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1. Introduction
At the last RAN meeting (RAN#103 in Maastricht) a new WI was initiated [1]. One of the objectives in the WI is related to improving the co-location requirements in BS specifications.  
In this contribution we present an overview of aspects to further consider in relation to the WI objectives for the new WI. 

2. Discussion
In Rel-15 a complete set of OTA requirements were defined for MSR AAS BS (TS 37.105 and TS 37.145-2) and NR BS type 1-O for FR1 and NR BS type 2-O for FR2 (TS 38.104 and TS 38.141-2) for the first time. Now after some years and many new bands have been added we have noticed some technical issues in specifications. The issues and corresponding solutions have been identified as candidates for specification improvements as part of the OTA test enhancement essential to evolve the BS RF specifications.  
In general, OTA requirement will provide many benefits, such as having requirements defined for the complete system without the need for RF connectors which is of great importance for upper FR1 and FR2 frequencies. Initially, the transition to move to the OTA conformance testing was encountered as a large challenge, but now with all experiences from NR BS type 2-O it’s clear that the industry is ready for NR BS type 1-O products operating in the upper parts of FR1.
For NR BS type 1-O, co-location requirements are defined to guarantee co-location of base stations operating within different frequency bands in the same geographical area. The emission and blocking requirements will directly set design constraints on radio front end characteristics such as RF band filter suppression, transmitter linearity, etc. The co-location requirements are categorized as optional declared requirements defined to guarantee co-location of multiple networks. The transmitter intermodulation requirement is defined to guarantee that unwanted emission requirement levels are maintained when operating in close vicinity of a neighbouring interfering base station. This requirement will set design constraints on the transmitter implementation. It is also a regulatory requirement is some regions. 
With these proposed OTA test improvements, the NR BS type 1-O requirements will be prepared for M-MIMO/AAS products supporting enhancements in RAN1 features allowing the industry to facilitate a shift to full OTA specification and conformance testing. Since the work proposed here is extensive it can be split up over multiple releases, where some issues are resolved in Rel-19 and other to be resolved later in Rel-20.   
The co-location requirements are defined based on a concept of a co-location reference antenna mimicking a specific co-location scenario. 
The technical background and challenges related to use current test specification and adding support for upper parts of FR1 and above 7125 MHz can be summarized as:

Requirement issues:

1. Before adopting the co-location concept for bands above 2.5 GHz RAN4 needs to evaluate relevant co-location scenarios, such as side-by-side (used as baseline for Rel-15), on top each other, in different sites pointing towards each other (Used as baseline before Rel-15), or any other relevant scenario. The scenario considered for Rel-15 may not be representative for many deployed networks now (end of Rel-18). The antenna arrays used at higher frequencies are typically electrically larger than what was assumed for Rel-15. 
2. The Rel-15 co-location scenario consider an AAS co-located with a non-AAS with a passive single column antenna. With a single column antenna, the array factor in the horizontal domain is not captured. During the introduction of AAS this was a reasonable scenario to consider, but now with new bands above 2.5 GHz also scenarios with AAS to AAS may be highly relevant. For AAS, a statistical approach would be needed to capture relevant coupling due to beam forming. 
3. The Rel-15 co-location scenario is focused on wide area deployment. Its relevance for other BS classes like medium range BS and local area BS, etc. is not clear. Eventually, new co-location antennas or scenario may be needed for those BS classes to make specifications complete. 
4. All requirement levels are derived based on an assumed port-to-port isolation of 30 dB. 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 with more than 32 transceiver branches and considering array excitations should be further studied. To find a relevant isolation a statistical analysis including beamforming aspects on both victim and aggressor would be required. As coupling given same physical separation would be frequency dependent, the requirement levels need to be adjusted accordingly.
5. To maintain degradation level used for non-AAS BS, RAN4 should reconsider the AAS BS co-location spurious emission and not include the 9 dB relaxation part of requirement derivation background. The current requirement levels for AAS BS may not guarantee the same level of degradation as for non-AAS BS.
Observation 1: The considered BS-to-BS co-location scenario assumed in Rel-15 for AAS BS require further considerations in relation to spectrum above 2.5 GHz. The current approach assumes a certain co-location scenario (side-by-side, separated 10 cm). This scenario does not cover relevant scenarios between non-AAS/AAS and AAS/AAS co-location scenario for all bands defined within FR1. 
Observation 2: Currently, RAN4 assumes 30 dB isolation between victim and aggressor when co-location requirements are derived. 30 dB was relevant for frequencies below 2.5 GHz and victim and aggressor antenna size were equally large. RAN4 need to evaluate relevant isolation values for realistic deployment scenarios at frequencies above 2.5 GHz. 
Observation 3: The 9 dB additional relaxation applied for co-location spurious emission should be removed.
Observation 4: It would be very beneficial to move away from the co-location reference antenna and instead define requirements on OTA parameters such as field-strength or power density.   

