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1. Introduction
    At the RAN1#72 meeting, there were a working assumption and a relevant observation to move forward the discussion of device-to-device studies for scenarios and channel models [1]:

· Define general and public safety specific scenarios

· General scenarios for in NW coverage

· Applicable for both public safety and non-public safety

· One additional public safety specific scenario for out of NW coverage and partial NW coverage cases

· Encourage companies to the next meeting 

· to propose very few deployment scenarios, requirements, and performance metrics reflecting recommendation from SA1 and other WGs

· to try to provide a possibility to reuse existing 3GPP deployment scenarios.
    The knowledge of D2D propagation channel is crucial for both public safety and non-public safety studies. Several HeNB based propagation models had been evaluated in some publicly available documents such as [2][3]. For the indoor-to-indoor and indoor-to-outdoor propagation models, due to similar antenna height of a HeNB placement as that of a UE inside a building, HeNB to UE channel should be similar to the UE to UE channel. Although these literatures were built in the frequency range from 2 GHz to 6 GHz, not including the public safety band which could be as low as 700MHz. They still could be view as a worst case condition for public safety usage while considering large scale fading since it is generally accepted that propagation at lower frequencies is more favorable in terms of distance, penetration, etc. Moreover, it is noteworthy that for some scenarios the extended version of the WINNER II models (WINNER+ models) does apply to 700 MHz, even though it does not include a D2D scenario.
    Different to the conventional 3GPP macro channel model with a eNB at elevation height of around 30m. Outdoor UE to UE channel should reflect the fact that devices have the similar low antenna height near 1.5m. The impacts on the characteristic of line-of-sight (LOS) and non-line-of-sight (NLOS) path loss as well as the line-of-sight channel distance should be verified via empirical researches. 
    In this documents, we will focus on the selection of outdoor-to-outdoor propagation model that is adequate for D2D applications. We compared two existing ground-based UE-to-UE models [4][5] with the field measurements [6] from the public safety study entity associated to NIST at the 700MHz band. The results show that the ITU-1411-6 model has better match in terms of path loss modeling and we propose to use its simplified version for future outdoor D2D studies. 

2. Existing outdoor to outdoor UE channel models
    Since outdoor to outdoor UE channel models were not included in 3GPP. We refer to some other existing models that have been presented in literatures. 
· ITU-R model P.1411-6 [4] includes several short-range outdoor radio communication system models, ranging from 300MHz to 3GHz. One of the models is intended for the case of terminals located below roof-top height, i.e., with low antenna heights on both ends. A statistical parameter p is used to calculate line of sight (LOS) distance, which is used to determine the LOS and NLOS regions. 
·  ETSI Terrestrial Trunked Radio (TETRA) [5] is specifically designed for use by government agencies and emergency services. Three channel models, including free space, Bacon and CEPT-SE21 are adopted in the direct mode operation (DMO). The CEPT-SE21 model is the only one provides both LOS and NLOS path loss model, it incorporates antenna heights, propagation frequency and the terminal distance as system parameters, we therefore select this model as one of our comparison candidates.
3. D2D Measurement Campaign from NIST 

    In July 2007, the Federal Communications Commission (FCC) revised the rules in the 700 MHz band, which is transferred from analog TV and assigned the 700 MHz band to establish a nationwide, interoperable public safety broadband communications network. Some of the research entities is planning to evaluate and characterize this band to understand its propagation models in order to develop and deploy emergency responders. 
    NIST (National Institute of Standards and Technology) is the first institute to provide channel measurement and modeling for outdoor D2D urban channels in the 700MHz bands [6]. Since the D2D channel model should cover both public safety and non public safety bands. The characteristics of their measurement results could reflect the feasibility of existing channel models used for D2D applications. 
    The measurements were taken outdoors on a block. Antenna height of both Tx and Rx is set to 1.5m. Three different Tx locations around the corner is used for LOS and NLOS measurement. The distances from these three Tx to the corner (d1) are 40m, 66m and 80m respectively. They found that the NLOS path-loss exponent depends on the corner distance (d1), it ranges from 3.4 to 5.8 from their observations . 
4. Path Loss Model Comparisons 

The path loss expressions of ITU 1411-6, ETSI TETRA and the measurement results from NIST are listed in the following table. 
	Reference Model 
	Path-loss [dB] 
Note: f is given in MHz and distance in meters. 
	Shadow fading 

	ITU-R 
(P.1411-6)
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p is a location correction factor.
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Table I. Path loss model comparisons

Curve comparisons of considered path loss models for 700MHz carrier frequency with UE antenna height 1.5m are shown in Figure 1. In order to simplify the ITU-1411-6 model for ease of path loss comparisons. The LOS distance parameter p  is set to 50.
[image: image22.emf]0 50 100 150 200 250

20

40

60

80

100

120

140

Distance (m)

Path Loss (dB)

 

 

NIST TX1 (d1=40)

NIST TX2 (d1=80)

NIST TX3 (d1=66)

ITU-1411.6,p=50%

ETSI-TETRA


Fig. 1 Path loss curve comparisons
   In Fig.1, the location of Tx3 from NIST is an extreme case which is very close to the building wall on the street [6]. Since it is severely shadowed by several pillars extended out from the wall, the LOS attenuation is the most serous compared to other models. As for the NLOS path loss, it is shown in Table I that the NLOS exponent at three Tx locations are 4.57, 3.42 and 5.76 respectively from NIST's observation. Compared to the exponent value approximated to be 3.5 derived from the TETRA model. We think the ITU-1411-6 model which has exponent value of 4 could reflect more the actual NLOS path attenuation where terminals are with low antenna heights. 
    While considering the transition loss from the LOS area to the NLOS area in Fig.1. The TETRA model, which use CEPT SE21 model as a reference, is by far significantly larger then the others, the transition loss is up to 50dB. However, observed from the experimental results of the three location cases given by NIST. We think that the TETRA model may be too pessimistic. The ITU-1411-6 model seems to be a better choice for  more general conditions.
    For LOS distance comparison in Fig.1. By fixing LOS distance parameter p to 50 in the ITU-1411-6 model, its LOS distance (44.1m) is similar to the one as used in the TETRA model (40m). Therefore, the expression ITU-1411-6 model can be simplified with given parameter p for ease of further D2D developments. 
    Based on the presented analysis we have the following observation:
Observation:
· The characteristic differences of the NLOS path loss exponent and the transition loss from the LOS region to NLOS region in existing outdoor-to-outdoor D2D models are noticeable . 
· The ITU-1411-6 channel model has better match than the TETRA model while comparing to the experimental results . 
· The ITU-1411-6 model can be simplified by fixing LOS distance parameter p to 50.  
5. Conclusion
In this document we have reviewed two existing outdoor UE-to-UE models and compared to the measurement results from NIST. Based on our analysis we propose the following channel model for future outdoor D2D studies.
Proposal :
· Consider to use a simplified version of ITU 1411-6 path loss model ( by fixing parameter p to 50) to characterize UE-UE propagation for outdoor D2D system performance studies.
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