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Introduction
In RAN4 #84 meeting, a WF on co-location was approved [1], where it pointed out the agreements and open issues as follows:
	More detailed figure (for TR37.843)

Agreement (1/2)
· d = [10 cm] 
Agreement (2/2)




In this contribution, we will further discuss these open issues and give our proposals. 
Discussion
d for co-location



Figure 1 Tested Antenna and its reference antenna





As shown in Figure 1,  is the column distance from antenna RF port A1 of the tested Antenna to the antenna RF port R1 of its Reference antenna,   is the distance from antenna RF port to edge of Total area of radiating elements,  is the distance from edge of Total area of radiating elements to edge of enclosure (assuming these two distance are the same for two antennas), is the distance from edge of the tested Antenna to edge of its reference antenna.  is the coupling factor from antenna RF port A1to antenna RF port R1.






In contribution [2], two single column antennas with frequency range  were used to measure isolation, the measurement result shows 250mm column distance  can obtain greater than or equal to 30dB isolation. Contribution [3] points out that  are typically 15cm for single column antennas used in [2], so  is equal to . However, to our understanding, the distance d should be different for different frequency ranges. For frequency lower than 1710MHz, e.g. 900MHz, d = 100mm couldn’t provide 30dB isolation. Hence we convert the above values (250mm, 150mm, and 100mm) according to the wavelength of centre frequency as shown in Table 1.




[bookmark: OLE_LINK36][bookmark: OLE_LINK37]Table1. ,, and  in centre wavelength unit
	
	 mm unit
	
unit

	

	250mm
	


	

	150mm
	


	

	100mm
	












[bookmark: OLE_LINK29][bookmark: OLE_LINK30]If we consider   as the reference isolation, then is needed to guarantee the 30dB isolation. In addition, the distance d should also relate to the element spacing for different antenna type. For example, considering a 4 columns vertical polarized smart antenna (whose element spacing is equals to half wavelength) with frequency range , the above structure parameters can be calculated as: ,. If we still assume , then we can get  which cannot meet the isolation condition . 



Based on the above analysis, a potential way to specify the distance d could be based on the most demanding case, i.e. 4 columns vertical polarized smart antenna, which has the smallest  value, hence contributes to the largest. ()
[bookmark: OLE_LINK42][bookmark: OLE_LINK43]Proposal: It’s proposed to specify distance d according to the following equation:



[bookmark: OLE_LINK40][bookmark: OLE_LINK41]In the agreed WF, it’s mentioned that the reference antenna should have same coverage area with the tested AAS BS antenna, which to our understanding is not clear. For AAS BS, it has many AAS beams such as narrowest intended beam, widest intended beam, while each beam has a lot of directions such as Reference beam direction pair, Maximum steering direction(s) etc. Typically, the isolation between two Widest intended beam without down tilt or steering is the smallest. Hence, if the reference antenna in the co-location scenario have same widest intended beam at Reference beam direction pair in EIRP accuracy set of AAS BS, the isolation between them should be the smallest and again can be considered as the worst case. So we have following proposal to elaborate the description for reference antenna.
Proposal 2: Co-location reference antenna: A single column passive antenna which has the same vertical radiating dimension (h), frequency range, polarization, and widest intended beam at Reference beam direction pair in EIRP accuracy set of AAS BS at a distance (d) from the edge of the AAS BS. 



Conclusion
In this contribution, we have following proposals:
Proposal: It’s proposed to specify distance d according to the following equation:


Proposal 2: Co-location reference antenna: A single column passive antenna which has the same vertical radiating dimension (h), frequency range, polarization, and widest intended beam at Reference beam direction pair in EIRP accuracy set of AAS BS at a distance (d) from the edge of the AAS BS. 
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