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Discussion
1
Introduction
A Study Item on Small Cells was conducted in RANP and its results were captured in  TR 36.932 [1].  Furthermore, in December 2012 RANP#58, the R12 Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-Layer Aspects Study Item was agreed [2]. The objectives of the RAN1 SI are divided into four main areas:
A. Define the channel characteristics, scenarios, evaluation methodology and metrics.

B. Study potential enhancements to improve the spectrum efficiency.

C. Study the mechanisms to ensure operation of a Small Cell layer.

D. Physical layer study and evaluation for Small Cell enhancements high-layer aspects

In [3] a work plan was proposed whereby in RAN1 #72, Small Cell discussions should deal with the following:
· Agree on the channel characteristics, scenarios, evaluation methodology and metrics (A)

· Identify the techniques to be evaluated (for B and C) and the corresponding evaluation assumptions.

The purpose of this contribution is to discuss area A, namely to discuss and propose relevant scenarios to better focus the continuing RAN1 study.
2
Discussion
During the RANP Small Cell Enhancements discussion many deployment, spectrum and traffic scenarios were presented.  In order to ensure that no relevant cases were omitted, all possible parameter combinations are presented as valid.  However, for efficient study of Small Cell Enhancements, it is favorable to limit the number of scenarios that will be considered in RAN1.  The list of valid scenarios should be manageable such that all companies can possibly present simulation results in a cohesive manner, and so proper conclusions can be drawn from multiple contributions.  For the study of CoMP in RAN1, four scenarios were discussed.  Within these four scenarios, some parameter selection was allowed, thus increasing the total number of allowable flavors.  We believe that the Small Cell Enhancement study should follow a similar approach.  Next we present a discussion on parameters presented in [1] and propose a set of scenarios that is both inclusive of most parameter combinations while remaining manageable.
A. Macro Coverage

In [1] the concept of having a Small Cell node not deployed under the coverage of one or more overlaid E-UTRAN Macro Cell layer(s) is proposed.  This case is presented in a figure as having Small Cells located outside of the grid of Macro Cells.  In typical deployments, there should not be such a Macro layer edge, except for somewhat negligible cases such as where a network provider’s coverage ends (for example, at a political border).  In RAN1 simulation scenarios, cell wraparound is used to efficiently study large network deployment.  Such wraparound technique removes the concept of a finite Macro layer coverage.
We believe that the concept of Small Cells without Macro coverage can be dealt with by reusing or modifying the concept of indoor cells.  Lack of Macro coverage is more likely to occur within a Macro Cell area and may be caused by objects such as walls with high penetration loss.  Therefore, to simulate Small Cells without Macro coverage, we propose to assume such cells be located indoors and distributed within Macro Cell areas.  Furthermore, it may be valuable to revisit penetration loss assumptions to better model no Macro coverage.

Observation 1: Two types of Small Cells should be considered: Outdoors and Indoors.

Observation 2: Small Cells with no Macro coverage can be modelled as Indoor Small Cells (with sufficiently high penetration loss).
B. Small Cell Distribution
Sparse and dense Small Cell distributions are to be considered in the SI.  To determine appropriate scenarios, we must first define sparse and dense distributions.  In order to define such small cells distribution and to understand what a typical small cell coverage is, we propose to assume that the small cell transmission power is similar to the transmission power used for small cells, (e.g. RRH and pico cells) in previous Work Items (i.e. CoMP, eICIC) .  
Based on this assumption the coverage area of each small cell should be such that a sparse deployment of Small Cells can be represented by one Small Cell per Macro area and a dense deployment of Small Cells can be represented by up to four Small Cells per Macro area. Although the path loss for a given distance may be higher for the 3.5 GHz band the coverage area of the small cell can be made higher by use of higher cell range expansion in that band.
Secondly, we may have clustered Small Cell distributions.  A cluster may be naturally occurring (in the event of dense deployment with random Small Cell deployment) or may be planned (in the event of Indoor Small Cells servicing a campus-like area).  For the SI, we believe a single indoor Small Cell cluster of two Small Cells per Macro area allows sufficient flexibility to properly extract the expected behaviour of multiple clusters.
Observation 3: Sparse deployment may be represented by one Small Cell per Macro area.