Conformance test issues:

1. A band specific Co-location Test Antenna (CLTA) is required per declared supported co-location band. This will create a logistical problem during conformance testing since a product is typically declared to support many co-location situations. This will result in many CLTAs are needed per tested product, which create a logistical challenge for test laboratories.
2. 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 as specified in TS 38.141-2, subclause 4.12. Therefore, the availability and access to relevant CLTAs are very limited for bands above 2.5 GHz.
3. 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 to be injected by the CLTA, while TRP unwanted emissions is measured and evaluated. The TRP level for unwanted emission can be measured in a far-field test environment or in a reverberation chamber test environment, as described in TS 38.141-2.
4. The CLTA puts additional burden on the OTA test environments, such as volume restrictions and additional weight on the positioner used in the test chamber. It is therefore not suitable to use a passive BS antenna with multiple columns, even though current specification allows it. 
5. Due to the very complex test setup required to test transmitter intermodulation (TX IMD) careful review of the test scope is required to minimize total test time. The test is based on measuring TRP at the same time an interferer signal is injected using the CLTA. Further evaluation of the test scope in TS 38.141-2, subclause 6.8.4 to capture only relevant cases of e.g., carrier, bandwidth, multi-band and carrier aggregation configurations.
6. It should be noted that many co-location requirements either require very high OTA chamber dynamic range (co-location spurious emission) or require generation of very high power in the chamber as CLTA and existing co-location concept would imply blocking interferer level 30 dB higher than existing conducted requirements. 

For upper FR1 and the frequency range between 7 to 24 GHz the co-location requirement concept needs to be evolved. It would be suitable to define requirement such that the need for a specified dedicated co-location reference antenna can be avoided. Hence, determine relevant parameters and requirement levels based on OTA parameters such as field-strength or power density at a given test distance. In [3], some basic technical background for such approach was presented. Further elaborations and studies may be needed to fully define an evolved requirement concept for co-location requirements. 
Observation 5: Experiences shows that the handling and logistics related to CLTA is not optimal.
Observation 6: For TX IM the test setup is very complex requiring large PA with very high output power capability. This will cause human safety and logistical aspects to further consider in an OTA test environment. 
The work related to TX IM test scope reduction is related to updating the conformance test specification, which is part of performance work, while aspects related to how to improve co-location requirements relates to both RF core and performance work. At this meeting RAN4 need to create a way-forward with general guidance and tasks to study for coming meetings.  

3. Conclusion
In this contribution we present background and experiences from BS type 1-O co-location requirement and corresponding testing. 
We have made the following observations:
Observation 1: The considered BS-to-BS co-location scenario assumed in Rel-15 for AAS BS require further considerations in relation to spectrum above 2.5 GHz. The current approach assumes a certain co-location scenario (side-by-side, separated 10 cm). This scenario does not cover relevant scenarios between non-AAS/AAS and AAS/AAS co-location scenario for all bands defined within FR1. 
Observation 2: Currently, RAN4 assumes 30 dB isolation between victim and aggressor when co-location requirements are derived. 30 dB was relevant for frequencies below 2.5 GHz and victim and aggressor antenna size were equally large. RAN4 need to evaluate relevant isolation values for realistic deployment scenarios at frequencies above 2.5 GHz. 
Observation 3: The 9 dB additional relaxation applied for co-location spurious emission should be removed.
Observation 4: It would be very beneficial to move away from the co-location reference antenna and instead define requirements on OTA parameters such as field-strength or power density.   
Observation 5: Experiences shows that the handling and logistics related to CLTA is not optimal.
Observation 6: For TX IM the test setup is very complex requiring large PA with very high output power capability. This will cause human safety and logistical aspects to further consider in an OTA test environment. 
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