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1. Introduction
The following two cases were captured in the TR 36.927 V10.0.0 [1] for the inter-eNB scenario 2 (i.e inter-eNB compensation scenario). 
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Fig. 1

For both cases, single layer coverage of E-UTRAN cells is deployed. At off-peak time, energy saving cells may enter dormant mode, while the basic coverage is provided by one cell (case 1) or by several compensation cells (case 2). In general, the continuity of LTE coverage is guaranteed while the QoS of some services may be impacted.
This paper would like to find out a simple and efficient approach for the inter-eNB compensation scenario, which is suitable for both the above cases.
2. Discussion
According to the TR [1], to achieve energy savings in inter-eNB compensation scenario, two fundamental approaches differing in how hotspots E-UTRAN cells enters or leaves dormant mode can be used. These approaches are:

1. OAM-based approach

2. Signalling-based approach

It’s still hard to say which one is better based on the evaluation table. However, since the signalling-based approach has high potential ES gain, so we recommend using the signalling-based approach and meanwhile simplifying the mechanism as possible as can.
Proposal 1: The signalling-based approach should be used for inter-eNB compensation scenario and meanwhile the mechanism should be simplified as possible as can.

According to the TR [1], in the inter-eNB compensation scenario, the cells are aware of whether they are compensation cell or energy saving cell based on OAM or proprietary information which is knowledge by itself, e.g. UE measurements, interference status, load information etc. When the energy saving cell decides to enter dormant mode autonomously or based on information exchanged with the compensation cell, it will initialise communication with the corresponding compensation cells, and the coverage related information may be included into the request message. The final decision is made at the compensation cell and the feedback may be needed. Furthermore, similar cell switching on procedure specified in Rel-9 could be reused.

In order to simplify the mechanism in the eNB, we recommend that: 

Proposal 2: The cells are aware of whether they are compensation cell or energy saving cell based on OAM in the inter-eNB compensation scenario.
Proposal 3: When the energy saving cell decides to enter dormant mode, it shall initialise a request message to the compensation cell, and the final decision is made at the compensation cell.
Proposal 4: The cell switching on procedure specified in Rel-9 (i.e. Cell Activation procedure) should be reused/extended to reduce the specification impacts for the inter-eNB compensation scenario.

Furthermore, in order to void temporary coverage hole/severe interference between the compensation cell and energy saving cell due to the compensating action and switching off action are not performed at the same time, we propose:
Proposal 5: A Δt may be included in the corresponding message to ensure the compensating action and switching off action to be performed at the same Δt moment after the message was sent. Note: here, we assume the X2 interface delay can be ignored campared to the given Δt.
In order to analyse the specification impacts while both considering the two cases, the following Fig. 2.1 ~ Fig. 2.3 illustrate the procedures of case 1, and Fig. 3.1 ~ Fig. 3.3 illustrate the procedures of case 2.

Fig. 2.1 shows the Successful Switching off/Compensating procedure for case 1, which starts from that the compensation cell and the energy saving cell are both in normal status, and end at that the compensation cell is in compensation status and the energy saving cell is in dormancy status.

Fig. 2.1 Case 1: Successful Switching off/Compensating
Fig. 2.2 shows the Unsuccessful Switching off/Compensating procedure for case 1, which starts from that the compensation cell and the energy saving cell are both in normal status, and the status is no change at the end.


Fig. 2.2 Case 1: Unsuccessful Switching off/Compensating
Fig. 2.3 shows the Switching on/Normalizing procedure for case 1, which starts from that the compensation cell is in compensation status and the energy saving cell is in dormancy status, and end at that the compensation cell and the energy saving cell are both in normal status.


Fig. 2.3 Case 1: Switching on/Normalizing
Fig. 3.1 shows the Successful Switching off/Compensating procedure for case 2, which starts from that the compensation cell and the energy saving cell are both in normal status, and end at that the compensation cell is in compensation status and the energy saving cell is in dormancy status. For simplification, it is assumed that Cell B is the master compensation cell who makes the final decision.

Fig. 3.1 Case 2: Successful Switching off/Compensating
Fig. 3.2 shows the Unsuccessful Switching off/Compensating procedure for case 2, which starts from that the compensation cell and the energy saving cell are both in normal status, and the status is no change at the end. For simplification, it is assumed that Cell B is the master compensation cell who makes the final decision.


Fig. 3.2 Case 2: Unsuccessful Switching off/Compensating
Fig. 3.3 shows the Switching on/Normalizing procedure for case 2, which starts from that the compensation cell is in compensation status and the energy saving cell is in dormancy status, and end at that the compensation cell and the energy saving cell are both in normal status. For simplification, it is assumed that Cell B is the master compensation cell who makes the final decision.

Fig. 3.3 Case 2: Switching on/Normalizing
From the above illustrations, to achieve the inter-eNB compensation scenario for both cases, the De-activation Request/Response/Failure, Cell De-activation, Cell Compensation, Cell Normalization messages may be needed. Therefore we propose:
Proposal 6: To achieve the inter-eNB compensation scenario for both cases, a new procedure (includes De-activation Request/Response/Failure messages) is needed, and the Cell Activation procedure specified in Rel-9 should be extended to support the functions of Cell De-activation, Cell Compensation, Cell Normalization.
3. Conclusion

According to the above discussion, we would like to propose: 

Proposal 1: The signalling-based approach should be used for inter-eNB compensation scenario and meanwhile the mechanism should be simplified as possible as can.

Proposal 2: The cells are aware of whether they are compensation cell or energy saving cell based on OAM in the inter-eNB compensation scenario.
Proposal 3: When the energy saving cell decides to enter dormant mode, it shall initialise a request message to the compensation cell, and the final decision is made at the compensation cell.

Proposal 4: The cell switching on procedure specified in Rel-9 (i.e. Cell Activation procedure) should be reused/extended to reduce the specification impacts for the inter-eNB compensation scenario.

Proposal 5: A Δt may be included in the corresponding message to ensure the compensating action and switching off action to be performed at the same Δt moment after the message was sent. 

Proposal 6: To achieve the inter-eNB compensation scenario for both cases, a new procedure (includes De-activation Request/Response/Failure messages) is needed, and the Cell Activation procedure specified in Rel-9 should be extended to support the functions of Cell De-activation, Cell Compensation, Cell Normalization.
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