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1 Introduction
It was established I the last meeting that FR2 IAB nodes are of particular interest. However it is not clear how the directional requirements of the IAB node (which may require 360º coverage) and the currently defined FR2 BS (which assumes a linear planar array with limited coverage range) are compatible. 

This paper discusses the differencing requirements and offers a solution for the co-existence study.
2 Discussion
FR2 BS requirements are all OTA and assume that the BS is capable of beam steering. All the OTA requirements are written with the assumption that the antenna will be a linear planar array (as opposed to a conformal array) and as such will have a limited steering range limited by the beam width of the individual elements.

For example:

An 8x16 array with 0.5λ spacing (hence max 0.5λ element size) should have an element with approx. 130º 3dB beam width so its coverage will be limited by this.
When steering at large angles however the grating lobes will start to limit the directivity. The array in question has a 3dB azimuth steering range of approx. 108º.
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Figure 1: Directivity over azimuth steering for 8x16 (0.5λ spaced) array (blue) and example beam pattern (red)
The system evaluations done in the study item (TR 38.874) concentrated on the dense urban and the urban micro environments. In both cases the IAB nodes are micro BS so this seems like a good place to start 
2.1 Dense Urban
Dense urban layout considers a macro network with randomly placed micro cells. (in this diagram TRP has different meaning to RAN4, TRP is ???????????)
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NOTE: Micro TRPs refers to micro TRP centres
Figure 2: Cell layout for dense urban (3 Micro TRPs per Macro TRP)

Note in the diagram it appears like the micro BS are all in the centre of the Micro cells, however the text description indicates that the placement is random (from table A.2.1-1 TR 38.802).
Two layer, Macro layer: Hex. Grid, Micro layer: Random drop (All micro BSs are all outdoor), 3 micro BSs per macro BS. 
In the RAN4 co-existence study (TR 38.803) for dense urban it was clear in the diagram (see figure 3) that the placement was random and that the Micro BS were placed at the edge of the micro cell (table 5.2.1.2-1 TR 38.803)

Micro BS is randomly dropped on an edge of the cluster circle. 
The figure also shows 2 micro BS operators as the study was co-channel.
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Figure 3: Network layout for dense urban
For the RAN1 study the micro BS implementation was different to that for the RAN4 study however. 

· In RAN4 it was assumed that the micro BS would have a single directional linear array, as such the logical location of the BS is at the edge of the cell pointing towards the cell. 

· The RAN1 assumption however was the micro BS would be effectively omni directional and would use 3 directional antennas placed at 120º from each other. Using this configuration it is reasonable to place the BS in the centre of the cell.
The antenna for the ‘omni’ micro BS is described below (Table A.1-1 TR 38.874):
IAB-node is assumed to have 3 panels with 120 degree shift relative to each other. Companies can simulate either panel orientation options below. 

Option 1: The panel for IAB-node is oriented in a suitable direction after the topology formation (e.g. in the direction of the parent node)

Option 2: Random orientation (independent of topology) Panel orientation is assumed fixed for a simulation run.
If option 1 is used then it would seem unnecessary to have a 3 panel system as a single panel could be oriented towards the required direction, therefore a better assumption is option 2.
The IAB node is hence
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Fig.3  IAB node antenna structure
This looks like a traditional 3 sectored site, but in this case it assumed that only 1 panel is used at any one time and the RF signal is switched between panels. Of course in practice for FR2 this could present implementation issues depending on how close the antenna elements are to the PA’s/LNA’s etc. However for the purposes of studying the co-existence such implementation matters can be ignored.
To avoid the temptation of referring to this as a 3 sectored antenna an alternative name is useful one suggestion is “3 panel omni antenna”

This would have the following coverage over 360º azimuth.
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Fig.3 IAB node 3 panel omni antenna structure
There would be approximately 4dB max variation.

The difference between option 1 and option 2 therefore is approx. 4dB in link budget worst case.

2.2 Urban Micro
The Urban micro scenario is described as a homogeneous scenario with a hex grid and 19 sites. Simulations have previous been carried out with 1,3 or 7 IAB donor sites with the remaining being IAB nodes.

This scenario has not been previous investigated for co-existence as only directional micro BS were considered and hence a homogeneous micro layout would be the same as a small macro layout. However the use of the 3 panel onmi antenna creates a omni radiation pattern which can be used with eth BS in the centre of the cell (rather than at the edge as assumed with a directional antenna
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Fig.4 19 site homogeneous urban micro layout

The 3 panel omni pattern is not truly omni directional (as shown in Figure 3), in this scenario the ‘lobes’ of the 3 panel omni antenna do not interleave as well as the 3 sectored macro scenario. If they are all aligned the same way then there may be areas which are always in the nulls (albeit they are only 4dB nulls). As the micro ceels are intended to be omni however it is unlikely that a planned orientation can be guaranteed, hence it is reasonable to assume that the orientation of the 3 panel omni antenna is random.
3 Summary
In this paper the antenna definition for the IAB node has been discussed and the antenna layout for both the micro BS/IAB node in both a dense urban and homogeneous micro urban has been highlighted.
The IAB node uses 3 panels at 120° from each other, only 1 panel is assumed active at any time, the appropriate pannel is chosen for the direction of the link.

The IAB node antenna can be described as follows:

For FR2 (30GHz) - 3 panel omni antenna

Antenna has 3 panels at 120º as shown in figure 5
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Fig.5  3 panel omni antenna structure
Each panel of the antenna is described as follows:
Table 1: FR2 BS antenna modelling for Urban micro scenario
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	3 dBi (assuming 1.8dB loss)

	(Mg, Ng, M, N, P) note
	For 30GHz: (1, 1, 8, 16, 2)

	(dv, dh)
	(0.5λ, 0.5λ)
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