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1 Introduction 

Energy costs account for as much as half of a mobile operator’s operating expenses, so radio network solutions that improve energy efficiency are not only good for the environment, but also make commercial sense for operators and support sustainable, profitable business. 

Energy saving can be achieved through a variety of solutions like optimal network design following Product Lifecycle Assessment, creating energy-efficient site solutions and with the introduction of innovative use of alternative energy sources to run the network.

In this contribution we look at how, in a heterogeneous deployment scenario, capacity can be regulated to achieve energy saving without disruption of the service. We also make considerations on the fact that in order to achieve such energy saving solution not necessarily there is need to impact the specifications and the solution could in that case be directly implemented in products.

2 Discussion
2.1 Deployment scenario
The considered scenario is the one where different cell types (i.e. macro, micro, etc.) are present in a hierarchical cell structure (HCS). The concept of HCS is deployed in UMTS and is documented for LTE in ‎[1].

In this scenario, we assume that cells on one or more of the lower HCS layers provide the basic coverage, while cells on one or more of the higher HCS layers add capacity to the network.
It is also assumed that the cell providing basic coverage, e.g. macro cell, is aware that a certain neighbour is characterized as capacity enhancing cell, e.g. a micro cell. Hence, the cell providing basic coverage and the cell enhancing capacity are on a different HCS layer.
2.2 Energy saving mechanism

In order to achieve energy saving the cell/s adopted as capacity booster is monitoring the traffic load and is able to switch off when traffic drops below a certain threshold and stays below the threshold for certain time.

During operation, the traffic load statistics is collected in cells providing basic coverage, for example: 

· load in the cell providing basic coverage; 

· load balancing action cell providing basic coverage triggers towards the capacity booster (like handover requests and/or rejections, for example). 

The collection of statistics enables the understanding of the point when it is most appropriate to start offloading, i.e. the point when to request the capacity booster cell to switch itself on.

If the cells controlled by an eNB on the higher HCS layer, e.g. micro cells, that are neighbours to the lower HCS layer cell, e.g. macro cell, are all meant for capacity increase, and there is an X2 association between the corresponding eNB-s, then shutting down/switching on the capacity boosting cell/cells can be done without impacting the signalling protocols directly via the transport network layer.

In this case in fact, shutting down of the capacity boosting cell/cells by the eNB controlling them becomes visible to the eNB controlling cells that provide basic coverage/capacity by two means:

· The measurement reports from the Ue-s do not contain the cells dedicated for capacity enhancement; and

· The X2 association between the corresponding eNB-s has been released.

Once the eNB that controls cell providing basic coverage/capacity detects load condition that motivates the setup of capacity boosting cell(s), the eNB that controls the cell providing basic coverage/capacity could initiate the establishment of SCTP\X2 association which the eNB controlling capacity enhancing cells is able to interpret as a request to ‘wake up’. Upon reception of the ‘wake up’ indication, the eNB controlling the capacity enhancing cells would set up respective cells and complete the establishment of respective SCTP\X2 association.

In a deployment where cells providing basic coverage can be distinguished by capacity boosters and in general by cells of a different type, solutions like the above-described one provide energy saving without impacting the general service availability as the switch-off operation does not create a coverage hole. It is also shown that it is possible to realize energy saving over network interfaces without necessarily impacting the specifications.
For a more general approach it would be on the other hand possible to introduce new X2AP signalling to request a cell to be switched on.
3 Conclusion and proposal
In light of the described energy saving mechanism, it is proposed that RAN3 discusses it and acknowledges it as a viable approach to energy saving. It is also proposed to discuss whether a TNL-based approach would be sufficient or new X2AP signalling would be more appropriate.
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