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1. Introduction
At previous RAN4 meetings this year aspects related to BS-to-BS colocation assumptions and requirements have been discussed in the context of Sub-Band Full-Duplex (SBFD), Network Controlled Repeaters (NCR), Integrated Access backhaul (IAB). Since the beginning of 3GPP RAN4 the isolation between two neighbouring base stations in the same geographical area is assumed to be 30 dB. When requirements for AAS was developed in Rel-15 a new concept was introduced. The new concept changed the scenario considered for co-location from BS mounted in two different masts to a scenario where the two BS are mounted side-by side. The isolation was still assumed to be 30 dB. In conjunction with this new scenario a co-location reference antenna was introduced. This antenna will provide a connector interface which is essential for requirement definition and corresponding conformance testing. 
Before adopting the co-location concept to other nodes (e.g., IAB, NCR, Repeaters, etc.), it is worth to recollect some of the fundamental background assumptions used to define the co-location concept. 
In this contribution we summarize the background and technical challenges with current concept used for BS-to-BS colocation requirements. Before re-using the concept to other nodes like e.g., NCR, careful considerations regarding the technical feasibility should be studied. 

2. Discussion
BS co-location requirements have been defined to allow operation of two base stations belonging to different operator networks within the same geographical area. The two main requirements developed to secure operation of neighbouring base stations are:
1. The co-location transmitter spurious emissions requirement. This requirement specifies requirement limits on unwanted emission within other 3GPP bands.
2. The co-location receiver blocking requirement. This requirement specifies requirement limits on receiver selectivity in a situation where interfering signal is coming from other 3GPP bands. 
For the case of synchronized TDD operation, where all co-located bands are using operating synchronized TDD the co-location requirements do not provide any additional protection. In the case where FDD and unsynchronized TDD operation is considered then co-location requirements guarantee two networks in the same geographical area to operate without degradation.
In addition, sometimes also transmitter intermodulation (TX IMD) requirement and Transmit ON/OFF power requirement are referred to as co-location requirements. The reason is that also here 30 dB isolation is assumed when requirement limits are derived. The TDD ON/OFF power level requirement is a requirement defined to make sure that base stations within the same network are not interfering with other base stations i neighbouring cells. 
Originally, 30 dB was derived from a scenario, where the port-to-port isolation was calculated based on assuming two base stations with passive antennas mounted in two separated masts with main beam pointing down-wards. The isolation was calculated using Friis free-space path loss formula. The considered frequency was in the low range of FR1and fixed passive base station antennas with equal antenna gain was assumed.   
Now, with advanced AAS base stations the concept of port-to-port isolation is more complex. Rather than evaluate the isolation between a single transmitter to a single receiver, the total impact of interference from an aggressor on the victim needs to be considered. In Rel-15, it was decided to focus on a case where a AAS BS is co-located side-by-side with a passive BS antenna. At the time this scenario was considered to be a relevant situation for network deployments. When OTA requirements were developed for NR BS type 1-O in Rel-15, a co-location reference antenna was introduced to create a fictive connector interface where requirements pass/fail levels could be defined. At the time of Rel-15 frequency bands up to 2.5 GHz was defined and it was reasonable to assume that the isolation of 30 dB was relevant. Measurements was performed to validate the relevance of using 30 dB to determine the requirement pass/fail levels. 
In the Rel-15 discussion, relaxation of 9 dB was considered for unwanted emission with the background that 8-ports base stations already were deployed in networks. However, this 9 dB relaxation was not accepted by administration for general unwanted emissions requirements. For co-location spurious emission the relaxation of 9 dB still is included. The consequence for the victim system is that the degradation is allowed to be larger than before still meeting the requirement. 
However, since Rel-15, spectrum up to 7125 MHz have been allocated with NR bands and AAS antennas with more complex array geometries than originally assumed are used for base stations in commercial networks. Also, the scenario to use as foundation in Rel-15 can be questionable since for high frequencies co-location between two AAS BS may be more relevant than co-location between an AAS BS and BS with a single column passive BS antenna. Now, with extensive support for MIMO for non-AAS BS it is very common to have multi column passive BS antennas. 
In the conformance test specification, the co-location reference antenna is referred to as Co-Location Test Antenna (CLTA). For selection during the test the CLTA is described in more detail than the co-location reference antenna. 
For transmitter spurious emission requirement, the CLTA is used to collect emission at the victim base station. The emission power is measured at the CLTA RF ports. With current requirement levels, the emission level is expected to be very low, hence measurements methods based on noise rise of spectrum analyser noise floor is needed.
For receiver blocking requirement the CLTA is used to inject an interfering signal from an aggressor base station. For receiver blocking the interferer signal is defined as a CW signal at 46 dBm for wide area base station.  
During OTA tests the CLTA is mounted side-by-side with the AAS BS (test object) in the OTA test chamber. This will put volume requirements on the quite zone and weight requirement on the positioner.  
Based on these aspects we have made the following observations:
Observation 1: The scenario where two base stations from different operator networks are located edge-by-edge seems not to be a typical scenario. In real situations the scenario used before Rel-15 seem to be dominant. 
Observation 2: The current co-location concept assumes a base station co-location scenario considering an AAS BS mounted edge-to-edge with a BS with a passive single column antenna. This concept may not be representative for how many real networks now (end of Rel-18) are equipped.   
Observation 3: The technical background assumptions for the co-location concept focus only on Wide Area base station, while co-location requirements also exist for Medium Range base station and Local Area base station.
Observation 4: When 30 dB was assumed, the isolation between a single column antenna and a AAS with few branches was considered. Now RAN4 consider higher frequencies and much larger array structures. The isolation value to assume above 2.5 GHz and more than 32 transceiver branches should be further studied.
Observation 5: To maintain degradation level used for non-AAS BS, RAN4 should reconsider for AAS BS co-location spurious emission not to include 9 dB relaxation part of requirement derivation background. 
Observation 6: A band specific CLTA is required per declared supported co-location band. This will create a logistical problem during conformance testing since very many CLTAs are needed per tested product. 
Observation 7: For bands defined above 2.5 GHz it is very difficult to find commercially available single column BS antennas or multi-columns with similar characteristics. Therefore, the availability and access to CLTA is limited for bands above 2.5 GHz. 
Observation 8: By experience, it can be concluded that the test setup for transmitter intermodulation is very complex. A large PA capable of very high output power is required to generate the interfering signal clean enough and to be injected by the CLTA to test the AAS base station TRP unwanted emissions.
Observation 9: The CLTA puts additional requirements on the OTA test environments, such as volume and weight on the package including both test object and CLTA. 



