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1 Introduction

This contribution presents general evaluation scenarios and assumptions for small cell enhancements in Rel-12. Based on the scenarios and requirements for small cell enhancements described in TR36.932 [1], the small cell enhancements study item will focus on enhancing performance in hotspot areas for indoor and outdoor deployments using low power nodes. 
To verify benefits of small cell enhancements such as spectral efficiency improvements, mobility performance, discovery of small cells, interference mitigation and traffic adaptation, we categorize the evaluation scenarios for supporting different frequency band between macro and pico layers and indoor/outdoor small cell deployment. Along with deployment scenarios, we summarize possible simulation assumptions for macro layout, small cell and UE distributions, channel model and traffic model that were defined for the heterogeneous network (HetNet) evaluation in TR36.814 [2].
We noted that further scenario-specific evaluation assumptions such as methodology for massive small cell deployment and dynamic small cell on/off switching for traffic adaptation will be discussed in more detail in our companion contributions [3][4].
2 Deployment scenarios
In Rel-11, RAN1 focused on deploying a small cell layer over the macro cell layer using the same center frequency in the same band. In addition, indoor and outdoor pico cell dropping with bursty traffic models were considered to evaluate the potential benefits of a HetNet deployment. Under the HetNet co-channel interference scenario, time-domain interference mitigation/coordination schemes and cell-range expansion were important schemes to enhance the performance of the network. On the top of Rel-11 HetNet, the small cell enhancements study item should extend deployment scenarios such as deploying a larger number of small cells (compared to HetNet) and using different frequency band between macro and pico-cell layers. Based on requirements from TR36.932 [1], we can prioritize the general deployment requirements for small cell scenarios as follows:
· Different frequency band between macro and pico cell layer
· Outdoor/indoor dropping of small cell and UE
· In/out coverage of macro cell
2.1 Frequency band for macro and small cell layer
Regardless of outdoor or indoor pico deployment scenarios, small cell enhancement should cover macro and pico cell layer deployment, consisting of small cell nodes operating on a different center frequency of the same band (Case 1 in Table 2) and on a different band (Case 2 in Table 2). The frequency band for macro and pico cell layer should effect the coverage range of macro/pico cell, UE connectivity operation and UE implementation considerations. 700MHz, 2.0GHz and 3.5GHz can be possible frequency bands for evaluation. For the first phase, we propose to evaluate case 1 first.
Proposal

· Different center frequency in same band and different frequency band scenarios should be considered between macro and pico cell layer
Table 1. Frequency band for macro and pico cell layer
	Case
	Macro
	Pico

	Case 1
	Band A
	Band A

	Case 2
	Band A
	Band B


*Possible candidates for frequency band A/B: 700MHz, 2.0GHz, and 3.5GHz
2.2 Indoor/outdoor small cell scenario

Considering deployment of indoor/outdoor small cells, the existing deployment scenarios in table A.2.1.1.2-2 in [2] can be reused except the relay scenario. We can also consider a scenario of mixed indoor and outdoor deployment as a more realistic deployment. Table 1 is summarizing the possible small cell scenarios. 

Table 2. Deployment scenario for small cell enhancement

	scenario
	Environment
	Deployment scenario
	UE location

	1
	Macro + indoor
	Macro + indoor pico
	Indoor/outdoor

	2
	Macro + outdoor
	Macro + outdoor pico
	Indoor/outdoor

	3
	Macro + mixed
	Macro + indoor/outdoor pico
	Indoor/outdoor


2.3 Macro layout

One of the target scenarios of small cell enhancement is to evaluate the cases that small cell nodes are deployed under and inside or outside the macro cell coverage. Using the traditional 2-tier wrap-around macro-cell layout, small cells can be dropped in or out of macro coverage in a given channel condition such as shadow fading and/or frequency band and distance dependent path-loss (e.g. 700MHz, 2.0GHz, 3.5GHz). We propose to use general 2-tier macro cell layer for macro deployment with ISD=500m as a baseline in Figure 1 and it is not desirable to have different macro cell deployment for generating out-of-macro coverage.
Proposal
· Use general 2-tier wrap-around for macro cell layout with ISD=500m as a baseline
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Figure 1. Macro cell layout for 2-tier

3 Evaluation assumptions

One of the most significant technical challenges in modeling cellular networks arises from the interdependence of access point locations among themselves as well as with the user locations. The resulting distribution of the interference is sensitive to this dependence and has a critical impact on performance in these networks which are primarily limited by inter-cell interference.
Based on deployment scenario, this section discusses the possible simulation methodologies and assumptions for small cell and UE distributions, pathloss and channel model, and traffic model.
3.1 Distribution of small cells

For outdoor deployment scenarios, 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. In this section we discuss the different proposed approaches for modeling user and low power node locations respectively and the impact on traffic assumptions as well.
How the small cells are dropped in the simulation layout should take into account the assumed level of independence or planning in the deployment. For example, scenarios with a very large density of small-cell nodes may consider an opportunistic and highly uncoordinated deployments resulting in a uniform density of nodes in the network. Alternatively, correlation between the low power nodes as well as with the macro base stations is another important scenario for consideration, especially when small cell cluster deployments are considered along with deployments targeting high-user traffic hotspots in urban areas. 

