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1. Introduction
In previous RAN1 meetings, simulation models for relay backhaul link has been agreed within RAN1 and documented in [1]. In this contribution, we discuss two options that can be used to model the pathloss for eNB-relay backhaul link with site planning for coexistence studies. 
2. Discussion
The scenarios for relay deployment have not been agreed within RAN4, one of the deployment scenarios that are likely to happen is a relay deployment with site planning. In such scenario, the Relay Node (RN) is controlled by the operator and its location is consequently chosen by the operator. The RN will thus most probably be deployed outdoors at street level with its associated UEs reside either indoor or outdoor. The link between the donor eNB and RN is called backhaul link Un while the link between the RN and the UE are called access link Uu. This type of scenario is depicted in the following figure:
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In RAN4, the pathloss model between eNB and UE is described in [2], therefore RAN4 may prefer to reuse this pathloss model for the backhaul link between eNB and RN. On the other hand, when the RNs are deployed with site planning, some channel characteristics may change and a pathloss model has already been agreed in RAN1 [1] to take these changes into account. Below two options are discussed that model the pathloss for the backhaul link between eNB and RN for the purpose of coexistence studies.
2.1 Option 1: Reuse the Pathloss Model in [2]
Received signal

An important parameter to be defined is the minimum coupling loss (MCL). MCL is the parameter describing the minimum loss in signal between BS and UE or UE and UE in the worst case and is defined as the minimum distance loss including antenna gains measured between antenna connectors.  MCL values are given as follows:

Table-1: Minimum Coupling Losses

	Environment
	Scenario
	MCL

	Macro cell Urban Area
	BS ( UE
	70 dB

	Macro cell Rural Area
	BS ( UE
	80 dB


With the above definition, the received power in downlink and uplink can be expressed as:

RX_PWR = TX_PWR – Max (pathloss – G_TX – G_RX, MCL)

where:

RX_PWR is the received signal power

TX_PWR is the transmitted signal power

G_TX is the transmitter antenna gain

G_RX is the receiver antenna gain

Urban Macro propagation model

Macro cell propagation model for urban area is applicable for scenarios in urban and suburban areas outside the high rise core where the buildings are of nearly uniform height:
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where:

R is the base station-UE separation in kilometres

f is the carrier frequency in MHz

Dhb is the base station antenna height in metres, measured from the average rooftop level

Considering a carrier frequency of 900MHz and a base station antenna height of 15 metres above average rooftop level, the propagation model is given by the following formula:
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where:

R is the base station-UE separation in kilometres

Considering a carrier frequency of 2000MHz and a base station antenna height of 15 metres above average rooftop level, the propagation model is given by the following formula:
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where:

R is the base station-UE separation in kilometres

After L is calculated, log-normally distributed shadowing (LogF) with standard deviation of 10dB should be added. A Shadowing correlation factor of 0.5 for the shadowing between sites (regardless aggressing or victim system) and of 1 between sectors of the same site shall be used The pathloss is given by the following formula:
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NOTE 1: 
L shall in no circumstances be less than free space loss. This model is valid for NLOS case only and describes worse case propagation

NOTE 2: 
The pathloss model is valid for a range of Dhb from 0 to 50 metres.

NOTE 3: 
This model is designed mainly for distance from few hundred meters to kilometres. This model is not very accurate for short distances.

NOTE 4: 
The mean building height is equal to the sum of mobile antenna height (1,5m) and 
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NOTE 5:
Some downlink simulations in this TR were performed without shadowing correlation, however it was reported this has a negligible impact on the simulation results.

Rural Macro propagation model

For rural area, the Hata model was used in the work item UMTS900, this model can be reused:

L (R)=  69.55 +26.16log10(f)–13.82log10(Hb)+[44.9-6.55log10(Hb)]log(R)  – 4.78(Log10 (f))2+18.33 log10 (f) -40.94 

where:

R is the base station-UE separation in kilometres

f is the carrier frequency in MHz

Hb is the base station antenna height above ground in metres

Considering a carrier frequency of 900MHz and a base station antenna height of 45 meters above ground the propagation model is given by the following formula:
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where:

R is the base station-UE separation in kilometres

After L is calculated, log-normally distributed shadowing (LogF) with standard deviation of 10dB should be added. A Shadowing correlation factor of 0.5 for the shadowing between sites (regardless aggressing or victim system) and of 1 between sectors of the same site shall be used. The pathloss is given by the following formula:
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NOTE 1: 
L shall in no circumstances be less than free space loss. This model is valid for NLOS case only and describes worse case propagation

NOTE 2: 
This model is designed mainly for distance from few hundred meters to kilometres. This model is not very accurate for short distances.