The co-location requirements can be evolved to include OTA parameters with no dependency to a specified CLTA. Such approach would require work in RAN4 to develop evolved BS RF core requirements and corresponding BS conformance test requirements. 
For spurious emission that could be done by defining the maximum allowed OTA emission level within a co-located band in terms of Equivalent Isotropic Received Level (EIRL) in linear scale as:
	(Eq. 2-1)
, where M is the margin required for acceptable sensitivity degradation, G(q,j) is the antenna gain in the direction towards the aggressor (different to peak gain towards an UE), k is Boltzmann’s constant equal to 1.38.10-23 Joule/Kelvin, T is the temperature in Kelvin, B is the carrier bandwidth in Hertz and F is the victim receiver noise figure. For co-location scenarios where the aggressor and victim are located close to each other the relevance of antenna gain and EIRL needs careful considerations since those parameters are far-field parameters. 
An alternative approach is to evaluate the power density in Watt per square meter impinging on the side of the base station, then the emission level corresponding to an acceptable degradation of the victim receiver can be expressed as:
	(Eq. 2-2)
, where A is the physical area of the base station enclosure towards the victim base station and h is the aperture efficiency. A worst-case scenario would be that the aperture efficiency is 1 and the area is equal to the physical area of the enclosure facing towards the aggressor base station as visualized in Figure 2-1.
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Figure 2-1: Compliance distance
Assuming the worst-case scenario, the power density of the impinging emission can be determined based on victim receiver characteristics. 
The distance r is the distance for which the power density is equal or less than requirement threshold. This distance could be declared by the base station manufacturer. The requirement threshold is determined from Eq. 2-2, assuming the physical area of the aggressor base station is equal to the one on the victim base station.
For receiver blocking the interferer power density at the AAS base station can be expressed as:
	(Eq. 2-3)
, where Ptx is the interferer signal power level applied to CLTA, G(q,j) is the CLTA antenna gain at 90 degrees horizontal angle and r is the distance between the AAS and CLTA. The interferer signal level is specified per polarization, while the CLTA antenna gain at 90 degrees is not known. To be able to extract the power density, a relevant assumption of the antenna gain towards the AAS is necessary. 
The gain at 90 degrees can be evaluated from an array model of a passive base station antenna. As an example, a simulation of a 10-element array antenna with Gaussian elements indicates that the gain at 90 degrees horizontal angle is about -3 dBi. That would correspond to a power density level of 158.4 W/m2 for Ptx=46 dBm, r=0.1 m at the side of the AAS base station. 
Having the interferer signal level defined as power density, would allow usage of any appropriate antenna to generate the interfering signal. The antenna for the interfering signal needs to be selected and placed so that the side of the AAS BS is illuminated uniformly with the interferer signal.
Defining requirements in the OTA domain would require some assumptions on AAS characteristics (e.g., the antenna gain at 90 degrees horizontal angle or radiating area) to be determined. 
An evolved approach as described above:
· Do not depend on assumption of a specific isolation value.
· Allow testing to be done using any measurement antennas that is suitable for the purpose. 
· Would resolve issues with large power amplifiers and a pool of CLTAs for different bands. 
This would solve some of the issues observed earlier with current co-location concept. 

