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1
Introduction
Small cell enhancements study [1], which is a key area of focus for Rel. 12, requires accurate channel models and evaluation methodology for system performance analysis. Channel models for indoor small cell deployments are proposed in [2]. This contribution proposes a simulation methodology for indoor small cell deployments.
 Current evaluation methodology for heterogeneous network deployments [3] mainly addresses macro, outdoor small cell and indoor hotspot small cell deployments. In order to address widespread/dense small cell deployments in an indoor urban/dense urban environment, a scenario envisioned in TR36.932 [3], the methodology in [2] needs extension. Motivated by this, we propose an evaluation methodology for study of small cell deployments in urban/dense urban environment consisting of small offices, shops, residences and a combination of these premises. System level performance evaluation of small cell deployments is recommended to evaluate benefits of small cells, study Rel. 12 small cell enhancements as well as to identify any areas that may need further work. 
2
Proposed Simulation Methodology
2.1 Deployment Model
The envisioned scenario covers small cell deployments in small offices, shops, residences and a combination of these premises in urban/dense-urban environment. Dual-stripe model [1], [4], which consists of premises arranged in two-stripes, is used as a basic building block to simulate an urban/dense urban city topology. Each building stripe has 10 premises, each of size 10m x 10m as shown in Figure 1 below. This corresponds to setting ‘N’ parameter to 5 in the dual-stripe model [4]. A 10m x 10m premise represents a commercial location (e.g., office, shop) or a residence (e.g., an apartment unit). A building block has random number of floors ranging from 2 to 6.
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Figure 1 Dual-stripe model building block
Assuming an urban/dense-urban city with a population density of 20,000 people per sq.km, 2 people per premise, and macrocell ISD of 500m, 720 premises are needed on average per macrocell. To simulate this city layout, the required numbers of building blocks are randomly dropped in a typical 21-cell (7-site) hexagonal macrocell layout. For simplicity, all buildings are assumed to have the same orientation. Buildings are dropped such that: (i) a minimum separation of 35m between a building and macrocell site is assumed, i.e., no point of a building is within 35 m of the macro site, and (ii) buildings are dropped such that they are fully contained in the 21-cell layout, i.e., no spill-over of a building block outside the 21-cell layout is allowed when dropped in the outer tier. This simplifies the modeling of wrap-around for capturing inter-cell interference by avoiding building over-lap under wrap-around.  
An example layout is shown in Figure 2. 
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Figure 2 City layout consisting of dual-stripe building blocks. Different colors represent different number of floors in each block.

Small cells are dropped indoors, while UEs are dropped indoors as well as outdoors. The above simulation methodology can be extended to incorporate mixed indoor and outdoor small cell deployments by dropping small cells in and around buildings.

2.2 Simulation Parameters

Key system simulation parameters for small cell deployments are summarized in Table 1. Parameters not specified below are chosen to be as per [3].

Table 1 System Simulation Parameters

	Parameter
	Assumption

	Macrocell ISD
	500m

	# of macrocell sites
	21

	# of small cells
	[5,15,35,75,150] per macrocell

	Indoor small cell placement
	Scenario 1: Uniform (randomly dropped) Each premise has the same likelihood of having an indoor small cell. 
Scenario 2: Semi-clustered; clustered on first floor, uniform on higher floors. [50]% of all small cells on first floor.

For both scenarios, at most one small cell is dropped in a premise at a random location within a premise. Small cell location in a premise is uniformly random.

	# of UEs
	[25, 100, 200] per macrocell


	UE distribution
	[70]% indoors, [30]% outdoors.

Scenario 1: Uniform (randomly dropped): An indoor UE can be placed in any premise with same likelihood.
Scenario 2: Semi-clustered; clustered on first floor, uniform on higher floors. [50]% of all UEs on first floor.
For both scenarios, one or more indoor UE can be dropped in a premise. UE location in a premise is uniformly random with a minimum separation of 3m between UE and nearest small cell. 

	Tx power
	Macrocell: 46 dBm / 10 MHz
Small cell: 20 dBm / 10 MHz

	Antenna pattern
	Macrocell: As per Table A.2.1.1-2, [2]

Small cell: Omni-directional.

	Antenna configuration
	2x2

	Channel Model
	Dual-stripe channel model with modifications proposed in [2]

	System Bandwidth
	[10, 20,100] MHz with CA

	Carrier Frequency
	Separate carrier scenario: Macrocell @ 2 GHz, Small cell @ [2.6, 3.5] GHz
Shared carrier scenario: Macrocell and small cells @ 2 GHz

	Interference modeling
	Interference from all cells/UEs modeled with 21-cell wrap-around. 

	Traffic Model
	Full-buffer  (higher priority for evaluating small cell benefits)
Non-full buffer/ Bursty (for specific enhancements such as NCT with dormant mode)


2.3 Performance Metrics
Following recommendations in [3], key performance metrics of interest are:
· 5%, 50%, 90%-ile UE throughput

· System wide area spectral efficiency (bps/Hz/km2)
3 
Conclusions

This contribution presented a simulation methodology to evaluate system level performance of indoor small cell deployments in urban/dense-urban environments. The methodology is based on existing dual-stripe simulation model for creating an urban city layout. Proposed methodology enables evaluation of small cells for various scenarios identified in TR 36.932 such as sparse or dense, uniform or clustered (hotspot), and separate carrier or shared  carrier deployments.
Proposal: Adopt proposed evaluation methodology for system level performance evaluation of small cell deployments.
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