Observation 4: Dense deployment may be represented by up to four Small Cells per Macro area.

Observation 5: Indoor Small Cells may be deployed in one planned cluster(with two Small Cells) per Macro area.
C. UE Distribution

UE dropping may be either uniform or non-uniform.  For uniform UE dropping, UEs may be placed randomly anywhere within a Macro Cell area, whether that coincides with the coverage of a Small Cell or not (config. 1 of [4]).  On the other hand non-uniform dropping means UEs are placed randomly within a Macro Cell area, however with a bias towards Small Cell locations (config. 4 of [4]).  In this SI we can continue with these two configurations.  Furthermore, to better study dynamic traffic, we may also study a new configuration where the Small Cell UEs may not be uniformly distributed among all Small Cells.
D. Traffic Type

Both Full Buffer (FB) and Non-Full Buffer (NFB) should be within scope of this SI.  Furthermore, it may be advantageous to study systems where the Macro Cell layer is FB while the Small Cell layer is NFB.  This is justified by the fact that the Small Cells will typically have fewer UEs than the Macro Cells.  Furthermore, [1] states that non-uniform traffic load distribution in spatial-domain should be considered.  This can be modelled by having different NFB parameters (i.e. loading factor) for each Small Cell or cluster of Small Cells.
E. Channel Characteristics

The channel characteristics for previous WI such as CoMP (i.e. ITU UMa for Macro and ITU UMi for low power node) should be reused for this SI, thus allowing better comparison versus previous features.  Moreover, for indoor Small Cells we may use the ITU InH channel model.  Some parameters may need to be further refined, for example the antenna height for indoor Small Cells may be adjusted for more realistic scenarios.
F. Remaining Parameters

Parameters such as backhaul assumptions and UE speeds need not be limited and should be properly indicated in the simulation assumptions of each contribution.

2.1
Proposed Small Cell Scenarios

Based on the observations of the previous section, we propose to limit the Small Cell SI to the three main scenarios given in Table 1.  Scenario 1a and 1b deal with outdoor Small Cell deployment of varying densities, spare and dense respectively.  Scenario 2 deals with indoor clusters of Small Cells.
Table 1: Summary of small cell evaluation scenarios

	Small cell evaluation scenario
	Characteristics
	Example

	Scenario 1
(outdoor)
	Scenario 1a
(outdoor sparse)
	N=1 small cell per macro cell
Location randomly chosen
	Traffic hotspot

	
	Scenario 1b
(outdoor dense)
	N=4 small cells per macro cell
Location randomly chosen
	Public park

	Scenario 2
(indoor cluster)
	
	L=1 cluster per macro cell
N=2 small cells per cluster
Cluster location randomly chosen
	Shopping mall
Underground mass transport station


Moreover, the following parameters should be configurable and applicable to any of the above scenarios:

1) UE Drop: Uniform (i.e. config 1), Non-Uniform per layer (i.e. config 4a/4b), Non-Uniform in total (i.e. where all Small Cell UEs of a Macro Cell area may be distributed unevenly among the Small Cells).

2) Traffic Type: Full Buffer, Non Full Buffer, Non-Uniform NFB (different loads for different cells), Mixed (Macro layer with FB and Small Cell layer with NFB)
3) Backhaul: Ideal, Non-Ideal (with properties selected from [1]).
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a) Scenario 1a
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b) Scenario 1b
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c) Scenario 2

Figure 1: Proposed Small Cell Scenarios.
Recommendation: A limited amount of scenarios (i.e. 3) should be chosen for the study of Small Cell enhancements to ensure efficient discussions during the SI.
2.2
Preliminary Results

Results are obtained for the three scenarios presented above with non co-channel (NCC) deployment.  The results are obtained assuming Small Cells may be placed randomly within a Macro Cell area (for Scenario 1a and 1b) or placed randomly indoors within a small rectangular cluster (Scenario 2).  Furthermore, UEs are dropped according to config. 4b.  The complete simulation assumptions are presented in the Appendix.
The results show that the percentage of UEs associated to Small Cells is 50% for Scenario 1a, 60% for Scenario 1b and 53% for Scenario 2.  Scenario 1b with co-channel deployment (e.g. CoMP Scenario 3/4) has Small Cell UE association of 70%.