As a result of these observations, we consider two complementary approaches for the evaluation methodology: an extension of the current baseline approach and a new approach utilizing a spatial process model capturing basic pairwise interaction between nodes.  
3.1.1 Current baseline approach

A subset of the small-cell layouts described in section A.2.1.1.2 of TS 36.814 could be used as a baseline for the evaluation of small cell deployments [3]. For example, Table A.2.1.1.2-5 from [2] below gives the number of users and small cells in the case of hotspot deployment scenarios.
Table A.2.1.1.2-5. Configuration #4a and #4b parameters for clustered user dropping [2]

	Configuration
	Nusers
	N
	Photspot

	Configuration #4a*
	30 or 60
	1

2

4

10
	1/15

2/15

4/15

2/3

	Configuration #4b
	30 or 60
	1

2*

4*
	2/3

2/3*

2/3*


In order to support modeling a greater density of small cells in the network the configurations can be straightforwardly extended by increasing N and Nusers accordingly.

Additionally, from the study item description in [5]: “Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters.” The concept of a small-cell cluster and the potential impact on performance evaluation assumptions is addressed in a separate document [6]. 

3.1.2 Spatial models for small cells

An alternative and potentially complementary approach is the use of random spatial models as part of the evaluation methodology. Numerous academic and industry evaluations have considered these models and highlight the ability to obtain tractable results and increase modeling accuracy compared to simulations based on actual cellular network deployments [7]-[11]. In this section we highlight an application of these models to the evaluation methodology with the benefit of increasing the accuracy of the results with minimal impact on the overall simulation framework.
Increased modeling accuracy
Due to many geographic and demographic factors, cellular deployments are in general neither too regular nor too clustered. However, for simplicity, they are typically idealized as perfectly random or as placed on a grid. Pairwise and saturated pairwise interaction models, such as the Gibbs family of processes and specifically the Geyer saturation process, are ideal due to their flexibility to model a wide variety of deployment scenarios [12]. For example, recently the Geyer saturation process has been used to model the spatial characteristics of an outdoor Wi-Fi deployment [13] and an urban cellular network in [14].
Simulation framework
A new configuration could be added to the set of configurations in Table A.2.1.1.2-5 of [2] which considers the small cell node locations to be modeled according to a Geyer saturation process of a defined node density per-cell or per-area in the case of no macro-coverage deployments. The exact mathematical details of this process are given in Appendix A. 

Gibbs models are typically simulated using Markov Chain Monte Carlo (MCMC) algorithms [14]. These algorithms operate by utilizing a Markov chain whose states represent different point patterns with an equilibrium distribution designed to be the actual distribution of the point process given by the Gibbs model. As there are many well-known implementations of these algorithms, the model can be easily adapted for defining a simulation layout methodology. For example, one such MCMC algorithm, Metropolis-Hastings, is readily available with software tools such as Matlab and R using the Spatstat package [12]. Figure 2 below shows two example R-generated Geyer saturation process-based node deployments with 100 nodes dropped in a unit square with an interaction radius r = .25. The process on the left of Figure 2 exhibits inhibition between the points and was simulated with an interaction parameter γ = .25 and a saturation threshold t = 25.  The process on the right of Figure 2 exhibits clustering between the points and was simulated with an interaction parameter of γ = 2.5 and saturation threshold t = 2.5.
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Figure 2. 100-node Geyer saturation process realization: γ = .25, t = 25 (left), γ = 2.5, t = 2.5 (right) 
The models can be further refined and tailored to different urban or suburban environments through estimating the parameters from fitting them to actual deployment locations or by using population or terrain data. 
Proposals
· In order to support modeling a greater density of small cells in the network, the configurations in TS 36.814 for uniform and clustered small cell deployments can be straightforwardly extended by increasing N and Nusers accordingly.
· Consideration of introducing a new model for the distribution of the small cell node locations based upon the Geyer saturation process model to provide a more accurate representation of real-world deployments with minimal impact on the overall simulation framework.

