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1. Introduction
At the last RAN4 meeting (RAN4#90 in Athens) technical details and proposals with optional test features related to BS-to-BS colocation requirements was presented in [1]. The OTA co-location requirements defined in TS 37.105 and TS 38.104 is based on a concept where a co-location reference antenna is used to move the requirement anchor point to a connector interface. The technical background and corresponding discussion can be followed in submitted contribution on the topic in [2 to 37]. The current description is a result of an extensive discussion, considering all technical challenges related to defining a relevant and testable requirement concept for co-location requirements. With the current description of the co-location concept including the co-location reference antenna and co-location requirements, the intension have been to minimize options to be able to create a solid standard.  
In this contribution we summary the technical background and give an overview of OTA co-location requirements.

2. Discussion
The background for the OTA co-location requirements can be divided into different components; Port-to-port isolation, Requirement baseline, Co-location concept and OTA requirements.

2.1 Port-to-port isolation
Traditionally, the antenna port-to-port isolation between two co-located base stations have been fixed to 30 dB, regardless of frequency, physical separation and antenna aperture size. With respect to base station to base station co-location and the impact on RF core requirements, there are two main cases to consider;
1. Co-location where two base stations are located close to each other in different masts with antennas directed towards each other. This is the scenario used for deriving RF core requirements in TR 25.942 for UTRA creating the foundation for co-location requirements in TS 25.104, TS 36.104 and TS 37.104. The port-to-port isolation is set to 30 dB.
2. Co-siting where two base stations are located close to each other in a common mast. Investigations and measurements give that the antenna port-to-port isolation is 30 dB or larger for this case. More specific information about the case be found in [4]. This case has been used for the co-location concept defined in TR 37.843 and used for OTA RF core requirements in TS 37.105.
Traditionally, antenna port-to-port isolation describes the isolation between a victim base station and an aggressor base station, where it is reasonable to assume that the transmitter power and antenna aperture related to the victim and aggressor is assumed to be equal. Independent of operating frequency, antenna radiation pattern characteristics, polarization power capability and antenna separation, the antenna port-to-port isolation is always assumed to be 30 dB. This concept worked perfectly for specifications for systems intended for a passive dual polarized single column antenna operating in a frequency range of 900 to 2100 MHz. 

2.2 Requirement Baseline
The OTA co-location requirement was based on the legacy conducted co-location requirements defined in TS 37.104. In the legacy specifications requirements applies per transceiver RF port. The technical background for the legacy co-location requirements is summarized in Table 2.2-1.
Table 2.2-1: Technical background for legacy requirements 
	Requirement
	Description
	Background
	Parameters

	Unwanted emission
	The emission generated by the base station shall be less than the requirement level within the co-located base station operating band uplink.
	







	kT is -174 dBm/Hz
B is 50 dBHz corresponding to 100 kHz
F is 7 dB
M is 9 dB which corresponds to 0.5 dB noise rise
L is the port-to-port isolation equal to 30 dB. The requirement level is then, Pem = - 96 dBm/100kHz. 

	TDD OFF power
	The leakage emission in the RX period shall be less than the requirement level.
	
	kT is -174 dBm/Hz
B is 60 dBHz corresponding to 1 MHz
F is 7 dB
M is 9 dB which corresponds to 0.5 dB noise rise
L is the port-to-port isolation equal to 30 dB. The requirement level is then, POFF = -85 dBm/MHz. 

	Receiver out-of-band blocking
	The sensitivity shall be maintained when an interferer signal from a co-located base station is applied.
	



	Pa is fixed to 46 dBm 
L is the port-to-port isolation of 30 dB.
CW modulation

	Transmitter intermodulation
	The unwanted emission requirements shall be maintained when an interferer signal from a co-located base station is applied.
	
	Pa=Prated dBm
L is the port-to-port isolation of 30 dB.
Carrier modulation



Based on the background in Table 2.2-1, the requirement level for emission and interferer signal is calculated and listed in Table 2.2-2.
Table 2.2-2: Requirement Level baseline
	Requirement
	Requirement Level

	Unwanted emission
	-96 dBm/100kHz. 

	TDD OFF power
	-85 dBm/MHz. 

	Receiver out-of-band blocking
	+16 dBm

	Transmitter intermodulation
	Prated - 30 dBm



The requirement levels in Table 2.2-2, was used as baseline for OTA requirements. 

