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1 Introduction 

Several relay deployment scenarios have been identified in [1], while practical aspects of deployments such as cost or antenna configurations have been discussed in [2] and [3], respectively. Although all the deployments in [1] do have a practical interest, prioritising the scenarios seen as the most important to be studied would help to focus the performance evaluation work, and thereby make a more efficient use of the simulation time and resources.  

Therefore, this paper provides a prioritisation of the scenarios initially listed in [1], established from operator perspective as being the potentially most useful in LTE-A networks. For each scenario, additional indications are given about the following parameters, which have an impact on the evaluation results:
· the deployment type (above/below rooftops)

· the preferred antenna configuration 

· the RF power

· the number of relay nodes (RNs) per eNB

· the cost of the device
· the expected benefit (coverage or capacity or both), where

· Coverage stands for the geographical area of reception of the data and control channels, whereas

· Capacity stands for the amount of traffic permitted, which can be increased by higher SINRs and possibly cell splitting, but is not necessarily related to the area of reception of the control channels.

Note that the source companies acknowledge that the relay performance evaluation is not a primary focus of RAN1 at the moment, and therefore do not require any particular evaluation to be performed. The intention is to indicate the deployment scenarios preferred by the co-sourcing operators, so that the interested companies can take advantage of it.

2 Scenarios prioritisation
Four main deployment scenarios are seen as of equal priority: urban outdoor, urban indoor, suburban outdoor and rural area. For the urban outdoor and urban indoor scenarios, several sub-scenarios of interest are identified, which depend on the deployment type (above/below rooftops) and the most appropriate antenna configuration (directivity of the donor and coverage antennas). Nevertheless, in order to reduce the number of scenarios to simulate, only one single deployment and antenna configuration is prioritized for each main scenario, except for the urban outdoor where two sub-scenarios are kept.
The rationale for these choices is given below:

2.1 Urban outdoor relays

Urban outdoor relays will be used both for hot spots and dead spots mitigation, which may be the main usage for relays. Several antenna configurations can be considered depending on whether the relay nodes are deployed above or below the rooftops:
· Above rooftops: a dual antenna configuration is preferred, with a directional donor antenna and an omni-directional coverage antenna. It is expected that the omni-directional coverage antenna would be on a stub mast and would use electrical down tilt (EDT) to project coverage into the streets below.
· Below rooftops: 

· In the case of a wall-mounted relay node, a dual antenna configuration is preferred, with a directional donor antenna and a directional coverage antenna, typically radiating across the street at the building opposite. It is questionable whether a wall-mounted omni-directional coverage antenna would be as effective. 
· In case of a relay node mounted on a lamp post, both dual antenna and single antenna deployment scenarios can be envisaged. 
· An omni-directional antenna seems to be clearly the best choice for the coverage antenna and also may be appropriate for the donor in some propagation environments Hence a single omni-directional antenna seems a viable choice for some deployment scenarios. 
· In some propagation environments there may be a strong direction of arrival for the donor eNB and here it makes sense to use a directional donor antenna and an omni-directional antenna for the coverage.
· in general, single omni-directional antennas appear more suited to high volume deployments, due to their reduced cost and/or easier installation compared to dual/directive antennas.
For urban outdoor relays, the lamp post-mounted below rooftop scenario is preferred for evaluation purposes. 
2.2 Urban indoor relays

Urban indoor relay deployments could become a widespread scenario of use for relays, since a large fraction of the total mobile traffic is generated indoors, in e.g. offices or public indoors and at home. In addition, in some countries, many users only have a mobile subscription, or there is no ADSL access (in emerging countries for instance). Relays compete indoors with fixed access solutions (e.g. femtos), but are likely to be part of the indoor solutions portfolio because of their advantages in terms of ease and cost of deployment. A dual antenna configuration with a directional donor antenna is considered for this case, with two sub-scenarios for the coverage antenna depending on the relay node packaging:
· if the relay node is a single box unit mounted near an outside wall or by a window, a directional coverage antenna radiating into the building is preferred. 
· If the relay is a dual box unit with separate coverage antenna, then the latter could be an omni-directional antenna installed in the centre of the building floor.
The latter scenario is preferred for urban indoor relays.