3.2 User distribution

From [1]: “In a small cell deployment, it is likely that the user distribution is very fluctuating between the small cell nodes.”
 
Uniformly random user dropping should be considered as it has been in previous LTE and LTE-Advanced evaluations, as well as clustered user dropping in the case of hotspot deployments. In the case of clustered hotspot users, the user locations may be confined within circular areas of fixed size with uniform dropping of users within the clusters. 

Proposal

· Uniformly random user dropping should be considered as it has been in previous LTE and LTE-Advanced evaluations, as well as clustered user dropping in the case of hotspot deployments.
3.3 Pathloss and Channel model

Small cell enhancement should target both indoor and outdoor deployment of small cells and UE with corresponding channel characteristics. Increasing the number of small cells within a macro area will reduce TX to RX distance and increase chance to have more LOS condition between small cells and UEs. Among existing channel models and pathloss scenarios in TR36.814, we may reuse assumptions for indoor RRH/Hotzone evaluations model (section A.2.1.1.5 in [2]) and outdoor RRH/Hotzone evaluation model (section A.2.1.12 in [2]) for small cell indoor and outdoor small cell pathloss and channel models, respectively. Therefore, based on the deployment scenarios in section 2, Figure 2 illustrates the radio link between transmitter and receiver. We use pathloss and fast fading channel model from indoor RRH/Hotzone model for links A through E and use the outdoor RRH/Hotzone model for link F and G in Table 3. It is noted that modification is need for the pathloss equation to cover frequency bands other than 2.0GHz.
Proposals
· Include pathloss and fast fading (as in Table 3) to cover indoor and outdoor small cell and UE dropping

· Modify pathloss equation to cover other frequency bands  (e.g. 700HMz, 3.5 GHz)
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Figure 3. Radio link scenario for indoor/outdoor small cell
Table 3. Pathloss and channel model for 2.0GHz frequency band
	case
	Link scenario
	Pathloss model
	Fast fading

	Link A
	Macro to outdoor UE
	Table A.2.1.1.5
	UMa LOS/NLOS

	Link B
	Macro to indoor UE
	Table A.2.1.1.5
	UMa NLOS

	Link C
	Indoor pico to indoor UE in same building
	Table A.2.1.1.5
	InH LOS/NLOS

	Link D
	Indoor pico to indoor UE in different building
	Table A.2.1.1.5
	InH NLOS

	Link E
	Indoor pico to outdoor UE
	Table A.2.1.1.5
	InH NLOS

	Link F
	Outdoor pico to outdoor UE
	Model 2 of RRH/Hotzone in Table A.2.1.1.2-3
	UMi LOS/NLOS

	Link G
	Outdoor pico to indoor UE
	Model 2 of RRH/Hotzone in Table A.2.1.1.2-3
	UMi NLOS


3.4 Traffic model

Both full buffer and non-full buffer traffic models should be considered to evaluate potential spectral efficiency and practical traffic fluctuation between small cells. In a given small cell dropping and user distribution, it is likely that total amount of DL and UL traffic is very fluctuating between small cell nodes in the time domain. We propose to reuse the FTP traffic model 1 (e.g. 10-50% RU, details in A.2.1.3.1 of [2]) as a baseline assumption. Detailed parameters (e.g. file size, arrival time) can be modified for further development.
Proposal
· Use full buffer and FTP Traffic model 1 for non-full buffer traffic
3.5 Other assumptions
· Network synchronization: Synchronous operation is assumed between small cells and between small and macro cells

· Backhaul assumption: Depends on each company’s preference or ideal backhaul can be assumed for the first phase of evaluation
4 Performance metrics

User throughput and the underlying user geometry should be evaluated as a function of the different deployment scenarios and simulation assumptions.  Depending on the objective of each scenario (e.g. in/out-of-coverage of macro or indoor/outdoor of small cells or interference mitigation), one scenario can result in increased throughput for edge UEs while the other can increase throughput for medium to cell-center UEs served by macro cells or pico cells or both. To compare potential benefits to user experience in different small cell enhancement scenarios, user throughput CDFs would be useful for both full buffer and bursty traffic conditions as a baseline. 
Capacity per unit area (bps/Km2) of each layer (macro and pico layer) should also be useful to verify enhanced spectral efficiency for a given small cell distribution and user distribution. Along with user throughput CDF and area throughput, scenario-specific performance metrics can be further included to analyze benefits of small cell functionalities such as mobility performance or coverage performance.
Proposals
· User throughput CDF of full buffer and bursty traffic performance metrics
· Macro cell area throughput or small cell area throughput in out of Macro cell coverage
5 Conclusion
This contribution discussed deployment scenarios and possible simulation assumptions for small cell enhancements. Based on the discussion, we proposed:
Proposals
· For  evaluation scenarios
· Different center frequency in same band and different frequency band scenario should be considered between macro and pico cell layer
· Use general 2-tier wrap-around for macro cell layout with ISD=500m as a baseline
· For evaluation assumptions
· Extending the configurations in TS 36.814 for uniform and clustered small cell topologies to support dense small cell deployments

