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1 Introduction
In 3GPP TSG RAN #58 meeting, the study item of “Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects” was approved for Release 12 study [1]. In particular, it specifies the channel characteristics and evaluation metrics as one of the focus areas for study:

· Define the channel characteristics of the small cell deployments and the UE mobility scenarios identified in TR36.932, as well as the corresponding evaluation methodology and metrics. 

In this contribution, several general issues related to small cell enhancement study and evaluations will be discussed, including small cell deployment scenarios, the associated evaluation methodologies and metrics, and some requirements. For specific evaluation assumptions about spectral efficiency and operation efficiency studies, refer to companion contributions [3]
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[4].
2 Deployment scenarios 

How evaluation methodologies should be devised and what performance metrics and requirements should be adopted depend on the deployment of small cell networks. How small cell networks are deployed, however, is determined by the operator’s preference on scenarios, performance, as well as the physical limitations and the traffic demands.

· Physical limitation factors

· Availability of the macro coverage
Depending on whether an area is indoors or outdoors, or is in some specific physical environment, there might be good macro coverage where the small cell layer is located. The availability (or lack) of the macro coverage may lead to very different network design and operation. 

· Spectrum availability

The spectrum availability will impact how many carriers the small cell layer may have, and whether the macro carrier, if exists, may overlap or partially overlap with the small cell layer carrier(s).
· Backhaul (especially the cell to core-network connection) limitations

The backhaul limitations may impact the small cell deployment density and distribution, etc., among other aspects.

· Impact of traffic demand
As the traffic demand increases, the small cell layer may employ different spatial distributions with increasing density:

· Spatial Distribution 1 for low traffic demand

This consists of hot spots, where each hot spot contains only one small cell. 
· Spatial Distribution 2 for moderate traffic demand

This consists of hot zones, where each hot zone contains a cluster of a number of small cells.
· Spatial Distribution 3 for high traffic demand

This consists of a contiguous hot area with a considerable number of small cells. Note that it is not desired to deploy small cells to cover an entire network, even if the small cells are sufficiently dense to cover an (a local) area; such wide-area coverage should be provided mainly by macro cells.
For the purposes of study and evaluation, the following major scenarios (as typical deployments) are prioritized based on the first two physical limitation factors:
· Scenario A: Small cells with non-co-channel macro coverage, that is, small cells and macro cells are on different frequency carriers

· Scenario B: Small cells with co-channel macro coverage

· Scenario C: Small cells without macro coverage
For all 3 scenarios, non-ideal backhaul connections between the small cells and macro cells should be the main focus. 
The abovementioned spatial distributions may be an independent dimension in addition to the scenarios, but further prioritization of the scenario-distribution combinations may be done. For example, Scenario A-2 (i.e. Scenario A + Spatial Distribution 2) will have higher priority than Scenario C-2 which does not provide good coverage support. Scenario B-3 should be considered as low priority since it may have severe interference (from both macro and nearby small cells) which may require further study on advance techniques. Scenario C-3 should be considered as low priority since operators are not likely to deploy a network in such a way and it may appear only in some small, local areas. Table 1 lists the combinations and the proposed priorities with consideration of the focused techniques.
Table 1. Combinations of Scenarios A, B, and C with Spatial Distributions 1, 2, and 3. Shaded are prioritized for Rel-12 small cell enhancement study, gray combinations are not recommended.
	 Spatial 
	distribution
	1: Hot spots
	2: Hot zones
	3: One contiguous hot area

	Scenario
	
	
	
	

	A: Small cells with non-co-channel macros 
	High priority, standard impact covered by C-1 
	High priority, focusing on operation efficiency improvement study
	Low priority for small cell enhancement study (future extension) 

	B: Small cells with co-channel macros 
	Low priority for small cell enhancement study (Studied in Rel-10/11 (F)eICIC work)
	Medium priority, focusing on operation efficiency 
	Low priority, need to resolve severe interference issues

	C: Small cells without macros 
	High priority, focusing on spectrum efficiency improvement (e.g., 256 QAM) 
	Low priority, standard impact covered by A-2 and C-1 
	Low priority, limited use cases


