experience, the horizontal configuration produced isolation closest to the assumption of 30 dB used for conducted requirements. Therefore, it was decided to use the horizontal case as base for the co-location concept, see Figure 2-1.
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Figure 2-1: Co-location scenario for Wide Area BS.
To mimic the base station to base station co-location scenario a co-location reference antenna is defined in the RF core specification (TS 37.105 and TS 38.104) and the corresponding conformance test specification (TS 37.145-2 and TS 38.141-2). The specification specifies both the co-location reference antenna to be used as well as the location beside the base station. The co-location reference antenna is used to measure emission and inject interferer signals. For eAAS base stations and NR FR1 base station requirements part of requirement set 1-O, the following requirements are based on the co-location concept; 
A. For the OTA transmitter intermodulation requirement, the aggressor interferer signal is injected by the co-location reference antenna.
B. For the OTA receiver out-of-band receiver blocking the aggressor interferer signal is injected by the co-location reference antenna. 
C. For the OTA unwanted emission requirement, the emission seen by the victim is measured by the co-location reference antenna.
D. For the OTA TDD OFF power requirement, the emission seen by the victim is measured by the co-location reference antenna.
For all requirements the placement of the co-location reference antenna as well as the type of co-location reference antenna is essential to the definition of the requirements. The details related to how to select and place the co-location reference antenna is captured in relevant specifications. The intension was to use a passive base station antenna providing the same coverage as the specified base station. This approach provides a large pool of available antennas commercially available on the market designed for FR1 operation. For NR FR2 it was decided to not define co-location requirements since the isolation is larger for higher frequencies. 
Expanding the concept to support frequencies above FR1 frequencies requires careful considerations of the following technical challenges;
1. Above 6000 MHz, there are no passive base station antennas providing cellular coverage (e.g. 3-sector coverage) available. Passive base station antennas are typical available where RAN4 have defined operating bands. Nevertheless, another antenna can be used, but it is not clear what antennas to select and how they shall be placed to provide a robust requirement.
2. Above 6000 MHz, the assumption of 30 dB isolation used to derive requirement levels may be reconsidered accounting to effect from large array antennas.
3. Above 6000 MHz, the relevance of specific co-location requirements needs to be studied. The requirement coverage in terms of applicable requirements may be different compared with FR1.
4. The radiating aperture for base stations operating at the high end of FR1 and higher is typically smaller than the physical size of the base station. This have implications when the co-location reference antenna is selected. 
5. The concept of introducing a co-location reference antenna based on available legacy antenna needs further considerations. For RF1, a passive base station is suitable, but for 7000 to 24000 MHz there is no legacy antenna to refer to. Study the possibility to define the requirements without a co-location reference antenna, instead specify the emission and interferer in terms of power density. 
6. The type of co-location reference antenna to be selected needs careful understanding. The basic principle is that the co-location reference antenna shall have similar radiating properties (e.g. polarization and coverage) as the base station. For 7000 MHz to 24000 MHz, its not clear what properties to assume. 
7. For FR1, the co-location scenario was developed with focus on wide area deployments. However, for 7000-24000 MHz other deployment scenarios would be of most interest. 
8. For co-location spurious emission, (and also TDD OFF power) the parameters used to derive the requirement limit must be adapted for 7000-24000 MHz range frequencies (e.g. noise figure).
9. For co-location receiver blocking determine the interfering power level.
10. Consider using modulated interfering signal for 7000-24000 MHz blocker. 
11. What separation to use for 7000-24000 MHz, depends on the selected type of co-location reference antenna.


3. Conclusion
In this contribution, the co-location concept is summarized, also some new aspects to consider if the concept is expanded for the frequency range 7000 to 24000 MHz have been presented. 
The co-location concept as specified in release 15 eAAS and NR specification cannot be expanded to 7000 MHz to 24000 MHz, without extensions and improvements. 
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