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Discussion and Proposal
1. Introduction

In RAN Plenary #47, the Network Energy Saving for E-UTRAN study item [1] is agreed. The goal of this SI is to identify the Inter-RAT energy saving mechanisms and the Inter-eNB energy saving mechanisms. This contribution presents the possible solutions to achieve the the energy saving requirements.
2. Discussion
2.1 Inter-RAT energy saving
According to the study item description in [1], it is assumed that the legacy networks, i.e. GERAN and UTRAN, provide basic radio coverage. Then the E-UTRAN is used to support the high rate data service. Thus the turning off of the EUTRAN cell does not impact the service coverage of the operator. In such a case, the energy saving can be achieved by turning off the EUTRAN cell when the load of EUTRAN cell is low and the load is manageable over GERAN/UTRAN.
The following methods can be considered for inter-RAT energy saving schemes.
· Coordinated method between EUTRAN and GERAN/UTRAN: EUTRAN and GERAN/UTRAN exchanges signalling related to the energy saving operation. The signalling would include a turn off indication (EUTRAN(GERAN/UTRAN), a turn on indication (EUTRAN(GERAN/UTRAN), and a turn on request (GERAN/UTRAN(EUTRAN). This method is very similar to the REL-9 LTE energy saving scheme. As we considered in the discussion of inter-RAT Mobility Load Balance, the signalling overhead shall not be large in the core network.
· Uncoordinated method without inter-RAT signalling: In this method, the EUTRAN performs the energy saving operation without informing GERAN/UTRAN. However, an eNB has knowledge about the load status of the UTRAN/GERAN node through inter-RAT MLB mechanism. Then, the eNB can turn its cell off based on its load status. As a part of the turn-off operation, the eNB shall hand its UEs over to the UTRAN/GERAN. The eNB may turn the cell on/off according to a certain policy; such that turning the cell on 3 hours after turning off, or turning the cell off at 12:00 am and turning it on at 7:00 am. 
It is worth noting that if there are UEs which supports only EUTRAN but not UTRAN/GERAN, the inter-RAT energy saving mechanism shall not be used. if the inter-RAT energy saving mechanism is used to such a case, the EUTRAN only UE will suffer the coverage hole experience.
2.2 Inter-eNB Energy Saving
In Rel-9, the primitive functions of energy saving mechanism are defined in X2AP. The eNB energy saving procedure is founded over the flat architecture principle so that the peer-to-peer operation is used rather than the master-slave operation. According to the current Rel-9 specification, RAN3 only consider a case that the eNB turns its cell off only by itself, while the eNB can turn on its cell by itself or by the request from its neighbor. 
However it is not clear how the eNB selects its neighbor for requesting to turn the neighbor’s cell on. It may depend on the vendor’s implementation, but the reckless neighbor selection can worse the network performance. For instance, assume that a cell is turned on by its neighbor eNB’s request. If the cell does not take any load from its neighbor, it would do harm to its neighbor by causing interference with broadcasting its control signalls.
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Figure 1. Turn ON/OFF scenario
Figure 1 shows one typical scenario of activating energy saving operations. There are three eNBs; eNB1 is a macro eNB which guarantees the service coverage, while eNB2 and eNB3 are capacity booster cells. Let’s assume that eNB2 and eNB3 are in the energy saving mode. After a while, eNB2 and eNB3 are turned their cells on due to the request from eNB1. Then, eNB1 handed over the UE to the eNB2 so it can reduce is load, but eNB3 does not be any help to eNB1 because no UE is handed over to eNB3. For the worse, the broadcast signaling (SCH, MIB, SIB, reference signal) from eNB3 worsens the eNB1 radio condition by causing interference. So, it would be better turn the eNB3’ cell off again.
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Figure 2: Method 1
Figure 2 presents a method to alleviate the above problem by introducing cell deactivation message over X2. 
0. eNB2 and eNB3 are in energy saving mode. 
1. eNB1 sends the cell activation request to eNB2 and eNB3
2. eNB2 and eNB3 turn their cells on.

3. UE detects the signaling from eNB2

4. UE sends the Measurement Report to its serving eNB, i.e., eNB1. 
5. When eNB1 is aware that keeping the eNB3 turned on does not help, it sends Cell Deactivation Request to eNB3.

6. eNB3 enters energy saving mode again

7. eNB3 responses to eNB1.
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Figure 3: Method 2
Figure 3 presents another method including small improvement. In the first method, an eNB is fully turned on, and turned off its cell. Instead of this, the second method introduces a temporary turn on mode which only broadcast SCH and reference signalling but no MIB and SIB, in order to reduce TX energy and limit the interference impact to other cells.
0. eNB2 and eNB3 are in energy saving mode. 

1. eNB1 sends the temporary cell activation request to eNB2 and eNB3

2. eNB2 and eNB3 temporary turn their cells by broadcasting Synch signaling and Reference signaling.
3. UE detects the signaling from eNB2

4. UE sends the Measurement Report to its serving eNB, i.e., eNB1. 

5. eNB1 sends cell activation request to eNB2 based on the UE measurement report 

6. When eNB1 is aware that eNB3 does not help, it sends Cell Deactivation Request to eNB3.

7. eNB2 turns its cell on fully by broadcasting SIB information
8. eNB3 enters the energy saving mode again.

9. eNB3 responses to eNB1.
10. eNB2 responses to eNB1.

3. Conclusion and Proposal
In this contribution, a company’s view on inter-RAT / inter-eNB has been presented and two mechanisms are proposed for the inter-eNB energy saving.
We would like to ask RAN WG3 to discuss the above information and capture section 2 in the related Study item report.
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