It is clear that the HetNet scenarios studied in Rel-10 and Rel-11 are in fact Scenario B-1. Rel-12 and beyond will study much broader and richer scenarios, and therefore Scenarios A and C, as well as Spatial Distributions 1 and 2, may receive more attention.  Spatial distribution 3 is considered for future extension.
Throughput performance, as well as various aspects of the system design/operation needs to be considered when comparing different scenarios. First of all, Scenario C-2 is suitable for local-area coverage only; it cannot be used for wide-area coverage. Second, Scenario B may involve severe co-channel interference between the macros and small cells; to deal with the interference, schemes involving higher design and operation complexity may need to be introduced.  Furthermore, with Scenario A, there is a clear functionality split between the macro layer and the small cell layer, which, for example, can ease the legacy UE support (done at the macro layer) and enhance new generation UE performance (done at the small cell layer). On the contrary, lacking the macro layer support (i.e. Scenario C), or mixing the functionalities in the co-channel case (i.e. Scenario B), may lead to issues such as difficulty for coverage and mobility support, backward compatibility, and require more sophisticated designs and operations REF _Ref345274651 \h 
. Overall, macro-layer coverage is necessary for most cases and appropriate tradeoff between throughput performance and operation complexity is important. 
Proposal 1: It is proposed to focus on Scenarios A-2 and C-1.

Proposal 2: It is proposed to prioritize non-ideal backhaul connections.
3 Evaluation methodologies and metrics
3.1 Modelling/evaluation methodologies

Most of the existing network modeling and evaluation methodologies adopted by 3GPP are still useful in small cell enhancement evaluations. However, some of the methodologies need to be evolved to better reflect the new scenarios. In this contribution, we focus on the new additions of the evolved methodologies.

From a high-level perspective, a small cell network may be modeled as an interconnected dynamic system with multiple layers of components at possibly multiple carriers, and

· externally driven by:

· random packet arrivals (i.e., traffic demands) at the UEs on a small time scale and 

· traffic load variations on a large time scale; and 

· internally driven by: 

· the schedulers on a small time scale and 

· network adaptation on a large time scale. 

This high-level view of the network and its dynamics can be rather different from the traditional view since the traditional modeling/evaluation methodologies mainly focus on small scales (e.g., small time scales, small scale fading) and a static network topology. 
Within the scope of this SI, two cases exist:

1) When only the small scales and static topologies are involved, the modeling/evaluation methodologies may mainly reuse the existing ones. 
Such evaluations may include the studies of: advanced modulation schemes, overhead reduction and control channel enhancement, discovery efficiency improvement, and so on.
2) On the other hand, in some studies involving traffic dynamics and/or network adaptation, the system involves time scales larger (or much larger) than what traditional system-level evaluations have assumed. In these cases, to model both the larger time scales and small scale details may become too cumbersome and also unnecessary. 
Such evaluations may include the studies of: traffic dynamics, small cell on/off switching, adaptive cell selection from multiple carriers from multiple nodes belonging to different layers, and load balancing among carriers, nodes, and layers. 

Case 2) is the main focus of the rest of this section since Case 1) may mainly reuse existing modeling/evaluation methodologies and metrics. 
A suitable methodology for evaluation and performance metrics collection in small cell networks is illustrated in Figure 2. 
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Figure 2. A high-level diagram for performance evaluation 
3.2 Performance metrics and requirements
The performance metrics should provide a practical way to determine the feasibility of a network in supporting a traffic demand, and also to compare different scenarios and/or different technologies, consistent with the above high-level modeling methodology. We focus on evaluations involving traffic variations and network adaptation. Therefore, the following aspects should be included for these purposes: 
· Traffic demand 
An alternative way to specify the traffic demand is the distribution of active UEs, e.g. UE density. Non-full buffer traffic model should be the main focus for these studies.
· Network deployment and configuration 
The relevant variables include small cell distribution and density and active small cell density.
· Network usage 
This includes resource utilization (RU), stability of the network, and network efficiency, which are discussed below.

· User experience (such as various statistics of user packet throughputs). 
3.2.1 Network stability

Network stability has been used before to indicate if a network can support a given traffic load: when the network cannot, the network suffers from heavy congestion and high packet drop rate, and thus is considered unstable. 
One stability criterion is that the network RU averaged over all small cells does not exceed a threshold (e.g., 50%). An alternative stability criterion is that majority (e.g., 90%) of the small cells’ RUs do not exceed a threshold (e.g., 75%). The former has been used in previous evaluations but the latter may be more suitable for future studies, since small cell networks may see larger deviations between the spatial distributions of traffic loads and small cell locations and hence larger variations of small cells’ RUs.
Thus, the traditional way of evaluating non-full-buffer traffic may not be sufficient, that is, it fixes the traffic demand and network density as the simulation inputs, and evaluates the network usage and the user experience. This does not necessarily guarantee the desired network stability. Alternatively, the evaluations may be performed such that the network stability is always guaranteed, by varying the network density till the desired RU level or distribution is achieved. This provides a practical guidance of how to adapt the network to meet the given traffic demand, and a way to obtain the network capacity (the minimum density needed to support a traffic demand, or equivalently the maximum supportable traffic demand for a density). 
The below figure illustrates the concept of the stability region: within the indicated area, the corresponding load can be delivered by a network with the corresponding density satisfying a stability criterion; beyond the area, the load is too heavy for the density to support and the network becomes unstable; and the boundary of the area specifies the highest supportable load, which may be viewed as the capacity of the network. In other words, the capacity region is indeed the stability region. 
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Figure 3. Illustration of capacity/stability region.
Proposal 3: It is proposed to focus on non-full buffer traffic for evaluations involving traffic variations and topology adaptation.
Proposal 4: A network is considered as stable if majority (e.g., 90%) of the small cells and macro cells’ resource utilizations is lower than a threshold (e.g., 75%).
Proposal 5: The network capacity at a network density is defined as the highest supportable network load at the density subject to the network stability constraint.

