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1
Introduction
Accurate channel models are needed to evaluate various D2D algorithms to be proposed as part of Rel. 12. For a systems study, we need models that cover all the aspects of a wireless channel including pathloss, shadowing and fast fading. Here, we propose channel models that can be used for D2D performance evaluation that cover all these aspects.
In this contribution, our proposal can be summarized as follows:

1. Large scale fading

a. Outdoor to outdoor: ITU-1411-6 [2]

b. Indoor to indoor: InH model from 36.814 [1]
c. Indoor to outdoor: Winner+ O2Ia model [4]
2. LOS probability: ITU-R UMI model from [1]

3. Shadowing and shadowing correlation: simplified model based on [9], [10], [11]

4. Fast fading: appropriate models given in [1]

In addition to the standard 2 GHz carrier frequency, we also propose models for the 700 MHz carrier frequency motivated by the Public Safety aspects of the D2D study.

2
Proposal for D2D Channel Models
2.1 Large scale fading / pathloss

2.1.1 Outdoor to outdoor

Outdoor to outdoor UE models have not been discussed extensively within 3GPP. However, some models have been proposed in the literature. ITU-1411-6 model proposed in [2] seems suited for D2D channel modeling. Additionally, a model derived from the Xia model in [6] has been used in 36.828 [7] to model interference from UE to UE for the TDD case, and some models based on the Winner II [3] and Winner+ [4] project can potentially be used as well. 
Here, we propose the ITU-1411-6 model for both LOS and NLOS propagation. We believe the model proposed in ITU-1411-6 is the best suited for D2D modeling because the model:

· is based on measurements done with device heights between 1.9 and 3.0 meters

· has a validity range of up to 1 km 

· is valid over carrier frequency from 300 MHz to 3 GHz

· can be applied for dense urban, urban and suburban scenarios with appropriate adjustments
For the model, the median pathloss is specified as follows

[image: image1.wmf](

)

(

)

(

)

(

)

urban

c

NLOS

c

LOS

L

d

f

dB

PL

d

f

dB

PL

+

+

+

=

+

+

=

10

10

10

10

log

*

40

log

*

45

5

.

24

 

)

(

log

*

20

log

*

20

45

.

32

)

(


where fc is in GHz and d is in meters, and  Lurban is 0 dB for suburban, 6.8 dB for urban and 2.3 dB for dense urban/high-rise.  It is proposed that the dense urban/high-rise model be used.

The figure below shows the plots for estimated pathloss for the ITU-1411-6 model.
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Note that some measurement results for D2D for outdoor to outdoor are presented in [8] for 700 MHz and 4.9 GHz – the results match reasonably with the ITU-1411-6 model for 700MHz.

Proposal 1: use ITU-1411-6 model for outdoor to outdoor large scale fading/pathloss.  

2.1.2 Indoor to indoor

The indoor to indoor modeling has been studied in 3GPP in the context of the small cell study. Some of the models proposed for this case are the dual strip model and the InH model [1]. Additionally, some models are proposed in Cost 231 [5] as well as IEEE 802.11 study [12].
Here, we propose the InH model to be used for modeling the pathloss. The model is recommended for carrier frequency range of 2-6 GHz and antenna height of 3-6 meters for one of the UEs and 1-2.5 meters for the other UE.

Note that given the recommended range, the model is not ideally suited for D2D modeling and to the public safety band. However, due to lack of other appropriate models, it is proposed for the D2D study as well as the public safety band. Additionally, as suggested in [9], a 40 dB additional loss is proposed when two UEs are in different buildings.
The model is given as 
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where fc is in GHz and d is in meters. 