The reason for the decrease of Small Cell UEs in NCC deployment is because of the slight decrease of coverage area in the 3.5 GHz band. Such decrease could be eventually compensated by cell range expansion in the small cell layer. 
Figure 2 shows the geometry distribution for NCC versus CC deployments for Scenario 1b.  The results show that despite the reduction of Small Cell UEs, all UE types experience an increase in geometry, which should translate to better over-all throughput.  Similar results are seen for Scenario 1a and 2.
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Figure 2: Geometry of Scenario 1b.
3
Conclusions and Recommendations

In this contribution we discuss area A of the SI objectives.  We present the different parameters that need to be evaluated.  Furthermore, we present results that provide some preliminary insight into the performance of Small Cell enhancements.  From the list of parameters, we whittle all possible scenario combinations down to three that we feel can best describe the typical Small Cell deployments.  For clear focus during the RAN1 SI, we recommend:
Recommendation: A limited amount of scenarios (i.e. 3) should be chosen for the study of Small Cell enhancements to ensure efficient discussions during the SI.
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Appendix A – Evaluation assumptions
Table 2: Summary of small cell evaluation assumptions

	Parameter
	Value

	Duplex and system bandwidth
	FDD 10 MHz

	Deployment type and carrier frequency
	Non co-channel deployment

Macro cells: 2 GHz,

Small cells: 3.5 GHz

	BTS Tx power
	Macro cells: 46 dBm

Small cells: 30 dBm

	Cell layout and user drop model
	Macro cells: 7 macro sites with 3 macro cells per site
Small cells 

- Scenario 1a (outdoor sparse)with 1 small cell per macro cell

- Scenario 1b (outdoor dense): 4 small cells per macro cell
- Scenario 2 (indoor cluster): 1 cluster per macro cell with 2 small cells

Note: User drops for small cells modeled as in 36.814 Config. 4b (clustered UE distribution with p=2/3)

	Scheduling
	Full buffer traffic

Wideband SINR

	Macro cell ISD
	500 m

	Minimum distance between small cells
	40 m

	Minimum distance between macro and small cell
	75 m

	Minimum distance between macro-UE and macro cell
	35 m

	Minimum distance between small cell UE and small cell
	10 m for Scenarios 1a,1b

3 m for Scenario 2

	Antenna patterns 
	Macro cell: TR.36.814 3D with antenna down tilt 12 degrees

Small cell: TR 36.814 2D (omni)

	Antenna gain
	Macro cell: 17 dBi
Small cell: 5 dBi

	Antenna height
	Macro cells: 25 m

Small cells:

- 10m for Scenarios 1a and 1b

- 6m for Scenario 2

	Pathloss model
	Macro cells:

- ITU UMa with 25 m Tx antenna height for Scenarios 1a, 1b

- ITU UMa with 25m Tx antenna height and penetration loss for Scenario 2 

Small cells:

- ITU UMi with 10 m Tx antenna height for Scenario 1a, 1b

- ITU InH with 10 m Tx antenna height for Scenario2

	Shadowing standard deviation
	Macro cell: ITU UMa
Small cell: ITU InH

	Shadowing correlation
	Macro cells: 0 between macro-cell sites; 1 between macro-cells

Small cells: 0 between small cells

	Handover margin
	1 dB

	UE height
	1.5 m

	UE noise figure
	9 dB

	UE speed
	3 km/h
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