· Consideration of introducing a new configuration for the distribution of the small cell node locations based upon the Geyer saturation process model
· Uniformly random and clustered hotspot user dropping should be considered
· Include pathloss and fast fading (as in Table 3) to cover indoor and outdoor small cell and UE dropping

· Modify pathloss equation to cover other frequency bands  (e.g. 700HMz, 3.5 GHz)

· Use full buffer and FTP Traffic model 1 for non-full buffer traffic
· For performance metrics
· User throughput CDF of full buffer and bursty traffic performance metrics

· Macro cell area throughput or small cell area throughput in out of Macro cell coverage
References
[1] 3GPP TR 36.932 Vb.0.0, “Scenarios and Requirements for Small Cell Enhancement for E-UTRA and E-UTRAN; (Release 12).” 
[2] 3GPP TR 36.814 V9.0.0, “Further advancements for E-UTRA physical layer aspects (Release 9).”
[3] R1-130296, “Evaluation methodologies for small cell enhancement”, Samsung
[4] R1-130301, “Evaluation assumptions for interference control among small cells”, Samsung
[5] RP-122032, “New Study Item Proposal for Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects.”
[6] R1-130297, “Evaluation-related small cell enhancements SID clarifications”, Samsung
[7] V. Suryaprakash, A.F. dos Santos, A. Fehske, G.P. Fettweis, TU-Dresden, Alcatel Lucent, “Energy Consumption Analysis of Wireless Networks using Stochastic Deployment Models,” IEEE Globecom, 2012.
[8] S. Mukjerjee, DOCOMO Innovations, “UE coverage in LTE macro network with mixed CGS and open access femto overlay,” IEEE ICC, 2012.

[9] B. Yu, S. Mukherjee, H. Ishii, DOCOMO Innovations, “Dynamic TDD support in the LTE-B enhanced Local Area architecture,” IEEE Globecom, 2012.

[10] J.G. Andrews, F. Baccelli, and R. K. Ganti, “A tractable approach to coverage and rate in cellular networks,” IEEE Transactions on Communications, 2011.
[11] A. Ghosh et. Al., Nokia Siemens Networks, UT Austin, “Heterogeneous Cellular Networks: From Theory to Practice,” IEEE Communications Magazine, 2012
[12] J. Moller and R. P. Waagepetersen, “Statistical Interference and Simulation for Spatial Point Processes,” Chapman and Hall/CRC, 2003.
[13] J. Riihijarvi, P. Mahonen, “Modeling spatial structure of wireless communication networks,” IEEE NetSciCom, 2010.

[14] D.B. Taylor, H.S. Dhillon, T.D. Novlan, J.G. Andrews, “Pairwise Interaction Processes for Modeling Cellular Network Topology”

Annex A. Spatial processes for modeling small cells

This section provides further details of a fundamental spatial process which may be used for modeling small cell locations: the Geyer Saturation Process (GSP).
Geyer Saturation Process
Gibbs models are a general family of distributions for modeling point processes [14]. The realizations of the node locations are constructed from a given probability density, which makes them useful in modeling inter-point interactions. In the case of modeling a 2-D deployment of nodes, we are mainly interested in capturing the “pairwise interaction” of the points.

Consider a point pattern z = {z1, z2, . . . , zn(z)} in a bounded area A, where the number of nodes, n(z) = |z|. To model the pairwise interaction, the probability density f(z) can be expressed in the product form as follows:
[image: image5.emf]
where α is normalization constant so that the probability density function integrates to unity, Φ(z) governs the first order intensity of the process, and Ψ(zi, zj) models the interaction between pairs of points.

Now we introduce the Geyer saturation process [12], which can model both regularity and clustering of the points. The process is defined by taking Φ (zi) = β, which is a function of the deployment density and is a constant that since the process is stationary, and defining Ψ(zi, zj) as follows:

[image: image6.emf]
Thus, the probability density function is given by:

[image: image7.emf]
where s(z) is the number of point-pairs that are located within an interaction radius r. When γ ≤ 1, the Geyer saturation process models a more regular deployment. When γ > 1, the nodes exhibit clustering governed by the saturation limit t. For t = 0, the Geyer saturation process reduces to a Poisson Point Process (PPP), which corresponds to a uniform dropping of nodes.
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