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Abstract of the contribution: 
We present considerations on the achievable energy savings for scenario 2 (“Energy efficient node utilization through load re-distribution during off-peak times”).  
Discussion 
In TR 32.826 SA5 has described a typical daily traffic statistic (see figure 1) and used this input for simulations of potential energy saving (ES) in RAN. It should be admissible to use the same input for estimating the potential for ES in the mobile core network.
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Figure 1: Typical daily traffic load variation (taken from TR 32.826, Annex A)
The chart is redrawn in figure 2, left side in order to illustrate a rough estimation of free capacity. A “graphical integration” can be done easily and is shown in figure 2, right side. Here some load portions per hour are just moved around, as shown by the arrows, in order to arrive at a dividing line for the average; the approximation should be on the safe side and thus we leave even small “gaps”. 
The result shows approx. 60% under-utilization of capacity on average, based on the typical daily traffic curve. Assuming that a typical day has a busy hour traffic curve well below the expectable busy hour traffic overall (i.e. over the year, including special days and events, for which the NW would generally have to be dimensioned), we see that for sure more than 2/3rd of the core NW capacity is not utilized on the average.
It should be noted that traffic curves and thus this estimation are expected to change with the advent of M2M type of traffic in networks. Of course some amount of M2M traffic can conveniently be schedule for the current off peak hours, so that the curve will average out (which would reduce the under-utilization of infrastructure). On the other hand, some – presumably more traffic-prone – M2M applications might even pronounce the peaks (e.g. related to automotive and consumer electronics), thus increasing the traffic imbalance and consequently under-utilization on average.  


[image: image2]
Figure 2: Determining the typical, average load by “graphical integration”
With this input, we can move on to the consideration of typical network node implementations; in a first, simplistic approach we do not differentiate this for control and user plane nodes. Figure 3 illustrates a simplified, but general applicable energy consumption curve with the following features:
1) zero-load energy consumption: this is the initial step, i.e. it corresponds to the minimum power drain whenever the node is turned on. 

2) linear behaviour after the initial step, up to 100% load.

A further assumption for this rough estimation is that the node granularity can be ignored; we do not consider integer numbers of e.g. MMEs or SGWs, but rather consider capacity of NW nodes being available in a continuous manner.  

We do not enter the discussion of detailed HW/SW behaviour regarding energy consumption here; rather our main argument for the usefulness of a load concentration strategy (for energy saving in a mobile core NW) is bullet 1 above. Any non-zero energy consumption at zero load level within a NW node (as sketched exemplary in the left upper insert in figure 3), will favor load concentration. If energy saving features are implemented within HW and SW of a node itself, this may of course influence the absolute scale of the energy consumption curve or the relative size of zero-load energy consumption (as a percentage). But the main characteristics as visible from figure 3 will remain.   
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Figure 3: Estimation of energy saving factor through load concentration during off-peak times
The set of curves in figure 3 refer to the zero-load energy consumption of NW nodes (as described above) and the overall system load (given in percentage on the abscissa). The result of the estimation is the “energy saving factor”; this figure indicates how much energy could be saved (at maximum) by NOT equi-distributing the load onto all installed nodes (per node type), but rather by concentrating the load on the necessary number of nodes during off-peak times. E.g. it is visible that with a 25% zero-load energy consumption of a NW node (5th curve [green] from the bottom), at 20% system load the potential for energy saving by load concentration instead of load equi-distribution is 100%.
Proposal 

The following is proposed to be captured in TR 23.866:

**************** Change *****************
5.2
Scenario: Energy efficient node utilization through load re-distribution during off-peak times

5.2.1
Scenario description

In this deployment scenario it is assumed that the operator has configured pools of MMEs and/or S-GWs to serve the EUTRAN. These resource pools are typically dimensioned for peak loads. This means that the number of user plane gateways (e.g. S-GW and P-GW) and control plane entities (e.g. MME) deployed and operated are dimensioned according to the maximum number of UEs and their traffic demand.

However, given that most of the time, the load in the network is far from the dimensioned peak rate, plus the fact that during certain times (e.g. night hours), the network load is rather low, operators can expect significant energy saving opportunities through switching unnecessary core network resources/nodes to energy conservation mode when they are not needed. 
5.2.1.1    Achievable Energy Savings through load concentration during off-peak times 

According to the typical daily traffic load variation taken from TR 32.826 (illustrated in Figure 5.2-1, left side), an estimation of the average utilization of the network capacity can be derived (illustrated in Figure 5.2-1, right side). The result shows approx. 60% under-utilization of capacity on average. Assuming that a typical day has a busy hour traffic curve well below the expectable “worst case” busy hour traffic overall (i.e. over the year, including special days and events, for which the NW would generally have to be dimensioned), it can be conclude that at a minimum 2/3rd of the core NW capacity is not utilized over in average.
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Figure 5.2-1: Typical daily traffic load variation (left) and estimation of average network load (right)
Figure 5.2-2 (top part) illustrates a simplified energy consumption curve for typical network nodes implementations. It consists of the following parts:

1) 
zero-load energy consumption (i.e. the minimum power drain whenever the node is turned on);
2) 
linear increase of the energy consumption as the load increases (up to 100% load).
Based on that model, Figure 5.2-2 shows the estimated energy saving factor that can be achieved through load concentration during off-peak times, depending on the overall system load (given in percentage on the abscissa). The set of curves refer to different zero-load energy consumptions of network elements. E.g. for network elements with a 25% zero-load energy consumption of a network node (5th curve from the bottom) at 20% overall system load leads to a potential for energy saving through load concentration of 100%. 
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Figure 5.2-2: Estimation of energy saving factor through load concentration during off-peak times
The graph shows that the potential for energy saving depends on the design of network elements. For network elements that have a small zero-load energy consumption and support energy efficiency by design, the energy saving gains that can be achieved through load concentration during off-peak times are low, while for network elements with a medium-to-high zero-load energy consumption, the achievable energy saving gains are significant. 
**************** End of changes *****************
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