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1. Introduction

During RAN#40 meeting, 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 for homogenous relay. 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. Basic principle of relay evaluation scenarios

The test environments agreed by ITU-R which was defined in [1] is 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 Rural 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 for evaluation.

Based on that assumption, [2] discusses corresponding evaluation scenarios descriptions on the above four test environments including Base coverage urban, Microcellular, Indoor and Rural High speed as defined in [1].  
Also, there need some basic principles for us to decide on the scenarios,

· Simple to simulation and reduce simulated scenarios;

· Including capacity and coverage scenarios for relay;

· Follow the 3GPP and ITU simulation cases;

· Solely for consistent study and evaluation of LTE-A Relay, but not the required deployment scenarios of LTE-Advanced relay application;

After some discussion with different companies, it can be refined and summarized as four basic evaluation scenarios as follows,

Table 1. Evaluation scenarios for relay
	CASE 
	Scenarios 
	ISD[m]
	Carrier[GHz]
	Improvement 

	3GPP case 1.Relay
	Urban Macro
	500
	2.0
	Coverage /Capacity 

	3GPP case 3.Relay
	Rural Area
	1732
	2.0
	Coverage 

	 ITU [Indoor].Relay
	Indoor hotspot 
	60
	3.4
	Capacity 

	ITU [Micro].Relay
	Urban Micro
	200
	2.4
	Capacity 


3. Refine of relay evaluation methodologies
However, there still remain possible issues to describe the above evaluation scenarios. It could be summarized as follows, 
3.1. Placement of Relay 
The cell throughput performance is sensitive to the placement of relays.  Therefore, the relay will be deployed by operators but not act as UE placed randomly. The best RN placement in a cell needs to be selected by a set of potential deployments by operators. Due to correlated shadowing large areas with continuously bad shadowing conditions occur. These areas experience very poor geometry; and this is where relays are placed preferably. The link between relay and eNB is still considered to be very good due to the potential to use MIMO and beamforming and leveraging line-of-sight conditions. Relays will to be placed, at positions, where they are most needed, and where their backhaul link is sufficient.

3.2. Number of antennas@RN 

The main limitation of the number of antenna at relay node includes antenna size, e.g. isolation between donor part and repeat part. Traditional amplify-and-forwarding node, e.g, repeater needs several meters for separation between the donor and repeat antenna part. In that case, equipping two antennas for both transmission and receiving double size the antenna makes it not easy for real deployment.
It shall also consider the maximum MIMO layers which could be transmitted between eNB-RN link and RN-UE link, which gives the minimum number of antennas at relay node. Two antennas equipped at RN should be setup as a baseline to support high throughput. Usually, the relay node deployed at a higher antenna height will have a LOS path between itself and eNB. This impacts the characteristics of the channel matrix which leads to rank deficiency.  It should be noted that dual polarized antenna equipped at both eNB and RN side increase the performance of spatial multiplexing which also means reducing the antenna size.
3.3. Antenna pattern
For Relay node, the Omni-Antenna can be used as baseline. For the limited size of the Relay station, the number and the size of the antenna should be less than that of eNB antenna. So the gain of the relay node antenna should be no more than eNB antenna. 

However, we should also welcome advanced antenna configuration for evaluation. However, it needs to be specified how to achieve such gain of antenna for RN->eNb and RN->UE, e.g, antenna array or else.
3.4. Antenna height
The antenna height of the relay covers two scenarios including above rooftop and below rooftop. The proper antenna height should provide large enough performance gain based on the simulation results. It should be noted that the propagation model is largely linked to the antenna height while LOS and NLOS scenarios provide different propagation loss. Therefore, the proposed propagation model should fully consider the impact of antenna height.
3.5. Channel model
For simplicity and convenience, the traditional 3GPP and ITU channel models, e.g. urban micro and urban macro, are suggested to be used for the relay model with modified parameters. For example, urban micro model with decreased BS height is deployed for the link between RN and UE. However, the simplicity we make should be based on the realistic measurement data, that is only the traditional models with modified parameters is adopted when they fit the measurement data well. 

Therefore, we carried out the corresponding channel measurement for RN-UE link in Urban Macro scenario without dense high building. 
· LOS scenario

Fig. 1 shows the measurement data in LOS RN-UE, where RN is 6.8m high and placed at wing of the gymnasium. The measurement campaign is taken in Beijing, China.

