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1. Introduction
Two simulation scenarios have been proposed in [1]. The corresponding evaluation methodologies upon these two scenarios are discussed in various contributions from many companies. Channel model, relay site optimization are still under hot discussion. While other topics, e.g. antenna pattern, RN transmission power and etc. are not fully discussed. To facilitate the study on the Relay and do the performance evaluation on it, this contribution tries to summarize and give some guideline for the discussion of the relay evaluation methodologies on the above mentioned aspects.
2. Simulation scenarios
The test environments agreed by ITU-R which was defined in [2] 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, [1] discusses corresponding evaluation scenarios descriptions on the above four test environments including Base coverage urban, Microcellular, Indoor and Rural High speed.  

Also, there needs 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;

Based on that, it can be refined and summarized as two basic evaluation scenarios as follows,

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

	3GPP case 1.Relay
	Urban Macro
	500
	2.0

	3GPP case 3.Relay
	Rural Area
	1732
	2.0


3. Refine of relay evaluation methodologies
There are some remaining issues for relay evaluation should be considered in the simulation.
3.1. Pathloss Model

A new channel model for [16] has been agreed in RAN156bis. The new channel model contains a LOS component and be different for 3GPP case 1 and 3. The path loss model for relay-UE link has been compared to the real measurement data to prove its validity.

3.1.1 Macro-Relay

The current path loss model for Macro-Relay needs to be updated n order to keep consistency to Relay-UE channel model.

The Macro-relay should include a LOS component.
Usually, relay antenna is higher than UE in order to create a LOS connection to the donor cell as possible as it could. This will also give full consistency compared to the relay-UE channel model.
Still use some combination of LOS and NLOS component.
A combined LOS and NLOS channel model for macro-relay link responses to the fact that the received signal strength is much less than the donor cell. The link between interference cell and relay cell is usually a NLOS connection due to long distance propagation. It is easier to be blocked by obstacles.
The LOS probability increases when site planning is introduced.
The site planning gives the possibility that the operator could select the best placement of relay cell for a better backhaul transmission within a set of several candidate positions. When placing the relay cell at a certain place which could directly see the donor cell by a line-of-sight path, the received signal strength of backhaul could be largely increased thus create benefit for the backhaul transmission.
3.1.2 Shadow fading
New shadowing fading map

Simulation methodologies of different SF map for Macro-relay, relay-UE and Macro-UE respectively should consider the correlation among them.
Shadowing fading value
As a result of site planning, the shadowing fading value including mean and standard deviation needed to be updated to reflect the site planning gain [14]. This could have different impact on NLOS and LOS component.  Considering shadowing ought to be zero-mean, the mean part of this propagation path degradation could be included in the path loss.
Penetration loss

As building penetration is a random process it needs a deviation to be fully described. As most of the simulations in 3gpp do not specify a building penetration loss standard deviation, this deviation is often assumed to be covered by the general shadowing deviation.
Considering an outdoor deployed relay, penetration loss is given as,
Table 2a. penetration loss of an outdoor relay
	Macro-Relay
	0dB

	Relay-UE
	20dB

	Macro-UE
	20dB


Considering a relay of which the donor part is outdoor and the repeat part is indoor, the penetration loss is given as,

Table 2b. penetration loss of an outdoor-to-indoor relay
	Macro-Relay
	0dB

	Relay-UE
	0dB

	Interference Relay-UE
	20dB

	Macro-UE
	20dB


3.2. 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.
The placement of relay also regarded as site planning could be taken by two major steps,

1) A virtual relay is placed trying to enhance the cell edge throughput or overall cell throughput.
2) Finding an optimal place among N candidate relay sites around the virtual relay which offers optimization of shadow fading, LOS probability and etc.
The following discussions are splitted into two halves based on the above two steps.
3.2.1 Place a virtual relay

The placement of the virtual relays are placed at low C/I regions trying to enhance the relay UE received quality. In a real environment, the final placement of relay might not be the same as the virtual one. This should also consider the step 2 optimization by selection N candidate relays around the virtual one. However, in a system-level simulation, we assume the real placement of relay is as the same as virtual one for simplicity. The step 2 optimization gain should also be considered in system-level simulation in terms of scaling SINR or SNR value.
3.2.1.1 Single relay per sector
In the urban macro deployment including relay stations, the system is modeled 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 placement of relay is combined with the antenna pattern. Directional-antenna equipped at base station for covering a sector is a typical configuration. The same conclusion could be applied to the omni-antenna.

