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1. Introduction
According to the expected explosion in the traffic volume in the future, operators will try to deploy small cells in hotspot and dense urban areas in the near future, e.g., targeting around 2015. Furthermore, many more small cells will be widely deployed in the future beyond 2015. On the other hand, from the operator perspective, the effort put toward cell planning for cell IDs and related physical channels/signals is significant in order to deploy an LTE-based cellular network. If we deploy super-dense small cell deployments in the future, it will become more challenging and may be almost impossible [1]. Therefore, this contribution presents an operator’s view on the required number of cell IDs for dense small cell deployments.
2. Issues on Cell Planning
Figure 1 presents the general issues on cell ID planning. As discussed in [2], cell ID collision where the same cell ID is used in a neighboring cell (see Fig. 1(a)) and cell ID confusion (see Fig. 1(b)) should definitely be avoided. Furthermore, these issues become increasingly complex in dense urban deployments as shown in Fig. 1(c). In such deployments, it is almost impossible to avoid strictly such problems with a minimum number of cell IDs, and thus a sufficient power ratio margin, i.e., larger number of cell IDs, is required for actual cell ID planning. This power ratio margin for cell planning would be set to a sufficiently high value considering the margin, e.g., more than 20 dB, to avoid performance degradation due to non-randomized inter-cell interference from the cells with the same cell ID.
To avoid such cell planning issues, the current number of physical-layer cell IDs (PCIDs) can be fully utilized for dense urban deployment using existing LTE macrocells. Therefore, it is clearly insufficient for future small cell deployments where much denser deployments and much easier operations are required.

Observation 1: The current number of PCIDs is clearly insufficient for future small cell deployments where much denser deployments and much easier operations are required.
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Figure 1. General issues on cell ID planning

3. Proposed Solution
Our proposed approach to address this issue is to extend the number of UE-specific virtual cell IDs, which was introduced in LTE Rel-11. Figure 2 shows an example of applying the UE-specific virtual cell ID to the small cell layer in frequency-separate deployments. Regarding the target, our proposal is to achieve a gain greater than 10 times in terms of the number of IDs, since drastic enhancement is desirable considering the long-term future of small cell deployments. Therefore, physical layer signals/sequences used for virtual cell operations, e.g., for transmission point (TP) identification and measurements, should have sufficient extendibility [2, 3].
Proposal 1: Extend the number of UE-specific VCIDs targeting a gain of greater than 10 times in terms of the number of IDs considering the long-term future of small cell deployments.
Proposal 2: Physical layer signals/sequences used for virtual cell operations, e.g., for TP identification and measurements, should have sufficient extendibility.
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Figure 2 – UE-specific virtual cell ID for the small cell layer in frequency separate deployments.
4. Conclusion

This contribution presented an operator’s view on the required number of cell IDs for dense small cell deployments. The following describe our observation and proposals.
Observation 1: The current number of PCIDs is clearly insufficient for future small cell deployments where much denser deployments and much easier operations are required.

Proposal 1: Extend the number of UE-specific VCIDs targeting a gain of greater than 10 times in terms of the number of IDs considering the long-term future of small cell deployments.
Proposal 2: Physical layer signals/sequences used for virtual cell operations, e.g., for TP identification and measurements, should have sufficient extendibility.
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