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1. Introduction 
The backhaul link channel model was discussed in RAN1 #57bis. The selection of the LOS probability of backhaul link is for FFS. It is envisioned that the backhaul link will have a higher LOS probability than the eNB-UE link due to RN higher antenna height and site optimization. In the following we propose LOS probabilities for backhaul link in urban and suburban environments. 

2. ISD 500m 

The LOS probability in an urban macro environment is modelled as [1] 
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where 
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 represent eNB antenna height, UE antenna height, and average rooftop height, respectively.   
For the eNB-UE link, with
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which is used by ITU [2]. 

For backhaul link, with 
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Figure 1 shows the improvement of LOS probability on backhaul due to the higher antenna height. Figure 2 shows the path loss on backhaul with the improved LOS probability.
[image: image14.jpg]i i i i
0 100 200 300 400 500
distance (m)




Figure 1 LOS probability improvement on backhaul due to antenna height for ISD 0.5Km
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Figure 2 Backhaul path loss for ISD 0.5Km
3. ISD 1.7Km 
The LOS probability for a suburban-macro environment, unfortunately, is not expressed explicitly as a function of antenna heights. The LOS probability of eNB-UE link is modelled as [3]
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For the eNB-RN link, we suggest 
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so that roughly the same amount of LOS probability improvement is achieved for urban and suburban environments. 

Figure 3 shows the improvement of LOS probability on backhaul due to the higher antenna height. Figure 4 shows the path loss on backhaul with the improved LOS probability.
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Figure 3 LOS probability improvement on backhaul due to antenna height for ISD 1.7Km
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Figure 4 Backhaul path loss for ISD 1.7Km
4. Conclusion 
In this paper, we analyzed the LOS probability of the backhaul link. 
For the case that ISD=500m, we propose that 
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For the case that ISD=1700m, we propose that 
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5. TP
Based on above analysis, we propose the following text proposal for TR 36.814 [4].

-----------start of text proposal-----------------

A.2.1.1.2
Heterogeneous deployments
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*1
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R in km, the number of floors in the path is assumed to be 0.
	Macro to UE:

L=Prob(R)PLLOS(R)+ [1-Prob(R)]PLNLOS(R)

For 2GHz, R in km.

Penetration loss 20dB

PLLOS(R)=100.7+23.5log10(R)

PLNLOS(R)= 128.1+37.6log10(R)

Note 1: Prob(R)=0, other values are FFS

	
	
	
	Macro to relay:
L=Prob(R)PLLOS(R)+ [1-Prob(R)]PLNLOS(R) -B

For 2GHz, R in km.

PLLOS(R)=100.7+23.5log10(R)

PLNLOS(R)= 125.2+36.3log10(R)

Prob(R) based on ITU models:

ISD 0.5 km: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.072))+exp(-R/0.072)
ISD 1.73 km:

Prob(R)=exp(-(R-0.01)/1.15)
Note 1: Bonus for donor macro (from each of its sectors) to relay for optimized deployment by site planning optimization methodology[A.2.1.1.4] or special value B=5dB,Otherwise, for non-donor cell and non-optimized deployment, B=0dB

Note 2: Higher probability of LOS shall be reflected in consideration of the height of RN antenna.

	
	
	
	Relay to UE: 

L=Prob(R) PLLOS(R)+[1-Prob(R)]PLNLOS(R)

For 2GHz, R in km

Where,

PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)
Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

Case 3: Prob(R)=0.5-min(0.5,3exp(-0.3/R))+min(0.5, 3exp(-R/0.095))

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.

	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*2
	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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	See Table 2.1.1.4-2

	
	
	
	See Table 2.1.1.4-2

	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
	See Table 2.1.1.4-2

	
	
	
	See Table 2.1.1.4-2

	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
	See Table 2.1.1.4-2

	
	
	
	See Table 2.1.1.4-2  

	Antenna gain + connector loss [Motorola: reference for these values?]
	5dBi
	5dBi
	See Table 2.1.1.4-2

	
	
	
	See Table 2.1.1.4-2

	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


*1 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.
*2 Cells including macro cells of the overlay network and new nodes.
----------end of text proposal-------------------
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