Different antenna pattern from relay transmission and receiving according to section 3.4.4.
Option 1)  1 relay/sector, relay omni
The relay stations are placed along the antenna boresight of each sector at 4/9 of the ISD. The relay uses omni antenna for downlink and uplink transmission
Option 2) 1 relay/sector, relay directional
The relay stations are placed along the antenna boresight of each sector at 4/9 of the ISD. The antenna array orientation of the relay node is such that it has the same bore-sight direction as the serving base station sector.
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Option 1) 1 relay, omni-RN-Tx, beam-eNB-Tx
Option 2) 1 relay, Directional-RN-Tx, beam-eNB-Rx
Figure X base coverage urban layout with relay stations
3.2.1.2 Multiple relays per sector

Place multiple relays in a sector should consider 
· Not to create bottleneck for backhaul transmission.

· To optimize overall donor and relay cell throughput.
· That relays are not placed randomly in a sector but should be planned.
3.2.2 Optimization of relay placement
Relays were placed on positions they are most needed in terms of SINR (geometry). Positions, where a relay placement would result in the highest geometry gain, were found in an exhaustive search within N candidate relay sites around the virtual relay. [9]

 REF _Ref228594831 \r \h 
[14] provide methods for such placement.
This process offers optimization of shadow fading, LOS probability and etc. 
Thus, the corresponding mean and standard deviation value of shadowing, LOS probability should be updated.
Size of searching area
The decorrelation distance, describing the correlation of neighbouring positions, is a good value to be considered as the radius of the searching area to provide sufficient benefit. It is currently to be assumed 50m length. However, specific size should be studied FFS.
Placement algorithm
For simplicity, the candidate relays are randomly placed in the searching area.
3.3. Antenna configuration
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. 
SDMA between different relays for downlink transmission also create benefit of backhaul capacity.

To sum up, the follow issues should be considered when evaluating relay performance,
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. 

The relay cell largely interfered by the macro cell. To reduce the interference from macro cell, some advanced antenna configuration for evaluation. Thus, different antenna pattern from relay transmission and receiving is considered.

1) eNB
To achieve better received signal strength, the eNB could use some techniques to enhance the backhaul capacity, e.g. beamforming, SDMA, MIMO. We should welcome advanced antenna configuration for such evaluation. However, it needs to be specified how to achieve such gain, e.g, antenna array or else.
It should also be noted that the advanced antenna configuration should consider the number of antenna sets at the base station. Besides the Macro-UE link, additional antenna set for backhaul transmission will increase the size of antenna that makes it difficult for operators’ deployment.

2) Relay
Option 1: One set antenna

One kind of compact and economic relay aims to provide lower size, easy mounted on lamppost or below the rooftop. Such kind of relay is a very low cost access point. The number of antenna should consider low pricing and small size of antenna.  When only one set of antennas is equipped at relay for both receiving and sending data, omni antenna pattern is considered.

Option 2: Two sets antenna

Another kind of reduced size eNB-like relay aims to provide lower size than donor eNB, mount on rooftop. Whether two sets of antenna equipped on relay should full consider the size of antenna. When two different sets of antennas are equipped at relay for receiving and sending data, directional antenna is considered.

