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1. Introduction

During RAN#40 meeting in xx, RAN was tasked to a new study item named "Study Item in LTE-Advanced". Straight away after RAN#40, the discussion was launched between some operators and vendors on relay topics, e.g., scenarios and key features. A basic key feature for this topic is to evaluate the air-interface performance for a relay assisted system based on 3GPP E-UTRAN. However, there isn't an evaluation methodology used in 3GPP. This contribution kicks off this discussion and gives an initial guideline for relay evaluation methodologies for LTE-Advanced. Also, the way how we forward this work is also proposed.
2. General Discussion
Since there are some of the limitations for current evaluation methodologies to a relay system, it is proposed to make a better description for complement. 
· No definition on deployment scenarios for evaluation of the relay system. 
IMT-Advanced is entering the phase of the process in ITU-R addressing the development of the terrestrial radio interface recommendations. To announce this stage of the process for IMT-Advanced, ITU-R has issued a Circular Letter (CL) to invite submission of candidate Radio Interface Technologies (RITs) or a set of RITs (SRITs) for IMT-Advanced. In 3GPP, E-UTRA should be further evolved for the future releases in accordance with the need to meet/exceed the IMT-Advanced requirements [1].
Consequently, the test environments agreed by ITU-R which was defined in [2] is also a significant reference that should be taken into consideration as LTE-Advanced evaluation scenarios. The IMT-Advanced system is targeted to several test environments including Base coverage urban, Microcellular, Indoor and High speed.. As defined in IMT.REST, requirements have to be met for 3 of the above 4 environments for an RIT or SRIT to be considered for IMT-Advanced. .It is expected that each of the above test environments is also applicable to the relay deployment scenario.

However, considering the operators’ practical need for the application scenarios with relay station assistance, it does make sense to decide on the deployment scenarios for evaluation based on these application scenarios. Contributions and discussions on the application scenarios within RAN1 have already given some proposals [3]. It is noted that it should not mandate all the application scenarios for evaluation. As a matter of fact, several application scenarios which are used for performance evaluation could be picked up in order to simplify the process of evaluation. The applicability of a relaying concept to some application scenarios could be investigated by functional inspection without full performance evaluation.
· The introduction of a relay node should take new parameters into the system evaluation.
Relay Stations (RS) have different constraints related to deployment, size, antenna height, antenna configuration and cost compared to base stations. Also, RS uses a lower maximum transmit power and antennas and etc. The requirement to have small RS suited for e.g. lamppost mounting, makes it impossible to use the same large vertical antenna aperture (panel antennas) as they are used at BSs. All these new parameters for simulation should be reconsidered.
· User distribution and traffic model for the new evaluation scenarios are required to be updated.
· Currently, 3GPP does not have a relay channel model for simulation.

The propagation effects are divided into three distinct types: These are the path loss, the slow variation due to shadowing and scattering, and the rapid variation in the signal due to multipath effects. Considering the relay system with these three distinctive features, a special attention should be paid in order to depict the channel characteristics accurately.
2.1. Deployment Scenarios for Evaluation
It is necessary to gives corresponding evaluation scenarios descriptions on the above four test environments including Base coverage urban, Microcellular, Indoor and High speed as defined in [2].  
Table 1. Test Environment and application scenarios for relay system
	Test Environment
	Base coverage urban
	Microcellular
	Indoor
	High speed

	Application Scenarios
	2. Dead Spot 
8.Urban Macrocell 
	1.Urban Hotspot
	3.Indoor hotspot
	4.Rural Area 

	
	5.Emergency or Temporary Coverage
	
	7.Group Mobility

	
	6.Wireless Backhaul only


In [3], seven application scenarios are proposed to sum up the relay deployment. Hereinafter, when we say application scenario it also means the deployment scenario. The corresponding deployment scenarios for evaluation should be picked up from the above seven application scenarios. However, in order to evaluate continuous coverage for macro cell, an additional scenario 8.Urban Macrocell are proposed. Table 1 gives a map on the relation between deployment scenarios and test environment which covers all four cases.
For a practical evaluation for performance, five deployment scenarios for evaluations are proposed as follows,

· 1.Urban Hotspot
· 2. Dead Spot
· 3.Indoor hotspot

· 4.Rural Area 
· 8.Urban Macrocell
On the other hand, the remaining scenarios are not included in the performance evaluation which is generally evaluated by simulation. They’re rather evaluated by the functional assessments such as delay budget, L1/L2/L3 functionalities, mobility and etc.
· 5.Emergency or Temporary Coverage

· 6.Wireless Backhaul only

· 7.Group Mobility

The following subsections give the description for each deployment scenarios and try to limit the simulation with a series of parameter settings, e.g., topologies, user distributions, traffic distributions and etc.
2.1.1 Rural Area
In the rural area deployment option (base coverage urban) including relay stations, the system is modelled as a network of 7 clusters. Each cluster has 19 sites with six sites in the first tier and twelve sites in the second tier surrounding the central site of each cluster. The simulation will be a wrap-around configuration of 19 sites, each of 3 cells. Users are distributed uniformly over the whole area. The relay stations are placed along the antenna boresight of each sector at [TBD]% of the cell hexagon diameter.  