Fig. 1 Path Loss measurement result between RN and UE in LOS

[image: image1.emf]100 50 40 20 150 200

65

70

75

80

85

90

95

100

d(m)

PL(dB)

 

 

Measured PL

Log-distance model

FS model

UMa-LOS

PL(d)=40.5+20.9lg(d)


The path loss models are typically of the form of : 

[image: image2.wmf][

]

[

]

1010

GHz

log(m)log

5.0

c

f

PLAdBC

=++

æö

ç÷

èø


where d is the distance between the transmitter and the receiver in [m], fc is the system frequency in [GHz], the fitting parameter A includes the path-loss exponent, parameter B is the intercept, parameter C describes the path loss frequency dependence. Since the central frequency of China mobile’s measurement is 2.35GHz, we set C equal to 20 and obtain the path loss at 2GHz between RN and UE which can be expressed as:

[image: image3.wmf]()39.120.9lg()

PLdd

=+

  20<d<200m,

and shadowing standard deviation is 3.3 dB.

From fig.1, we can see that the curve of RN-UE PL in LOS is close to ITU UMa LOS model and free space model. 
· NLOS scenario

Hence, for simplicity, we can use 
Fig. 2 shows the PL of RN<->UE is approximately 8dB smaller than that of ITU UMi or 3GPP RN-UE model and closer to UMa NLOS model. However, the path loss exponent is greater than that both in ITU UMi and UMa model, since generally lower antenna height leads to larger PL in longer distance.
Fig. 2 Path Loss measurement result between RN and UE in NLOS
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The path loss between RN and UE in NLOS can be expressed as:
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, 100<d<220m.

One more point should be noted that the PL in short distance, e.g. less than 50m in LOS and 150m in NLOS, is usually deduced from longer distance in UMi and UMa scenarios by extending the coverage range since short distance measurement sites are rare because of the antenna height.  
· Ray tracing simulation of Central London
Fig 3 shows the measured models in comparison with simulation data of central London with dense high building and the combined LOS/NLOS ITU UMi model. 
Fig 3 summarizes the difference between different models. This includes:

1) Current 3GPP proposal TR36.814

2) Ray tracing simulation of  central London

3) ITU NLOS/LOS Urban Micro model

4) Measured data in Urban China.

It can be conclude that current 3GPP model experience a huge gap compared to the other models. Thus, we propose to revisit the current 3GPP model.
However, compared to the remaining (2)(3)(4) models. We found a slight difference especially in NLOS scenarios. It needs to consolidate the new measured data and conclude the model once we revisit the propagation model.

Fig. 3 Comparison of pathloss models for RN-UE link
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The fast fading parameters and more PL results in other measurement sites for BS-RN and RN-UE scenarios are in the process and will be available later.
3.6. RN transmit power
The RN transmit power should be considered as one important factor to express effectiveness of Relay as antenna height and path loss parameter. The transmission power of relay is linked to the number of relays deployed in a sector or cell. Scenarios are described as follows,

First, to keep low cost, one possible scenario for relay is relative low transmission power e.g, 30dBm. This is also more applicable for deployment when there is regulation restriction on large transmission power. However, low transmission power requires more number of relay nodes. But with decreased size of low transmission relay node, they are more flexible and easier to be placed for operators. 
On the other hand, large transmission power relay e.g, 37dBm with relative high antenna height is also effective for coverage extension, wireless backhaul and etc. 
3.7. Number of RNs per sector/cell
[FFS]
3.8. Noise figure of relay
Currently, noise figure of most repeater products can reach 5 dB or less. It is reasonable to set the parameter, noise figure of relay, to be 5 dB.
4. Conclusions
This proposal discusses the Relay Evaluation Methodologies for homogenous LTE-Advanced. The scenarios for evaluation relay are proposed. Also, several parameters are investigated. It is proposed that the following proposals in the section 2 and 3 can be captured in the discussion of evaluation methodologies,

· Relays will to be placed, at positions, where they are most needed, and where their backhaul link is sufficient considering the shadow fading impact.

· One antenna equipped at RN when isolation needed between donor and repeat part; two antennas quipped at RN as baseline to support higher throughput when no isolation needed.

· Omi-antenna at RN as baseline. Advanced antenna configuration is also encouraged by specifying how to achieve such gain of antenna.

· Current 3GPP RN-UE propagation model is not suitable for evaluation and need revisit.

· RN transmit power
· To keep low cost, one possible scenario for relay is relative low transmission power e.g, 30dBm. This is also more applicable for deployment when there is regulation restriction on large transmission power.
· Large transmission power relay e.g, 37dBm with relative high antenna height is also effective for coverage extension, wireless backhaul and etc.
· Number of RNs per sector/cell is FFS.
· 5dB for evaluation of relay noise figure.
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