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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 methodologies.  It takes great impact of simulation results when different channel model are chosen. Thus, it makes no sense that we still reuse the current non-relay channel model existed in 3GPP without verifying its validity.

This contribution kicks off the discussion of relay channel model and proposes the relay propagation model based on realistic measured data for both eNB-RN and RN-UE link. .
2. Problems

eNB to RN
The current propagation loss from base station to relay node is derived from Urban Macro NLOS scenario by revising the receiving antenna height of existing 3GPP path loss model. However, it is ambiguous whether the eNB-RN link is NLOS. With higher antenna height at receiving side and optimal placement of relay node, there probably remains high probability that the eNB-RN link is LOS. Thus, the eNB to RN path loss should be well revised by considering the LOS scenario.

RN to UE
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. However, the propagation environment shall be irrelevant of the antenna height but the surrounding buildings, trees, cars and etc. Our measurement data shows that even at the same antenna height and carrier frequency, there might be quite a lot different path loss between Micro and Macro scenario. Therefore, it still needs some clarification why, in Macro scenario, current assumption uses Micro scenario path loss formula instead of Macro scenarios.  
Furthermore, 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 Macro scenario path loss formula.
3. Relay channel model
Because of the Relay node, when compared with previous networks, the Relay networks has two extra links which are the eNB <-> RN and RN <-> UE. For simplicity and convenience, the traditional 3GPP and ITU channel models are suggested to be used for the two extra links. 3GPP path loss for urban macro with increased UE antenna height is used for path loss of eNB <-> RN, and ITU urban micro model is deployed for RN <-> UE. 
Relay is introduced in LTE-A system to improve the system capacity and coverage. Hence, relay is inclined to be optimally positioned in the place where there is a LOS with both eNB and potential served UEs. eNB <-> RN and RN <-> UE links has a high probability to be a light-of-sight link. Therefore, the following basic principles should be taken into account as follows,

· The channel models for relay should at least consist of a LOS part.

· Urban Macro is considered as prioritized scenario in 3GPP simulation case 1 and 3for relay.
It is noted that the same basic principal is commonly accepted in ITU-R [2] which all the models of which consist LOS and NLOS parts. The following sections give proposed path loss formulas for both two extra links.
3.1. eNB <-> RN link
3.1.1 LOS scenario
The path loss for LOS scenario can usually be comparable with that of free space, and has small impact with the height of UE. Taking ITU-R Urban Macro LOS scenario into account, the path loss for eNB<->RN link at central frequency 2GHz can be derived as follows,
PL =  34.0 +22.0log10(d[m]) , ( = 4.                                                       (1)
3.1.2 NLOS scenario
the current 3GPP Macro scenario eNB<-> RN path loss in for NLOS scenario is given as follows [1],
PL =  124.5 +37.6log10(d[km]).                                               (2)
3.1.3 Conclusion
Fig. 1 Path Loss comparisons for eNB<->RN link
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Fig. 1 shows the comparisons of PL models for eNB<-> RN. We can find a huge gap between the current 3GPP eNB <-> RN PL model and the proposed ITU UMa LOS model which will lead to a big performance difference.  

Considering different relay deployment, there might be different combination of these two LOS and NLOS parts. 

1) The RNs are deployed optimally and can see the base station directly.
In this case, only PL in LOS part is used.
2) The RNs are deployed where it can not see the base station directly. It means both NLOS and LOS part of PL should be used when simulation.

In this case, it is proposed that the final path loss is combined with both LOS and NLOS part according to the LOS probability in [2]. The ITU UMa LOS probability as a function of distance d [m] in given as follows,
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Since the optimal RN position brings higher probability that eNB-RN link is LOS, then
Proposal 1: The path loss of eNB-RN link for Urban Macro scenarios is given as follows,
PL =  34.0 +22.0log10(d[m]) , ( = 4.                                                       

3.2. RN <-> UE
The current 3GPP RN <-> UE model uses ITU UMi NLOS model. However, this approach has no realistic measurement data to support. Therefore, we carried out the corresponding channel measurement for RN-UE link in Urban Macro and Urban Micro scenario in Beijing. 
The path loss models are typically of 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

