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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 device is related to the supported functionalities, its transmit power has also a significant impact on the deployment cost. Indeed, the transmit power conditions the cost of the device, but also its size and thus 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. 

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 base station. We believe that small, low-power and cheap nodes, like today's outdoor WiFi access points, should be also considered. In addition to leading to lower site costs, such small relay nodes will be easier and quicker to deploy. 
In order to support this view, this paper provides rough estimates of the costs of 30 dBm and 20 dBm relay sites, based on actual networks deployment costs. In addition, we propose some text for TR36.814 to capture the transmit power value of 20 dBm as an additional parameter in the evaluation scenarios.   
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: they are paid once at the deployment.
· Installation: is paid once at the deployment and includes the electrical lines, the site research, the civil engineering (if needed).
The OPEX includes

· Site rent:  is an annual site rent and depends on the device type.
· Operation and maintenance: is an annual cost.

· Backhaul:  includes the installation cost and an annual subscription for 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 relays sites with transmit power equal to 30 dBm and 20 dBm, respectively. The hypotheses used for the cost estimation are described in Table 1. The total site costs for 30 dBm and 20 dBm 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 
	
	30 dBm L3 relay
	20 dBm  L3 relay

	Device and antennas
	Same as Micro site
	Same as WiFi site

	Site search
	Same as Micro site
	Same as WiFi site

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

	Site rent
	Same as Micro site
	Same as WiFi site

	Operation and maintenance
	Same as Micro site
	Same as WiFi site

	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 30 dBm and 20 dBm relay sites over 8 years, compared to the micro site cumulative cost over the same period. After N=8 years, the 30 dBm L3 relay site costs represents roughly 60 % of the micro cell site cost. However, the 20 dBm relay site cost represents only 20% of the micro cell site cost. In other word, the cost of a 20 dBm relay site is roughly one third of the cost of a 30 dBm relay node site.
Note that we do not consider macro cell 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.
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 20 dBm relay site is roughly one third of the cost of a 30 dBm relay node site, the latter being itself roughly 60% of a micro base station site.
Since a higher number of 20 dBm devices would be needed in order to offer the same coverage as 30 dBm devices, cheaper relay sites may not lead to lower total deployment costs. Nevertheless, low-power relay nodes have the advantages of being easier and quicker to deploy (e.g. can be mounted on lamp posts). In addition, for a same total cost, several low-power devices 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 relays. Therefore, the transmit power of 20 dBm should be also considered in the evaluation scenarios for relay deployments. 

A related text proposal for TR36.814 is presented in Section 6.
5 Conclusions
This paper has proposed to add the transmit power of 20 dBm to the evaluation scenarios of relay deployments. 
As a general comment, the practical interest of relay deployments vs. additional (micro/pico) eNodeBs will depend on the trade-off between cost and performance. Indeed, the use of in-band backhauling consumes part of the cell 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.

6 Text proposal for TR36.814

-------------------------------------------------- Start of text proposal -----------------------------------------
Table A.2.1.1.2-2. Heterogeneous system simulation baseline parameters
	Parameter
	Assumption

	
	RRH / Hotzone
	Femto
	Relay

	Nodes per macro-cell
	1, 2, 4 or 10
Note: for femto cells, this number represents the number of clusters. The number of femto cells in each cluster is FFS.

	Distance-dependent path loss from new nodes to UE*1
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	Macro to relay:
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	Relay to UE: 
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Note 1: this path loss models assume in-band relay. Simulations for out-of-band relay should re-examine this assumption.
Note 2: relay node has an antenna height of 5m, other antenna heights FFS.

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 [ETSI TR 101 112]

	Shadowing standard deviation
	10 dB


	10dB


	Macro to relay: 6 dB

	
	
	
	Relay to UE: 10 dB

	Shadowing correlation
	Between cells*2
	0.5
	0.5
	0.5

	
	Between sectors
	N/A
	N/A
	N/A

	Penetration Loss  
	20 dB for Case 1,3; See ITU.Eval for ITU Rural
	N/A
	Macro to relay: 0 dB

	
	
	
	Relay to UE: 20 dB for Case 1,3; See ITU.Eval for ITU Rural

	Antenna pattern  (horizontal)
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	Macro to relay:
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 = 70 degrees,  Am = 20 dB. TDD relay may reuse the same omni-directional antenna as in relay-UE links.

	
	
	
	Relay to UE:
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	Carrier Frequency
	CF= 2GHz for case 1 and case 3
CF = 0.8GHz for high sped rural

	Channel model
	If fast fading modelling is disabled in system level simulations for relative evaluations, the impairment of frequency-selective fading channels shall be captured in the physical layer abstraction. For SIMO, the physical layer abstraction is based on TU link curves. For MIMO, the physical layer abstraction is FFS.

	UE speeds of interest
	Case 1 and Case 3: 3 km/h Rural high speed: 120 km/h for UEs served by macro, RRH, hotzone or relay nodes. 3 km/h for UEs served by femto cells.

	Doppler of relay-macro link
	N/A
	N/A
	Jakes spectrum with [5]Hz for NLOS component. LOS component [K=10dB].

	Total BS TX power (Ptotal)
	30 dBm – 10MHz carrier
	20 dBm – 10MHz carrier
	30 dBm – 10MHz carrier, or 20 dBm – 10MHz carrier for relay to macro

	
	
	
	30 dBm – 10MHz carrier, 
or 20 dBm – 10MHz carrier for relay to UE

	UE power class
	23dBm (200mW)
This corresponds to the sum of PA powers in multiple Tx antenna case

	Inter-cell Interference Modelling
	UL: Explicit modelling (all cells occupied by UEs), 

DL: Explicit modelling else cell power = Ptotal

	Antenna configuration
	2 tx , 2 rx antenna ports, or 4 tx , 4 rx antenna ports
	2 tx , 2 rx antenna ports, or 4 tx , 4 rx antenna ports
	2 tx , 2 rx antenna ports, or 4 tx , 4 rx antenna ports for relay donor antenna to macro

	
	
	
	2 tx , 2 rx antenna ports, or 4 tx , 4 rx antenna ports for relay coverage antenna to UE 

	Antenna gain + connector loss [Motorola: reference for these values?]
	5dBi
	5dBi
	7dBi for relay donor antenna to macro

	
	
	
	5dBi for relay coverage antenna to UE

	Placing of new nodes and Ues
	See Table A.2.1.1.2-3
	See Table A.2.1.1.2-4
	See Table A.2.1.1.2-3

	Minimum distance between new node and regular nodes
	>=35m

	Minimum distance between UE and regular node
	>= 35m

	Minimum distance between UE and new node (RRH/Hotzone, Femto, Relay)
	> 10m
	>= 3m
	> 10m

	Minimum distance among new nodes
	FFS
	FFS
	FFS


*1 RRH/Hotzone and relay to UE link path loss is based on IMT.EVAL UMi NLOS model; femto path loss is based on ITU-R M1225 single floor indoor office model; macro to relay path loss is based on 3GPP TR 25.814 with modified 5m antenna height.
* Cells including macro cells of the overlay network and new nodes.
-------------------------------------------------- End of text proposal -----------------------------------------
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