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1. Introduction
During RAN3 #66 meeting, RNL-based triggering LTE energy saving solution to “cell switch off/on” use case was discussed [4]. However, there’s still lack of an overall view to the use case “cell switch off/on” which results in the discussion focusing on the solutions from the RAN3 aspect. This document is intended to provide an overview to the energy saving solution to “cell switch off/on” in a LTE network and give some proposals to the following process of RAN3 solution work.
2. Discussion
2.1. Use case categories 
As discussed earlier, the use case “cell switch off/on” is available mainly when the pre-assumption of HCS (Hierarchical Cell Structure) deployment is fulfilled. 3GPP SA5 group has identified the use case from the aspect of pre-assumption “eNB overlaid”, and also divided it into the following sub-scenarios [1]:

UC1:  Inter-Frequency E-UTRAN eNB/Cell Coverage

In this scenario, two E-UTRAN cells (Cell A, Cell B) with separate frequency bands cover the same geographical area. Cell B has a smaller size (Pico Cell or Micro Cell) than Cell A (Macro Cell) and is covered totally by Cell A. Generally, Cell A is deployed to provide continuous coverage of the area, while Cell B increases the capacity of the special sub-areas, such as hot spots. Cell B deactivation (ES area) may be triggered in case that light traffic in Cell B is detected. Cell B activation may also be triggered when the traffic of ES area (measured by Cell A) resumes to a high level.
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Figure 1: Inter-Frequency E-UTRAN Cell Coverage 

The inter-frequency E-UTRAN cell coverage use case also has a variation of hybrid deployment of Macro Cell and Femto Cell, which means different cell classes (Macro and Femto) cover the same geography area.

UC1a:  Hybrid E-UTRAN Macro Cell and Femto Cell Coverage

In this scenario, two E-UTRAN cells (Cell A, Cell B) with different cell types cover the same geographical area. Cell B (Femto Cell) is covered totally by Cell A (Macro Cell). Generally, Cell A is deployed by eNB to provide continuous coverage of the area, while Cell B is deployed by Home eNB to increase the capacity of the special sub-areas, such as home or business mall or office. Cell B deactivation (ES area) may be triggered in case that light traffic or no traffic in Cell B is detected. Cell B activation may also be triggered when the traffic of ES area resumes to a high level. Home eNB which deploys the femto cell can be totally switched off during the ES procedure.
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Figure 2: Hybrid E-UTRAN Macro Cell and Femto Cell Coverage 