2.2 Option 2: Pathloss Model Agreed in RAN1 [1]
LOS Probability

As the operators can choose the location of RNs at the street level, it is highly likely that the operators, if possible, will choose a location that has LOS between eNB and RN in order to increase the throughput/coverage for the backhaul link. Therefore the probability of LOS for eNB-Relay backhaul link increases. This has been studied and agreed within RAN1.
Current RAN4 pathloss model [2] does not have a LOS probability and therefore can not reflect the benefit of site planning. For coexistence studies, it is shown in [3-4] that the ITU model with LOS probability generates quite different results comparing to the RAN4 model [2]. In this contribution, we propose to use the pathloss model introduced in [1] for coexistence study within RAN4.  
Shadowing Improvement
Even if the link between eNB and Relay is NLOS, the operators can still do site planning in order to improve the shadowing of the propagation channel. This has also been investigated and agreed within RAN1 that a deduction of 5dB on the pathloss can be used to model the benefit of site planning on shadowing improvement [1]. 
Pathloss Model for eNB-Relay Backhaul link with Site Planning 
· Pathloss model with LOS probability
The following pathloss models can be applied in the frequency range of 2 – 6 GHz and for different antenna heights. The rural path-loss formula can be applied to the desired frequency range from 450 MHz to 6 GHz. The path loss models have been summarized in Table-1 for Urban Micro, Urban Macro, and Rural Macro. Note that the distribution of the shadow fading is log-normal, and its standard deviation for each scenario is given in the table. 

Table-1 Summary table of path loss models

	Scenario
	Path loss [dB]

Note: fc is given in GHz and distance in meters!
	Shadow fading std [dB]
	Applicability range, antenna height default values

	Urban Micro (UMi)
	LOS
	PL = 22.0log10(d) + 28.0 + 20log10(fc) 

PL = 40log10(d1) + 7.8 – 18log10(h’BS) –18log10(h’UT) + 2log10(fc)


	( = 3

( = 3


	10 m < d1 < d’BP 1)

d’BP < d1 < 5000 m1)
hBS = 10 m1), hUT = 1.5 m1)

	
	NLOS
	Manhattan grid layout:
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 and PLLOS is the path loss of scenario UMi LOS and k,l ( {1,2}.

Hexagonal cell layout:

PL = 36.7log10(d) + 22.7 + 26log10(fc)
	( = 4

( = 4
	10 m < d1 + d2  < 5 000 m,

w/2 < min(d1,d2 ) 2)
w = 20 m (street width)

hBS = 10 m, hUT = 1.5 m

When 0 < min(d1,d2 )  < w/2 , the LOS PL is applied.

10 m < d < 2 000 m
hBS = 10 m

hUT =1-2.5 m

	
	O-to-I
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Manhattan grid layout (θ known):
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For hexagonal layout (θ unknown):

PLtw = 20, other values remain the same. 
	 = 7
	10 m < dout+din< 1 000 m,

0 m < din< 25 m,

hBS=10m, hUT=3(nFl -1)+1.5m,

nFl=1,

Explanations: see  3)



	Urban Macro (UMa)
	LOS
	PL = 22.0log10(d) + 28.0 + 20log10(fc)
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	( = 4

( = 4


	10 m < d < d’BP 1)
d’BP < d < 5 000 m1)
hBS = 25 m1), hUT = 1.5 m1)


	
	NLOS
	PL = 161.04 – 7.1 log10 (W) + 7.5 log10 (h) 
– (24.37 – 3.7(h/hBS)2) log10 (hBS) 
+ (43.42 – 3.1 log10 (hBS)) (log10 (d)-3) + 20 log10(fc) – (3.2 (log10 (11.75 hUT)) 2 - 4.97)

