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1 Introduction

 At 3GPPP TSG RAN Meeting#58, the SI for “Study on LTE Device to Device Proximity Services” was approved to evaluate the feasibility of enabling device-to-device Proximity Services (ProSe) capability in LTE [1]. The first step in the evaluation process is defined in [1] as,
“Define an evaluation methodology and channel models for LTE device-to-device proximity services, including scenarios to compare different technical options to realize proximal device discovery and communication, appropriate performance metrics, and performance targets (e.g. range, throughput, number of UEs supported)”

In RAN1#72 [2] and RAN1#72bis, D2D deployment scenario and evaluation methodology were discussed and agreed. The discussions on D2D channel modelling will mainly be started in RAN1#73.

In this paper, we discuss D2D channel characteristics, and provide observations and proposals for modelling D2D communication channel considering three major aspects as follows.
· Modelling pathloss, shadow fading and fast fading

· Doppler spectrum for link level simulations

· Spatial channel model for D2D system level simulations.
2 Discussion
D2D communication is a direct communication between two D2D enabled UEs in close proximity. This creates differences between traditional cellular links and D2D communication link, and poses more challenges in D2D channel modelling. 

Major characteristics of D2D channel compared with the traditional cellular link can be observed as below.

· Both transmitter and the receiver could be moving in D2D link (Dual mobility), whereas only one of the transmitter or the receiver is moving in a traditional cellular link.

· Both transmitter and the receiver have low elevation antennas in D2D link, whereas one of the transmitter or the receiver is located at higher grounds (above rooftops/ceiling/close to rooftops) in the traditional cellular link.

Due to these differences in two channel environments, we think that following aspects of channel modelling may vary from traditional cellular links to D2D links and should be discussed in RAN1.

· Pathloss and shadowing correlations between D2D terminals may be different than those between BS and UE (due to low elevation antennas at both ends). 
· Local scatterers around the transmitter and the receiver (due to low elevation antennas) in D2D channel create different small-scale fading characteristics than traditional communication links. Therefore, small-scale fading models and 3GPP SCM for system level simulations should be updated to reflect this aspect

· Dual mobility causes different Doppler characteristics than the traditional cellular links. Therefore, Doppler spectrum for link level simulations and 3GPP SCM for system level simulations should be modified to reflect changing Doppler conditions.

In the following sections, we provide proposals for modelling pathloss, shadow fading and fast fading in D2D communication channel, modifying Doppler spectrum for D2D link level simulations and modifying 3GPP SCM for D2D system level simulations.
2.1 Pathloss, Shadow fading, and Fast fading models

According to the discussion in Section 2.1 and 2.2 of [3], following proposals are made for modelling pathloss, shadow fading and fast fading.
Proposal 1: To adopt pathloss and shadow fading models as shown in Table 1.
Proposal 2: To adopt a cluster based channel modelling approach to model small-scale fading in D2D communication channel.
Proposal 3: To adopt fast fading models as shown in Table 1.
Table 1: Proposed models for D2D channel

	
	Indoor to Indoor
	Outdoor to Outdoor
	Indoor to Outdoor/ Outdoor to Indoor

	Pathloss
	Dual-strip model [4] or the proposed model in the following equation
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	ITU-R P.1411-6 [5]
	Dual-strip model [4]

	Shadowing
	Log-normally distributed with standard deviation 4dB (NLOS)
	Log-normally distributed with standard deviation 10dB
	Log-normally distributed with standard deviation 8dB

	Shadow fading correlations
	FFS
	FFS
	FFS

	Fast fading
	TGn channel models [6]
	3GPP Interim channel model [7]
	FFS


2.2 Doppler spectrum for D2D link level simulations
In traditional cellular links, only the UE is mobile while the BS is fixed. The mobility of the single entity has been modelled using the classic Doppler Spectrum in link-level simulation, and a single end Doppler shift in 3GPP SCM for traditional cellular links.  However, the mobility of both transmitter and the receiver in the D2D link creates a dual-mobility scenario, for which the classic Doppler spectrum is no longer applicable. Therefore, we think that a new Doppler spectrum should be studied for D2D channel modelling to capture the dual mobility scenario appropriately. 

