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Introduction
Co-location requirement is quite different for FR1 and FR2 and it has been discussed in [1] in the last meeting. The requirement is based on some test results of antenna isolation, however, some mathematics modelling is preferred for further analysis. In this contribution, we give some background information to trigger the discussion before, some mathematics analysis and the comparison between them. Also two scenarios of co-location has been discussed and some observations are provided. 
Discussion
Condcuted and OTA co-location requirement background
The conducted co-location requirement is based on 30dB coupling loss between two antenna connectors. When defining the OTA co-location requirement, the co-location scenarios has been revisited to translate the existing conducted requirement to OTA requirement as defining a co-location test antenna(note as CTLA) and a distance between the BS antenna and CTLA of 10cm. This is coming from the scenarios  are shown below as figure 1:
[image: ]
Figure 1 
If we trigger this figure, it comes from the antenna isolation test result in [2]. The worst case of test result is scenario IV in figure 1. Three different antennas with different beamwidth and antenna gain(see below table 1) are used for testing and it is shown below in figure 2. Note that squares(purple), triangles(yellow) and stars(blue) denote reference antennas A, B and C.


Figure 2 Test result of antenna A(purple), B(yellow), C(blue) 
From figure 2, the worst case is about 28dB isolation with 0.25m distance of yellow line. This is also used for OTA co-location requirements and the 0.25m distance between two antenna center is translated to 0.1m between the BS antenna and CLTA edge. As we can see, the co-location requirement is based on passive antenna at 1800MHz, so similar requirement applies to FR1 as the example frequency is 2GHz is reasonable. However, as discussed antenna isolation in FR2, the requirement for 7-24GHz should be different. 

Table 1 Different test antennas for antenna isolation test
	
	
Antenna
	Horizontal beamwidth
	
Gain
	
Polarisation
	
Frequency band

	Vert. Pol
	A
	65º
	18 dBi
	Vertically linear
	1710 – 1880 MHz

	
	B
	90º
	16 dBi
	Vertically linear
	1710 – 1880 MHz

	
	C
	90º
	17.5 dBi
	Vertically linear
	1710 – 1880 MHz



Antenna isolation 
The antenna isolation is studied in [3] based on Friis formula. Detail analysis is omitted, the result is shown as equation 1 below:
		IH[dB]= 22+20lg (dh/λ)-(GTx+GRx)- (SL(ρ)Tx+ SL(θ)Rx)	(1)
The above equation one is based on the scenarios when two base station antenna main lobe pointing to each other as shown in figure 3 below. Another critical requirement is the far-field requirement as the distance between two antenna dh should fulfill the far field requirement as dh > 2D2/λ, where λ is the wavelength and D is the radiating part diameter.


Figure 3 illustration of co-location scenario for equation 1
	GTx[dBi]:	maximum gain of the transmitter antenna with respect to an isotropic antenna (dBi);
GRx[dBi]:	maximum gain of the receiver antenna with respect to an isotropic antenna (dBi);
	SL(ρ)Tx[dB]:	gain of the side-lobe with respect to the main-lobe of the transmitter antenna (negative value)
SL(θ)Rx[dB]:	gain of the side-lobe with respect to the main-lobe of the receiver antenna (negative value)
It is necessary to compare this mathematics model with the test result of figure 1 for further analysis. If we call back the table 1, antenna B and C are quite similar and only difference between this two antennas is the antenna gain. Looking into figure 2, antenna C(blue) whose antenna gain is 17.5dBi has higher antenna isolation than antenna B(yellow) whose antenna gain is 16dBi. This seems not reasonable as higher antenna gain means higher TX and RX gain which might cause lower isolation. But we should keep in mind that the testing co-location scenario at this time is based on scenario IV in figure 1. In this case, the side lobe of this two separate vertical polarized antenna is contributing to the isolation calculation. Antenna B with higher antenna gain is normally with lower side lobe gain than antenna C as the energy is more concentrated in the main lobe. According to equation 1, smaller side lobe gain means higher isolation, so the test result of figure 2 is matched.
Observation 1: Side lobe gain is used to derive the antenna isolation and equation 1 is conformed to real test result.
Co-location for 7-24 GHz 
The co-location scenario for 7-24GHz has been discussed in [1] as two different scenarios:
(1) , Within same geographical area
(2) , Co-sitting 
They are discussed respectively below.
The co-location scenario within same geographical area as two macro base station pointing to each other. According to the simulation assumptions captured in TR, the ISD for FR1 is 750m and for FR2 it is 200m. For the new range of 7-24GHz, the range of macro base station should be within 200m to 750m, and with higher frequency, the ISD should be shorter. Hence, to the sample frequency of 10, 15 and 20GHz, we propose the ISD is 660m, 510m, 350m which are linear scaled. The corresponding free space path loss is shown in table 2 below. 
Table 2 FSPL for 3 example frequency
	Frequency(GHz)
	FSPL(dB)
	Distance(m)

