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1 Introduction
Various relay schemes have been proposed in LTE-Advanced to improve coverage and capacity. To evaluate the performance benefits of relay technology, accurate yet simple channel models are desirable. In this contribution, we recommend a path loss model between Node Relay (NR) and UE where both nodes are located below the rooftop level. The model has been adopted by the IEEE802.16j evaluation methodology ‎[4]. The model is also applicable to NR-NR link if both nodes are below the rooftop. 
In this contribution we present a text proposal for ‎[1] to include this relay path loss model in LTE-A evaluation methodology. 
2 Recommended path loss model
In this scenario both NR and UE antenna heights are below rooftop as shown in Figure 1. 
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Figure 1 NR-UE NLOS scenario
The recommended path loss model in this case takes the minimum of an over-the-rooftop component and a modified Berg (around the street) model component. The modified Berg model ‎[2] is used to describe the propagation loss close to the transmitter; however, as distance increases, the ETSI over-the-rooftop model ‎[2] provides a more accurate estimate of the path loss.  
The modified Berg model includes an initial LOS component till a breakpoint and a round-the-street component afterwards. The breakpoint is defined based on NR and UE antenna heights, the distance of the first street section, and the effective road height. The effective road height takes account of the effect of traffic, which reduces NR and UE heights. A visibility factor is included to reduce the path loss further as distance increases due to the fact that LOS decreases with distance along a street.
The detailed path loss model is described as follows with the street geometry for modified Berg model shown in Figure 2.
[image: image2.png]



Figure 2 Geometry of street sections used for modified Berg model
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The above path loss model has been compared with field measurements taken in central London. In the experiments, the antenna height at base site is 5m and the mobile was a trolley with an antenna height of 1.3m. Figure 3 shows that there is excellent agreement between the predicted and measured values. The discontinuity in the modified Berg model at ~60m corresponds well awith the dimensions of the street layout immediately surrounding the base site. Beyond 100m the ETSI over the rooftop model closely tracks the experimental measurements for outdoor locations. 

[image: image4]
Figure 3 Microcellular propagation results ‎[3]
To facilitate simulation evaluation, the geometry and parameters in Figure 4 can be used for modified Berg model.

[image: image5]
Figure 4 geometry parameters of modified Berg model for evaluation

The corresponding modified Berg component can be expressed as follows. The resultant overall path loss (minimum of over-the-rooftop component and modified Berg component) is shown in Figure 3. 
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3 Text Proposal for TR 36.814
-------------------------- Start of text proposal --------------------------
Annex A: Simulation model

Editor's note: This annex will capture the evaluation model such as case in 25.814, micro cell, indoor and rural/high-speed for performance evaluation in RAN WG1.
A.2
System simulation Scenarios

A.2.1
System simulation assumptions

A.2.1.1

Reference system deployments
A.2.1.1.2
Heterogeneous deployments
Heterogeneous deployments consist of deployments where low power nodes are placed throughout a macro-cell layout. A subset of the macro-cell layouts described in section A.2.1.1.1 could be used for heterogeneous network deployments evaluation. For calibration purpose, the following cases should be used

· Case 1

· Case 3

· Rural/high speed

To assess the benefit of adding low-power nodes to become a heterogeneous network, performance comparison should be made to homogeneous macro-cell only deployment. 
The categorization of the low power nodes is as described in Table A.2.1.1.2-1. 

Table A.2.1.1.2-1. Categorization of new nodes

	
	Backhaul
	Access
	Notes

	Remote radio head (RRH) cells
	Several µs latency to macro
	Open to all UEs
	Placed outdoors

	Hotzone cells
	X2
	Open to all UEs
	Placed outdoors

	Femto cells
	FFS
	Closed Subscriber Group (CSG)
	Placed indoors

	Relay nodes
	Through air-interface with a macro-cell (for in-band RN case)
	Open to all UEs
	Placed outdoors



Note: The reference to Femto cells in this TR and its corresponding characteristics is applicable to evaluations in this TR only. 

Table A.2.1.1.2-2 presents the baseline parameters for initial evaluations in heterogeneous networks. More detailed modelling of new nodes propagation and channel model based on IMT.EVAL should be considered for performance evaluation at a later stage. 
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*
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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.
Note 3: additional model for below rooftop scenario is described in Section A 2.1.2.1

	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
	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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[image: image15.wmf]dB
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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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 dB. Use of antenna downtilt and a corresponding vertical antenna pattern is FFS.

	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, for relay to macro

	
	
	
	30 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


* 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.
A.2.1.2
Channel models
A.2.1.2.1
Below-rooftop relay path loss model  

The path loss model in this section is recommended between Node Relay (NR) and UE where both nodes are located below the rooftop level, as shown in Figure 1. The model is also applicable to NR-NR link if both nodes are below the rooftop.

[image: image17.jpg]NLOS transmission
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Figure 1 NR-UE NLOS scenario

The recommended path loss model takes the minimum of an over-the-rooftop component and a modified Berg (around the street) model component. The modified Berg model is used to describe the propagation loss close to the transmitter. As distance increases, the ETSI over-the-rooftop model provides a more accurate estimate of the path loss.  

The modified Berg model includes an initial LOS component till a breakpoint and a round-the-street component afterwards. The breakpoint is defined based on NR and UE antenna heights, the distance of the first street section, and the effective road height. The effective road height takes account of the effect of traffic, which reduces NR and UE heights. A visibility factor is included to reduce the path loss further as distance increases due to the fact that LOS decreases with distance along a street.

The detailed path loss model is described as follows with the street geometry for modified Berg model shown in Figure 2.

[image: image18.png]



Figure 2 Geometry of street sections used for modified Berg model
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To facilitate simulation evaluation, the geometry and parameters in Figure 4 can be used for modified Berg model.


[image: image20]
Figure 4 geometry parameters of modified Berg model for evaluation

The corresponding modified Berg component can be expressed as follows. 
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