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1. Introduction

Relay has been identified as a fundamental feature in LTE-Advanced in order to achieve LTE-A requirements. One of the important issues when design and accurately evaluate the performance of Relay system is the evaluation methodology. Relay channel model should be taken into account as an important model in evaluation methodology.  It takes great impact of simulation results when different channel model are chosen. Some suggestions are proposed for the Relay channel model based on the current non-relay channel models. However, these models should be carefully verified with measured data, theoretical analysis and practical relay deployment, and then we can decide whether they can be reused with modified parameters or we should adopt new channel model.
This contribution proposes the Relay propagation model based on realistic measured data, theoretical analysis and practical Relay deployment for RN-UE link. 
2. Highlight the problems

LOS part

The current propagation loss from Relay node to UE is directly from ITU-R Urban Micro NLOS model by assuming the RN antenna height to be 10m without any LOS component. With regarding to the smaller RN coverage, some of the UEs may receive a LOS signal from RN. This effect should also be considered.  Therefore, it is proposed that the RN-UE link uses a combined NLOS/LOS Urban Micro scenario path loss formula.
Proposal 1: The channel models for relay-UE should consist of a LOS part.

It is NOTE that the same basic principal is commonly accepted in ITU-R [2] where all the models consist of LOS and NLOS parts. 
Different scenarios
Moreover, considering the different scenarios with relay deployment, 

Proposal 2: different path loss model should be taking into account to describe 3GPP case 1 (Urban Micro for relay deployment) and 3GPP case 3 (Suburban for relay deployment).

Measurement campaign for verification

As mentioned before, the current 3GPP RN <-> UE model uses ITU UMi NLOS model. However, this has not been verified as there is even no agreed measurement data to support. In order to verify the corresponding relay-UE path loss, we carried out the channel measurement campaign for RN-UE link in Urban Micro/Macro scenario in Beijing. 

Proposal 3: the path loss model for relay-UE link should compare to the real measurement data to prove its validity.
The following sections give the formulas according to the principles mentioned above.
3. RN<->UE channel model
3.1. Review of current path loss model
The path loss models are typically described by the form of [2]
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· d is the distance between the transmitter and the receiver in [m], 
· fc is the system frequency in [GHz], 
· parameter A, B ,C are interpolated  according to the measured data

In order to align with the current 3GPP agreeable assumptions on relay-UE link path loss, e.g, antenna height, carrier frequency and etc, some adjustment are taking into account by some scaling and penalty method according to the formula in (1).

Frequency error adjustment

Considering the fact that the measurement is carried out at 2.35GHz because of some regular restriction issues, a necessary scaling is taken into account by set C equal to 20 in order to obtain the path loss at 2GHz. 
Antenna Height adjustment

Furthermore, the RN antenna height in the measurement is 5.5m in micro scenario. However, it is assumed to be 5m in simulation. Therefore, we add 0.7dB to the PL according to the COST-231 Hata model [3].
The LOS and NLOS parts of RN <-> UE are discussed separately as follows.
3.2. LOS scenario
Fig. 1 Path Loss comparisons between RN and UE in LOS
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Fig. 1 shows the measurement data in LOS scenario of RN <-> UE.  Four curves are plotted.
· Measured PL

· Measured data@ 2.35GHz, 5.5m height;

· Corrected model

· The measured data are Linear Fitting in logarithmic domain.
· Considering the central frequency and antenna height, the path loss of RN <-> UE in LOS is corrected.

PL(d) = 41.1 +20.9log10(d[m])




     
PL(d) = 103.8 +20.9log10(d[km])                                                              (2)
· ITU UMa/UMi LOS model

· Current ITU-R recommended path loss for UMa and UMi keep quite similar except the antenna height.

· Free Space model

Observation
From Fig.1, we can see that the PL of RN-UE in LOS is about 5dB penalty compared to the ITU UMi/UMa LOS model. Due to the fact that the antenna height of RN is lower than that of eNB, it is easier for LOS signal partly to be blocked by leaves, cars and other obstacles. It makes sense for us to conclude 5dB extra penalty. 
Therefore, we propose using equation (2) based on measurement data for path loss of RN <-> UE LOS model.
3.3. NLOS scenario
Fig. 2 Path Loss comparisons between RN and UE in NLOS
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Fig. 1 shows the measurement data in NLOS scenario of RN <-> UE.  Four curves are plotted.

· Measured PL

· Measured data@ 2.35GHz, 5.5m height;

· Corrected model

· The path loss of RN <-> UE in NLOS is corrected.

PL(d) = 32.9 +37.5log10(d[m])




     
PL(d) = 145.4 +37.5log10(d[km])                                                              (3)
· ITU UMi NLOS model

· NOTED that the antenna height is to be 10m.  

· ITU UMa NLOS model

· NOTED that the antenna height is to be 25m.
· Free Space model

Observation

One of the reasons for 4dB extra penalty compared to the ITU UMi NLOS is because of the lower antenna height of RN than that of eNB in UMi scenario which will lead to more signal attenuation. 