The figure below shows the plots for estimated pathloss for the InH model.
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Proposal 2: use 3gpp InH model for indoor to indoor D2D pathloss.
2.1.3 Outdoor to indoor

The outdoor to indoor modeling has again been studied in 3GPP in the context of the small cell study. Some of the models proposed for this case are the dual strip model, and the InH model as well as models from Winner II and Winner+. Though none of the models are exactly applicable to D2D, Winner+ B4 O2Ia model seems reasonably close. We are recommending using BS antenna height of 5 meters based on applicability range for the B4 scenario described in Winner II. Additionally, Winner+ has the advantage of the applicability being from 450 MHz to 6 GHz. Given this, we are proposing the Winner+ O2Ia model (scenario B4 and hexagonal layout) – with BS height set to 5 meters, and MS antenna height set to 1.5 meters.
This model is given by:
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and

· dout is the distance between the outdoor terminal and the point on the wall that is nearest to the indoor UE
· dBP = 4 (hMS-1)(hBS-1)fc/c
The figure below shows the plots for estimated pathloss for the Winner+ O2Ia model (din is set to 12.5 meters).
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Proposal 3: use Winner+ O2Ia model (scenario B4 and hexagonal layout) for outdoor to indoor pathloss 
2.2 LOS vs. NLOS modelling 
The ITU-1411-6 provides some results for the LOS characteristics. Additionally, LOS probability is defined in [1] for the UMi and InH cases as well.

These are shown in the figure below:
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Since ITU-1411-6 results match that of the UMi LOS, it is proposed that UMi LOS probability be reused. Note that reduction from InH to UMi can be justified based on the lower antenna heights. It is proposed that the UMi LOS probability in [1] be reused for D2D for all the cases: O2O, O2I, and I2I.

It is given by [image: image9.wmf](
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 where d is the distance in meters.
Proposal 4: use ITU-R UMi LOS probability for all D2D scenarios.
2.3 Log-normal shadow fading 
Shadowing is typically modelled as a log-normal random variable that is added to the distance based pathloss.  In addition, sometimes correlation between shadowing of different links is modelled: for example, in [1] an exponential (in distance) correlation between shadowing for two UEs to the same eNodeB is proposed and a constant correlation between two eNodeBs and one UE is proposed. For D2D modelling, some correlation models have been proposed in the literature.
For the UE-UE channel modelling, one can model correlation between any two D2D links. However, this needs to be done carefully keeping the complexity of such an approach in mind: in particular for arbitrary correlation matrix, the computation complexity can grown like O(n6) – as number of links is growing quadratically in n, and the correlation computation would involve an SVD which is cubic in the number of links. Note that this computation becomes practically infeasible even for 10 UEs/sector in a 57 sector deployment. 

Keeping this in mind, following simpler model is proposed based on [10] and [11]: define P(x), a spatial loss field, to be Gaussian random field with zero mean and exponentially decaying spatial correlation. The covariance between p(x1) and p(x2) for arbitrary locations x1 and x2 is given by:
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where d12 is the distance between x1 and x2, and dcorr is the correlation distance. 

Shadowing for link UE1 at location x1  ̶  UE2 at location x2 is defined to be: 
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This can be thought of as a simplification of the model proposed in [10] where the integral is replaced by a simple average of the two end points. Note that the above simplification brings down the computational complexity to O(n3) and also retains the desirable properties of shadowing correlation function. 



The following properties of the correlated shadow fading can be derived for two D2D links (let dij be distance between UE i and UE j):

1. The shadow fading (SF) is indepdent of the link direction

2. If dij >> dcorr for each i and j, then the SF correlation tends to 0
3. If d13 (0 and d24(0, then the SF correlation tends to 1

4. If d13 = 0, and d12 and d34 are large enough, then the correlation between the two links becomes ½ + exp(-d24)/2 :  the constant ½ (as compared to the eNodeB case), can be explained shadow objects arouned UE1 (that typically will not be modeled for the eNodeB case).
Proposal 5: use a simplified spatial loss field model to generate correlated shadowing.

