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1 Introduction

In some countries operators share the WCDMA network. This might be the case also for the new LTE networks. When it comes to the text proposal provided in TR 36.927 [1], this is mentioned as FFS. We propose to add some additional text in Chapter 5 to clarify this for inter-RAT scenarios.

[1]  3GPP TR 36.927 1.0.0 “Potential solutions for energy saving for E-UTRAN (Release 10)”

  ---------------------------------------------------Text Proposal -------------------------------------------------------------

5
Inter-RAT energy saving
5.1
Study on inter-RAT scenario 1

5.1.1
Description of scenario 1
When operators deploy the LTE network for capacity enhancement at hot spot at initial or later stage, 2G/3G network may have been provided and optimized as the overlay. 
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Figure 5.1.1-1. Inter-RAT energy saving scenario 1
In this scenario as is shown in Figure 5.1.1-1, E-UTRAN Cell C, D, E, F and G are totally covered by the same legacy RAT Cell A and B (e.g. UMTS or GSM). Cell A/B has been deployed to provide basic coverage of the services in the area, while other E-UTRAN cells boost the capacity. 
This scenario describes one of the deployment scenarios of E-UTRAN at the initial stage, and the E-UTRAN cells are only deployed for capacity enhancement at some hot spots, therefore, the continuity of LTE coverage could not be guaranteed. The legacy network provides the basic coverage for those UEs with multi-mode capability and the E-UTRAN only UEs can not be served when they are out of the coverage of E-UTRAN. 

The solutions for this scenario should only be considered in case there are no LTE-only capable devices. 

If all cells have the same multiple PLMNs in a network sharing scenario, there are no issues with the solutions to scenario 1. Limitations related to other network sharing scenarios are FFS.
5.1.2
Issues and potential solutions
5.1.2.1
Basic procedure of cell switch on/off

This part describes the basic procedure of cell switching on/off in inter-RAT scenario.
Solution 1: Cell switch on/off via OAM commands
With this solution, the E-UTRAN cells may be switched off/on by the centralized OAM system based on some RAN information, e.g. load information. This information may include the loads of both the coverage and hotspot cells. 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 OAM
With this existing solution, the E-UTRAN node can switch the cell on/off according to a certain policy configured by OAM, and 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 it off or switching off the cell at 0:00 am and switching on it again at 7:00 am. Additionally, for making the on/off decision the cell might collect load information from neighbour cells either via OAM or signalling across RATs. As a part of energy saving operation, the E-UTRAN node may handover the capable UEs to UTRAN/GERAN. Furthermore, the energy saving policy may prefer not to switch off the E-UTRAN cells that are in an overlapping area between two or more basic coverage cells (handover region).
Solution 3: Cell switch on/off based on signalling across RATs
With this solution, the hotspot cell may be switched off autonomously based on information available in the cell, e.g. load information. This information may include the loads of both the coverage and hotspot cells. 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.
Evaluations and comparisons

5.1.2.2
How to switch on the correct cells

Issue description

When the E-UTRAN cells are not active and the load increases, the coverage cells may not know which cell should be woken up, especially when the increasing load is in the area covered by one or a few hotspots.
Solution 1: 

When the coverage cell providing coverage detects high load they use their proprietary algorithm with pre-defined low-load periods of each EUTRAN cell based on performance counters to find out which E-UTRAN cells are the most appropriate to be activated. The coverage cells may then activate the appropriate cells in E-UTRAN while keeping other hotspot cells in dormant mode.
Solution 2:
When the load is high and some E-UTRAN cells need to be switched on, coverage cells will activate its dormant neighbours. After that, if some activated cells find that they could return to sleep mode, they can switch themselves off again.
Solution 3:
In this enhancement, the listening capability of the E-UTRAN cells may be enabled independently from other functions of the cell. In that case, the sleeping cells may monitor, when requested, interference over thermal (IoT) ratio, which is obtained based on Received Interference Power and Thermal noise power. When a coverage cell detects high load, it may request the E-UTRAN cells within its coverage area to provide IoT measurements. Then, using its proprietary algorithm, in most cases it will be able to find which E-UTRAN cells are the most appropriate to serve higher load. Therefore, those coverage cells could activate the appropriate cells in E-UTRAN while keeping other E-UTRAN hotspot cells in  dormant mode.
Solution 4:

This solution addresses the problem described as follows:

STEP 1: The inactive hotspot cells are triggered (via OAM or neighbour cell) to transmit the pilot (e.g. reference signal in LTE) for at least a short time interval i.e. the so-called ‘probing’ interval. After the probing interval, all or part of hotspots may return to dormant mode. 

