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1 Introduction
At the December 2012 RAN plenary meeting, it was agreed to start a SI on LTE device-to-device (D2D) proximity services [1]. The RAN guidance was to focus on evaluation methodology and channel model only in RAN1#72. This document focuses on channel model.
D2D communications is expected to be characterized by a different channel propagation model than classical cellular communications, where the base station usually is located in a good radio environment to ensure good coverage and reasonable propagation conditions. 
In following sections, we look at existing channel models and investigate their applicability for D2D:
· Sections 2 and 3 list the existing and popular path loss models including: Xia.H model, which is preferred by IMTA; ITU 1411 propagation model with more approximate parameters for DMC link (frequency: 300MHz~3000MHz, antenna heights: 1.9~3.0m); Cost231 which is most popular for traditional cellular network.
· Section 4 describes the existing shadow fading models and simulation methodology for correlation between UEs, including the shadow fading parameter of outdoor D2D communication links, indoor communication links, and the methodology for correlation between UEs.
· Section 5 describes the existing and popular fast fading models including the TU model and spatial channel model, and then provides an analysis for each model.
2 Outdoor-outdoor propagation model
For outdoor propagation, there are many existing and popular path loss models, such as Xia.H model, ITU 1411 model, and Cost231 model. 
Xia.H path loss model is the preferred model by IMTA [2]. For each base station antenna height in the Xia.H model, there are different parameters and formulas for calculating the path loss. It provides three scenarios: 1) base station antennas near the average rooftop level; 2) base station antennas above the average rooftop level; and 3) base station antennas below the average rooftop level. Scenario 1 and scenario 2 are not suitable for D2D communication links. For scenario 3, it is employed for microcellular applications, and base station antenna is sufficiently below the rooftop. Taking an example, base station antennas are lower 5 m than average rooftop for four-story building environments. Considering the UE-UE propagation characteristics of symmetry, low antenna height, and multiple direct propagation paths, Xia.H model may not be suitable for examining D2D communication links.
ITU-1411 model [3] provides the propagation model for terminals located below rooftop height. The parameters for this model include a frequency range between 300MHz to 3000MHz and antenna heights between 1.9m to 3.0m above ground. It also includes both LOS and NLOS models, and provides a statistical model for the corner distance between the LoS and NLoS regions. From the view of environment parameters, it is almost similar with D2D communications propagation.
3GPP heterogeneous network [4] provides outdoor pico scenario and a full set of channel models for evaluation. The outdoor pico scenario is a typical model for outdoor hotspot evaluation. In this model, the pico node has a 6m antenna height and the UE with 1.5m height. So for the propagation environment, it may be different from UE-UE.

Cost231 [5] propagation model is the development of outdoor propagation models for applications in urban areas. Its application scenario is for large and small macro cells with base station antenna heights above rooftop levels. So it is not appropriate for UE-UE propagation.
According to the previous contexts, we make the following proposal:
· Proposal 1: Path loss model for outdoor-outdoor should be ITU-1411.
The model equations are listed as following:
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where d is the distance in meters between nodes, f is the frequency in MHz, and 
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 depends on the urban category and is 0 dB for suburban, 6.8 dB for urban and 2.3 dB for dense urban.
3 Indoor-indoor propagation model

There are many existing models for indoor propagation including the WINNER II, 3GPP indoor pico, 3GPP indoor femto, and Keena-Motley models.

WINNER II model [6] defines many typical environments and propagation models. One kind of indoor scenario is the A1 scenario which is for indoor office. As an assumption, the access point located in corridor, and the UE is randomly dropped within indoor office. The antenna height for both nodes ranges from 1m to 2.5m. 
This model includes LOS and NLOS models. For NLOS, it introduces penetrations of indoor-outdoor propagation, such as light walls, heavy walls and floor loss. So the total path loss is related with the type of link (LOS or NLOS), the type of walls, the number of walls, and the number of floors. It may be too complicated as a reference for the indoor D2D communication link evaluation. In addition, if the WINNER II model is introduced to 3GPP, additional discussions are necessary to achieve the consistent understanding about the parameters among companies and work teams.

· Observation: The complexity of the WINNER II model may complicate consensus on simulation parameters. 
3GPP indoor pico model is applicable for indoor hotspot evaluation. This model defines the access point being located on the ceiling, and the UE is uniformly dropped within the indoor area. 
The propagation model includes the LOS and NLOS components depending on the distance between nodes. Its formulas for path loss calculation are simple and easily to use for D2D communication link evaluation. One shortcoming is that the antenna is modeled as being installed on the ceiling. However, the 3GPP indoor pico scenario is a common and popular scenario for 3GPP (from RAN1 to RAN4). In addition, this model enables performance comparisons between D2D and other 3GPP technical solutions and enables a consistency in simulation results.
ITU-InH model: the LOS and NLOS models are a reference for 3GPP indoor pico scenario. The 3GPP indoor pico LOS and NLOS propagation models are the same as ITU-InH.
3GPP indoor femto model is the existing model for the residential scenario. The layout is typical dual-stripe model. Its environment may be less applicable for DMC evaluation than indoor pico.