2.3 Suburban outdoor relays

A suburban outdoor scenario is seen as important for some countries where cities are made up from dense low-height buildings, e.g. houses of 1 or 2 floors, while the limited network infrastructure makes it difficult to deploy base stations. 

In this scenario, relays could be deployed on lamp posts. The antennas would then still be above rooftops due to the low height of the buildings. Due to the high probability of line of sight with the donor eNodeB as well as neighbour (interfering) eNodeBs in this scenario, a directional donor antenna is preferred. 

2.4 Rural area relays

Rural area relays can be useful to facilitate coverage to a shadowed zone, e.g. a village behind a hill where both the donor and coverage antennas clearly need to be directional. 
In case relays would be used to extend the cell footprint, then a directional antenna radiating in the opposite direction compared to the donor site would be preferred, since an omni-directional antenna would provide coverage also back towards the donor site.  
Only a dual antenna configuration is therefore considered in this scenario, with a directional donor and a directional coverage antenna. 

In rural area, the relay node antennas would be most likely at a higher height than for the other scenarios, e.g. mounted on mast, like for an eNodeB.
2.5 Mobility

Mobility has to be an integral part of the relay design. Nevertheless, mobility is not expected to be the focus of the performance evaluations performed by RAN1. Therefore, only fixed mobility is considered for the prioritised evaluations scenarios.
2.6 Number of relay nodes per cell

It is expected that the number of relay nodes deployed per cell will vary depending on the need. Nevertheless, since a relay site requires additional costs, their number is likely to be rather limited (typically 2-3 per cell), except when high capacity will be researched, or for the indoor scenarios where the relay nodes could be installed by the users themselves.

2.7 RF power 

The RF power has an impact on the size of the relay node, and thus on the ease of installation and cost of the relay site for the operator, as illustrated in [3]. Therefore, low-power (( 1 W) relay nodes are preferred in most cases, even though a higher power could be useful in some cases to achieve a better coverage. The rural area scenario, in particular, requires a high power (10-20 W) to ensure wide coverage.

2.8 Relay node cost

Although cost does not impact directly the evaluation scenarios, it may be useful to indicate the operators' expectations on the cost of relay nodes depending on the deployment scenarios. Since the device cost is expected to follow the RF power capabilities, low device costs are expected in most scenarios, except in the rural area where higher costs are expected. It is worth mentioning that cost will be an important factor for operators in order to enable mass deployments of relays. 
2.9 Summary
The prioritised scenarios and sub-scenarios are summarized in Table 1 below.   
Table 1: prioritised scenarios for relay deployments
	Priority
	Scenario
	Mobility
	Targets
	Deployment type (1) 
	Antenna Config. (2)
	RF Power
	Typical # of RNs/cell
	Cost

	1
	Urban Outdoor
	Fixed
	Coverage and Throughput 
	Lamp post below
 rooftops


	Dual (directional donor, omni coverage)
	Low       (( 1W)
	Low             (e.g. 2-3)
	Low

	
	
	
	
	Lamp post below
rooftops
	Single omni 
	Low       ((  1W) 
	Medium/high (e.g. 5/10)
	Low

	1
	Urban Indoor 
	Fixed
	Coverage and Throughput 
	N.A.
	Dual (directional donor, omni coverage)
	Low       (( 1W)
	Medium/high (e.g. 5/10)
	Low

	1
	Suburban Outdoor
	Fixed
	Coverage and Throughput
	Lamp post above
 rooftops


	Dual (directional donor, omni coverage)
	Low/Medium (1/5W)
	Medium/high (e.g. 5/10)
	Low/Medium

	1
	Rural Area
	Fixed
	Coverage 
	Mast, similar to eNB
	Dual (directional donor, directional coverage)
	Medium (10-20W)
	Low             (e.g. 2-3)
	Medium


(1) the deployment type impacts the antenna height and the LOS probability in the simulation parameters.

(2) Note that the donor /coverage antenna can be actually a set of antennas for MIMO transmission/reception.
3 Conclusions
This paper has provided a prioritization of the relay deployment scenarios from operator perspective, in order to help RAN1 to focus the simulation efforts.
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