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1
Introduction

A path between an eNodeB and a UE in a multi-hop network may comprise one or more links.  A link budget for each of the individual links may be calculated in the conventional manner, taking into account the transmitter power, the receiver sensitivity and the gains of the antennas at each end of the link, together with margins for interference and shadow fading.  The “link” budget for a multi-hop path, however, cannot be calculated as a simple “sum” of the link budgets of the component hops but must also take into account the availability of relays and their location relative to the base station and terminal.  “Multi-hop Gain” is introduced to describe the enhancement to the link budget of a single-hop system provided by the introduction of relays.
2
Link budget definition
The link budget can be used to determine the range between an eNodeB and a UE located at the cell edge.  The cell edge is located where the bit rate within the cell is equal to or greater than the desired value for a specified proportion of the UEs.  See Figure 1.
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Figure 1: Link budget definition
This definition is applicable to both conventional single-hop systems and multi-hop systems.  For a single-hop system, the cell edge will typically be closer to the eNodeB and the corresponding range will be lower than that for a multi-hop system. 
In a multi-hop system, the multi-hop gain has to be included in the link budget calculation. 

3 Multi-hop gain
Multi-hop Gain is derived from system-level simulation and depends on relay characteristics and deployment.  However, a particularly value of Multi-hop Gain does not imply a particular relay design or deployment.  A similar value may for example be obtained by deploying a greater number of low-power relays or fewer high-power relays.   The preferred method for calculating Multi-hop Gain is as follows: Increase the cell radius until the SNIR of the multi-hop network at the specified coverage is the required value.  The multi-hop gain is the difference between the cumulative density curves of SNIR with and without relays at the specified coverage.  See Figure 2.
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Figure 2: Calculation of multi-hop gain

4 Conclusions
“Multi-hop Gain” describes the improvement in link budget compared to a conventional system due to the addition of relays.  The detailed design of the relays and their operation is enumerated by a single parameter in the link budget, enabling comparison with other coverage enhancement techniques.  A specific design and deployment of relays is not implied.     




































































































