	10
	108
	660

	15
	110
	510

	20
	109
	350


The beamforming gain for this three different example frequency depends on the antenna array size and coverage requirement. Current beamforming gain of FR1 is about 25dBi and we can take it as an example. Using equation 1, at this time we assume the worst case as the two antenna main lobe pointing to each other and the isolation should be I=FSPL - 2* 25dBi. The result is around 58dB isolation at this time. 
Observation 2: Around 58dB antenna isolation is assumed for same geographical area co-location scenario.
Observation 3: With this antenna isolation, the same geographical area co-location scenario can be ignored.
The other scenario is the “co-sitting” scenario as expressed in figure 4 below:
[image: ]
Figure 4 Typical eNodeb site
Figure 4 is a typical eNodeb site with antenna mounted on mast as 3 antenna working for each 120 degree sector. For NR, the AAS base station is mounted on the mast instead of the passive antenna, but the scenario is still quite similar. Additionally, different operator might use the same mast which makes the scenario more complicated. In this case, the equation 1 can be applied. The first side lobe gain can be used as the worst case for antenna isolation.
However, the isolation distance needs more analysis.What’s more, the far filed distance 2D2/λ needs to be considered for large antenna array. In this “co-sitting” scenario, if we use the full antenna array diameter as the D, the far filed distance is hard to fulfill. One reasonable solution is to use the array element size within this relative small isolation distance. 
[bookmark: _GoBack]Based on the analysis above, some further study is needed. It is no hurry to judge if we need co-location requirement in study item phase.
Conclusion
In this contribution, we give analysis of co-location requirement of 7-24GHz and the observations are:
Observation 1: Side lobe gain is used to derive the antenna isolation and equation 1 is conformed to real test result.
Observation 2: Around 58dB antenna isolation is assumed for same geographical area co-location scenario.
Observation 3: With this antenna isolation, the same geographical area co-location scenario can be ignored.
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90 mini

		Distance		7182.10		7184.09		7187.01

		300		54.1		51.3		57.2

		350		53.8		52.2		57.4

		400		54.3		55.1		58.2
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		600		57.6		55.2		59.5
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		700		59.8		57.1		60.9

		750		60.4		55.5		60.4

		800		60.7		55.9		62

		850		63.1		57.7		62.1

		900		62		58.2		62.1

		950		61.3		58.3		62.7

		1000		63		57.6		62.7

		1050				59		62.5

		1100				57.9		62.7
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		Distance		7182.10		7184.09		7187.01
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		Distance		7182.10		7184.09		7187.01

		500		75		61.4		65.5
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		700		62.6		61.4		67.5

		750		66.3		61.8		68.3

		800		71.4		62.5		70.4

		850		69.8		63		68.6

		900		68.9		72.2		70.8

		950		63.8		68.8		66.6

		1000		67.3		67.3		69

		1050		67.3		72.7		72.1

		1100		72.9		68.9		70.8

		1150		69.4		70.6		73.5

		1200		75.2		65.7		75





180 mini

		



Distance (mm)

Isolation at 1.795 GHz (dB)



180 1.795
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