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1. Introduction
In Release 9/10/11, some specific work has been done for E-UTRAN network energy saving (ES) respectively, including intra-eNB ES solution, inter-eNB cell switching on/off in overlapping scenario, inter-RAT cell switching on/off and cell probing enhancement. However, some important issues are still remained undecided until now. At RAN plenary#58 meeting, a new study item “Study on Energy Saving Enhancement for E-UTRAN” [1] was approved as an important topic to be discussed in RAN3 of Release 12. In this SI, some potential problems are listed, where the ES for inter-eNB non-overlapping scenario is an important issue. TR 36.927 defines two cases for non-overlapping inter-eNB ES [2]. In this contribution, we investigate the potential problems about the ES of Case 1 for inter-eNB non-overlapping scenario, and give our proposals accordingly.
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Figure 1. Non-overlapped inter-eNB energy saving scenarios
2. Discussion
In TR 36.927, two cases are defined for inter-eNB non-overlapping ES scenario. In the non-overlapping inter-eNB ES scenario, at off-peak time, an ES cell may enter dormant mode and its basic coverage is assured by one compensation cell (Case 1) or by several compensation cells (Case 2). Some high-level approaches have been generally described in TR 36.927, including OAM-based, signalling-based, and hybrid OAM & signalling-based approaches. However, the detailed implementation of candidate solutions has not been fully discussed. Case 1 is an interesting scenario for energy saving since several cells may enter dormant mode or reduce their transmit power when the compensation cell expands its coverage. Therefore, Case 1 of non-overlapping inter-eNB ES scenario should be investigated in the new Rel-12 SI. 
Proposal 1: RAN3 is kindly suggested to further investigate detailed ES solutions for Case 1 of non-overlapping inter-eNB scenario.
The objective of the approaches described in TR 36.927 is to guarantee the continuity of LTE coverage during ES operation. Although the continuity of LTE coverage could be guaranteed using these approaches, the QoS of some users may be negatively impacted when switching off some ES cells. This is undesirable especially for the users paying additional fee to access services with higher QoS requirements. For Case 1 of inter-eNB non-overlapping scenario, as shown in Fig.1, the basic coverage of multiple neighbouring ES cells is provided by one compensation cell at off-peak time. In this case, although the compensation cell could provide basic coverage for all the neighbouring cells, the QoS of some users may not be guaranteed since a large number of users may be handed in from all the neighbouring cells. Therefore, QoS requirements should be emphasized when designing new ES solutions for Case 1 of inter-eNB non-overlapping scenario. 
Proposal 2: RAN3 is kindly suggested to take the QoS requirements into account when design ES solutions for Case 1 of inter-eNB non-overlapping scenario.
According to the previous discussion, there are only two different results for the implementation of ES operation:

· Successful switching off/compensating: the compensation cell expands its coverage and all the neighbouring cells enter dormant mode.

· Unsuccessful switching off/compensation: all the involved cells keep in normal status.

Considering the constraint of guaranteeing QoS of all served users, there is a probability that the ES operation can not be implemented successfully for Case 1 of inter-eNB non-overlapping scenario since the compensation cell may not be able to guarantee the QoS of all users to be handed in if all the neighbouring cells enter dormant mode. In order to increase the probability of successful ES operation, we suggest to apply another option, i.e. switching off a part of the neighbouring cells, reducing the transmit power of some cells, and keeping other cells in normal state. For this option, it is necessary for the compensation cell to decide the final state of each neighbouring cell and necessary for the neighbouring cells without entering dormant mode to exploit corresponding eICIC schemes to mitigate the interference caused by the compensation cell.
Proposal 3: RAN3 is kindly suggested to apply another option for ES of Case 1 of inter-eNB non-overlapping scenario, i.e. to allow switching off only a part rather than all of the neighbouring cells after the coverage expansion of the compensation cell.
In order to decide the final state of each cell considering QoS requirements, some important information should be transferred between the compensation cell and the ES cells . For example, QCI information for currently served RABs at the coverage cell is an important parameter related to QoS which could be exchanged between the compensation cell and the ES cells. However, QCI is just coarse information related to QoS, and some other information may be needed, e.g. some user-related information, such as the type of users (gold, silver and etc.), the number of users, the position of users (edge user or center user) etc., may also be needed. Moreover, in order to mitigate the higher interference caused by the compensation cell, the final decision of coverage expansion should be consolidated in the compensation cell and exchanged with the neighboring cells .
Proposal 4: RAN3 is kindly suggested to discuss the exchange of some important information to guarantee QoS requirements and to support ICI mitigation.Criteria for the maintenance and exit of the energy saving state, with associated signalling, would also be part of a complete solution. If it is agreed to apply QoS requirements for entering energy saving state, it also seems natural to use such requirements for evaluation of the opportunity to maintain or exit such state. In case the agreed solution permits a subset of neighbouring cells to switch off (cf. proposal 3), the reevaluation of this subset may be needed during the evaluation phase.

Proposal 5: Criteria and procedures for the maintenance and exit of the energy saving state to be aligned with the decisions taken for entering the energy saving state.
3. Conclusion
We have proposed to work on case 1 of inter-eNB non-overlapping scenario and investigated potential mechanisms to implement this Case 1, and provided following proposals accordingly:

Proposal 1: RAN3 is kindly suggested to further investigate ES solutions for Case 1 of non-overlapping inter-eNB scenario.
Proposal 2: RAN3 is kindly suggested to take the QoS requirements into account when designing ES solutions for Case 1 of inter-eNB non-overlapping scenario.
Proposal 3: RAN3 is kindly suggested to apply another option for ES of Case 1 of inter-eNB non-overlapping scenario, i.e. to allow switching off only a part rather than all of the neighbouring cells after the coverage expansion the compensation cell.
Proposal 4: RAN3 is kindly suggested to discuss the exchange of some important information to guarantee QoS requirements and to support ICI mitigation.
Proposal 5: Criteria and procedures for the maintenance and exit of the energy saving state to be aligned with the decisions taken for entering the energy saving state.
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