2.4 Small scale fading 

It is proposed that the currently used models in [1] be reused for D2D with the following changes as proposed in [9]

1. Symmetry: due to symmetric nature of the model, symmetric AoD and AoA distributions are proposed
2. Mobility: since both ends of a link could be mobile, it is suggested that both UEs mobile at {3, 120} km/hr.
In particular, ITU-R UMi models for O2O and O2I, and ITU-R InH model for I2I is proposed along with the modification above. 
Some aspects of D2D fading can be different due to both ends of the UE being mobile as pointed out in [13]. We propose to use the existing models with the speed being the relative speed between the two mobile UEs as a simplifying assumption.   
Proposal 6: use ITU-R UMi models for O2O and O2I, and ITU-R InH model for I2I for small scale fading with minor modifications.
3 
Other aspects 

In addition to the channel models, other assumptions are needed for the system simulation. 
The proposed values are as follows:
	Parameter
	General
	Public Safety

	Transmit power
	23 dBm
	{23, 31, 33} dBm

	Antenna gain (per UE)
	0 dB 
	0 dB

	Noise figure 
	9 dB
	9 dB

	Carrier frequency
	2 GHz
	700 MHz


4 
Conclusions

In this contribution, we proposed to channel models for UE to UE in a variety of settings.  The proposals can be summarized as follows:
· Proposal 1: use ITU-1411-6 model for outdoor to outdoor large scale fading/pathloss [8, Section 4.3]
· Proposal 2: use 3gpp InH model for indoor to indoor pathloss [1, Appendix B]

· Proposal 3: use Winner+ O2Ia model (scenario B4 w hexagonal layout) for outdoor to indoor pathloss [5]
· Proposal 4: use ITU-R UMi LOS probability for all D2D scenarios.
· Proposal 5: use a simplified spatial loss field model to generate correlated shadowing (simplified from [10])

· Proposal 6: use appropriate models from 36.814 [1] for small scale fading with minor modifications.

The complete text proposals are given in Appendix I  below.
Appendix I: Text Proposal for TR
A.1 Large scale fading/pathloss

Following are the pathloss models to be used for D2D system evaluation. The models are sub-divided as outdoor-to-outdoor (O2O), indoor-to-indoor (I2I), and outdoor-to-indoor (O2I) and are specified below (d is in meters, and fc is in GHz).
	Cases
	Path Loss (dB)
	Shadowing Standard Deviation
	Fast Fading

	O2O
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Also: see footnotes 1,2, and 3
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Also: see footnote 4
	3 dB LOS

4 dB NLOS
	InH (LOS/NLOS)


Table 1 Pathloss models

Footnotes:
1) 
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2) dBP = 4 (hMS-1)(hBS-1)fc/c
3) hBS =5, hMS = 1.5
4) For I2I: a 40 dB additional loss is proposed when two UEs are in different buildings.

A.2 LOS/NLOS probability

LOS probability is given by[image: image16.wmf](
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 where d is the distance in meters
A.3 Shadowing

Let P(x) be a Gaussian random field with zero mean and exponentially decaying spatial correlation. The covariance between p(x1) and p(x2) for arbitrary locations x1 and x2 is given by:
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where d12 is the distance between x1 and x2, and dcorr is the correlation distance. 

Shadowing for link UE1 at location x1 -UE2 at location x2 is defined to be: 
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is given in Table 1 above and values of dcorr is proposed to be 10 meters based on typical values for the ubran scenario in 36.814 [1]. 
A.4 Small scale fading

Following small scale fading parameters are proposed in addition to relative speed of {6, 240} km/hr. between two UEs.
	Scenarios
	I2I
	O2O
	O2I

	
	LOS
	NLOS
	LOS
	NLOS
	LOS/NLOS

	Delay spread (DS)
log10([s])
	
	-7.70
	-7.41
	-7.19
	-6.89
	-6.62

	
	
	0.18
	0.14
	0.40
	0.54
	0.32

	AoD/AoA spread (ASA) 

log10([(])
	
	1.62
	1.77
	1.75
	1.84
	1.76

	
	
	0.22
	0.16
	0.19
	0.15
	0.16


Table 2 Small scale fading parameters
A.5 RF parameters

Following values should be used for both system and link simulations

	Parameter
	General
	Public Safety

	Transmit power
	23 dBm
	 {23, 31, 33} dBm

	Antenna gain (per UE)
	0 dB 
	0 dB

	Noise figure 
	9 dB
	9 dB

	Carrier frequency
	2 GHz
	700 MHz
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