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1 Introduction
In RAN#57, a Rel-12 study item on Rel-12 LTE small cell scenarios and requirements was approved in [1] and the outcome of this study item was captured in [2]. The small cell deployment scenarios in [2] are classified according to the following aspects:
· With or without macro coverage;
· Outdoor or indoor;
· Ideal or non-ideal backhaul;
· Sparse or dense;
· Synchronized or non-synchronized.
In RAN#58, a Rel-12 study item on Rel-12 small cell physical layer enhancements was approved in [3], with the following objects:

· 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. 

· Study potential enhancements to improve the spectrum efficiency, i.e. achievable user throughput in typical coverage situations and with typical terminal configurations, for small cell deployments, including

· Introduction of a higher order modulation scheme (e.g. 256 QAM) for the downlink.

· Enhancements and overhead reduction for UE-specific reference signals and control signaling to better match the scheduling and feedback in time and/or frequency to the channel characteristics of small cells with low UE mobility, in downlink and uplink based on existing channels and signals. 

· Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters. This includes 
· Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements, focusing on multi-carrier deployments in the small cell layer and dynamic on/off switching of small cells.

· Mechanisms for efficient discovery of small cells and their configuration. 

· Physical layer study and evaluation for small cell enhancement higher-layer aspects, in particular concerning the benefits of mobility enhancements and dual connectivity to macro and small cell layers and for which scenarios such enhancements are feasible and beneficial.
Given the many intended small cell deployment scenarios captured in [2] and the limited time available in Rel-12, it is of practical importance to further prioritize the small cell deployment scenarios and identify the small cell enhancements for the prioritized deployment scenarios. Applicability of the identified enhancements for other small cell deployment scenarios should be aimed for. In this contribution, we share our views on the prioritized small cell deployment scenarios in Rel-12 and the corresponding impact on physical layer studies.
2 Prioritized small cell deployment scenarios
In this section, we provide our views on the priority of small cell deployment scenarios, according to the classifications adopted in [2]. 

· Ideal or non-ideal backhaul

While it is desirable from performance perspective to have ideal backhaul between small cell and macro cell, as well as between small cells, practical constraints do not always allow such an ideal assumption. The backhaul property between small cell and macro cell can be very different from that between small cells. 
For operator deployed small cells, it is possible and beneficial to have ideal backhaul between small cells within a relatively small area. Such ideal backhaul availability would provide better opportunities for efficient small cell operation, e.g. interference coordination, CoMP, centralized scheduling, etc. among a number of small cells. The small cells with ideal backhaul can form a small cell cluster. It is also beneficial to consider non-ideal backhaul among small cells, as this provides great deployment flexibilities for operators.
On the other hand, it is difficult to assume ideal backhaul between small cell and macro cell, especially for dense small cell deployment scenarios where installing new ideal backhaul between small cell and macro cell could be cost inefficient or even impossible. Hence, we have the following observation:
Prioritized scenario: Non-ideal backhaul between small cell and macro cell.
For physical layer enhancement, it is noted that spectral efficiency enhancements, e.g. 256QAM, overhead reduction, etc. do not depend on the backhaul assumption, since such spectral efficiency enhancement can be applied on a per cell basis. The physical layer enhancements related to efficient small cell operation is more relevant to the backhaul assumption as discussed above.
· Outdoor or Indoor

It has been observed in recent years that most of the mobile traffic is generated in indoor environments, e.g. home or office. The percentage of such indoor mobile traffic demand is expected to be even higher (e.g. 90% of mobile traffic) in the near future. Hence, small cell deployment shall prioritize the indoor environments, i.e.

Prioritized scenario: Indoor small cell deployments.
For the physical layer spectral efficiency enhancements, the indoor channel properties with respect to delay spread, UE speed, etc. shall be considered when studying enhancements for DL/UL control and reference signal overhead reduction.

Other aspects shall be considered for indoor small cell deployments include the availability of macro coverage and synchronization accuracy. Due to additional penetration loss, the macro cell coverage and typical synchronization mechanisms such as GPS may not be available indoors. These aspects should be taken into account for the study on enhancements for efficient small cell operations. 
· With or without macro coverage

As captured in [2], it cannot always be assumed that small cells are within the coverage of a macro cell. It is also noted that any small cell enhancements applicable for scenarios without macro coverage are equally applicable to scenarios with macro coverage. Hence, small cell enhancements shall prioritize the deployment scenario without macro coverage. 
Prioritized scenario: Small cell deployments without macro coverage.
The existence or absence of macro coverage mainly impacts the task of physical layer evaluations on higher layer enhancements, such as mobility enhancements and dual connectivity. A set of enhancements for the deployment without macro coverage shall be first identified and used as the baseline to assess the benefits of additional enhancements for the deployment with macro coverage. Additional enhancements for small cell operation with macro coverage should be introduced only if justified by the additional gain.
· Sparse or dense

Dense small cell deployment has the potential to provide higher performance, e.g. area capacity (bps/km2), and hence should be prioritized over sparse small cell deployment. Traffic dynamics shall be considered for dense small cell deployment, as the number of active small cells in a certain area could be much less than that of the deployed small cells. 
Prioritized scenario: Dense small cell deployments.
Dense small cell deployments mainly impact the physical layer enhancements for efficient small cell operation, e.g. interference coordination, small cell dual active/dormant state, efficient small cell discovery, etc.   

· Synchronized or non-synchronized
SFN or subframe synchronization between network nodes is required or beneficial for operations in TDD, CoMP, FeICIC, all of which are essential to enhance the small cell performance. Hence small cells within a cluster shall be synchronized. For interference coordination perspective, synchronization between small cell clusters, as well as the synchronization between small cell and macro cell, is also beneficial.
Prioritized scenario: Synchronized small cell deployments.
The SID in [2] already states that time synchronized operation of the small cell layer and between small cells and the macro layer can be assumed for specific operations. Synchronization for indoor small cell deployment scenarios where typical mechanism such as GPS is not available shall be addressed.
3 Small cell cluster

Small cells deployed in a local geographic area can naturally form a small cell cluster. One small cell within a small cell cluster can serve as the master small cell node, which is connected with any other small cell within the small cell cluster preferably by ideal backhaul, e.g. equivalent to intra-eNB connection. With ideal backhaul, the master small cell can manage interference coordination, scheduling (including CoMP), small cell dormant/active switching, small cell configuration, etc. within the small cell cluster. The coordination between small cell clusters can be performed by the macro eNB, which is connected to all small cell clusters with non-ideal backhaul. Figure 1 shows an illustration of such a small cell deployment scenario. 
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Figure 1: Illustration of a small cell deployment scenario
4 Conclusions

This contribution shows our prioritized small cell deployment scenarios, with the following properties:
· Non-ideal backhaul between small cell and macro cell;
· Indoor small cell deployments;

· Small cell deployments without macro coverage;

· Dense small cell deployments;
· Synchronized small cell deployments.
In addition, the concept of a “small cell cluster” is discussed. A small cell cluster includes a number of small cells connected to a master small cell preferably by ideal backhaul. Such a small cell cluster deployment is expected to provide opportunities for optimized small cell performance.
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