Proposal 6: It is proposed to include the network capacity and user experience in evaluation results.

3.2.2 Network efficiency

The network capacity defined above leads to a particularly useful metric, referred to as the network efficiency, which is to measure on average, how much traffic load (or how many UEs) each pico can serve while achieving a certain network stability criterion. If all UEs have the same average traffic load, then the network efficiency is the network capacity normalized by the network density. This metric (together with user experience metrics) may be used to measure the efficiency of different deployment strategies as well as the benefit of various optimization solutions. Different from the user experience metrics, this metric is concerned about the overall network efficiency which may play an important role in network deployment and adaptation. 

Note that, unlike the network capacity which grows almost linearly with the network density, the network efficiency is relative stable with small variation within a range of network density.
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Figure 4. Illustration of network efficiency as the number of UEs supportable by a small cell on average while achieving the capacity.

3.2.3 Other requirements
TR 36.932 lists some fundamental requirements, such as deployment-related requirements and performance requirements, which should be followed and met in the evaluations. Some of these can be reflected as the following assumptions:
· The requirement of the reduction in cell planning efforts may be reflected as the less-regular dropping of small cells in the simulation assumptions while the study should optimize the performance of such less-planned deployments.
· The coverage requirement may translate into geometry requirement. However, if interference management techniques (such as muting) are used to improve common channel coverage, the associated SINR needs to be generated and used instead of the geometry.
· The energy efficiency requirement may be reflected by the fraction of small cells that are switched off during an evaluation.
4 Conclusion
In this contribution, three major small cell enhancement scenarios are proposed:
· Scenario A: Small cells with non-co-channel macro coverage, that is, small cells and macro cells are on different frequency carriers

· Scenario B: Small cells with co-channel macro coverage

· Scenario C: Small cells without macro coverage
with the following spatial distributions of small cells:

· Spatial Distribution 1: hot spots, each hot spot containing only one small cell 
· Spatial Distribution 2: hot zones, each hot zone containing a cluster of a number of small cells
· Spatial Distribution 3: a contiguous hot area with a considerable number of small cells.
 The priorities of the scenario / spatial distribution combinations are:

Table 2. Priorities of the scenario / spatial distribution combinations
	Spatial 
	distribution
	1: Hot spots
	2: Hot zones
	3: One contiguous hot area

	Scenario
	
	
	
	

	A: Small cells with non-co-channel macros 
	High priority, standard impact covered by C-1 
	High priority, focusing on operation efficiency improvement study
	Low priority for small cell enhancement study (future extension) 

	B: Small cells with co-channel macros 
	Low priority for small cell enhancement study (Studied in Rel-10/11 (F)eICIC work)
	Medium priority, focusing on operation efficiency 
	Low priority, need to resolve severe interference issues

	C: Small cells without macros 
	High priority, focusing on spectrum efficiency improvement (e.g., 256 QAM) 
	Low priority, standard impact covered by A-2 and C-1 
	Low priority, limited use cases


Evaluation methodology and metrics that can allow/reflect network adaptation and large scale evaluations are proposed. The network stability measure and network efficiency metric are considered. Other requirements characteristics are also discussed.
Proposal 1: It is proposed to focus on Scenarios A-2 and C-1.

Proposal 2: It is proposed to prioritize non-ideal backhaul connections.

Proposal 3: It is proposed to focus on non-full buffer traffic for evaluations involving traffic variations and topology adaptation.
Proposal 4: A network is considered as stable if majority (e.g., 90%) of the small cells’ resource utilizations is lower than a threshold (e.g., 75%).
Proposal 5: The network capacity at a network density is defined as the highest supportable network load at the density subject to the network stability constraint.

Proposal 6: It is proposed to include the network capacity and user experience in evaluation results.
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