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1
Introduction
The study of further enhancements for small cells is considered to be one of the most important topics identified for Rel-12. In TR 36.932, the scenarios and requirements for small cell enhancements were summarised [1]. A study item was approved to study potential technologies of physical-layer aspects for small cell enhancements taking into account these scenarios and requirements [2].
The goal of this document is to discuss and highlight potential benefits of an evaluation methodology using analytical expressions based on point process theory for the evaluation of the primary scenarios to be considered in the study item.
2
Discussion of small cells evaluation methodology
As mentioned in the study item description, a primary scenario of interest is a heterogeneous network deployment, consisting of low power nodes placed throughout a macro-cell layout where the lower power nodes may operate on the same or different frequency layer [2]. A typical initial step for evaluation is to consider the geometry or long-term averaged signal-to-interference-plus-noise ratio (SINR) CDFs which take into account key parameters such as transmit power, network topology, shadowing, pathloss model, etc., and may be mapped to a throughput distribution by a set of pre-defined tables. 

The generation of such statistics has typically been done via system simulation with parameters defined such as those in TR 36.814 [3]. However in this section we present an alternative approach utilizing analytical expressions obtained by modeling the small cell locations as a random spatial process, specifically, the Poisson point process (PPP) [4].

This new approach is advantageous both in capturing the expected non-uniformity of small-cell deployments, especially applicable in the context of heterogeneous networks, and in its ability to derive tractable expressions for key performance metrics of coverage and rate as a function of system parameters instead of relying on system simulations. Although of course in practice, system simulations are valuable in their ability to capture very detailed scenarios and sets of parameter assumptions, numerous academic and industry evaluations have utilized this analytical framework and highlight the ability to obtain tractable results while maintaining reasonable accuracy compared to simulations based on actual cellular network deployments [4]-[8].

2.1
Poisson Point Process
As an informative example we consider the evaluation scenario of a non-co-channel deployment of the small cells and macro cells, although this could be generalized to consider co-channel deployment as well. In this case, the deployment of the small cells may not follow from the standard hexagonal grid layout. Instead, the layout may take the form of a square or hexagonal plane with a given area. While we could obtain the geometry curves by simulation after defining a wrap-around approach, alternatively we could utilize analytical expressions derived from a spatial point process defining the node locations.
In this case we model the deployment by basing the node locations upon a spatial Poisson Point Process (PPP) with density λ (in units of nodes per km2 for example). A spatial PPP is the two-dimensional counterpart to the well-known temporal Poisson process generally used to model shot noise in diodes, or queues in networks. A homogeneous two-dimensional spatial PPP in a bounded area corresponds to a uniform distribution of nodes throughout the area with the number of nodes given by a Poisson random variable. Figure 1 gives a realization of a 50-node PPP within a unit square.
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Figure 1. Realization of a PPP in a unit square

2.2 
Geometry CDF generation
Next we consider the SINR statistics of a typical uniformly random distributed UE. This requires taking the expected value of the random variable corresponding to the SINR, averaging over the shadowing and node location distributions. 
In the case of the Poisson point process (PPP) it can be shown that under very general assumptions, the resulting expressions for the downlink SINR (geometry) CDFs involve quickly computable integrals, and in some practical special cases can be simplified to common integrals (e.g., the Q-function) or even to simple closed-form expressions. The expressions can be obtained even in the case of multiple-tiers of base stations. For example, for a single tier of base stations with density λ, pathloss exponent α , lognormal shadowing standard deviation σ2, and transmit power Pt, the SINR CCDF (1-CDF) can be expressed as the following expression as a function of the SINR threshold (T) [8]:
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 denotes the standard gamma function and K is a unitless constant which depends on the antenna gain, transmitter and user heights, and any other given pathloss constants which depend on the channel model taken from Table A.2.1.1.2-3 in [3] for example. For more details please see the provided informative references [4-7]. Figure 2 below shows two example geometry CDFs for a deployment with λ = 25 nodes/100km2, pathloss Model 1 from Table A.2.1.1.2-3 in [3], transmit power Pt = 30 dBm, and lognormal shadowing standard deviation σ2 = 0 dB and 10 dB.
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Figure 2. PPP-based geometry CDF comparison 

A first application of such expressions would be to generate user throughput CDFs (relying on geometry-to-throughput tables) which could be used directly to provide a way of performing initial evaluations without needing to perform simulations. 
One final observation is that the expressions derived from the PPPs as described above do not suffer from edge-effects which must be dealt with by standard system simulation approaches. This is advantageous both in terms of complexity and accuracy of the performance methodology, especially as the number of nodes in the network becomes very large as may be the case for different evaluation scenarios in the study item.

Observation For obtaining quick intuition into relative performance, we can utilize analytical expressions derived from the spatial PPP to generate geometry curves. 
3   Conclusion
In this contribution we made the following observation on a new approach which may be beneficial as part of the evaluation methodology utilized for the small cell enhancements study item:
Observation For obtaining quick intuition into relative performance, we can utilize analytical expressions derived from the spatial PPP to generate geometry curves. 
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