STEP 2: The network configures, via the coverage cell, the active and idle UEs camping on the coverage cell to perform measurements on the reference signal from the probing hot-spot cells and to report back the measurements. This approach is as defined for MDT purposes in [3] and the UE measurements are as defined in [4]. 

STEP 3: The network processes the reported UE measurements, collected via the coverage cell, and derives the decision as to which hotspot cell(s) to switch on and which hotspot cell(s) should stay in ‘dormant’ mode.

STEP 4: based on the decision made in STEP 3 above, a request is made to the relevant hot-spot cell(s) to definitely switch on. The remaining hot-spots will stay in dormant mode.
Solution 5:

When several E-UTRAN cells are activated simultaneously due to the cell activation procedure, the coverage cell may identify which E-UTRAN cells are helpful for sharing the load, i.e., which cell can be a target for active UE handover, based on the UE measurement. The coverage cell may then select cells not helpful for load sharing and send a deactivation request to them.
Solution 6:

In this enhancement, when the coverage cell detects high traffic load (requesting node), it can use a combination of UE locations, node (controlling the sleeping cells) locations, and cell radii/transmit powers in selecting which cells to be turned on (e.g. nodes that are in proximity or surrounding the UEs). Hence, the requesting node sends “On request” messages only to those nodes. Furthermore, a timer value can be included in the “On request” message sent from the requesting node to the selected sleeping nodes. At the expiry of this timer, each node verifies if the condition required for staying on has been met, and if not, it autonomously turn off cells again. 

Evaluations and comparisons

5.1.2.3
How to switch off the cell efficiently

Issue description
The condition to enter the energy saving depends on implementation. Because the implementation in different nodes may be different the network may enter a suboptimal operating point from global energy saving point of view. 
Furthermore, if multiple hotspot cells are switched off, an overload problem may occur in the coverage cell because it may not be able to accommodate  all the traffic. How to make sure that cell switch-off will not cause overload in the coverage cell? 
Solution 1:

When the coverage cell notices that its load becomes low, it can choose some E-UTRAN cells which have lower load than the other cells, and ask them to enter the energy saving mode. As a result of this operation, the number of cells in the energy saving mode can be maximized with respect to the amount of load transferred from E-UTRAN cells to the coverage cell.
Solution 2:

When some condition is met, the hotspot cell sends a switch-off request to the coverage cell. After receiving the switch-off request, the coverage cell makes the decision if the hotspot cell should be switched off or not.  
Evaluations and comparisons

5.1.2.4
Information exchange for coordination

Issue description
To perform energy saving efficiently, the energy saving metrics of cells may be adjusted and coordinated according to some inputs from neighbour cells. Two problems may occur if there is no coordination:
· Frequent cell switch-off/on: If the load transferred from the coverage cell to hotspot cell is lower than the switch-off threshold of hotspot cell, the hotspot cell will switch-off autonomously and the coverage cell may activate the hotspot cell again.

· Unnecessary cell switch-on: If the available capacity of the coverage cell is higher than the switch-off threshold of the hotspot cell, the hotspot cell will keep switching on while the coverage cell could accommodate the load in the hotspot cell.
Solution 1:

In this case, the coverage cell and the E-UTRAN cells exchange energy saving parameters, such as traffic threshold, time duration, power consumption and so on. With these parameters, the cells may adjust their energy saving settings and make a better decision on cell switch on/off to get the best energy saving efficiency.

Evaluations and comparisons
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