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1 Introduction
A separate frequency heterogeneous network scenario for use in the EBF/FD-MIMO study was proposed in RAN1#78bis and then refined in email discussions after the meeting.  The small cell and UE dropping methodology was then considered in email discussions following the meeting, where proposals dropping small cells over a sector or within a cluster were debated, and a compromise working agreement was reached.  In this contribution, we consider two parameters left for further study in the working agreement: the cluster radius and the minimum distance between small cell centers.
2 Separate frequency scenario parameters
The working agreement for the separate frequency scenario small cell dropping method is diagrammed in Figures 1 and 2 below.  Small cells are dropped uniformly within a cluster with radius Rc, but subject to a minimum distance Dscc between small cell centers.  The small cells are located anywhere on a radius of Dscc/2 from the small cell centers, facing inward.  The working agreement has left Rc and Dscc for further study.  In the following, we consider the behavior of the model with respect to range of the small cells and constraints on UE dropping.
2.1 Range

The separate frequency heterogeneous network scenario [2]
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[3] is based on the small cell scenario of [4].  In those scenarios, the small cells used two 5 dBi omni antennas.  However, the separate frequency scenario uses 8 dBi antennas and considers 4 row x 4 column arrays.  The difference in array gain can then be roughly calculated as (8 dBi + 10log10(16)) – (5 dBi + 10log10(2)) = 12 dB.  

The path loss slopes for 3D UMi NLOS and for 3D UMi LOS are 36.7*log10(distance) and 20*log10(distance), respectively [5].  So doubling the distance results in 11.05 dB and 6 dB more path loss for the NLOS and LOS cases.  Comparing these numbers to the 12 dB gain difference, we see that for NLOS, the range of the 2DAA panels is on the order of twice the range of omni antennas in the small cell study, while for LOS the range is closer to 4 times higher.  
Observations:

· The separate frequency scenario UE and small cell dropping parameters are derived from the small cell scenario in [3].

· Antenna systems in the separate frequency scenario can have range increases on the order of 2x (for NLOS conditions) or 4x (for LOS conditions) over the omni antennas assumed when the small cell scenario was constructed.

Given this greater range of the small cells, it makes sense to have a larger minimum eNB spacing than the 20m used in [3].  Assuming that the range is at least twice that of that assumed for small cells, then a 40m separation of at least 40m seems appropriate.  We also note that this minimum spacing is consistent with the 40m use in the clustered UE hotspot scenario of 36.814 [6].  The separate frequency scenario currently does control minimum distance directly, instead defining small cell centers around which small cells can be placed on a circle. Setting the minimum small cell center to small cell center distance, Dscc, then tends to push the small cells further apart reducing their coverage area overlap.   Therefore, while it does not strictly limit the minimum small cell to small cell distance, it will have a similar effect.
Observation:
· Given the approximate 2x to 4x range increase of 2DAAs in small cells, a larger minimum distance between small cells seems appropriate.
Proposal:
· Consider a minimum small cell center to center dropping distance Dscc of at least 40m.

2.2 Small cell dropping
The separate frequency scenario assumes a minimum small cell to UE distance of 10m.  This is natural, since the separate frequency scenario uses the 3D UMi channel model and scenario, where a minimum distance of 10m is assumed.  This minimum distance precludes dropping UEs in parts of the small cell cluster near the small cells, creating ‘holes’ in the small cell cluster where UEs can’t be dropped.  
We first consider Figure 1, where the cluster radius Rc is 50m. There are 4 small cells per cluster, and so the area of the holes where the UEs can’t be dropped as a fraction of the total UE dropping area (of 70m) is 4*102/702=8.2%.  This is a significant fraction of the total UE dropping area.  Furthermore, the holes occupy 4*102/502=16% of the 50m radius where the small cells tend to be located and where the best throughputs are.
Again considering the approximate 2x to 4x range of the separate frequency scenario with 2DAAs over the omni antenna assumed for the small cell scenario, it seems reasonable to at least double the cluster radius.  Figure 2 shows the scenario where a 100m cluster radius is used (and 120m radius UE dropping is assumed).  Here, the fraction of the area of the holes in the UE dropping area is about 3 times smaller than with the 50m radius dropping: 4*102/1202=2.9%. Furthermore, the fraction of the area of the holes relative to the small cell dropping area is 4 times smaller: 4*102/1002=4%.
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The minimum small cell cluster distance to the macro eNB is dependent on the cluster radius. Therefore, since we extend the cluster radius by 50m, the minimum distance to the macro eNB should also be extended by 50m, such that the new distance is 105+50=155m.
Observation:

· The requirement for 10m minimum small cell to UE creates holes in the UE dropping areas.
· For 50m radius clusters, the holes are 16% of the small cell dropping area, and 8.2% of the UE dropping area.
· Given the approximate 2x to 4x range increase of 2DAAs over omnis used in the small cell scenarios, a cluster radius Rc=100m seems appropriate.
· A larger cluster size reduces the relative size of the holes in the dropping areas

· For 100m radius clusters, the holes are 4% of the small cell dropping area, and 2.9% of the UE dropping area.
Proposal:

· Use a minimum cluster radius of Rc=100m and a minimum macro eNB to cluster center distance of 155m.
3 Heterogeneous network scenario calibration
The 3D MIMO channel model study calibrated the channel model implementations among companies to better ensure alignment of simulation results.  Given the substantial changes relative to the homogenous network scenarios, it is important to ensure that the alignment gained during the channel model study is not lost in studies of heterogeneous networks.  Therefore, calibration studies similar to those done in the 3D channel model are essential.

Two primary parameters still need to be addressed in the separate frequency model and in the calibration studies: Macro to small cell association bias and tilt values.  The macro to small cell association bias is needed in order to determine which UEs to assign to the macro and which to the small cell layer.  Since the tilt is not necessarily the same as for the UMi scenario, values for the heterogeneous network scenarios should also be determined.
Proposal:
· Perform calibration simulations of heterogeneous network scenarios using the methodology of 36.873
· Whether all of phase-1, phase-2, and baseline calibration studies are needed and which parameters to evaluate are FFS.

· Identify macro to small cell association bias and tilt for calibration and/or for use in phase 2 simulations

4 Conclusion
In this contribution, we have considered the two parameters left for further study in the working agreement on separate frequency heterogeneous network scenario for use in the EBF/FD-MIMO study: the cluster radius and the minimum distance between small cell centers.  We found that the 2DAAs used in the separate frequency scenario have on the order of 2x to 4x greater range than the omni antennas for which the small cell scenarios were designed, and from which the separate frequency scenario was derived. We also found that the UE dropping in the separate frequency scenario was constrained such that a significant portion of the area could not contain UEs when 50m clusters are used.  Given the greater range of 2DAAs and the constraints on UE dropping, we propose to extend the cluster radius.
This contribution also briefly looks at the next steps in evaluating 2DAAs in small cells, considering the need for calibration and identifying a couple of parameters that need to be determined for calibration and/or for phase 2 simulations.

Proposals:

· Consider a minimum small cell center to center dropping distance Dscc of at least 40m.

· Use a minimum cluster radius of Rc=100m and a minimum macro eNB to cluster center distance of 155m.
· Perform calibration simulations of heterogeneous network scenarios using the methodology of 36.873 
· Whether all of phase-1, phase-2, and baseline calibration studies are needed and which parameters to evaluate are FFS.
· Identify macro to small cell association bias and tilt for calibration and/or for use in phase 2 simulations
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