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1. Introduction
At the last RAN4 meeting (RAN4#110-bis in Changsha) a new Work Item (WI) referred to as NR_BS_RF_req_evo to evolve BS RF requirements started. Part of the objective in this WI to study possible ways to evolve BS co-location requirements with the intention to resolve issues identified in previous contribution [1]. 
In this contribution we present some further details on how to progress the work with the goal to evolve the con-location concept used for BS-to-BS colocation requirements. 

2. Discussion
Currently, the co-location reference antenna and relation to the BS type 1-O, for which requirement is defined for, is defined in TS 38.104, subclause 4.9. The co-location reference antenna is used as reference point for measuring emission power levels and injecting specified interferer signal power levels at a conducted RF interface. The background for the current co-location reference antenna concept is that the antenna and the placement of the antenna together mimic a relevant co-location scenario between an AAS BS and a non-AAS BS using a single column passive BS antenna. Within the time frame of Rel-15 the scenario described in TS 38.104, subclause 4.9 was seen as a relevant co-location scenario for AAS BS type 1-O.   
For AAS BS type 1-O, co-location requirements are requirements which are based on assuming the BS is co-located with another BS of the same base station class. The requirements ensure that both co-located systems can operate with minimal degradation to each other. In Table 2-1, all the requirements related to co-location of base station is listed.
Table 2-1: BS co-location requirements 
	Requirement
	Type
	Note

	Unwanted emission
	Optional requirements based on declaration
	Protection of other 3GPP bands

	Out-of-band blocking
	Optional requirements based on declaration
	Ability to operate close to another 3GPP band

	TX OFF
	Mandatory
	Protect other base stations in the same network and have the form of a co-location requirement as it represents the worst-case scenario of all the interference cases.

	TX IM
	Mandatory
	Robustness of transmitter to meet unwanted emission requirements in an environment close to a strong interferer and have the form of a co-location requirement as it represents the worst-case scenario of all the interference cases.



The co-location reference antenna is currently specified as a single column passive antenna which has the same vertical radiating dimension (h), frequency range, polarization, as the composite antenna of the BS and nominal 65° horizontal half-power beamwidth (suitable for 3-sector deployment) and is placed at a distance d from the edge of the BS, as shown in Figure 2-1.
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Figure 2-1: Illustration of BS enclosure and co-location reference antenna
The edge-to-edge separation, d between the BS and the co-location reference antenna is specified to 0.1 m.
The BS and the co-location reference antenna shall be aligned in a common plane perpendicular to the mechanical bore-sight direction, as shown in Figure 2-1. The vertical radiating regions of the co-location reference antenna and the BS composite antenna shall be aligned. For co-location requirements where the frequency range of the signal at the co-location reference antenna is different from the BS, a co-location reference antenna suitable for the frequency stated in the requirement is assumed.
OTA co-location requirements are based on the power at the conducted interface of a co-location reference antenna. Depending on the requirement this interface is either an input or an output. For a BS with dual polarization the co-location reference antenna has two conducted interfaces representing each polarization.
In current specification, the requirement levels are defined as power level at the co-location reference antenna ports. This concept was seen as a convenient solution to handle the co-location requirements for BS during Rel-15. Now with much more experience designing AAS BS and deploying AAS BS in network at new bands introduced after Rel-15 it is clear that the co-location requirement concept needs to be evolved. In a previous contribution [1] some issues have been listed. 
A solution to get away from the co-location reference antenna concept would be to define requirement levels as field strength or power density outside the antenna aperture. Such ideas have been presented in previous contributions [1, 2]. Such approach would have the benefit of being more general and open up for more flexibility in conformance testing. 
Instead of defining a co-location reference antenna and corresponding placement as currently defined in TS 38.104, subclause 4.9. The requirement level could be expressed as field strength per band for both emission and blocking. 
Moving forward with the discussion related to how to evolve the co-location requirements there are two fundamental aspects to further consider: 
· BS-to-BS co-location scenario evaluation.
· Isolation assumption used for requirement derivation.
These aspects are related to each other but are here discussed separately. 








