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1. Introduction

The small cell enhancements (SCE) SID [1] states the following.
· 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
In this contribution, we present our views on efficient operation of a small cell layer including interference avoidance and coordination among small cells in Rel-12 SCE.
2. Target Scenarios and Requirements
Efficient operation of a small cell layer including interference avoidance/coordination should target the following scenarios, which were not thoroughly investigated in the Rel-11 coordinated multi-point (CoMP) study.
· Super-dense small cell deployments

Compared to Rel-11 CoMP discussions, we focus on much denser small cell deployments in which inter-cell interference among small cells is dominant and very severe. To focus on the solution in the dense small cell layer, we assume a deployment scenario in which different frequency bands are separately assigned to the macro layer and small cell layer. Figure 1 shows an example of the geometry distribution in the small cell layer when the number of small cells, i.e., the density of small cells, is parameterized. We can see that the geometry distribution is clearly degraded when the small cell density becomes higher, e.g., 50 per macrocell. The results imply that solutions to overcome such interference issues are strongly needed.
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Figure 1 – Example of geometry distribution in super-dense deployments.
· Non-uniform traffic load, user distribution, and small cell locations
Figure 2 shows an example of non-uniform UE distribution in small cell deployments. Typically, the traffic load and the number of active users per cell are not uniform, since the cell size is small. The solution for efficient operation should consider such characteristics in small cell deployments.
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Figure 2 – Example of non-uniform UE distribution.

· Backhaul assumption and synchronization accuracy among small cells

In Rel-11 CoMP discussions, we assumed relatively good synchronization accuracy among cooperating cells assuming an ideal backhaul. However, an enhanced solution for Rel-12 SCE may include a case of relatively rough synchronization among small cells or the synchronization scheme itself as a potential topic for a non-ideal backhaul. Furthermore, efficient operation of the small cell layer including interference avoidance/coordination should be investigated considering the following aspects.
· Higher user throughput performance
· Required comparison with the existing schemes, e.g., Rel-11 CoMP
· Simple cell planning

· Signaling overhead both for physical and higher layer
· Affinity to eIMTA scheme for dynamic TDD

· Impact to legacy (Rel-8/9/10/11) UE and new carrier type (NCT)
Proposal 1: Efficient operation of the small cell layer including interference avoidance/coordination should target the scenario of super-dense small cell deployments with non-uniform traffic loads, user distribution, and small cell locations.
3. Technical Discussions
3.1. Schemes for Interference Coordination and/or Load Balancing
· Enhanced CC-level coordination
Rel-11 CoMP is a kind of resource block (RB)-level coordination that can utilize fine granularity for interference coordination. On the other hand, in higher frequency bands with a wider spectrum, multiple component carriers (CCs) may be available, and thus CC-level coordination, as shown in Fig. 3, could be considered as a promising candidate. Compared to the RB-level coordination, the CC-level coordination has the following advantages.
· Looser requirements for synchronization accuracy – The CC-level coordination does not require as tight synchronization accuracy among small cells. Thus, this scheme is preferred when assuming a non-ideal backhaul among small cells.
· Easier coordination for physical channels/signals – In the CC-level coordination, it is easier to coordinate LTE physical channels/signals among small cells, such as the (E)PDSCH, PUCCH, zero-power / non-zero-power CSI-RS, and SRS.
· Potentially smaller small cell node – The size of the small cell node is very important because it is related to the difficulty in finding a location to install the small cell node. If the small cell does not support the whole bandwidth based on the CC-level coordination, a smaller size may be possible. 
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Figure 3 – CC-level coordination in higher/wider frequency bands.
In the Rel-12 SCE SI, we will investigate the performance gain with a CC selection mechanism and specification impacts for enhanced CC-level coordination, e.g., UE measurement and/or eNB sounding schemes.