2.3 [bookmark: _Hlk2775775]Co-location concept
To be able to define a complete set of OTA requirements for base stations a new requirement concept was introduced for co-location requirements. 
During the discussion multiple approaches to define OTA co-location requirements was discussed;
1. Requirements are defined based on OTA parameters, such as EIRP or power density for emissions and EIRL or field-strength for injected interferer signals. 
2. A base station to base station co-location scenario is defined.
a. Two equal complete base station systems are used to specify and test co-location requirements. 
b. A co-location reference antenna is introduced to simplify OTA testing. The co-location reference antenna is selected to have the same intended coverage as the specified base station.
3. Use any probe antenna to measure emission or inject interferer signals. This approach requires the isolation between the specified base station and probe antenna to be known. It’s not clear how the probe antenna is selected and place to achieve relevant isolation.
During the discussion, RAN4 decided to carry on development of co-location requirements following approach 2b. 
The co-location concept defined in 3GPP Rel-15 base station RF specifications is based on a specific co-location scenario relevant for base stations. The selected scenario consists of two base stations (BS A and BS B) mounted horizontally side by side in a common mast as showed in Figure 2.3-1.
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Figure 2.3-1: Co-location scenario
In the RF core specification, BS A is the base station for which the requirements are defined, while BS B in the other base station referred to as co-location reference antenna. Since co-location requirements includes both transmitter requirements and receiver requirements, BS A and BS B can be seen as an aggressor injection an interferer signal and/or a victim where the sensitivity is degraded depending on requirement, as listed in Table 2.3-1.
Table 2.3-1: Co-location requirements 
	Requirement
	BS B task

	OTA unwanted emission
	Receive emission

	OTA TDD OFF power
	Receive emission

	OTA receiver out-of-band blocking
	Injection of interferer signal

	OTA transmitter intermodulation
	Injection of interferer signal



The co-location concept requires a co-location reference antenna to replace BS B. The RF connectors at the co-location reference antenna is used as anchor point for co-location requirements. This means that the traditional requirement levels for emission and interferer signals can be converted to the co-location reference antenna connector from the transceiver connector at the specified base station. 
It was decided to use the antenna port-to-port isolation equal to 30 dB as conversion factor. 
All technical details relevant for selection and placement of the co-location reference antenna used for testing called CLTA, can be found in TS 37.145-2 and TS 38.141-2.

2.4 OTA requirements
Using the antenna port-to-port isolation in section 2.1, requirement baseline in section 2.2, co-location concept in section 2.3, OTA requirement background can be determined as described in Table 2.4-1.
Table 2.4-1: RF core requirement 
	Requirement
	Requirement level derivation
	Notes

	OTA unwanted emission
	

	Where L is the port-to-port isolation of 30 dB and X is equal to 9 dB due to 8-layer MIMO support.

	OTA TDD OFF power
	
	

	OTA receiver out-of-band blocking
	

	The interferer power level is specified per supported polarization. For a dual polarized system 3 dB is added.

	OTA transmitter intermodulation
	

	The Prated,TRP is split between supported polarizations. The parameter Prated,TRP is a declared parameter for the TRP capability of the base station.



In Table 2.4-2, the specific requirement levels are listed in Table 2.4-2.

Table 2.4-2: OTA requirement Level
	Requirement
	Requirement Level

	OTA unwanted emission
	-122 dBm/100kHz

	OTA TDD OFF power
	-106 dBm/MHz

	OTA receiver out-of-band blocking
	+49 dBm

	OTA transmitter intermodulation
	Prated, TRP 



The test setup relevant for a dual polarized base station is visualized in Figure 2.4-1.
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Figure 2.4-1: Test setup
It can be noticed that the splitting of interferer signal power to feed each polarization of the co-location reference antenna and combination of the measured emission will result in an electrical polarization different to the nominal supported polarizations (e.g. +45 deg. and -45 deg.) in the boresight direction. Also, at 90 degrees azimuth angle the polarization typically collapses into a vertical polarization. Therefore, the test setup can be simplified by using a combiner/splitter and common measurement receiver or signal generator. 

3. Conclusion
For eAAS and NR BS type 1-O base stations a new concept for co-location requirements was developed. The concept is based on a co-location reference antenna, which is used to inject an interferer signal and measure emissions. The intension with the co-location reference antenna is to produce the same level of coupling between the aggressor and victim that traditionally have been used before in RAN4 for base station co-location scenarios (30 dB).
Since, legacy base station antennas was available, and measurements indicated the coupling at the suggested co-location scenario was reasonable it was decided to build the concept on passive base station antennas.
In this contribution the technical details related to the background is summarized as references (see reference list in section 4) and a brief summary of the co-location concept was presented. The co-location concept is described in current versions of co-location requirements in TS 37.105, TS 37.145-2, TS 38.104, TS 38.141-2. Relevant technical background is captured in TR 37.843.  
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