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1. Introduction
At RAN3#79 meeting, the issues of inter-eNB energy saving for both overlaid and non-overlapping scenarios were discussed. In [1], some intra-LTE ES enhancements for overlaid scenario were summarized. Some solutions for switch-on and switch-off enhancement were proposed with/without considering UE’s QoS experience. In [2], offline discussions on the clarification of use cases and requirement were summarized for non-overlapping eNB ES scenario, where the basic use cases described in TR36.927 [3] were further refined into macro deployment scenario and pico deployment scenario. 
Based on last meeting's progress we would like in this paper to draw the attention to some deployment scenarios identified under the Small Cell Enhancements study item, in line with the following objective in [4]: 
· Identify intra-RAT energy saving issues and study corresponding energy saving solutions based on the defined use cases, requirements and deployment scenarios identified under Small Cell Enhancements Study Item(s).

In contrast to macro cells, small cells can be switched on/off more dynamically. A need for dynamic ON/OFF switching operations of small cells is justified by several reasons, such as ES of small eNBs, traffic adaptation in small cells, and interference control in small cells etc. In this contribution, we investigate the problem of ES for the SCE deployment scenarios.
2. Discussion
According to the discussion in RAN1#72, the small cells could be deployed sparsely or densely with or without macro coverage [5]. According to the deployment of small cells, the ES scenarios for SCE can be summarized as follows:

· Scenario 1. Sparse small cell deployment without macro cell coverage.

In this scenario, without macro cell coverage, the small cells are located far away from each other (no overlap). In our view the ES solutions for this scenario will be those that can reduce power consumption of the power amplifier at the small cell eNB, as described in [3] for the intra-eNB ES scenario.
· Scenario 2. Sparse small cell deployment with macro cell coverage.

In this scenario, with macro cell coverage, the small cells are located far away from each other (no overlap). This scenario corresponds to the inter-eNB overlaid ES scenario described in [3].

· Scenario 3. Dense small cell deployment without macro cell coverage.

In this scenario, without macro cell coverage, the small cells are densely deployed and the coverage areas of small cells overlap. This scenario corresponds to the inter-eNB non-overlapping ES of pico deployment scenario described in [2].
· Scenario 4. Dense small cell deployment with macro cell coverage.

In this scenario, with macro cell coverage, the small cells are densely deployed with overlapping coverage areas. In this case, the UE served by an ES small cell could be handed over to the umbrella macro cell or to the neighbouring compensation small cell(s) according to different requirements. Therefore, this scenario is different from all the existing overlapping and non-overlapping ES scenarios. 

Observation 1: There are four potential scenarios for ES of SCE as described above, where Scenario 4 is different from all the existing overlapping and non-overlapping ES scenarios.
The ES solutions for SCE Scenario 4 involves both overlaid and non-overlapping ones depending on which cell(s) provide compensation for the ES cell(s). If the coverage of the ES cells is compensated only by their neighbouring small cells, it is corresponding to the non-overlapping scenario with pico deployment. If the coverage of the ES cell is compensated only by their umbrella macro cell, it is corresponding to the overlaid scenario. However, this scenario is not a simple combination of the overlaid scenario and the non-overlapping scenario with pico deployment, especially considering UE’s QoS requirements. Although the basic coverage of ES small cells could be provided by the umbrella macro cell, if all the UEs served by these ES small cells are handed over to the macro cell, the QoS requirements may not be satisfied. 
As a general case shown in Fig.1, small cells A, B, C, D, E and F could enter dormant state and small cell G extends its coverage at off-peak time. In this case, the UEs covered by some ES small cells (A, E, F) could be handed over to the umbrella macro cell while the UEs covered by other ES small cells (C, D) could be handed over to the neighbouring compensation small cells (G), or even a part of the UEs served by an ES cell (B) could be handed over to the macro cell while the other UEs served by the same ES cell (B) could be handed over to the neighbouring compensation small cells (G). Compared to any scenario listed in [2] and [3], energy saving for SCE Scenario 4 will be more complicated and more signalling will be involved. Therefore, new ES mechanisms for SCE scenario 4 should be further investigated by RAN3.
Proposal 1: RAN3 is kindly suggested to further investigate detailed ES solutions for SCE Scenario 4.
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Figure 1: Small cell enhancement ES Scenario 4
3. Conclusion
In this contribution, we have investigated the potential problems for energy saving of small cell enhancement, and provided the following observation and proposal accordingly:

Observation 1: There are four potential scenarios for ES of SCE as described above, where Scenario 4 is different from all the existing overlapping and non-overlapping ES scenarios.

Proposal 1: RAN3 is kindly suggested to further investigate detailed ES solutions for SCE Scenario 4.
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