· DL dynamic power control
Another solution for severe inter-cell interference among dense small cells is power control. Dynamic power control, especially in the downlink, would be a potential new topic since it was not studied in the Rel-11 CoMP framework. The benefits of power control will be obtained even in rough synchronization environments with non-ideal backhauls among small cells. Furthermore, since the flexible DL power control can be utilized for changing the cell size, it is useful for efficient load balancing among small cells. 
Proposal 2: We suggest studying schemes for interference coordination and/or load balancing in dense small cell deployments, i.e., enhanced CC-level coordination and DL dynamic power control.
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Figure 4 – Dynamic power control for load balancing and/or interference management.
Our suggested approaches, i.e., CC-level coordination and dynamic power control, are schemes relatively robust against the synchronization accuracy among small cells compared to Rel-11 CoMP with RB-level coordination that requires co-location assumptions. However, Rel-11 CoMP should still be the baseline, and thus its enhancement to a rough synchronization environment may also be a possible approach. Furthermore, to investigate the scheme to achieve accurate synchronization, e.g., using some kind of communications among nodes may also be possible. At this stage, we are open to such kind of approaches.

3.2. Efficient Operation with NCT
To introduce the NCT for Rel-12 SCE, sufficient benefits should be identified in terms of performance, operation ease, energy savings, and so on. Therefore, this section discusses such potential benefits and desirable design criteria for NCT.
· Performance Gain of CRS Removal
As for the NCT, CRS removal has been discussed. From the viewpoint of overhead reduction, its gain would be only less than 10%. However, if we assume super-dense small cell deployments or application of dynamic TDD, the influence of CRS interference would be much more severe and a higher performance gain by removing the CRS may be obtained. Furthermore, by removing the CRS, the enhanced dynamic range of the DL power control could make it possible to control the transmission bandwidth and power density more flexibly as shown in Fig. 5. Thus, we propose investigating the performance gain from removing the CRS (and PSS/SSS) from the NCT 2nd phase assuming the dense small cell deployments and/or dynamic TDD [2].
Proposal 3: Investigate the performance gain from removing the CRS (and PSS/SSS) from the NCT 2nd phase assuming super-dense small cell deployments and/or dynamic TDD.
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Figure 5 – More flexible power control by CRS removal.
· Reduction in Cell Planning Efforts

From the operator perspective, the effort put toward cell planning for cell ID and physical channels/signals is significant in order to deploy an LTE-based cellular network. If we deploy super-dense deployments in the future, it will become more challenging and may be almost impossible. Thus, functionality for plug-and-play such as “SON” is necessary. However, even if we apply such functionality, there is a fundamental limitation due to the number of reuse factors, e.g., 504 cell IDs, 30 root sequences for UL RS, etc. Therefore, we propose reconsidering the number of cell IDs and related physical layer designs for NCT in a small cell layer. One promising approach is to extend the space of UE-specific virtual cell IDs, which was introduced in LTE Rel-11. Figure 6 shows an example of applying the UE-specific virtual cell ID for the small cell layer in frequency-separate deployments.

Proposal 4: Reconsider the number of cell IDs and related physical layer designs, e.g., UL RS, for NCT in the small cell layer. One approach is to extend the space of UE-specific virtual cell IDs, which was introduced in LTE Rel-11.
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Figure 6 – UE-specific virtual cell ID for the small cell layer in frequency separate deployments.
4. Conclusion
In this contribution, we showed our views on efficient operation of the small cell layer including interference avoidance and coordination among small cells in Rel-12 SCE. We presented the following proposals.

Proposal 1: Efficient operation of the small cell layer including interference avoidance/coordination should target the scenario of super-dense small cell deployments with non-uniform traffic loads, user distribution, and small cell locations.
Proposal 2: We suggest studying schemes for interference coordination and/or load balancing in dense small cell deployments, i.e., enhanced CC-level coordination and DL dynamic power control.

Proposal 3: Investigate the performance gain from removing the CRS (and PSS/SSS) from the NCT 2nd phase assuming super-dense small cell deployments and/or dynamic TDD.
Proposal 4: Reconsider the number of cell IDs and related physical layer designs, e.g., UL RS, for NCT in the small cell layer. One approach is to extend the space of UE-specific virtual cell IDs, which was introduced in LTE Rel-11.
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