Proposal 4: A new Doppler spectrum that captures dual mobility into account should be further studied in RAN1.

In the following, we provide a proposal for a new Doppler spectrum for link level simulations. 

Dual mobility scenario has been addressed in the literature in the form of mobile-to-mobile communication channel modelling [8]

 REF _Ref355945668 \r \h 
[9]

 REF _Ref355945670 \r \h 
[10]. Since the dual mobility scenario in D2D channel resembles the same scenario of mobile-to-mobile communication channel, we propose to adopt the Doppler spectrum first defined in [8] for LTE D2D channel modelling.

Consider Omni-directional antennas at both transmitter and receiver, and a 2-D isotropic scattering environment in the horizontal plane of the antennas. Assuming that the AoDs and AoAs are uniformly distributed over 
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, the time auto-correlation of the channel envelope is given by [8]

 REF _Ref355945670 \r \h 
[10],
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Equation 1                                                                               

where, 
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Accordingly, the auto-correlation function of D2D channel is a product of two Bessel functions rather than a single Bessel function that characterizes the cellular channel. The auto-correlation function of the cellular channel can be obtained when 
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. This shows that D2D communication channels can be considered as a set of generalized channels, with cellular channels being a special case [10]. 
The Doppler spectrum of the D2D channel can be obtained by taking the Fourier Transform of the time auto-correlation function, and can be expressed as [8]
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Equation 2                                                                               

where 
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 is the complete elliptic integral of the first kind. This spectrum is plotted in Figure 1 for different values of 
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 . Note that when 
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 the above Doppler spectrum becomes the classic Doppler spectrum applied for traditional cellular links where only one end is moving.
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Figure 1: Doppler spectrum of D2D channel and cellular channel (when a=0) [10]
According to the characteristics of Equation 2, the Doppler spectrum for D2D channel has two peaks at 
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Proposal 5: To adopt the Doppler power spectrum of Equation 2 for D2D link level simulations.

2.3 Modified SCM for D2D system level simulations

3GPP SCM [11] defined for traditional cellular links can be applied to generate channel coefficients for legacy communication links (eNB-to-UE/UE-to-eNB) in D2D system level simulations. 3GPP SCM is defined for single-mobility environment considering the mobility of the UE only. In contrast, in D2D communication scenario, both transmitter and receiver could be moving. In addition, both transmitter and receiver are equipped with low height antennas, thus creating local scattering around both ends. Therefore, we emphasize that the current 3GPP SCM equation (defined in Section 5.4 of [11]) does not adequately take these aspects into account, and a new spatial model is required for generating channel coefficients for D2D communication channel. 

Observation 1: Current 3GPP SCM [11] is not adequate for D2D communication channel, and a new spatial model should be defined for generating channel coefficients for D2D communication channel.

In the following description, we propose a simplified stochastic model for MIMO multipath fading channel coefficient generation for D2D system level simulations.
Local scattering around both transmitter and receiver can be well modelled using the concept of ‘Double-ring scattering’ [12]. The model proposed in this paper utilises the ‘Double-ring’ scattering concept to derive a ‘generalised stochastic model’ for MIMO multipath D2D communication channel simulation. 
As shown in Figure 2:

· Scatterers around the transmitter and the receiver are considered to be located in a ring around them, called Tx-scatterer-ring and Rx-scatterer-ring. 
· Each multipath component is modelled to be caused due to a pair of scatterer clusters located in the Tx-scatterer-ring and the Rx-scatterer-ring. 