UC2:  Inter-RAT Cell Coverage

In this scenario, E-UTRAN Cell B is totally covered by inter-RAT Cell A (such as legacy system UMTS or GSM). Cell A is deployed to provide basic coverage of the voice or medium/low-speed data services in the area, while Cell B enhances the capability of the area to support high-speed data or multi-media services. Cell B deactivation (ES area) may be triggered in case that no high-speed data or multi-media traffic in Cell B is detected. Cell B activation may be triggered when the high-speed data or multi-media service request in ES area is restarted again. 
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Figure 3: Inter-RAT Cell Coverage
2.2. Overview to an energy saving solution to cell switch off/on
An integral energy saving solution to “cell switch off/on” will include both eNB and OAM functionality:
a) Configuration on energy saving capability attribute of a cell
Energy saving capability attribute of a cell refers to whether the cell can be switched off/on for energy saving purpose.  Not all the cells scattered in the network have the capability to execute switch off/on operations. In the scenario of inter-frequency cell coverage, capacity booster cells can be enabled or disabled to execute switch off/on operations according to the operator’s deployment policy, while basic coverage guaranteeing cells shall be always prohibited to execute energy saving functionality. In the scenario of inter-RAT cell coverage, E-UTRAN cells can be configured enabled or disabled of energy saving capability attribute, and other RATs cells (such as UMTS or GSM) shall be prohibited of energy saving functionality.  The energy saving capability attribute of a cell can be configured by OAM system based on its network planning data input.
b) Trigger mechanisms /conditions of cell switch off/on
RNL-based triggers are determined as a necessary input to energy saving solution to inter-frequency cell coverage use case, which are generally described as “The traffic load of a cell decreases below a certain threshold for a certain time period”. However, there may be other trigger mechanisms to be applied to inter-RAT cell coverage, for example, different categories of service traffic (voice, low or middle speed data, high speed data) which will involve end-to-end service traffic monitoring. In this case, E-UTRAN cells can by considered to be switched off only when the service traffic of high speed data is detected to be zero.
Both eNB and OAM system can initiate cell switch off/on operations based on different trigger mechanisms. Generally, the eNB depends on the real-time traffic load of its cells, while OAM system depends on the historical statistics to the traffic load of a wide range of cells. OAM system may further create the “off-peak time” or “non-busy time” of a cell in its trigger mechanisms based on the statistics of the traffic load.
A threshold of the monitored traffic load in the trigger mechanism can have zero or non-zero value. If the threshold is set to zero, the energy saving scenario will be restricted to the case that no active UE is resident in the cell to be switched off. However, such a scenario may not be happened even in the mid-night for certain cells.
c) Cell deactivation
For eNB based energy saving solution, cell deactivation is initiated by the eNB’s internal trigger mechanisms. Before the eNB actually switches off the cell, it shall notify its neighbouring eNBs about the cell status to be switched off. Neighbouring eNBs will not allow its resident UEs to handover to that cell any more. However, the notification feature of cell deactivation brings IE enhancement to the current X2 interface signalling message of eNB configuration update or X2 setup.
For OAM-base energy saving solution, cell deactivation is initiated by the OAM’s trigger mechanism. Explicit OAM command of cell deactivation shall be transmitted via Itf-N and then set down to the eNB. When the eNB successfully or unsuccessfully switches off the cell, it will return a response to the OAM system. In this case, cell status notification to the neighbouring eNBs is necessary before the eNB actually switches off the cell that the OAM system requests for.      
d) Cell activation 
For eNB based energy saving solution, cell activation is initiated by the neighbouring eNB’s trigger mechanism which is still monitoring the traffic load of the same area. An explicit X2 signalling message of cell activation is expected to request for the eNB in cell deactivation state to switch on the original cell again. Although the neighbouring eNB who initiate cell activation will be responded of the procedure result, it’s necessary for the eNB in cell deactivation state to notify its other neighbouring eNBs about its status to resume from the cell deactivation state. Therefore, the neighbouring eNBs will allow its resident UEs to handover to this recovered cell again.  
For OAM-base energy saving solution, cell activation is similar to that of cell deactivation which is initiated by the OAM’s trigger mechanism. Explicit OAM command of cell activation shall be transmitted via Itf-N and then set down to the eNB. When the eNB successfully or unsuccessfully switches on the cell, it will return a response to the OAM system. In this case, cell status notification to the neighbouring eNBs is necessary after the eNB actually switches on the cell that the OAM system requests for.
As summarized to the above discussion of energy saving solutions to “cell switch off/on”, eNB-based and OAM-based solution can be distinguished as Table 1.
Table 1 eNB-based and OAM-based ES solution to cell switch off/on

	Solution Features
	eNB-based ES solution
	OAM-based ES solution

	Trigger mechanism
	Local real-time traffic load monitoring of the eNB’s cells
	historical statistics to the traffic load of a wide range of cells, off-peak time of a cell based on the statistics.

	Cell deactivation
	Enhancement to the current X2 interface signalling message of eNB configuration update or X2 setup
	Explicit OAM command of cell deactivation shall be transmitted via Itf-N, cell status notification to the neighbouring eNBs via X2 interface is necessary.

	Cell activation
	Explicit X2 signalling message of cell activation is expected to request for the eNB in cell deactivation state
	Explicit OAM command of cell activation shall be transmitted via Itf-N, cell status notification to the neighbouring eNBs via X2 interface is necessary.

	Configuration on ES capability attribute
	Both solutions shall operate on cells with enabled ES capability attribute, it’s OAM system’s duty to configure this attribute of each cell according to the operator’s deployment policy. 


3. Conclusion and proposal

Cell switch off/on for LTE system has been identified as an important energy saving use case by RAN3 and SA5 group. Each group has started the study of energy saving solutions from its own aspect: RAN3 focuses on eNB based solution while SA5 focuses on the OAM based solution. However, other energy saving scenarios or methods on underlying physical layer or air interface [2] [3] are also discussed by other RAN groups, which may also have impact on the current LTE network interface. It’s proposed for RAN3 to carefully discuss and evaluate different energy saving scenarios from an overall RAN3 point of views and introduce new energy saving features to the LTE system smoothly. This methodology will minimize the impact of energy saving features on the stability and robustness of the current LTE system. Moreover, coordination with other RAN or SA groups is also necessary in this process, to make up consistent end to end energy saving solutions.
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