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1 Introduction 

A solution for inter RAT Energy Saving (ES) has been proposed within [1]. The proposed solution is deploying the single network approach. A close inter-working of the networks base station controllers aims to increase energy efficiency, to ensure network stability, to guarantee coverage as well as QoS and GoS. A detailed algorithm has been outlined. The compensation is supported by negotiations between the involved inter-RAT network nodes. The algorithm furthermore deploys signalling between inter-RAT nodes, i.e. ES-related information exchange. Such signalling should comprise information on local energy efficiency and off-load requests. 
This paper discusses an example scenario and provides a rough estimation of expected gains.
2 Setup

An overlay example is sketched in fig. 1. The considered area is the common coverage area of e1, u2, g1.  
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Figure 1: Example: inter-RAT overlay, considered is the area covered by g1, u2, e1.
In order to take QoS constrains into account the following assumptions have been made:
Mix of UE – capabilities:

· 20% type A (2G-only) 

· 40% type B (2G, 3G)

· 40% type C (2G, 3G, LTE)

Further input is the daily profile of offered traffic over the day originating from UE types A, B, C (see fig. 2)
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Figure 2: Offered traffic [kbps] – daily profile [per hour].
A (simplified) example base station (BS) configuration- and power model has been assumed. Note, in order to target the main goal of ES, reduction of CO2-emission, the power consumption is expressed in "CO2-emission units". The load L is given by the ratio of actual throughput by current capacity. Besides full cell switch off also a local intra-BS ES measure has been taken into account: TRX switch off. The number of the switched on TRX is counted by N_TRX.
2G: 
- configuration: 1..4 TRX (GSM/GPRS)
- CO2 footprint: Cf = 35 + 20 * N_TRX  + 40 * (N_TRX-1) * L 
3G: 
- configuration: 1 or 2 TRX (UMTS/HSPA)
- CO2 footprint: Cf = 45 + 20 * N_TRX  + 40 * N_TRX * L 
LTE:
- configuration: 1 TRX 10 MHz

- CO2 footprint: if   L > 0.25  Cf = 20 + 40 * L – 30  else  Cf = 0*
*it is assumed that 30 CO2 units can be saved by on-site generation of renewable energy.
3 Results
Estimated gains for the considered example scenario are shown in fig. 3. Due to the high efficiency of the LTE eNB in combination with on-site generation of renewable energy a complete switch off of this station is not favourable. In the particular example a switch off of the 3G site during night is the best choice. The traffic can be compensated by 2G (non-LTE capable UEs) and LTE. 
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Figure 3: Gain estimation. CO2-emmission units vs. hour of day.
4 Summary
ES measures are applied to a simplified example of an inter-RAT overlay scenario. GoS and QoS are guaranteed by means of inter-RAT compensation. Compensation here is related to coverage and capacity. The example yields an overall ES-gain of 1/5, i.e. CO2 emission is reduced by 20%. It should be noted that the gain strongly depends on the actual input parameters (traffic mix, UE capability, power model of the base stations, actual deployment indoor/outdoor, temperature, on-site generation of green energy etc.). Hence the possible gains may vary to a large extent. Particularly in cases where BS deployments are less efficient the inter-RAT ES gains are significantly higher than 20%.     
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