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1   Introduction
The non-overlapping inter-eNB Energy Saving scenarios were discussed in RAN3#79 meeting and further in the post-meeting email discussion. It is a common understanding that during the transition from “normal operation” state to “energy saving” state the continuity of LTE coverage should be guaranteed with minimum QoS impact on the UEs’ services. This paper is intended to provide the possible ES transition use cases in non-overlapping scenarios for further investigation in RAN3.
2   Possible ES transition use cases
There are two non-overlapping ES scenarios so far have been identified, namely single compensating eNB and multiple compensating eNBs deployment scenarios where one or more energy saving cells of one or more eNBs may enter dormant mode while the basic coverage is provided by one or more compensation cells of one or more eNBs. Assuming coverage in both normal operation state and energy saving state is guaranteed by careful network planning, the most critical issue need to be handled with care is how to guarantee the LTE coverage continuity with the minimum UE impact especially during the transition stage from normal operation state to energy saving state.
2.1   Coordination approaches
As discussed in [1] and [2], the coordination among the energy saving cells and the compensation cells plays an important role in energy saving decision making (i.e. switching on/off cells) and energy saving execution (state transition between normal operation state and energy saving state).  The coordination could be done by OAM, third party module (e.g. centralised ES module), X2-AP functions between eNBs, or combination of some approaches.
OAM based approach
It is generally believed that OAM can provide a good guidance for energy saving decision making, such as the potential roles of the cells, energy saving cell or compensation cell; and the thresholds for triggering switching on/off. The related parameters can be simply configured by OAM. However, it is a common understanding that due to the static or semi-static nature of OAM approach, the actions, such as switch on/off decision making and energy saving execution, that require real-time information could not be performed in an efficient manner by sole OAM approach.

Signalling based approach

Contrary to OAM based approach, the signalling (mainly X2-AP based) based approach can achieve better coordination in response to the real network condition. However, it often results in excessive signalling overhead. Without appropriate guidance from OAM, the sole signalling based approach can even un-stabilise the network.
Hybrid approach

The hybrid approach, i.e., the combination of the OAM based and signalling based approaches, seems most plausible as discussed above. With the appropriate OAM guidance, the efficient coordination can be achieved with minimum signalling overhead.
Note that the good coordination may also be achieved by using third party modules. However, it may result in interoperability issue if the appropriate signalling is not to be specified in the relating interface(s).

Proposal 1: Hybrid approach should be adopted for both energy saving decision making (i.e. switching on/off cells) and energy saving execution (state transition between normal operation state and energy saving state).
2.2   ES transition use cases
Based the frequencies used in the evolved cells (both energy saving cells and compensation cells) in the non-overlapping scenarios, there are two basic ES transition use cases, i.e. intra-frequency and inter-frequency cases. 
Case 1: Intra-frequency transition

Due to the potential severe co-channel interference, this transition use case is most challenging. Even with careful network planning, it is still difficult to control the inter-cell interference, especially when the compensation cell(s) expand to provide the extra coverage for the shrinking/disappearing energy saving cell(s). Extensive coordination may be required in order to guarantee the coverage continuity as well as the interference control.

Case 2: Inter-frequency transition

Unlike intra-frequency case, the main challenge for the transition stage is to guarantee the coverage continuity, for which the coordination is essential.

Note that the general understanding in RAN3 is that all the connected mode UEs served by an energy saving cell will be handed over before the energy saving execution starts, e.g. switching off the energy saving cell. Therefore, during ES transition stage there is very few connected mode UEs left in the energy saving cell to provide the valuable feedback to help the energy saving cell to identify/verify the cell coverage and control the inter-cell interference. Meanwhile
the UE feedback may be available in the compensation cell for coverage identification/verification. However, depending on the UEs’ location, the coverage issue may not be well verified based on UE feedback only. 
Observation1: The UE feedback may be available in the energy saving transition stage to help the network to identify/verify the cell coverage and control the inter-cell interference if applicable. However, such feedback may not be adequate for coverage verification.
Further considering the availability of multiple component carriers in an eNB, the basic ES transition user cases can be divided as CA (Carrier Aggregation) based or non-CA based. The non-CA case is similar to the basic use cases discussed above. The CA based case, however, has the advantage of allowing smooth transition between energy saving state and normal operation state. 
In this case, there are multiple component carriers available in the energy saving eNB and compensation eNB. The energy saving eNB gradually switches off the component carrier f1 that is the same as the component carrier used by the compensation eNB to provide extra coverage and serves the UEs in the area only on other component carrier. Then the compensation eNB gradually expands the coverage of the component carrier f1 to provide extra coverage for the ES cell. During the transition phase, the UEs configured with CA can provide feedback to assist the network. 
Proposal 2: Both CA based and non-CA based ES transition cases should also be considered for non-overlapping ES scenarios, and CA can help to reduce interference during the ES transition stage.
3   Conclusions and proposals
In this paper, we have provided some consideration on the possible ES transition use cases in non-overlapping scenarios for further investigation in RAN3. As discussed, coordination is essential for smooth transition between energy saving state and normal operation state, which includes not only the information exchange between eNBs but also feedback from UEs.
It has been observed that:

Observation1: The UE feedback may be available in the energy saving transition stage to help the network to identify/verify the cell coverage and control the inter-cell interference if applicable. However, such feedback may not be adequate for coverage verification.
We also propose that RAN3 is kindly to consider:
Proposal 1: Hybrid approach should be adopted for both energy saving decision making (i.e. switching on/off cells) and energy saving execution (state transition between normal operation state and energy saving state).

Proposal 2: Both CA based and non-CA based ES transition cases should also be considered for non-overlapping ES scenarios, and CA can help to reduce interference during the ES transition stage.
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