Another point about this model is that access point and receiver point may be located in the same room, in different rooms, in the same stripe, in a different stripe, in the same building, in different buildings, etc. Because there are many path loss models to account for different UE locations, it may be too complicated to use for D2D communication link evaluation.
Keena-Motley model is popular model for propagation prediction in network planning and optimization. It defines many parameters for matching the propagation environment and material attributes. For example, it defines a penetration factor L which is determined by material attributes. The penetrated material may be cement, wood, etc. But for the simulation model, it is too complicated to model all kinds of material. So it may not be suitable for D2D communication link. 
Based on the analysis we have the following recommendation:
· Proposal 2: Path loss model for indoor-indoor should be 3GPP indoor Pico (ITU-InH).
The following path loss equations are: 
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where f is the frequency in GHz, and d is the distance in meters between nodes. 
4 Indoor-outdoor propagation model
For the indoor-outdoor propagation model in D2D communication link, both UEs in the link have low power and their transmissions need to penetrate walls, floors, etc. Hence, the propagation distance may be small.
For the indoor-outdoor propagation model, we suggest using the 3GPP indoor pico model with some modifications:
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where f is the frequency in MHz and d is the distance in meters. 
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 is the outdoor-outdoor path loss model for D2D communication link in NLOS scenario. 
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 is the indoor-indoor path loss. 
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In [7], many options for the D2D channel model are presented. For the indoor-indoor scenario, dual strip, or InH (36.814), or Winner II A1 were suggested for D2D evaluation. For the indoor-outdoor scenario, dual strip, Winner+ B4, or Winner II A2 can be reused. Unfortunately, if the indoor-indoor scenario is with the InH channel model and indoor-outdoor scenario is with the WINNER II channel model, it will a mismatch for the same deployment. 
· Proposal 3: Path loss model for indoor-outdoor should reference the 3GPP indoor pico, and be revised as :
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5 Shadow fading model
Shadow fading is important for large fading modeling. Ideally, spatial correlation should be modeled. In a cellular network, the correlation could be defined: a) between different UEs being connected to the same cell and b) correlations of links from the same UE to multiple cells. So, for simplicity and calibration, we propose to start with independent shadowing and reuse the ITU model [8] for the D2D link.
So, we proposed that:

· Proposal 4: shadow fading for outdoor-outdoor should reuse the ITU-Umi model, indoor-indoor should reuse the ITU-InH model, and the indoor-outdoor should reuse the 3GPP indoor pico model.
· Outdoor-outdoor: For LOS with 3dB standard deviation, for NLOS with 4dB standard deviation.
· Indoor-indoor: For LOS with 3dB standard deviation, for NLOS with 4dB standard deviation.
· Indoor-outdoor: with 10dB standard deviation.
· Proposal 5: correlations of shadow fading with independent modeling as starting, further studies are needed.
6 Fast fading model
The scattering environment for UE to UE is not expected to be different than for eNB to UE. In general, for simplicity and calibration in simulation, we suggest using the typical urban (TU) model, i.e., TU6, which has frequency selectivity and mobility. In particular, the UE to UE speed should be 6km/h since both UEs can move at 3km/h.
Moreover, spatial characteristics need to be considered when multiple antennas are equipped in the device. Therefore, the spatial channel model should be used in this scenario. One existing fast fading model, the ITU model, is extensively used in 3GPP and ITU evaluations. We could reuse ITU channel model for D2D communication links. In detail, ITU-Umi should be for outdoor-outdoor D2D. ITU-InH should be for indoor-indoor D2D. ITU InH NLOS should be for indoor-outdoor D2D.
However, the propagation environment for the link is expected to be different than the cellular network. There are many issues need to be clarified such as:
1) How to model correlations between large scale parameters (LSP), involves auto-correlation and cross-correlation model.  
Auto-correlation of LSP is defined that the same LSP of two UE links toward same cell would experience correlations that are proportional to their relative distance. Cross-correlation of LSP is defined as the correlation between ASA, ASD, DS, K-factor, and SF. Considering the symmetry and many nodes. The computational complexity may be too high. And as option of solution, correlations of LSP may be considered cross-correlation only.
2) How to model the polarization for UE-UE. 
It would be different to cellular network due to propagation and capabilities of the device. Cross-polarization antennas are a better feature than co-polarization antenna in many product implementations. If x-polarization antennas are used, XPR parameter and the XPR modeling need to be studied further. Otherwise, the co-polarization antenna model may be used for starting evaluations, without considering realistic implementations.
Finally, if more accurate modeling is needed, we are open to using the SCM channel and derive accurate parameters by measurement.
In general, we propose for fast fading:
· Proposal 6
· Option 1, with TU model for simplicity and calibration. 
· Option 2, with spatial channel model: ITU-Umi for outdoor-outdoor link, ITU-InH for indoor-indoor links, and ITU-NLOS for indoor-outdoor D2D communication links.

· Option 3, more accurate model by measurement is FFS.
7 Conclusion

In this contribution, we discussed the D2D channel model to fit elevation discovery and communication purposes. Based on the discussion, we have the following proposals: 
· Path loss model
· Outdoor-outdoor: reuse ITU-1411 model, between terminals located below roof-top height. The primary consideration is that its available range of parameters are suitable for D2D (such as frequency: 300MHz~3000MHz, antenna heights: 1.9~3.0m, distances d: < 3000 m)

· Indoor-indoor: reuse 3GPP indoor pico.
· Indoor-outdoor: refer to 3GPP indoor pico with modifications.
· Shadow fading model
· Parameters: reuse ITU-Umi parameter for outdoor D2D, ITU-InH for indoor D2D, and 3GPP indoor pico for indoor-outdoor D2D.
· Modeling: Ideally, spatial correlation should be modeled, especially for dense environments. However, for simplicity and calibration, we suggest starting with independent shadowing.
· Fast fading model
· TU model: for simplicity and calibration. 

· ITU-Umi and ITU-InH: since scattering environment for UE to UE is not different than for eNB to UE, it could simply reuse ITU-Umi and ITU-InH. 

· More accurate model: if more accurate modeling needed, we are open to using spatial channel model and derive accurate parameters by measurement.
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