For directional antenna for base station scenario, three relay stations are placed evenly around the base stations. For omni-direction antenna for base station, six relay stations are placed evenly around the base stations. However, in order to reduce complexity, three relay stations are also optional for simulation.
The antenna array orientation of the relay node is such that it has the same bore-sight direction as the serving base station sector. Each antenna element at the RS has omni-directional antenna pattern. 
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Figure 1 base coverage urban layout with relay stations
It is proposed that the group agrees on one of the above 2 scenarios (Figure 1) for base coverage urban layout for evaluation of rural area deployment scenario. 

2.1.2 Urban Hotspot

In the microcellular test scenario, the same hexagonal cellular model is considered as the rural area.  While reduced cell size, antenna height and etc should also be considered. See table 2 for a baseline configuration.
It is proposed that the group agrees on one of the above 2 scenarios (Figure 1) for base coverage urban layout for evaluation of rural area deployment scenario. 

2.1.3 Urban Macrocell
The urban macrocell environment is targeting to continuous coverage for pedestrian up to fast vehicular users. Therefore, the aim is to achieve coverage extension for users. Usually, the inter-site distance is 500m for urban environment. It is expected that hexagonal cellular model is considered as the rural area. See table 2 for a baseline configuration. 

It is proposed that the group agrees on one of the above 2 scenarios (Figure 1) for base coverage urban layout for evaluation of rural area deployment scenario. 
2.1.4 Indoor Hotspot
The indoor scenario is defined as an isolated area located indoors, where user density can be high and typically users are stationary. Such a scenario is characterized by high shadowing and considerable signal attenuation due to the existence of rooms separated by walls. As a result of its isolated characteristic it also features low interference from other cells when compared to the outdoor cases.

The indoor hotspot scenario with relay assisted, as depicted in Figure 2, consists of one floor of a building. The height of the floor is 6 m. The floor contains 16 rooms of 15 m x 15 m and a long hall of 120 m x 20m. Two relay stations are placed in the middle of the hall at 30m and 90m with respect to the left side of the building (see following Figure).
Also, the corresponding outdoor part of relay station is connected to the base station via LTE-Advanced in-band air interface. It should be noted that the outdoor base station could interfere the indoor users via penetrating the wall.  
The described indoor hotspot scenario is not intended to be considered to be used in any implementation of system.
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Figure 2 Sketch of indoor hotspot environment (one floor)
Proposal: It is proposed that Feigure 2 is agreed for indoor placement of relays and interference from external Base station is considered for evaluation.
2.1.5 Dead Spot

 [FFS]
2.1.6 Emergency or Temporary Coverage
The emergency or temporary coverage scenarios are not considered as performance evaluation scenarios. It is rather evaluated by the assessments for the metrics as follows, 

· Reconfiguration time, e.g., a node is dropped into the network or take it out and see how quick it re-organized.
· [TBD]
2.1.7 Wireless Backhaul only
The wireless backhaul scenarios are not considered as performance evaluation scenarios. It is rather evaluated by the assessments for the metrics as follows, 

[TBD]
2.1.8 Group Mobility
The group mobility scenarios are not considered as performance evaluation scenarios. It is rather evaluated by the assessments for the metrics as follows, 
[TBD]
2.2. Baseline Configuration
The purpose of this section is to provide a set of common simulation assumptions. They are solely for consistent evaluation of the candidate LTE-Advanced relay system and related only to specific test environments used in these simulations. They should not be considered as the values that must be used in any deployment of any LTE-Advanced relay system nor should they be taken as the default values for any other or subsequent study. They do not necessarily themselves constitute any requirements on the implementation of the system.
Table 2. Baseline evaluation configuration parameters
	Test Environment
	Microcellular
	Base coverage urban
	Indoor
	High speed

	Deployment scenario for the evaluation 
	1.Urban hotspot
	8. Urban Macrocell
	3.Indoor hotspot
	4.Rural Area

	Base Station (BS) antenna height
	10 m, below rooftop
	25 m, above rooftop
	25 m, above rooftop
	35 m, above rooftop

	Number of BS antennas

	[FFS]
	[FFS]
	[FFS]
	[FFS]

	
	[FFS] 
	[FFS]
	[FFS]
	[FFS]

	Total BS TX power at antenna feedpoint
	41 dBm for 10MHz, 44 dBm for 20MHz
	46dBm for 10MHz, 49dBm for 20MHz
	24dBm for 40 MHz, 21 dBm for 20 MHz
	46dBm for 10MHz, 49dBm for 20MHz