In the context of introducing the co-location requirements for NCR it is essential to consider the use-case for NCR deployments and what co-location scenarios that would be relevant to consider. It is not obvious that co-location between an NCR and AAS base station or a base station with passive antenna is a realistic deployment scenario. Since NCR will be used to extend the coverage, it is more likely that the NCR will be mounted at a location where other base stations are not located.
Observation 10: It’s not clear what deployment scenario that is relevant for an NCR node. The BS co-location scenario is relevant for a BS site deployment, while an NCR deployment may be very different.  
In [1] a test concept of having multiple CLTA antennas within the test range is proposed for input IMD requirement. Based on previous observations for base station conformance testing, the feasibility of multiple CLTA is not obvious. Multiple CLTAs would put further burden on the positioner and would require a larger quite zone in the test range. 
Observation 11: Having multiple CLTA in the chamber at the same time was seen not feasible for base station testing. For NCR careful considerations of the CLTA definition is required to facilitate a test setup using multiple CLTAs.   
Despite challenges identified for BS, having two CLTA insider the chamber would require a new measurement uncertainty (MU) evaluation to be done. It is expected that the MU will significantly increase for the case with multiple CLTAs. Having multiple CLTA (one at each side) would break the fundamental idea to mimic a BS co-location scenario originally used for AAS BS. For NCR, RAN4 should study what scenario would be reasonable for NCR co-location. There are many different cases that may be relevant, like NCR-to-NCR, NCR-to-passive-BS antenna, NCR-to-AAS, etc. By copying the scenario used for BS type 1-O, RAN4 risk to develop non relevant requirements for NCR.


3. Conclusion
In this contribution we summarized the technical background for the original co-location requirements as well as the Rel-15 technical background. 

Based on the technical background we have made the following observations:
Observation 1: The scenario where two base stations from different operator networks are located edge-by-edge seems not to be a typical scenario. In real situations the scenario used before Rel-15 seem to be dominant. 
Observation 2: The current co-location concept assumes a base station co-location scenario considering an AAS BS mounted edge-to-edge with a BS with a passive single column antenna. This concept may not be representative for how many real networks now (end of Rel-18) are equipped.   
Observation 3: The technical background assumptions for the co-location concept focus only on Wide Area base station, while co-location requirements also exist for Medium Range base station and Local Area base station.
Observation 4: When 30 dB was assumed, the isolation between a single column antenna and a AAS with few branches was considered. Now RAN4 consider higher frequencies and much larger array structures. The isolation value to assume above 2.5 GHz and more than 32 transceiver branches should be further studied.
Observation 5: To maintain degradation level used for non-AAS BS, RAN4 should reconsider for AAS BS co-location spurious emission not to include 9 dB relaxation part of requirement derivation background. 
Observation 6: A band specific CLTA is required per declared supported co-location band. This will create a logistical problem during conformance testing since very many CLTAs are needed per tested product. 
Observation 7: For bands defined above 2.5 GHz it is very difficult to find commercially available single column BS antennas or multi-columns with similar characteristics. Therefore, the availability and access to CLTA is limited for bands above 2.5 GHz. 
Observation 8: By experience, it can be concluded that the test setup for transmitter intermodulation is very complex. A large PA capable of very high output power is required to generate the interfering signal clean enough and to be injected by the CLTA to test the AAS base station TRP unwanted emissions.
Observation 9: The CLTA puts additional requirements on the OTA test environments, such as volume and weight on the package including both test object and CLTA. 
Observation 10: It’s not clear what deployment scenario that is relevant for an NCR node. The BS co-location scenario is relevant for a BS site deployment, while an NCR deployment may be very different.  
Observation 11: Having multiple CLTA in the chamber at the same time was seen not feasible for base station testing. For NCR careful considerations of the CLTA definition is required to facilitate a test setup using multiple CLTAs.   
Observation 12: As way-forward for NCR WI, based on previous observations the following should be considered.
1. If the concept of CLTA is re-used, careful considerations of the NCR CLTA definition is required. It is not obvious that the CLTA defined in current BS conformance test specification can be re-used without modifications. 
2. When co-location requirements are defined issues and limitation observed in this contribution should be considered before the co-location concept is copied to other nodes (e.g., NCR). This means that a limit on highest supported frequency should be considered, only wide-area BS is considered, etc. 
3. If issues observed in this contribution cannot be solved. The scope of the support of Rel-18 NCR needs to be re-evaluated. It could be said that for Rel-18 NCR, co-location requirements are not supported, since no test method have been defined. 
4. If issues cannot be resolved, support for NCR type 1-O can be added in later release when test method have been defined. 
RAN4 needs to revisit the technical background and feasibility for the co-location requirement and the fundamental concept used for the requirement before it is re-used for new types of network nodes to ensure that RAN4 requirements are relevant (spectrum compatibility, interoperability, efficiency, etc.) and testable. 

Proposal 1: RAN4 should discuss and conclude on technical feasibility for co-location requirements before a concept is re-used for a new type of network node. 
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