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1. Introduction

In the last RAN3 meeting, one issue to cell switch on solution is discussed on what ES cells should the coverage cell select to wake up, in case that  the increasing load happens in one or several, not all hotspots. Two candidate solutions are captured in the TR [1] for this issue: a) is to wake up all the ES cells and then let non-busy cells to switch off again, b) is to keep the ES cells monitoring the environment after they enter ES state and report IOT info to the coverage cell on demand, the coverage cell can then select suitable ES cells to wake up based on the reported IOT info [2]. 
This document continues the discussion of the issue and proposes a third alternative to select appropriate wake-up cells. The method is to reuse solution 2 in the ES TR [1]: Cell switch on/off autonomously at the RAN node via local policies downloaded by O&M. The policy information is so-called low-load periods of each ES cell. 
2. Discussion 

Both two candidate solutions captured in the TR have some limitations. Solution a) brings unnecessary, low-efficiency switch on/off procedures for non-busy ES cells, which will inevitably reduce the gain of energy saving. Solution b), although avoids the weakness of solution a), reliability issues in the IOT based reporting exist and the gain of energy saving is also very limited due to cell listening in the ES state.

Low-load period(s) of an ES cell, is an important metric in decision-making of cell switch off/on actions. It’s used as basis for the operator or automatic decisions on definition of time frames when the ES feature shall be active (NGMN requirement [3]). The low-load periods of a cell are determined by comparing historical load PM statistics with a pre-defined load threshold. Energy saving of a cell happened only in the low-load period(s) can be regarded as reliable and stable.

Here, one assumption of low-load period method is, the entity of ES decision-making should trust the change trend which is exhibited by the load PM statistics. That means, the historical PM statistics can well predict the near-future load occurrence in a certain time duration. For example, in one year of operational phase, there’s no new eNB deployment near the ES cell and the ES cell has regular low-load periods of (0:00-6:00) for each day, then the ES algorithm can regard the load as stably low after 0:00 and the load as stably high after 6:00 for each day. Then the time point of 0:00 and 6:00 can be used as one metric for decision making of cell switch off/switch on separately.

Let’s go back to the issue of ES cell selection in a cell switch on procedure. When the load of the coverage cell increases to a pre-defined threshold, the coverage cell uses its proprietary algorithm, with assistance of all of the capacity boosting cells’ (in ES state) low-load periods information, to find out which capacity boosting cells are the most appropriate ones to be switched on. Low-load period(s) of an ES (capacity boosting) cell can be pre-configured to a coverage cell as a policy by OAM system. 
As an example for illustration, in the figure below, assumes capacity boosting cell C has low-load period of (0:00-6:30), capacity cell D has low-load period of (0:30-7:30), capacity cell E has low-load period of (0:30-7:00). When the coverage cell A detects that the load increase condition is fulfilled at 6:40, it should switch on cell C while keep cell D and cell E in ES state. 
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Figure 1. Inter-eNB scenario 1 for energy saving
3. Summary 

In case of the identified issue 1 in the ES TR, there’s an alternative to select appropriate ES cells to wake up. The proposed solution enables the coverage cell to select wakeup cells based on low-load periods of each capacity boosting cell. There’s no impact on the existing signalling in Rel-9 X2 solution, only OAM pre-configured low-load period (as a policy for energy saving) info should be enhanced via a standardized OAM interface.

4. Text Proposal for TR 32.927 
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5.2
Solutions for cell switch on/off in inter-RAT scenario 

Solution 1: Cell switch on/off via O&M commands
With this existing solution, the E-UTRAN cell can be switched off/on by the centralized OAM system based on some RAN information, e.g. load information. And the Intra-RAT and Inter-RAT neighbour nodes should be informed either by the OAM or by the signalling. 

Solution 2: Cell switch on/off autonomously at the RAN node via local policies downloaded by O&M
With this existing solution, the E-UTRAN node can switch the cell on/off according to a certain policy configured by OAM, and its Intra-RAT and Inter-RAT neighbour nodes should be informed, either by the OAM or by the signalling. An example policy would be switching on the cell 3 hours after switching off it or switching off the cell at 0:00 am and switching on it again at 7:00 am. As a part of energy saving operation, the E-UTRAN node may handover the capable UEs to the UTRAN/GERAN firstly. Another policy example is low-load period(s) of each EUTRAN cell. When the legacy cell providing coverage detects high load variation, it uses its proprietary algorithm with pre-defined low-load periods of each EUTRAN cell, to find out which E-UTRAN cells are the most appropriate to serve higher load. Therefore, the legacy cell can activate the appropriate cells in E-UTRAN while keeping other hotspot cells in sleep mode.
Solution 3: Cell switch on/off based on signalling across RATs
With this solution, the capacity boosting E-UTRAN cell may be switched off autonomously based on information available in the cell. Switch-on may be performed upon request by one or more neighbour inter-RAT nodes. Intra-RAT and Inter-RAT neighbour nodes should be informed after on/off decision is made.

After that, if some E-UTRAN cells find that it could return to sleep mode, they can switch themselves off again. Note: whether this is an enhancement is FFS.
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6.2
Solutions for cell switch on/off in inter-eNB scenario
In general, inter-eNB energy saving mechanisms should be such that basic coverage is preserved in the network. 
Solution 1: Cell switch on/off via O&M commands 

With this existing solution, the E-UTRAN cell can be switched off/on by the centralized OAM system based on some RAN information, e.g. load information. This centralized solution could collect all information and determine whether this node could be switched off/on or not. In this procedure, the neighbour nodes should be informed either by the OAM or by the signalling. 

Solution 2: Cell switch on/off autonomously at the RAN node via local policies downloaded by O&M
With this existing solution, the E-UTRAN node can switch the cell on/off according to a certain policy configured by OAM, and which node could be switched off has been determined before. After the cell switching on/off procedure, its neighbour nodes should be informed. One policy example is low-load period(s) of each capacity boosting cell. When the coverage cell detects high load variation, it uses its proprietary algorithm with pre-defined low-load periods of each capacity boosting cell, to find out which capacity boosting cells are the most appropriate to serve higher load. Therefore, the coverage cell can activate the appropriate capacity boosting cells while keeping other capacity boosting cells in sleep mode.
Solution 3: Cell switch on/off based on signalling exchanging
This solution has already been agreed in Rel-9. With this solution, the capacity boosting E-UTRAN cell may be switched off autonomously based on information available in the cell, e.g. load information, to lower energy consumption. Switch-on may be performed upon request by one or more neighbour E-UTRAN nodes if capacity needs in such cells demand to do so, and the eNB owning the dormant cell should normally obey a request. In this procedure, its neighbour nodes should be informed after on/off decision is made.

After that, if some activated cells find that they could return to sleep mode, they can switch themselves off again. Note: whether this is an enhancement is FFS.
	End of changes


References
[1] R3-103106, “TP for energy saving agreements”, CMCC, RAN3 #69bis meeting.
[2] R3-102856, “Mechanism for optimised cell wake up in hotspot deployments”, NSN, RAN3 #69bis meeting.
[3] White paper on NGMN Operations Requirements, V1.3, February 2010.













1


_1346413631.vsd
E-UTRAN Cells


Cell D


Cell C


E-UTRAN Cell A


E-UTRAN  Cell B


Cell E


Cell F


Cell G