Therefore, we suggest using equation (3) based on measurement data for path loss of RN <-> UE NLOS in urban micro scenario.
3.4. Combination of LOS and NLOS
With regarding to the smaller RN coverage, some of the UEs may receive a LOS signal from RN at shorter distance, while at larger distance rare LOS signal exists.  Hence, final path loss should be a combination of LOS and NLOS components. 
However, considering the lower antenna height of relay station, the ITU UMi LOS probability might be slight different from the relay LOS probability. The revised LOS probability is given by the following formula.
Revised LOS Probabilities:

Dense Urban (case 1)
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Suburban (case 3)
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The following sections give two alternative optional models for combining the LOS and NLOS path loss.

3.4.1 Option 1: Two breakpoints model

For simplicity and convenience for simulation, two breakpoints model are proposed to combine the NLOS and LOS. The main approaches and principles are interpreted as follows,
1) Using two points to describe the LOS and NLOS breakpoints.

2) Straightly using a line to connect the two values between two breakpoints.

3) Separate breakpoints into two categories:

a) Case 1: breakpoints are 50m and 100m. The LOS probability are described as follows:

	d [m]
	50
	100

	Revised LOS Probability
	0.7792
	0.1784

	ITU-R UMi LOS Probability

	0.5196
	0.2310


b) Case 3: breakpoints are 100m and 300m. The LOS probability are described as follows:

	d [m]
	100
	300

	Revised LOS Probability
	0.8506
	0.1275

	ITU-R SMa LOS Probability
	0.6065
	0.2231

	ITU-R RMa LOS Probability
	0.9048
	0.7408


In conclusion, the path loss for two breakpoint model are given as follows,
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Where
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For 3GPP case 1:
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For 3GPP case 3:
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3.4.2 Option 2: Weighted combination model

One problem in two breakpoint model is that unsmooth point at d1 and d2. To keep the curve more smoothly, one alternative way is to logarithmic average the LOS and NLOS path loss value in logarithmic domain according to their probability respectively.
The path loss for weighted combination model is given as follows,
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(5)
Where
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For 3GPP case 1:
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For 3GPP case 3:
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3.4.3 Summary
Fig. 4 Path Loss comparisons for Relay-UE link
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Figure 4 depicts the proposed two options as well as the 3GPP model in one figure. Due to the fact that it is smoother to describe the relay-UE link path loss, we would prefer option 2 as a basic path loss model for LTE-Advanced relay-UE link at 2GHz.
4. Conclusion
This proposal discusses the Relay-UE channel model for LTE-Advanced. We carried out the corresponding channel measurement to verify the current Relay-UE path loss model. 
Three basic principles are proposed to the relay-UE link path loss model.

Proposal 1: The channel models for relay-UE should consist of a LOS part.

Proposal 2: different path loss model should be taking into account to describe 3GPP case 1 (Urban Micro for relay deployment) and 3GPP case 3 (Suburban for relay deployment).

Proposal 3: the path loss model for relay-UE link should compare to the real measurement data to prove its validity.
The proposed combination path loss model with both LOS and NLOS part for RN-UE link are described as follows:

[image: image17.wmf][

]

(

)

(

)

(

)

(

)

[

]

(

)

d

PL

d

Prob

d

PL

d

Prob

m

d

PL

NLOS

LOS

×

-

+

×

=

1






Where


[image: image18.wmf][

]

(

)

(

)

[

]

(

)

(

)

î

í

ì

+

=

+

=

d

km

d

PL

d

km

d

PL

NLOS

LOS

10

10

log

5

.

37

4

.

145

log

9

.

20

8

.

103



[image: image19.wmf][

]

(

)

ï

ï

î

ï

ï

í

ì

÷

÷

ø

ö

ç

ç

è

æ

÷

ø

ö

ç

è

æ

-

+

÷

÷

ø

ö

ç

ç

è

æ

÷

ø

ö

ç

è

æ

-

-

÷

÷

ø

ö

ç

ç

è

æ

÷

ø

ö

ç

è

æ

-

+

÷

÷

ø

ö

ç

ç

è

æ

÷

ø

ö

ç

è

æ

-

-

=

3

95

exp

3

,

5

.

0

min

300

exp

3

,

5

.

0

min

5

.

0

1

30

exp

5

,

5

.

0

min

156

exp

5

,

5

.

0

min

5

.

0

m

Case

d

d

Case

d

d

d

Prob


5. Reference
[1]. 3GPP TR 36.814 V0.3.1, “Further Advancements for E-UTRA Physical Layer Aspects”, 2009.01.
[2]. “Guidelines for evaluation of radio interface technologies for IMT-Advanced”, Document 5D/TEMP/99(Rev.1).
[3]. COST 231 Final Report, Commission of the European Communities.
[4]. R1-091077, Channel model for Relay to UE link at short distance, NNSN
[image: image20.png]














































































� NOTE: see both Table B1-3 from [1] and A1-3 from [2].
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