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1. Background

The emerging need of assessing the benefit of adding low-power nodes (LPNs) to a traditional macro-layer network deployment has triggered intensive discussions on modelling approaches and parameter assumptions for generating typical network scenarios, which are heterogeneous by nature. Hotspot is one of the scenarios considered for further performance evaluation and comparison to a baseline macro-layer network scenario.
Four configurations for the hotspot scenario are being currently discussed in RAN1 [36.814], where 
· Configuration #1 is a scenario where the UEs and LPNs are randomly uniformly distributed in each macro cell, with the same number of UE and LPNs per macro cell over the entire network;
· Configuration #2 is a scenario where the UEs and LPNs are randomly uniformly distributed in each macro cell, but the numbers of UEs and LPNs per macro cell vary;
· Configuration #3 is a scenario where the UEs are randomly uniformly distributed in each macro cell, but the number of UEs per macro cell varies, and LPNs are deployed in a planned manner;
· Configuration #4 is a scenario with clustered non-uniform UE distribution and planned LPN deployment.
In the three out of four configurations in [36.814], the user distribution is uniform across each macro cell, which is unlikely to be a typical case when an operator would consider deploying a heterogeneous network. A more typical case is when LPNs are deployed either to resolve coverage problems or to serve a traffic hotspot area, which in reality does not necessarily coincide with the cell area.
To address the issues, it is proposed to ensure that the performance of more clustered user distributions is also assessed within the evaluation campaign for heterogeneous network deployments.
2. Ensuring Clustered User Distribution in Hotspot Scenarios
The recent agreement on hotspot modeling is as follows:
Clustered UE Placement – Configuration #4, pico case

o     Fix the total number of users, Nusers, dropped within each all macro geographical area, where Nusers is 30 or 60 in fading scenarios and 60 in non-fading scenarios

o     Randomly and uniformly drop the configured number of low power nodes within each macro cell (the same number N for every macro cell, where N may take values from {1, 2, 4, 10}

o     For the non-fading case, randomly and uniformly drop the 4 users within each low power node coverage(within a 40m radius)

o     For the fading case, randomly and uniformly drop the Nusers_lpn = 2 or 4 users (corresponding to Nusers = 30 or 60 respectively) within each low power node coverage(within a 40m radius)

o     Randomly and uniformly drop the remaining users which is Nusers - Nusers_lpn*N to the entire macro geographical area of the given macro cell (also include low power node coverage) where Nusers_lpn = {2, 4} (corresponding to Nusers = 30 or 60 respectively)

It can be observed that the most heterogeneous case with the current agreement is when we have N=10 with either Nusers_lpn=4 or Nusers_lpn=2. Such a scenario is illustrated in Figure 1. However, user clustering can hardly be noticed in the figure, where the distribution is more uniform-like. 
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In Figure 2, we illustrate a more clustered user distribution, which has been obtained with N = 2 and Nusers_lpn = 20. An even more clustered configuration can be obtained with N = 1 and Nusers_lpn = 40, and a somewhat less clusterd configuration can be obrained with N = 4 and Nlpn = 10.

Proposal 1: To ensure that clearly clustered hotspot scenarios are also covered in evaluations, the following additions are proposed to the aforementioned agreed Clustered UE Placement.
Clustered UE Placement – Configuration #4, pico case

o     Fix the total number of users, Nusers, dropped within each all macro geographical area, where Nusers is 30 or 60 in fading scenarios and 60 in non-fading scenarios

o     Randomly and uniformly drop the configured number of low power nodes within each macro cell (the same number N for every macro cell, where N may take values from {1, 2, 4, 10}

o     For the non-fading case, randomly and uniformly drop {4, 10, 20, 40}  users within each low power node coverage(within a 40m radius) subject to the total number of users constraint 
o     For the fading case, randomly and uniformly drop Nusers_lpn = {2, 5, 10, 20} or Nusers_lpn = {4, 10, 20, 40} users (corresponding to Nusers = 30 or 60 respectively) within each low power node coverage(within a 40m radius)

o     Randomly and uniformly drop the remaining users which is Nusers - Nusers_lpn*N to the entire macro geographical area of the given macro cell (also include low power node coverage) where Nusers_lpn = {2, 5, 10, 20} or Nusers_lpn = {4, 10, 20, 40} (corresponding to Nusers = 30 or 60 respectively).
3. Configurations Summary
Table 1 summarizes configurations that have been currently agreed together with those proposed in Section 2 of the current contribution. Photspot is the total probability for a user of being in any of the hotspot areas. 
Table 1. Configurations summary
	Configuration
	Nusers
	N
	Photspot

	Configuration #1
	25
	1, 2, 4 or 10
	N/A

	Configuration #2 & #3
	random in [10, 100]
	1, 2, 4 or 10
	N/A

	Configuration #4a
	30 or 60
	1

2

4

10
	0.067

0.13

0.26

0.67

	Configuration #4b
	30 or 60
	1

2

4
	0.67

0.67

0.67


The parameter Photspot used in the table can further be developed into a set of hotspot-specific probality parameters (see Appendix).
Proposal 2: Include Table 1 in TR 36.814.
4. Summary

The following have been proposed in the current contribution:

· To agree on the proposed additions to the Clustered UE Placement (see Proposal 1 in Section 2).
· To agree on adding Table 1 in TR 36.814 (see Proposal 2 in Section 3).
Appendix
The user dropping addressed in the contribution can be generalized as follows:
Given a set of attraction areas 
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 with the known center locations and the area sizes, the local points are dropped within each geographical area 
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The formulation is equailly well suited for random placement of low-power nodes (LPNs) and user dropping, where LPNs and user locations are considered as the local points, respectively.

Assume the model is used for user dropping (adapting the model and the algorithm for node placement is straightforward). With uniform user distribution within each hotspot area, the probability is defined as follows,
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 is the number of LPNs per macro cell , and 
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 is the parameter describing user concentration in hotspot i, with 
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 when the same number of users are distributed in all hostpots independently of the size of their areas. To model the same user density in all hotspots, the parameter should be proportional to the size of the geographical area of the hotspot, i.e. 
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Figure 1. A scenario with ”dense” but low-loaded hotspots.





�





Figure 2. A scenario with ”sparse” but heavily loaded hotspots.
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