	Relay Station (RS) antenna height
	5m below rooftop
	12.5 m, above rooftop
	6 m, mounted on ceiling, outdoor part installed on the rooftop 
	25 m, above rooftop

	Number of RS antennas
	[FFS]
	[FFS]
	[FFS]
	[FFS]

	
	[FFS]
	[FFS]
	[FFS]
	[FFS]

	Total RS TX power at antenna feedpoint
	[27dBm~40dBm]
	[27dBm~40dBm]
	[27dBm~40dBm]
	[27dBm~40dBm]

	User Terminal (UT) power class
	24dBm
	24dBm
	21dBm
	24dBm

	UT antenna system
 
	2 tx
	2 tx
	2 tx
	2 tx

	
	2 rx
	2 rx
	2 rx
	2 rx

	Minimum distance between UT and serving cell
	>= 10 meters
	>= 25 meters
	>= 3 meters
	>= 35 meters

	Carrier Frequency (CF) for evaluation (representative of IMT bands)
	2.5 GHz
	2GHz
	3.4 GHz
	800 MHz

	Outdoor to Indoor building penetration loss
	see Annex 1 Table A1-1 [2]
	N.A.
	20dB

	N.A.

	Outdoor to in-car penetration loss
	N.A.
	9 dB (LN, σ = 5 dB)
	N.A.
	9 dB (LN, σ = 5 dB)

	Layout
	Hexagonal grid, see section 2.1.2
	Hexagonal grid, Section 2.1.3
	See section 2.1.4
	Hexagonal grid, see section 2.1.1

	Inter-site distance
	200m
	500m 
	60m 
	1732 m 

	User distribution
	Randomly and uniformly distributed over area. 50 % users outdoor (pedestrian users) and 50 % of users indoors
	Randomly and uniformly distributed over area. 100% of users outdoors in vehicles
	Randomly and uniformly distributed over indoor area
	Randomly and uniformly distributed over area. 100% of users outdoors in high speed vehicles

	User mobility model
	Fixed and identical speed |v| of all UTs, randomly and uniformly distributed direction 
	Fixed and identical speed |v| of all UTs, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UTs, randomly and uniformly distributed direction
	Fixed and identical speed |v| of all UTs, randomly and uniformly distributed direction

	UT speeds of interest
	3km/h
	30km/h 
	3 km/h 
	30 km/h.

	Inter-site interference modeling
	explicitly modelled
	explicitly modelled
	explicitly modelled
	explicitly modelled

	BS noise figure
	5dB
	5 dB
	5 dB
	5 dB

	RS noise figure
	[6dB]
	[6dB]
	[6dB]
	[6dB]

	UT noise figure
	7dB
	7 dB
	7 dB
	7 dB

	Thermal noise level
	-174 dBm/Hz
	-174 dBm/Hz
	-174 dBm/Hz
	-174 dBm/Hz

	Maximal IoT used for evaluation
	10dB
	10dB
	10dB
	10dB

	Evaluated Service Profiles
	Full buffer best effort
	Full buffer best effort
	Full buffer best effort
	Full buffer best effort

	Simulation Bandwidth
	10 + 10 MHz (FDD), or 20 MHz (TDD)
	10 + 10 MHz (FDD), or 20 MHz (TDD)
	20 + 20 MHz (FDD), or 40 MHz (TDD)
	10 + 10 MHz (FDD), or 20 MHz (TDD)

	Number of users per cell
	10
	10
	10
	10


3. Conclusions
In this contribution, evaluation methodology for a relay system simulation is proposed for consideration. Several conclusions are summed up as follows:

1. Urban Hotspot, Urban Macrocell, Dead Spot, Indoor hotspot and Rural Area are taken as the scenarios for evaluation.

2. Emergency or Temporary Coverage, Wireless Backhaul only and Group Mobility should not be taken into consideration for the performance evaluation with simulation. They’re evaluated for functional assessments only.
3. Simulation assumptions as baseline configuration parameters for each scenario are described in Table 2  and the network layout proposed in section 2.1.1 are used for evaluation of Urban Hotspot, Urban Macrocell and Rural Area scenarios, section 2.1.4 are used for indoor hotspot scenario.
Finally, it should be noted that even the whole deployment scenarios for evaluation and a series of parameters for evaluation are provided as a prefer setting of the relay performance evaluation in this contribution, it should not form as any part of the requirements on the implementation of the system. 
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� The antenna configuration for base station should be further updated to be aligned with any part of the 3GPP LTE-Advanced evaluation methodologies.


� The antenna configuration for UE should be further updated to be aligned with any part of the 3GPP LTE-Advanced evaluation methodologies.


� The out-door interference from base station has a penetration loss when received by the indoor UEs.
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