· Due to the symmetry of the environment around transmitter and receiver, the distribution of the clusters of scatterers around the transmitter, denoted by [image: image17.wmf])
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. This gives the distribution of AoDs and AoAs per cluster (i.e. Tx-scatterer-clusters or Rx-scatterer-clusters).
· The distribution of scatterers within a given cluster is represented by[image: image19.wmf])
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. This gives the distribution of AoDs and AoAs of each ray within a cluster. 
· Assuming finite number of scatterers per Tx-cluster and Rx-cluster, the ‘generalised stochastic model’ is obtained. Accordingly, the channel coefficient [image: image20.wmf])
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receive antenna can be obtained by 
[image: image24.wmf]å

å

=

=

÷

÷

ø

ö

ç

ç

è

æ

´

+

´

+

-

+

-

=

L

l

M

m

m

l

n

AoA

m

n

u

R

AoD

l

n

s

T

m

l

n

v

Rx

AoA

m

n

Rx

v

Tx

AoD

l

n

Tx

n

s

u

n

j

jk

t

k

t

k

j

LM

P

t

h

1

1

,

,

,

,

,

,

,

,

,

,

,

,

,

,

]

exp[

))]

sin(

)

sin(

(

exp[

)]

)

cos(

||

||

)

cos(

||

||

(

exp[

)

(

j

q

d

q

d

q

q

q

q

q

v

v


Equation 3                                                                               

Where 

· [image: image25.wmf]L

 is the  number of scatterers per Tx-cluster,
· [image: image26.wmf]M

is the number of scatterers per Rx-cluster,
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 is the velocity of the transmitter,
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-to-Rx, and
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, and  [image: image53.wmf]l

 is the wave length.
Note that the number of scatterers per Tx-cluster (or Rx-cluster) is considered to be same across all paths.
The “generalised stochastic model’ in Equation 3 considers omni-directional antennas with a unit gain at both transmitter and receiver. The antenna gains according to a specific antenna design at both ends can be incorporated into the model as
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Equation 4                                                                               

Where

·  
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Figure 2: Double-ring scattering model for MIMO multipath fading D2D channel
This generalised stochastic model for D2D channel requires evaluating 
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 rays in order to obtain the channel coefficient per path. Therefore, it is desired to have a simplified model with less computational complexity. In the following description, we present a method to obtain a simplified model that can be used for D2D channel simulations.
The interpretation of the simplified stochastic model is shown in Figure 3. Accordingly, a cluster of Tx-scatterers located in the Tx-scatterer-ring is interpreted as a “virtual-transmitter” so that the aggregation of power received at all scatterers in the  [image: image59.wmf]th
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 Tx-cluster is reached at the[image: image60.wmf]th
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Rx-cluster as a single wave.
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Figure 3: Simplified double-ring scattering model for MIMO multipath fading D2D channel

The simplified stochastic model is derived from the generalised stochastic model as follows. 
· Consider that the scatterers in a Tx-cluster and a Rx-cluster are closely located. Then, the phase shift caused by the Rx-scatterer [image: image62.wmf]m

RS

 due to a wave received from the Tx-scatterer [image: image63.wmf]l
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 is approximately equal to the phase shift caused by the same Rx-scatterer due to a wave received from the Tx-scatterer [image: image64.wmf]l
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, which gives that the phase shifts caused by the Tx-scatterers in the Tx-cluster are independent of the Rx-scatterers in the Rx-cluster and vice versa. This gives,
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Equation 5
· Express the phase shift due to total path length of a particular multi-path from transmitter to receiver as 
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Equation 6
· Since the scatterers within a cluster are closely located, the distance [image: image67.wmf]n
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 between Tx-scatterer [image: image68.wmf]l
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 and Rx-scatterer [image: image69.wmf]m
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Where [image: image71.wmf]n
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 Rx-cluster
· Then, the first order Maclaurin series approximation would simplify the expression [image: image74.wmf]]
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Equation 8
· After further simplification, and neglecting the contribution from small distances, the phase term due to path length can be simplified as
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Equation 9
· Using Equation 5, and Equation 9, the simplified stochastic model can be obtained as
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Equation 10
Where [image: image78.wmf]n
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 is the phase due to the distance [image: image79.wmf]n
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· The random phase change due to scatterers and the path length at each end is represented by a single variable as
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Equation 11                                                                               
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, to obtain the simplified stochastic model for spatial D2D channel as
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Equation 12                                                                               
· Further, the antenna gains of the transmitter elements and receiver elements can be incorporated into the model as,
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Equation 13                                                                               
The simplified model requires evaluating only 
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 rays per path, each having lesser computations than the generalised model to generate channel coefficients per path. Further, Equation 13 models transmitter scatterers per path and receiver scatterers per path independent from each other. This is valid due to rich scattering environment around the transmitter and the receiver in the D2D channel.
Correlation properties of the simplified stochastic model are discussed in the Annex 1.
Proposal 6: Consider adopting the spatial channel model presented in Equation 13 for D2D system level simulations.

