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1. Introduction 
Small cell enhancement is identified as one of the most important topics in Rel-12 and onward. The scenario and requirement of the small cell enhancement has been widely discussed and captured in TR 36.932 [1]. In the RAN #58th meeting, a new study item [2] on the physical layer enhancement for small cell was approved. According to the approved SID, the physical layer work for the Rel-12 SI should focus on the following areas:
· Define the channel characteristics, scenarios, evaluation methodology and metrics.
· Study potential enhancements to improve the spectrum efficiency

· Study the mechanisms to ensure efficient operation of a small cell layer.

· Physical layer study and evaluation for small cell enhancements high-layer aspects
In this contribution, we present some discussions on the scenarios that should be considered in the Rel-12 SI; then, the evaluation assumption and methodology is addressed in Section 3. Conclusions are given in Section 4.
2. Considerations on the scenarios for Rel-12 small cell
As captured in [1], small cell enhancement should target scenarios with and without macro coverage, scenarios with outdoor and indoor small cell deployments, scenarios with ideal and non-ideal backhaul, and scenarios with sparse and dense small cell deployments. However, some prioritization on the scenarios may be needed for the Rel-12 small cell study due to the limited time allocated on this topic and then discuss the possible updates on the simulation assumptions.

A key method to improve data capacity over a given area and extend the achievable data rates of a radio-access network to more users is the further densification of the network, i.e. by increasing the number of network nodes and thereby bringing the end-user devices physically closer to the network nodes. If it is difficult to further increase the density of the macro cells due to the large cell planning efforts involved, then network densification can be achieved by the deployments of small cells under the coverage of an existing macro-node layer. In this case, the small cells could provide very high traffic capacity, while the macro layer provides full-area coverage. Although the densification of the network can be beneficial to boost the system performance, we need to overcome the following challenges in the dense network:
1) First challenge is the interference problem between the small cells. We have already investigated the interference problem in Rel-10 and Rel-11 and some solutions such as the TDM based resource partition and FDM based ICIC have been identified. However, only sparsely deployed small cell scenario was considered in previous eICIC and FeICIC study. Now if the density of the small cells increases dramatically, the interference problem would be much more complex due to more frequent overlap among the small cells. One example would be the small cells that are close to each other use different DL/UL configurations in TDD, the interference would be severe in this case.
2) Second challenge is the impact to the Macro cell due to dynamic on/off activities happening in the small cells. Typically the small cells would have limited coverage. For UEs with even medium mobility, more frequent handovers could occur when moving across a certain area. This could cause more handover failures and thus degrade the performance of the UEs.  In addition, it could bring large signaling traffic load over the core network.

3) Third challenge is the significant impact on the core network when increasing the number of the small cells operating with high throughput. 
From the operators’ point of view, it would be desirable to have minimum effort on cell planning and manual configuration when deploying the small cells. So it is better if there is some degree of coordination among the small cells if that can help avoid the adverse network impact due to the dynamic activity of the small cells. For the small cells within the coverage of the macro cell, we may need to further investigate the feasibility and benefit for the macro assisted coordination for the small cells. In the absence of macro cell coverage, this coordination would be conducted within the small cells themselves rather than relying on a macro cell.  In this case, the small cells may form a cluster to facilitate the coordination, and thus, improve the overall system performance. The concept of the small cell cluster is illustrated in the following figure:
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Figure 1: Illustration of a small cell cluster

For clustered small cells, we have the following observations:
1) The method of forming a small cell cluster should be carefully designed to enable efficient handling of interference issues for the small cell layer.

2) The robustness of the small cell cluster should be carefully treated. As the activity of the small cells could be quite dynamic, we should develop a robust mechanism to operate/maintain the small cell cluster and reduce dynamic change to the small cell cluster.

3) Synchronization among the small cells within a cluster should be maintained. For the TDD system, it is a natural choice to assume the synchronization. While for FDD system, it is also beneficial to have the synchronization among the small cells within a cluster for specific scenarios such as CoMP operation
4) The small cell cluster solutions should be independent of backhaul linkage. It is better to have a solution to operate the small cell cluster regardless of the type of backhaul links. The studies should first identify which kind of information is needed or beneficial to be exchanged between nodes in order to get the desired improvements before the actual type of interface is determined.
Proposal 1:

· Scenarios wherein a group of mutually interfering small cells to form coordination and enable an efficient operation should be prioritized in R12 small cell study
Small cell enhancement should address the deployment scenario in which frequency bands are different in the macro layer and small cell layer, respectively. Also, the co-channel deployment scenarios between macro layer and small cell layer should be considered as well. Some example spectrum configurations are [1]:

1) Carrier aggregation on the macro layer with bands X and Y, and only band X on the small cell layer

2) Small cells supporting carrier aggregation bands that are co-channel with the macro layer

3) Small cells supporting carrier aggregation bands that are not co-channel with the macro layer

One of the most important use cases for small cell deployment is to utilize higher frequency bands such as 3.5GHz. It is unlikely to have macro cells deployed in the higher bands due to the large transmission loss. So typically only small cells could occupy the high frequency bands to provide service, the co-channel interference problem among the small cells should be further addressed. Some operators are also considering deployment of small cells at lower frequency bands when higher frequency bands are not available.  In this case, the interference between the macro layer and small cell layer should be addressed as well. The existing solutions studied in Rel-11 could be evaluated first, and other enhanced solutions could be introduced if needed.

Proposal 2:
· Scenario that the macro cell and small cell layer operates on same/separate carrier should both be evaluated. 
3. Evaluation assumptions and methodology
Before discussing the detailed solutions to improve the system performance for small cell enhancements, it is important we should determine the evaluation assumptions and methodology to facilitate the assessment of the proposed solutions. As stated in Section 2, the clustered small cells that could be deployed in either indoor or outdoor scenario should be prioritized. Here some observations are given on the evaluation assumptions for Rel-12 small cell.
1) Carrier frequency

As stated in section 2, the scenario that the macro layer and small cell layer operate on the same or separate carrier should be evaluated, thus, we propose to set the carrier frequency of the macro cell to 2GHz, while the carrier frequency of the small cell could be 2 or 3.5GHz in the evaluation.
2) Number of the small cell clusters in a macro cell

In the evaluation assumption for Rel-10/11 heterogeneous network, a single cluster is assumed under the macro cell for the indoor HeNB evaluation. Considering the dense deployment of the small cells in Rel-12, it is reasonable to have multiple small cell clusters under the macro cell in the evaluation. However, the evaluation complexity should be taken into account.

3) Fraction of the UE in the small cell cluster
In a practical dense urban deployment, there are multiple clusters within a macro-cell and the probability of a macro UE being inside one of the clusters increases with the cluster density. So it is desirable we further consider the method of the UE dropping and the fraction of the UE dropped in the small cell cluster.

4) Channel model
For the evaluation of the indoor clustered small cell deployment. The dual stripe and 5×5 grid models [3] that have been used for the evaluation of the indoor femto cell deployment in Rel-11 could be considered as a starting point [4]. However, considering that much denser small cell deployment would be the main focused scenario for the Rel-12, if we want to re-use the existing models for the evaluation of the indoor small cell scenario, the density of the small cell deployment should be carefully re-considered. Meanwhile, the evaluation complexity could be dramatically increased due to the increased number of small cells. The solutions to simplify the evaluation need to be further addressed.
For the evaluation of the outdoor clustered small cell deployment, the outdoor hotzone models developed in previous release may need revision to accurately model a highly dense small cell scenario. We need to think more on how to model the outdoor clustered small cell.
5) Performance metrics

We think the following performance metrics should be taken into account in the evaluation:
· Overall cell throughput
This can be used to analyze the throughput increase in Rel-12 small cell scenario compared to that in Rel-10/11 macro-pico deployment case

· Average and cell edge throughput for macro cell

This can be used to analyze the impact to the legacy UEs due to the densely deployed small cell

· Average and cell edge throughput for small cell

This can be used to analyze the throughput increase and mutual impact among the small cells in Rel-12 deployment scenario. However, as pointed out in [1], the main focus should be on evaluating typical user throughput (e.g. the median throughput) gains in small cells.
Proposal 3:

· Typical user throughput (e.g. median throughput) should be the main focus for evaluating gains in small cell system performance.

· Evaluation complexity should be taken into account when developing the evaluation assumptions. 
4. Conclusions

In this contribution, we present our views on scenarios for R12 small cell enhancement study item and some general discussions on the evaluation assumptions. Based on the analysis above, we have the following proposals:
Proposal:

· Scenarios wherein a group of mutually interfering small cells to form coordination and enable an efficient operation should be prioritized in R12 small cell study
· Scenario that the macro cell and small cell layer operates on same/separate carrier should both be evaluated. 
· Typical user throughput (e.g. median throughput) should be the main focus for evaluating gains in small cell system performance.
· Evaluation complexity should be taken into account when developing the evaluation assumptions. 
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