Considering the fact that the measurement is carried out at 2.35GHz, a necessary scaling is taken into account by set C equal to 20 in order to obtain the path loss at 2GHz. Furthermore, the RN antenna height in the measurement is 6.8m in macro and 5.5m in micro scenario. However, it is assumed to be 5m in simulation. Therefore, we add 2dB and 0.7dB to the PL according to the COST-231 Hata model [3] respectively.
The LOS and NLOS parts of RN <-> UE are discussed separately as follows,
3.2.1 LOS scenario
Fig. 2 Path Loss comparisons between RN and UE in LOS
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Fig. 2 shows the measurement data in LOS scenario of RN <-> UE, where RN is about 6.8m and placed at the wing of the gymnasium.
Considering the central frequency and antenna height, finally the PL of RN <-> UE in LOS is corrected to
PL(d) = 41.1 +20.9log10(d[m]) , σ= 3.3                                                               (5)
Also, the measured standard deviation of shadow fading is 3.3 dB.
From Fig.2, we can see that the PL of RN-UE in LOS is about 5dB bigger than ITU UMa model. One reason for 5dB extra PL is the lower antenna height of RN than that of eNB. It is easier for LOS signal partly to be blocked by leaves, cars and other obstacles. 
3.2.2 NLOS scenario
Fig. 3 Path Loss comparisons between RN and UE in Urban Macro NLOS scenario
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The corrected path loss between RN and UE in NLOS can be expressed as:

PL (d)= -8.8 + 52.21 log10 (d), ( = 5.4                                                    (6)
Compared the corrected path loss model to ITU-R UMa NLOS model:  By setting antenna height =10m for RN, the UMa NLOS path loss is given as follows,
PL=31.03+40.3log10(d), ( = 6                                                       (7)

From Fig.3, it is shown that the current ITU-R UMa NLOS model is not well consistent to the measured data in relay scenario. It can be found that the path loss is at least 15~20dB worse compared to the measured data.
Compared the corrected path loss model to current 3GPP RN-UE model / ITU-R UMi NLOS: Current 3GPP RN-UE model is ITU-R UMi NLOS model. However, from Fig.3, we can see this model is almost 8dB worse than the measured data. Furthermore, our measurement shows that even at the same antenna height and carrier frequency, there might be quite a lot different path loss between Micro and Macro scenario as plotted in Fig.4. Thus, it makes no sense the Micro scenario model are used when discussing Macro scenario. 
Fig. 4 Path Loss comparisons between Micro and Macro NLOS scenario
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In conclusion, it is proposed that we use the new RN-UE NLOS model based on the realistic measured data in order to accurately describe the real propagation environment.
3.2.3 Conclusion
With regarding to the smaller RN coverage, some of the UEs may receive a LOS signal from RN, the final path loss should be a combination of LOS and NLOS by given the LOS probability as a function of distance d [m] in [2]:
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Proposal 2: The path loss of RN-UE link for Urban Macro scenario is given as follows,
LOS case:   PL(R)=41.1+20.9log(R [m]),(=3.3dB.                                                                                        
NLOS case:     PL (R)= -8.8 + 52.21 log10 (R [m]), ( = 5.4. 
PLOS=min(18/R,1).(1-exp(-R/63))+exp(-R/63).
4. Conclusions
This proposal discusses the Relay channel model for LTE-Advanced. The Relay networks has two extra links which are the eNB <-> RN and RN <-> UE when compared with traditional networks. In future practical network deployment, relay is inclined to be optimally positioned in the place where there is a LOS with both eNB and potential served UEs. Therefore, considering high LOS probability of these two extra links, we suggest the channel models for relay at least consist LOS part. 
Proposal 1: The path loss of eNB-RN link for Urban Macro scenarios is given as follows,

PL =  34.0 +22.0log10(d[m]) , ( = 4.                                                       

Proposal 2: The path loss of RN-UE link for Urban Macro scenario is given as follows,

LOS case:   PL(R)=41.1+20.9log(R [m]),(=3.3dB                                                                                        
NLOS case :     PL (R)= -8.8 + 52.21 log10 (R [m]), ( = 5.4. 
PLOS=min(18/R,1).(1-exp(-R/63))+exp(-R/63)
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