3 Conclusion

In this contribution we discussed characteristics of D2D channel and the aspects to be considered when modelling D2D channel. Accordingly, following observation is made.
Observation 1: Current 3GPP SCM [8] is not adequate for D2D communication channel, and a new spatial model should be defined for generating channel coefficients for D2D communication channel.

Further, following proposals are made related to pathloss, shadowing and fast fading models, Doppler spectrum for link level simulations, and spatial channel model for system level simulations.

Proposal 1: To adopt pathloss and shadow fading models as shown in Table 1.

Proposal 2: To adopt a cluster based channel modelling approach to model small-scale fading in D2D communication channel.
Proposal 3: To adopt fast fading models as shown in Table 1.

Proposal 4: A new Doppler spectrum that captures dual mobility into account should be further studied in RAN1.

Proposal 5: To adopt the Doppler power spectrum of Equation 2 for D2D link level simulations.
Proposal 6: Consider adopting the spatial channel model presented in Equation 13 for D2D system level simulations.
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5 Annex-1

5.1 Correlation properties of the simplified stochastic model for D2D channel

The normalised spatial-temporal correlation function (assuming unit antenna gain at both ends) of the model in Equation 13 can be written as 
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Equation 14                                                                                
Here, the expectation is over AoAs and AoDs. Note that 
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  have been used in deriving Equation 14.
From the above, the spatial cross correlation functions (CCF) can be obtained as
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Equation 17                                                                               
According to Equations 15-17, the spatial CCF of the simplified stochastic model is separable. This aligns with the Kronecker model used for link level simulations. 
Further, the temporal auto correlation function (ACF) can be obtained as
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Equation 18                                                                               
Next, we will provide some simulation results for spatial-CCF and the time-ACF of the D2D channel simulations

The 3GPP SCM [8] parameters for ‘urban micro’ scenario are considered for simulations. In particular, symmetric AoA and AoD distributions are assumed and the parameter are corresponding to UE side parameters of 3GPP-SCM ‘urban micro’ scenario.  Table 2 summarises the simulation parameters.
Table 2: Simulation parameters

	Parameter
	Value

	Number of Paths
	6

	Per path AoA/AoD distribution (or Tx-cluster/Rx-cluster distribution)
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 is the relative power of the [image: image100.wmf]th

n

path (Step 5 of Section 5.3.2 of [8])

	Sub-path AoAs and AoDs per cluster
	Symmetric for Tx and Rx, same as MS offset values taken from Table 5.2 of [8].

	Transmitter velocity
	10m/s, 600

	Receiver velocity
	10m/s, 1000


Figure 4 plots the average spatial CCF at the transmitter (or receiver) and Figure 5 plots the average time ACF. According to Figure 5, simulation results match with the theoretical values given by double Bessel’s function for dual mobility scenario.
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Figure 4: Spatial CCF (4Tx, 4Rx configuration, L=20, M=20, 1000 time samples per run, average over 100 runs)
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Figure 5: Time ACF (2Tx, 2Rx configuration, L=20, M=20, 10000 time samples per run, average over 100 runs)
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