
3GPP TSG-RAN WG4 Meeting  #84bis                                                                                       R4-1712585                                                                                
Reno,USA, 27 Oct – 1 Nov, 2017
	
Source:	CATT
[bookmark: Title]Title:	Discussion on co-location requirement
[bookmark: Source]Agenda Item:	8.27.3.1
[bookmark: DocumentFor]Document for:	      Approval 

Introduction
In RAN4 #84bis meeting, a WF on co-location requirements was approved [1], where it pointed out the agreements as follows:
	…
6. The definition of the co-location reference antenna in TS 37.105 clause 3, the term coverage area should be updated clarified so that it covers both coverage range and cell coverage area. The same deployment scenario implies that the antenna has the same intended OTA coverage range and cell coverage area as the AAS BS. 
Consider the following example definition of the co-location reference antenna as a starting point:
Co-location reference antenna: A single column passive antenna which has the same vertical radiating dimension (h), frequency range, polarization, and deployment scenario as the composite antenna of AAS and positioned at a distance (d) from the edge of the AAS BS.
Note 1: h and d are described in the Figure 1-1.
Note 2: The co-location reference antenna and the AAS do not have to be the same width.  
Note 3. The vertical radiating regions of the co-location reference antenna and the AAS composite antenna are aligned.
Note 4. The radiating faces of the antennas are aligned.
 …
Companies are free to raise any additional issues in the next meeting providing reasonable proposed solutions are also provided.


In this contribution, we will further discuss radiating characteristics of co-location reference antenna and give our proposals. 

Discussion
Radiating characteristics of co-location reference antenna









[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The agreed WF[1] pointed out the co-location reference antenna is a single column passive antenna. For a single column passive antenna without beam steering capability in horizontal and vertical dimension, it has only one beam per polarization with some fixed characteristics, such as tilt (or down-tilt) angle, HPBW  in vertical dimension direction, fixed panning angle , HPBW  in horizontal dimension direction, and peak gain in (,) direction which is dependent on  and , etc. All the aforementioned characteristics together form the coverage area of the co-location reference antenna. So if the co-location reference antenna is selected to have the same deployment scenario as the composite antenna of AAS BS, the ,,and  of co-location reference antenna needs to fit the spatial radiating characteristics of AAS BS which have been defined in TR 37.843. To our understanding, the widest intended beam at reference beam direction pair in EIRP accuracy set of the AAS BS could be the reference spatial radiating characteristic for selecting the co-location reference antenna. In the following section, we will discuss the reasons based on the two examples in TR37.843.
In TR 37.843 in section 5.1.1, there are two types of direction set defined as the spatial radiating characteristics of AAS BS. One is OTA peak directions set(s) which is the same as the EIRP accuracy directions set(s) used in the REL13 AAS specification. For each OTA peak directions set(s), there are 4 maximum steering directions and 1 reference beam direction in OTA peak directions set(s). In some cases the 4 maximum steering directions are aligned with 1 reference beam direction in OTA peak directions set(s). For an OTA AAS BS with multiple beam widths, there are OTA peak directions set(s) for the narrowest beam and OTA peak directions set(s) for the widest beam. In some cases the narrowest beam and widest beam are aligned. Another direction set is OTA coverage range which is varied with beam steering capability of AAS BS. 
The example 1 defined in TR37.843 is following.
	Example 1. 
This example shows the declarations that would be made for an OTA AAS BS with a passive antenna, the system hence has no beam steering capability (this is perhaps unlikely to be an OTA AAS BS however makes extreme example).
The declarations are: Vertical (θ) beam width = 10°, Horizontal (φ) beam width = 65°
[image: ]
Figure 5.1.1-1: Example OTA coverage range and OTA peak directions set for a passive antenna
Note as the beam cannot be steered the OTA peak directions set is a single point and the OTA coverage range is the same as the 3dB beam pattern of the passive antenna. 








