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1 Introduction
In the framework of Opera Net2 European research project [1] power consumption gains that can be achieved for the overlaid coverage scenario have been studied. This contribution presents these gains and identifies areas in which solutions need to be brought to further reduce network OPEX related to this energy savings scenario.
2 Discussion

Poor energy efficiency of mobile systems at low traffic loads motivates to reduce the number of active base stations during low traffic periods. Indeed, considerable variations are observed in average mobile traffic over a 24 hour period but they are not followed by similar variations in power consumption. This low dependency between power consumption and traffic can be understood from the power consumption model where the power consumption at no traffic load is still as high as 53% of power consumption at full load. 
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Figure 1: example of a an LTE base station traffic profile. It is typically much lower than its capacity in first deployments.
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Figure 2: Resulting load and energy consumption of the base station.

Deep sleep mode scheme: 

We first observe that, in dense urban areas, the coverage of LTE base stations largely overlaps. This is due to the fact that the sites are deployed for capacity purposes. In low traffic periods, i.e. when the capacity of the sites is largely under-utilized, these capacity sites can be deactivated with very low impact on the coverage. An example of this is given in Table 1 below for the network illustrated in Figure 3.
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Figure 3: Example coverage map of 4G base stations in a dense urban area

[image: image4.png]Sites i decp-slecp | sectors i deep-sleep | coverage
0 (0%) 0 (0%) 9713%

1 (5.26%) 3 (5.88%) 96.11%
4(21.05%) 10 (19.60%) 95.74%

7 (36.84%) 16 (31.37%) 95.00%

8 (42.11%) 19 (37.25%) 8081%





Table 1: Coverage of the network when deactivating some sites

For the simulations we implemented deep sleep mode on a site level principle. Deep sleep mode consists in deactivating all radio functions; however the X2 interface is maintained active. We select sites and deactivation time so that coverage and capacity are preserved; remaining sites will offload the traffic that is no more covered by the deactivated site. This is done in two steps:

Offline step: selection of sites that are candidate to sleep mode, i.e. sites whose covered area is completely overlapping with that of other sites. This is done using a network planning tool and the operator’s knowledge about the deployment process of the base stations.

Online step: activate/deactivate automatically candidate sites based on traffic observation, and using only local traffic information exchanges via the X2 interface (load of neighboring cells). The deactivation process is performed autonomously taking into account the load of neighboring cells while activation is required by a neighboring site whose load starts increasing beyond a critical threshold.

Our results show that active surrounding neighbors can serve traffic belonging to a candidate deep-sleep mode site along with their own traffic without compromising coverage as well as QoS (user throughput). As of energy consumption gains, 19% power savings are achieved when the load threshold (for activating a dormant site) is equal to 60%. 

3 Conclusion and proposals
The above defined study shows that application of sleep mode to  LTE sites can bring significant energy gains to operators. However, two conditions have to be met in order to achieve these gains:

Capability to exchange load information between neighboring sites (via the X2 interface)

Capability to identify the candidate sites to sleep mode, i.e. sites whose coverage is completely overlapping with other sites.

We know that the first condition can be met with current 3GPP standards. However, in order to meet the second condition, the operator would still need to rely on qualified human efforts (OPEX) to identify the candidate sites for sleep mode, verify these choices through coverage predictions using an operational planning tool, and manually tag these candidate sites at O&M level..
To overcome this operational burden, RAN WG3 is kindly asked to consider in his study item the evaluation of solutions that would enable automatic identification of deep sleep mode candidate sites.  
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