3) Vertical antenna pattern 

Use of antenna downtilt and a corresponding vertical antenna pattern is FFS.
Number of antennas on relay

For a baseline simulation, the relay uses two antennas for receiving and transmission.
3.4. Typical configuration for simulation
For a typical system level simulation, the following configurations are taken into consideration,

Table 3. Typical configuration for simulation
	
	Parameter
	Description
	Case 1
	Case 3

	eNB
	PNode_B
	Max Tx power 
	46 dBm @ 10 MHz bandwidth 
	46 dBm @ 10 MHz bandwidth 

	
	HNode_B
	Base sation antenna height 
	3GPP case 1
	3GPP case 3

	
	GNode_B
	Antenna gain(LOS) 
	17 dBi 
	17dBi 

	
	S
	# of sectors 
	3 
	3 

	
	θNode_B
	3-dB  beam width 
	θNode_B=70o 
	θNode_B=70o 

	
	GFB
	Front-to-back ratio 
	25 dB 
	25 dB 

	
	NFNode_B
	Noise figure 
	5 dB 
	5 dB 

	
	HWNode_B
	Hardware loss/cable loss 
	0 dB 
	0 dB 

	Relay
	PRN
	Max Tx power 
	30 dBm @ 10 MHz bandwidth 
	30, 37 dBm @ 10 MHz bandwidth 

	
	HRN
	RS antenna height 
	5m
	5m, 10m

	
	GRN
	One antenna set
	5dBi,  Omni
	5dBi,  Omni

	
	
	Two antenna sets
	Relay-UE link:

8dBi, directional

3-dB  beam width for relay: 70 degree

Macro-Relay link

8dBi, directional

3-dB  beam width for relay: 30 degree
	Relay-UE link:

8dBi, directional

3-dB  beam width for relay: 70 degree

Macro-Relay link

8dBi, directional

3-dB  beam width for relay: 30 degree

	
	NFRN
	Noise figure 
	5 dB 
	5 dB 

	
	HWRN
	Hardware loss/cable loss 
	0 dB 
	0 dB 

	UE
	HUE
	UE  antenna height 
	1.5m
	1.5m

	
	GUE
	Antenna gain 
	0 dBi 
	0dBi 

	
	θUE
	Antenna direction 
	Omni 
	Omni 


3.4.1 RN transmission 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. 

3.4.2 Number of RNs per sector/cell
System-level simulation should be taken to verify the performance gain when multiple-RNs are introduced. 
3.4.3 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. 

Furthermore, it should be noted various antenna height is preferred considering different antenna configuration in rural and urban scenario

3.5. 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 LTE-Advanced. The scenarios for evaluation relay are proposed. Also, several parameters are investigated. 
It is proposed to study the follow issues,

· Path loss model for Macro-Relay link both LOS and NLOS component in 3GPP case 1 and 3.

· LOS and NLOS probability of Macro-Relay link in 3GPP case 1 and 3.

· Simulation methodologies of different SF map for Macro-relay, relay-UE and Macro-UE respectively should consider the correlation among them.

· Placement of a virtual relay.
· Study the optimization of relay placement, e.g, size of searching area and placement algorithm.  Thus it gives the optimized shadowing and LOS/NLOS probability.
· Antenna pattern of eNB and Relay to support backhaul transmission and the number of how many sets of antenna equipped on relay is FFS.
· Others, e.g., transmission power, number of Relays per sector/cell, antenna height

It is also proposed that the following proposals can be captured in the discussion of evaluation methodologies,

· The Macro-relay path loss model 

·  should include a LOS component.
· Still use some combination of LOS and NLOS component.
· That the LOS probability increases when site planning is introduced.
· Considering the new penetration loss model listed in Table 2.

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

· More antennas quipped at relay to support higher throughput when no isolation needed.

· Antenna pattern 
· Relay
· Only one set of antennas is equipped at relay for both receiving and sending data.

· 5dBi for omni-direction antenna 
· Two different sets of antennas are equipped at relay for receiving and sending data.

· 
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· Use of antenna downtilt and a corresponding vertical antenna pattern is FFS.
· For a baseline simulation, the relay uses two antennas for receiving and transmission.

· 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. System-level simulation should be taken to verify the performance gain when multiple-RNs are introduced.
· 5dB for evaluation of relay noise figure.
A collection of a typical configuration for case 1 & 3 are listed in Table 3.
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