For example 1, the narrowest beam and widest beam are aligned, the 4 maximum steering directions are overlapped with the reference beam direction in OTA peak directions set(s)(the Red Cross in Figure 5.1.1-1). So, the beam-width of widest beam at reference beam direction is “10 degrees in Θ, 65 degrees in Φ”, which is the same as the OTA coverage range defined in Figure 5.1.1-1. The beam-width of widest beam is used to cover the “cell coverage area” deployment scenario. So for example 1, its co-location reference antenna is easily to be selected: with radiating parameters, ,  and  . So, we have following observation 1.
Observation 1:
For an AAS BS as shown in example 1, the widest beam in reference beam direction of AAS BS can be used as the reference to select the co-location reference antenna. 

The example 2 defined in TR37.843 is following.
	Example 2.
This example shows the declarations that would be made for an OTA AAS BS with multiple beam widths and beam steering capability. The declarations must include an OTA peak directions set for both the widest beam width and the narrowest beam width in both dimensions. For simplicity it is assumed beam width in θ and ϕ are the same for this example.
· For the minimum beam width case:  beam width (θ and ϕ) =10°, maximum steering (θ and ϕ) = ±32.5°
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK7][bookmark: OLE_LINK8]For the maximum beam width case: beam width (θ and ϕ) =35°, maximum steering (θ and ϕ) = ±25°
· Note the larger beam width has a smaller declared extreme steering direction, but the potential coverage is greater.
The OTA peak directions sets for the 2 cases are different, however they must have a common OTA coverage range, this can be seen in figure 5.1.1-2.
[image: ][image: ]
Figure 5.1.1-2: Example OTA coverage range and OTA peak directions set for a beam steering system with multiple beam widths
 
Note the OTA coverage range is the same for both cases as there is only a single OTA coverage range declared per OTA AAS BS, however there are multiple OTA peak directions sets allowed. In this case the OTA peak direction set for the minimum beam width case is the same as the OTA coverage range, for the maximum beam width case the OTA peak directions set is smaller than the OTA coverage range.








[bookmark: OLE_LINK12][bookmark: OLE_LINK13]For example 2, the maximum beam width of the AAS BS is 35°, but the “OTA coverage range” is formed as “65 degrees in Θ, 65 degrees in Φ”. For a co-location reference antenna which is a passive antenna with the same height as its corresponding AAS BS, its coverage range is likely to be determined by its maximum beam width (θ and ϕ) =35°. That is to say such a co-location reference antenna cannot form the same coverage range as the “OTA coverage range” of AAS BS. Based on such justification, it’s reasonable to use the widest beam of AAS BS as the reference to select the co-location antenna. In addition, based on our smart antenna coupling testing, the tilt angle and panning angle can increase the isolation between two antennas. The lowest isolation between two antennas can be get when both of them form the widest beams and without any tilt/panning angle. Thus, we get the worst case and contribute to the strictest off power requirement.  Hence, the widest beam in reference beam direction in OTA peak directions set (or EIRP accuracy directions set used in the REL13 specification) are suitable to be used to select the co-location reference antenna, i.e. , ,  and   for the AAS BS shown in example 2. 

Observation 2:
[bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16]For the AAS BS as shown in example 2, the OTA coverage range of AAS BS can’t be used as the reference to select the co-location reference antenna. 

Observation 3:
For the AAS BS as shown in example 2, the widest beam at reference beam direction in EIRP accuracy set of AAS BS can be used as the reference to select the co-location reference antenna. 

Based on above observations, the note 3 in agreed WF [1] is unnecessary and hence we have the following proposal on how to describe the co-location reference antenna.
Proposal 1:
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]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 as the composite antenna of AAS and positioned at a distance (d) from the edge of the AAS BS.
Note 1: h and d are described in the Figure 1-1.
Note 2: The co-location reference antenna and the AAS do not have to be the same width.  
Note 3: The radiating faces of the antennas are aligned.

Conclusion
In this contribution, we have following proposal on how to describe the co-location reference antenna:

Proposal 1:
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 as the composite antenna of AAS and positioned at a distance (d) from the edge of the AAS BS.
Note 1: h and d are described in the Figure 1-1.
Note 2: The co-location reference antenna and the AAS do not have to be the same width.  
Note 3: The radiating faces of the antennas are aligned.
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