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1 Introduction
This contribution presents the evaluation methodology for small cell dropping and UE dropping for heterogeneous network scenarios. Based on SID [1], both homogeneous and heterogeneous scenarios should be studied for identifying potential performance with possible elevation beamforming/FD-MIMO techniques and schemes. As discussed in our contribution on deployment scenarios [2], small cells can be modelled as having either omni (uniform in horizontal direction) or directional coverage depending on 2D antenna array configurations. Note that RAN1 has never discussed how to model dropping of directional coverage small cell in heterogeneous scenario and we need to decide how to evaluate these scenarios. To address this issue, this contribution discusses how such small cell dropping can be modelled and how uniform and clustered UE-dropping model considering can be applied in combination.
2 Evaluation methodology for Heterogeneous network
In [2], we summarized heterogeneous deployment scenarios with co-channel and non-co-channel cases (scenario 2 and 3).  Scenario 2 is a heterogeneous co-channel scenario with both macro and small cell layer using 2GHz centre frequency while scenario 3 is heterogeneous dual-channel scenario with macro and small cell layer using 2GHz and 3.5GHz, respectively. In each heterogeneous scenario, we can have two options for small cell coverage modelling: Omni coverage and directional coverage (referred to as option A and B, respectively). Considering small cell deployment in [3], small cell location and UE distribution are somewhat related. For example, more UEs are dropped within small cell radius to represent hotzone and hotspot. This approach seems reasonable with omni-directional antenna configuration for small cells. However, with directional antennas, the coverage of each small cell can change with different bore-side orientation of antennas. Then, we should be more careful about small cell location and orientation to serve UEs in hotspot. Moreover, depending on bore-side direction of small cell directional antenna, interference from neighbouring small cells to UE will change and impact on the overall performance of macro area.
2.1 UE dropping model
For dropping of UEs, we can consider uniform and clustered dropping model and simply reuse outcome from other studies with heterogeneous network evaluation as follows:
· Option 1: Random/uniform UE dropping
· For x and y coordinates of UE, uniform and randomly dropped in macro cell area
· Option 2: Clustered UE dropping

· Assume N clusters (N is same as number of small cells per macro cell)
· Place N clusters subject to minimum distance between clusters
· X% of UEs are dropped within cluster radius (r meters)
· (100-X)% of UEs are dropped within overall macro area

With clustered UE dropping, one cluster can represent hotspot with closely located UEs in different or same building. Comparing with random/uniform dropping model, the option 2 is more realistic considering the deployment of small cells in urban macro area. Option 1 (uniform UE dropping), on the other hand, is more suitable for determining UE locations within a macro coverage area. One other parameter related to UE location that needs to be modelled is the UE height. UE height (h) can be selected based on Table 6.1 in TR36.873.
Proposals for UE dropping model

· For x, y coordinates of UE , use clustered UE dropping (option 2) with N and X %
· FFS for values of N and X

· For height of UE, use same model in TR36.873
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(a) Random/uniform dropping (option 1)  



(b) Clustered dropping (option 2)

Figure 1. UE dropping options.
2.2 Small cell dropping model

Depending on how 2D planar antenna array is implemented, the radiation of signal from the antenna may or may not be uniform over every horizontal angle of a small cell. If we consider sectorization for homogenous network, the directional 2D planar array configurations are feasible for utilizing sectored coverage. However, actual small cell location has correlation with area of hotzone and we should consider small cell location based on UE location and bore-side direction of antenna. Based on observation, we develop two alternatives for small cell dropping with directional antennas. Both alternatives will select orientation angle of bore-side antenna and orientation angle can be selected either in a random or geometry optimized manner in alternatives 1 and 2, respectively. Compared to alternative 1, alternative 2 targets maximizing geometry of all UEs by searching the most favourable orientation angle in step of Z degree.
· Alternative 1: random orientation model
· Step 1 – randomly select small cell center (x, y) subject to minimum small cell distance for option 1 UE dropping or select cluster center (x, y) for option 2 UE dropping
· Step 2 – select random between [0,360] for small cell bore-side orientation θ

· Step 3 – for option  2 UE dropping, recalculate small cell center x’=x-r cos θ, y’=y-r sin θ, where r=radius of cluster
· Alternative 2: Maximizing geometry based model

· Step 1 – randomly select small cell center (x, y) subject to minimum small cell distance for option 1 UE dropping or select one cluster center from set of cluster centers (x, y) for option 2 UE dropping
· Step 2 – select small cell bore-side orientation θ to maximize geometry of UEs in macro cell area [0~360] in step of Z degree
· For option 2 UE dropping, conditioned on small cell center x’=x-r cos θ, y’=y-r sin θ, where r=radius of cluster
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Figure 2. Small cell dropping model for selecting orientation.
For alternative 1, considering minimum distance between small cell center to UE, we can drop small cell and clustered UE in the following order: select cluster center, decide small cell center and dropping UEs. With alternative 2, we can optimize small cell location with providing better geometry to UEs. However, UE dropping should be done before optimizing small cell orientation and we need to have special care for UEs to maintain the minimum distance between small cells and UE. (e.g. re-dropping of UE or use UE dropping radius r and cluster radius r+dmin where dmin is minimum distance between small cell and UE). Considering complexity of geometry calculation, UE dropping and finding orientation angle in each step of Z degree, it seem more desirable to use alternative 1 for simple modelling for heterogeneous scenarios. In addition, for omni-directional small cell, we can simply follow step 1 in alternative 1
Proposals for small cell dropping model

· Use alternative 1 (random orientation model) for directional small cell dropping over clustered UE dropping

3 Conclusion
We discussed UE dropping and small cell dropping for evaluation of heterogeneous scenarios. The followings are proposed for evaluation methodology of heterogeneous scenarios:
· Proposals for UE dropping model

· Clustered UE dropping (option 2) with N small cell and X%

· FFS for N or X

· For height of UE, use same model in TR36.873

· Proposals for small cell dropping model

· Use random orientation model for and directional antenna small cell dropping (alternative 1)
· For omni coverage small cell, small cell center is same as cluster center
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