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1 Introduction 

Relay nodes are expected to provide additional or enhanced coverage in several scenarios [1] in a cost-effective way. The different types of relays are often classified according to the layer where the user plane traffic is forwarded, or their functionalities [2]. 
Nevertheless, if the cost of the relay node is related to the supported functionalities, its size and weight have also a significant impact on the deployment cost. Indeed, these characteristics condition the type of support that will be needed to deploy it, the rent of the site, and potentially the civil engineering that will be necessary to prepare the site. Since the size of the device is related to its maximum transmit power, this latter parameter also affects the cost of the site.
For these reasons, we believe that small, low-power and cheap nodes, like today's outdoor WiFi access points (AP), would be of particular interest. In addition to leading to low site costs, such small relay nodes will be easier and quicker to deploy than larger devices.

In order to support this view, this paper provides rough estimates of the costs of relays having the form factor of a micro base station (BS) and a WiFi AP, respectively, based on actual networks deployment costs. In addition, the possible impact of WiFi AP-like relay nodes on the evaluation scenarios of TR36.814 is discussed.

2 Cost deployment components
For an operator, the deployment cost is composed of several components. They can be divided into two categories: the CAPEX which are paid once during the network life and the OPEX which are permanent annual costs. We give in the following the main components that will have an important impact on the deployment cost.
The CAPEX includes:
· Devices and antennas: paid once at the deployment;
· Installation: includes site search, electrical lines, civil engineering (if needed);
· Backhaul connection: connection of the site to the public network.
The OPEX includes

· Site rent;
· Operation and maintenance;
· Network subscription: annual subscription for backhaul network access.
3 Relay site cost estimation
Based on the cost of current 3G micro sites in a typical western European capital city (dense urban) and WiFi outdoor hotspots, we estimate the cost of relay sites for relay nodes having the form factors of micro BS and WiFi AP, respectively. The hypotheses used for the cost estimation are described in Table 1. The total site costs for micro BS-like and WiFi AP-like relay nodes are approximated to the total site costs of micro base stations and WiFi access points, respectively, without the backhaul-related costs since the backhaul is in-band for relay nodes. We assume the relay nodes in this evaluation to be Layer 3 (L3, or self-backhauling) relays, since their cost are assumed to be the same as the corresponding (micro or WiFi) device, which integrates the L3 functionalities (at least at the micro base station). 
Table 1: Hypotheses for relay site cost estimation 
	
	micro BS-like relay
	WiFi AP-like relay

	Device and antennas
	Same as Micro BS site
	Same as WiFi AP site

	Site search
	Same as Micro BS site
	Same as WiFi AP site

	Installation (excluding backhaul)
	Same as Micro BS site
	Same as WiFi AP site

	Site rent
	Same as Micro BS site
	Same as WiFi AP site

	Operation and maintenance
	Same as Micro BS site
	Same as WiFi AP site

	Backhaul connection
	0
	0

	Network subscription (backhaul)
	0
	0


The cumulative cost of each site over N years is given by

Cumulative cost over N years  =  CAPEX + N . OPEX
Figure 1 presents the cumulative cost of the micro BS-like and WiFi AP-like relay sites over 8 years, compared to cumulative cost of a micro BS site over the same period. After N=8 years, the micro BS-like relay site cost represents roughly 60 % of the micro BS site cost. However, the cost of the WiFi AP-like relay site represents only 20% of the micro cell site cost. In other word, the cost of a WiFi AP-like relay site is roughly one third of the cost of a micro BS-like relay node site.
Note that we do not consider macro BS sites in our analysis because they are much more expensive and difficult to find (site size, deployment authorization…).
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Figure 1: Relative cumulative cost estimation for N=8 years.
The presented figures should be considered as a rough order of magnitude since the deployment costs can vary from operator to operator, and from country to country. In addition, the costs of relay nodes have been assumed equal to the cost of current equipments, which might not be the case in the future.
4 Impact on evaluation scenarios
The above analysis has shown that over a typical network lifetime, the cost of a WiFi AP-like relay site is roughly one third of the cost of a micro BS-like relay node site, the latter representing itself roughly 60% of a micro BS site. Therefore, WiFi AP-like relay nodes represent a cost-effective way of deploying relay nodes in the network. 

In addition, WiFi AP-like relay nodes have the advantages of being easier and quicker to deploy than larger devices. For instance, they can be mounted on lamp posts. Moreover, for the same total cost as a micro BS-like relay site, several WiFi AP-like relay sites offer more deployment flexibility in order to adapt to particular scenarios (e.g. black spot coverage), due to the possibility to better tune the placement of the relay nodes. 

In the current evaluation scenarios of relay deployments for LTE-Advanced, only the transmit power of 30 dBm is assumed [3], which corresponds to the transmit power of a micro BS. Since the device size is related to its maximum transmit power, a transmit power lower than 30 dBm may need to be considered for WiFi AP-like relay nodes, as an additional parameter in the evaluation scenarios of TR36.814. The exact value of this new transmit power would be to be defined, and could be e.g. in the range of 20-23 dBm.

5 Conclusions
This paper has emphasized the practical interest of relay nodes having form factors close to today's WiFi APs, especially due to their advantage in terms of site cost and ease of deployment. 
Therefore, we would like RAN1 to consider this type of relay nodes in the LTE-Advanced evaluation scenarios. Such devices may not be able to transmit at 30 dBm due to the size constraint. As a consequence, a lower transmit power parameter may need to be added in the evaluation scenarios of relay deployments in TR36.814. The exact value of the new transmit power would be to be defined, and could be e.g. in the range of 20-23 dBm. 
As a general comment, the practical interest of relay deployments vs. additional (micro/pico) eNodeBs will depend on the trade-off between site cost and performance. Indeed, the use of in-band backhauling consumes part of the radio resources, reducing the overall spectral efficiency of the system for the same number of (base station or relay) nodes. 
In any case, relay nodes are expected to bring benefit 
· where out-of-band backhauling is not possible or very expensive ( nevertheless, it should be kept in mind that access to the wired network is generally not an issue in urban environments;
· when a quick network deployment is needed.
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