	( = 6


	10 m < d < 5 000 m
h = average building height
W = street width
hBS =  25 m, hUT  = 1.5 m,
W = 20 m, h = 20 m

The applicability ranges:
5 m < h < 50 m
5 m < W < 50 m 
10 m < hBS < 150 m 
1 m < hUT < 10 m

	Rural Macro (RMa)
	LOS
	PL1 = 20log10(40dfc /3) + min(0.03h1.72,10)log10(d) 
– min(0.044h1.72,14.77)+ 0.002log10(h)d

 PL2 = PL1  (dBP) + 40 log10(d/dBP)


	( = 4

( = 6


	10 m < d < dBP, 4)
dBP < d < 10 000 m,
hBS = 35 m, hUT = 1.5 m,
W = 20 m, h = 5 m

(Applicability ranges of h, W, hBS, hUT are same as UMa NLOS)

	
	NLOS
	PL = 161.04 – 7.1 log10 (W) + 7.5 log10 (h) 
– (24.37 – 3.7(h/hBS)2) log10 (hBS) 
+ (43.42 – 3.1 log10 (hBS)) (log10 (d)-3) +20 log10(fc) – (3.2 (log10 (11.75 hUT)) 2 - 4.97)

	( = 8
	10 m < d < 5 000 m,


hBS = 35 m, hUT = 1.5 m,
W = 20 m, h = 5 m
(The applicability ranges of h, W, hBS, hUT are same as UMa NLOS)


1) Break point distance d’BP  = 4 h’BS h’UT fc/c, where fc is the centre frequency in Hz, c = 3.0(108 m/s is the propagation velocity in free space, and h’BS and h’UT are the effective antenna heights at the BS and the UT, respectively. The effective antenna heights h’BS and h’UT are computed as follows:  h’BS = hBS – 1.0 m, h’UT = hUT – 1.0 m, where hBS and hUT  are the actual antenna heights, and the effective environment height in urban environments is assumed to be equal to 1.0 m.

2) The distances d1 and d2 are defined in figure below.

3) PLb = basic path-loss, PL B1 = Loss of UMi outdoor scenario, PLtw = Loss through wall, PLin = Loss inside, dout = distance from BS to the wall next to UT location, din = perpendicular distance from wall to UT (assumed evenly distributed between 0 and 25 m), θ = angle between LOS to the wall and a unit vector normal to the wall.

4) Break point distance dBP = 2π hBS hUT fc/c, where fc is the centre frequency in Hz, c = 3.0(108 m/s is the propagation velocity in free space, and hBS and hUT are the antenna heights at the BS and the UT, respectively.

The line-of-sight (LOS) probabilities are given in Table-2. 

Table-2 LOS Probability Functions
	Scenario
	LOS probability as a function of distance d [m]

	UMi
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(for outdoor users only)

	UMa
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The NLOS path loss model for scenario UMi is dependent on two distances, d1 and d2 in the case of the Manhattan grid. These distances are defined with respect to a rectangular street grid, as illustrated in figure below, where the UE is shown moving along a street perpendicular to the street on which the BS is located (the LOS street). d1 is the distance from the BS to the centre of the perpendicular street, and d2 is the distance of the UE along the perpendicular street, measured from the centre of the LOS street.
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· Modeling of eNB-Relay backhaul link with site planning

The impacts of site planning with respect to eNB-relay pathloss, including LOS probability and shadowing standard deviation are listed in Table-3.

Table-3. Impacts of site planning 
	
	No site planning
	Correction after site planning

	eNB-relay Path Loss
	For LOS: PLLOS(R)
For NLOS: PLNLOS(R)

	For LOS: PLLOS(R)
For NLOS: PLNLOS(R)-B
Where B=5dB, for donor macro (from each of its sectors) to relay, otherwise, for non-donor cell and non optimized deployment B=0dB.

	eNB-relay LOS probability
	Prob(R)
	1-(1- Prob(R))^N

Where N=3, for donor macro (from each of its sectors) to relay, otherwise, for non-donor cell and non optimized deployment N=1.


Summary
In this contribution, two options on pathloss model for eNB-Relay backhaul link with site planning has been discussed for coexistence studies within RAN4.  
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