2.1 Co-location scenario
In Rel-15 when the original colocation concept with a co-location reference antenna was defined, frequencies up to 2.5 GHz were considered. Now in Rel-19 we have bands defined up to 7125 MHz in FR1. Moving towards 6G, frequencies far above 7125 MHz are considered. RAN4 needs to evaluate what deployment scenario that would be used for the requirement derivation. With AAS BS with larger antennas operating at high frequencies co-located with other non-AAS or AAS BS at lower frequencies it is not obvious that the side-by-side scenario assumed in Rel-15 is the most suitable one for requirement derivation. Also, other scenarios could be of interest to evaluate, such as on top of each other, in different sites pointing towards each other (Used as baseline before Rel-15), or any other relevant scenario. In Figure 2.1-1 an example of a new BS-to-BS co-location scenario is visualized. With AAS the isolation between the aggressor (green) and victim (blue) will vary depending on beam pointing directions. Here, the purple and orange beams indicate the beam directions at two instances of time. In a real scenario the beam directions used in the two systems will be different. With dynamic beamforming in the systems the isolation will no longer be a constant number but rather a distribution of levels. This distribution will depend on the scenario. Hence, to establish proper levels of isolation other approaches such as averaging over limited number of beams or possibly statistical approach based on simulation or an analysis of the effect of the dynamic beamforming of the two systems is needed. This is analysis should be based on relevant assumptions on user location distributions might be required.  
The scenario considered for Rel-15 may not be representative for many deployed networks now (Rel-19). The antenna arrays used at higher frequencies are typically electrically larger than what was assumed for Rel-15. This means that the isolation between two co-located BS will most probably depend on used beam directions. With AAS BS the isolation between two base stations mounted edge-to-edge will experience coupling due to side and grating-lobes to each other due to the array factor in the horizontal domain. 
The Rel-15 co-location scenario consider only case considering an AAS co-located with a non-AAS with a passive single column antenna. In the future it would be reasonable to also consider co-location scenarios between two AAS BS. 
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Figure 2.1-1: Example BS-to-BS co-location scenario

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 or establish a requirement level not dependent on a specific antenna.

There are two different co-location scenario types require different types of models to evaluate isolation:
· Isolation between base stations co-located is two separate towers close to each other. For this case traditional link budget far-field calculations can be used. 
· Isolation between base stations co-located edge-by-edge as described in TS 38.104, subclause 4.9. To evaluate isolation models capable of modelling near-field effect is required. For this case the isolation can be evaluated based on measured data, since near-field modelling tends to be very complex. 
To understand what case is most relevant both cases should be evaluated for some relevant network deployment situations. 
Proposal 1: RAN4 need to establish general deployment scenario parameters, including ISD, mast height, grid-shift, BS-to-BS propagation model needed to evaluate the isolation statistics between aggressor and victim base station. 

Proposal 2: Evaluate BS-to-BS isolation from a network simulation. 

2.2 Requirement derivation
Traditionally, all co-location requirement levels are derived based on an assumed port-to-port isolation of 30 dB independent of frequency and frequency offset between victim and aggressor. The value 30 dB can be traced back to 900 MHz and co-location between fixed beam BSs in two separate masts with antenna apertures pointing towards each other. 
For AAS BS in Rel-15, when 30 dB was assumed, the isolation between a single column antenna and a AAS with few branches was considered. At the time for considered frequency bands (up to 2.5 GHz) 30 dB appeared to be a relevant isolation value to assume. 
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. It is reasonable to believe that the isolation will increase for higher frequencies. This means that RAN4 need to find a mechanism to allow for having the isolation varying with frequency. 
To find a relevant isolation values for different frequencies RAN4 need to define some example frequencies which can be used for the study. An example would be 900 MHz, 2000 MHz, 2500 MHz, 3500 MHz and 7000 MHz. Based on considered co-location scenario the isolation can be evaluated via a network systems simulation. This would give sufficient of information for a statistical analysis including beamforming aspects on both victim and aggressor to determine the isolation. 
Proposal 3: RAN4 need to establish the criteria for selecting the isolation used for requirement derivation based on statistics. 
Based on the isolation for a given frequency the requirement level can be established properly as a field strength level or power density level. 

3. Conclusion
The 30 dB isolation value have been used as isolation assumption for BS-to-BS co-location requirement since the start of 3GPP. Now with higher frequencies and larger antennas supporting MIMO transmission schemes it is time to re-evaluate the assumption and check if it is still relevant. 
To find a more relevant assumptions for co-location requirements simulations considering different co-location scenarios are required. Based on simulation results the statistics can be evaluated, and proper isolation can be defined for specific frequency and frequency offset between aggressor and victim. 
Based on discussion in this contribution we propose the following:
Proposal 1: RAN4 need to establish general deployment scenario parameters, including ISD, mast height, grid-shift, BS-to-BS propagation model needed to evaluate the isolation statistics between aggressor and victim base station. 
Proposal 2: Evaluate BS-to-BS isolation from a network simulation. 
Proposal 3: RAN4 need to establish the criteria for selecting the isolation used for requirement derivation based on statistics. 
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