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1	Introduction
In the RAN4#83 meeting, it was agreed that the co-location requirements are based on the so called proximity method [1]. The definition of the distance between AAS BS and co-location reference antenna, d, was also approved. However, the value of d has not been determined, yet. This contribution discusses how to set the value of d for Rel-15 eAAS.

2	Discussion
The distance between the AAS BS and the co-location reference antenna, d, was defined as the distance between the edges of the AAS BS enclosure and the edge of the co-location reference antenna enclosure in [1]. It is required to set the value of d as OTA co-location requirement becomes equivalent with conducted co-location requirement. In [2], it was presented that 0.25 m of distance between the horizontally co-located two antennas provide nearly 30 dB isolation based on the analysis in [3]. Therefore, we discuss based on the assumption that 30dB isolation for current conducted requirements was derived when two identical antennas are located horizontally with the distance of 0.25 m (center to center).

2.1 Two ways for setting the value of d
2.1.1 Configurations
Figure 1 shows two examples of the configuration when the co-located reference antenna and the AAS BS are co-located horizontally. Aggressor is the co-located reference antenna, and the victim is the own AAS BS. The co-located reference antenna and the antenna of AAS BS have the same configuration. They consist of two antenna elements. R1 and R2 are antenna elements of the co-located reference antenna, A1 and A2 are antenna elements of the AAS BS. The gap between the antenna elements is dpitch, and the distance from the enclosure edge to the antenna element is d1. In fact, the 0.25 m in [2, 3] is the distance between the centers of two antennas and the d is not the distance between the centers of two antennas, but the distance between edges of the enclosures. Therefore, there are two candidate ways to set the value d. In figure 1(a), d is set to 0.25 m (Case 1). Figure 1(b) illustrates the Case 2 where the distance between the centers of the co-located reference antenna and AAS BS is set to 0.25 m. Here, d is 0.25 - 2d1 - dpitch, which is less than 0.25m.
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(a)  Case 1 (d = 0.25)							(b)  Case 2 (d = 0.25 - 2d1 - dpitch)
Figure 1. Configurations of the collocated reference antenna and AAS BS for setting the value of d

2.1.2 Estimation of coupling
In this section, we aim to estimate the coupling between the co-located antenna and AAS BS. Figure 2 shows the schematic diagram for calculation the coupling.
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(a) Entire relationship						(b) Coupling relation between elements
Figure 2. Schematic diagram for calculation the coupling.

The overall coupling (Call) is calculated by the equation (1)
Call = Abs (Pout – Pin) 							(1)
We assume input power Pin to the co-located reference antenna is equally divided to two elements R1 and R2. The elements A1 and A2 of the AAS BS received the signal. The signal transmits from the elements R1 and R2 to A1 and A2 with the transmission losses. These transmission losses correspond to the coupling between the elements of the co-located reference antenna and those of AAS BS. The output power Pout is the combined power of the signals that is received at the R1 and R2.
In order to calculate Call, the coupling between antenna elements is needed. Now, the coupling between the elements is defined as,
Cn->k is the coupling between the element Rn and Ak (n and k is 1,2) 

Here, the coupling between elements is estimated under the conditions listed below:
· When the A1 and A2 are assuumed to be the same location and the distance from R1 to A1 and A2 is 0.25 m, the coupling levels of C1->1 and C1->2 are 33 dB. This 33 dB consists of 30 dB of coupling between antennas with the antena distanse of 0.25m, and 3 dB that comes from the power division to A1 and A2.This is the initial state.
· When A1 and A2 are moved from the initial state, the C1->1 and C1->2 are changed. The amout of this change is based on the Friss’s equation of free space path loss PL(s). PL(s) is expressed as follows:
PL(s)  = 20 log (4s/)		(2)
where s is distance between the antenna elements, and  is wavelength of the signal at 2 GHz.
From (2), the amount of the coupling change is (PL(d) – PL(0.25)).
Under these estimations, Cn->k is obtained as,
Cn->k = 33 + (PL(d) – PL(0.25))		(3)
These calculations are the same for the antenna element R2.
From above, Call is calculated and listed in Table 1. d1 and dpitch are assumed to be /4, /2, respectively. 
 
Table 1. Coupling Value
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	Case
	Coupling + 3dB
	Value (dB)

	Case 1 (d= 0.25)
	C1->1 (R1 → A1) + 3dB
	37 + 3 = 40

	
	C1->2 (R1 → A2) + 3dB
	39 + 3 = 42

	
	C2->1 (R2 → A1) + 3dB
	35 + 3 = 38

	
	C2->2 (R2 → A2) + 3dB
	37 + 3 = 40

	
	Call (Overall coupling)
	33.8

	Case 2 (d = 0.25 – 2d1 - dpitdh)
	C1->1 (R1 → A1) + 3dB
	33 + 3 =36

	
	C1->2 (R1 → A2) + 3dB
	35 + 3 =38

	
	C2->1 (R2 → A1) + 3dB
	30 + 3 =33

	
	C2->2 (R2 → A2) + 3dB
	33 + 3 =36

	
	Call (Overall coupling)
	29.3



With regard to Call, Case 2 achieves 29 dB. This is almost the same coupling of 30. In contrast, Call for case 1 is 34 dB.

Observation 1: Case 2 achieves more equivalent requirement to the conventional than Case1.

This means that 0.25m of distance should be assigned to the distance between the center of antennas. And d should be set to 0.25 – 2d1 – dpitch. This expression can be rewritten by using the width of the enclosure W as shown below,
d = 0.25 – W/2		(4)
Now, we made a proposal as follows,

Proposal 1: d should be set to 0.25 – W/2

Furthermore, the difference between C1->1 and C1->2 is 2 dB. 

Observation 2: The influence of the adjacent element is not small to be ignored.

This means that the influence of the adjacent element should not be ignored when overall coupling is considered.
Now, we made a proposal as follows,

Proposal 2: RAN4 should consider that it is not appropriate that the coupling between the co-located reference antenna and AAS BS is calculated only by considering the coupling between the nearest antenna element pair.
2.1.3 Pros and Cons of two cases
From above discussion, here shows the Pros and Cons of two cases for setting the value of d.

Table 2. Pros/Cons for each Case
	Case
	d
	Pros
	Cons

	Case 1
	0.25 m
	· Value of d can be set to only one figure (0.25 m)
· Only one measurement setting will be required.
	· Requirement becomes relax compared to conventional.

	Case 2
	0.25 - 2d1 – dpitch
= 0.25 – W/2
	· Requirement is almost the same as conventinonal.
	· d varies accoridng to AAS BS
· Measurement setting will be changed according to AAS BS.



3	Summary
In this document, we have discussed the way to find d value from estimating the coupling value between AAS BS and the co-location reference antenna. Following two ways were considered:
Case1. d is set to 0.25 m
Case2. d is determined by d = 0.25 - 2d1 - dpitdh = 0.25 – W/2,

For both cases, Pros/Cons are shown. 
The case 1 is more conservative than the case 2.

In this document, we made the following proposal based on the following observations.
 
Observation 1: Case 2 achieves more equivalent requirement to the conventional than Case1.

Proposal１: d should be set to 0.25 – W/2


Observation 2: The influence of the adjacent element is not small to be ignored.

Proposal 2: RAN4 should consider that it is not appropriate that the coupling between the co-located reference antenna and AAS BS is calculated only by considering the coupling between the nearest antenna element pair.
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