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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], D2D deployment scenario and evaluation methodology were discussed, and the discussions on D2D channel modelling will be started in RAN1#72bis.

In this paper, we discuss D2D channel characteristics, and provide proposals for modelling D2D communication channel.
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 creates 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.

Doppler shift is induced by the motion of both transmitter and the receiver, as well as by the moving objects that interfere with D2D link. Therefore, these should be taken into account in defining Doppler Effect.

· 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.

As a result, both transmitter and the receiver are likely to be surrounded by local scatters, and the propagation condition is more likely to be NLOS with LOS in some cases. Therefore, the effect of local scattering around the transmitter and the receiver should be properly modelled.

These characteristics should be considered when defining channel models for D2D communication channel.
Following sections discuss possible approaches for modelling large-scale and small-scale fading in D2D communication channel.
2.1 Large scale fading models

Large scale fading characterisation of the D2D link could be significantly different to that of cellular links due to the low terminal heights and relatively low propagation distance involved. Therefore, direct application of existing path loss models defined for cellular links would not reflect the propagation characteristics of the D2D link appropriately. 

This section discusses the applicability of existing pathloss models for D2D communication link.

· ITU-R Path loss models [3]:
ITU-R defines a set of path loss models to evaluate IMT-advanced technologies in five different environments [3], namely; Indoor Hotspots (LOS/NLOS), Urban Micro-UMi (LOS,NLOS,O-to-I), Urban Macro-UMa (LOS, NLOS), Suburban Macro –SMa (LOS, NLOS), Rural Macro-RMa (LOS, NLOS).

Shadowing is modelled by zero-mean log-normal distribution with specific shadowing standard deviation for each environment.

These models have also been used in [4] to evaluate 3GPP LTE technologies. ITU-R pathloss models are defined for typical cellular links where eNB is in higher grounds compared to the UE. Therefore we think that the application of these models to D2D link requires some correction factors to be defined for low terminal heights.

· UE-UE path loss models in eIMTA [5]:
3GPP has defined a UE-UE pathloss model to evaluate UE-UE interference in TDD systems (when dynamic TDD configurations are adopted in co-channel multi-cell environments) [5]. This model for
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Equation 1
This model is applied to Multi-cell pico scenario and multi-cell macro pico scenario. As can be seen, the second part of the model is based on the Xia channel model defined in [6].

Apparently, shadow fading is not modelled between UEs in this case. 

Since this model is already used to model UE-UE path loss in eIMTA, this could be used to model path loss of D2D links in urban environments with added shadow fading models.
· XIA pathloss model [6]:
A simplified analytical model that can be used for three different propagation scenarios with BS antenna above, below and near the average rooftop level has been proposed in [6]. 

Accordingly, the path loss expression for BS antenna below the average rooftop level is given as
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Equation 2
Where
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- height difference between the average rooftop level and MS antenna
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- horizontal distance between MS and diffraction edge, In general 
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assuming that the mobile travel in the middle lane of a street
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- street width


[image: image11.wmf]b

h

D


- BS antenna height w.r.t. the average roof top level
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- average separation distance between rows of building
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- transmitter to receiver distance

The above model can be applied for D2D channel by applying 
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Equation 3
We think that the XIA path loss model for BS antenna below average rooftop level is more suitable for outdoor D2D communication channel. 

· Peer-to-Peer channel models [7]:
Peer-to-peer channel models have been defined in [7] for BS-RN, RN-RN, RN-MS and MS-MS links based on a three dimensional ray-tracing tool measurements. These models are applicable for urban micro cellular environments on 2.1 GHz and 5.2 GHz covering UMTS and WLANs, respectively.

In this model, mean path loss is given by
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Equation 4                                       

where, 
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 denotes the transmitter receiver separation distance in meters, 
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 is the path loss at a reference distance of 1m. 
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Equation 5                                       
Shadowing is modelled by a zero-mean log-normal distribution with distance depended shadowing standard deviation 
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Equation 6                                       

where, 
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 represents the distance between transmitter and the receiver, 
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 is the maximum standard deviation, 
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Since this model is developed based on the tray tracing measurements in a particular urban environment, we think that it is not suitable for all urban scenarios in general. 
· ITU-R P.1411-6 models [8]:

ITU-R P.1411-6 defines a propagation model between terminals located below roof-top heights in urban environments. This model is valid for frequencies in the range 300-3000MHz, and is based on the measurements with antenna heights between 1.9 and 3.0 m above ground and transmitter receiver distances up to 3000m. 

This model includes both LoS and NLoS regions as well as the statistics of the location variability in these regions. Please refer Section 4.3 of [8] for details of the path loss model.

For example, let the required location probability be 
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Equation 7                                       

Since this model has been developed based on the measurements, and it appropriately captures propagation path characteristics between low height terminals, we think that this model would also be suitable for D2D channel modelling in outdoor urban environments.

· TGn pathloss model [9]:

The path loss model applied for indoor WLAN in IEEE Task Group-n consists of a free space loss (slope of 2) up to a breakpoint distance and slope of 3.5 after the breakpoint distance. It is given as
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Equation 8                                                                               

where 
[image: image38.wmf]d

is the transmitter-receiver separation distance in meters.

In this model shadowing is considered as zero-mean log-normal distributed. For each channel model (A-F), breakpoint distance and shadow fading standard deviation before and after the breakpoint distance are defined separately.
We think that these path loss models can be applied for D2D evaluation in indoor environments.
· Dual-strip model [4]:
In 3GPP, dual-strip model is used to model the pathloss in Heterogeneous networks simulations. In particular, these models cover following cases in Femto-cell deployments in Urban and Suburban environments.

· UE is inside the same apartment stripe/house as HeNB

· UE is outside the apartment stripe/house

· UE is inside a different apartment stripe/house  

Shadow fading is modelled in Femto-cell deployments as log-normally distributed with shadow fading standard deviation of 4dB for links between Femto-cell-to-UE and 8dB for all other links. 
Since, Femto-cell-to-UE channel may have similar characteristics as the UE-to-UE channel, dual-strip models can be applied for D2D evaluation in indoor and indoor-to-outdoor links.
According to above discussion, Table 1 summarises the possible candidates for modelling large-scale fading in D2D communication channel.

Table 1: Candidates for modeling large-scale fading in D2D channel
	Environment
	Pathloss model
	Shadow fading model

	Indoor
	TGn channel model [9]/
Dual-stripe model [4]
	Log-normally distributed, 

standard deviation as applied in TGn models/ or 4dB

	Outdoor
	UE-UE Pathloss Model in eIMTA [5]/ 
XIA pathloss model for BS antenna below rooftop level [6]/
ITU-R P.1411-6 models [8]
	Log-normally distributed,
Standard deviation of 10dB

	Indoor-to-Outdoor
	Dual-stripe model
	Log-normally distributed with standard deviation of 8dB


Figure 1 shows a comparison of candidates for indoor pathloss models at 3.4 GHz. The dual stripe model is plotted for a single floor building (n=0) in which both UEs are located in the same stripe. Number of walls separating 2 UEs is considered to be 2 (q=2). According to Figure 1, pathloss difference between TGn channel models and Dual-stripe model is considerable for large distances.  
Therefore, we modify TGn channel model with breakpoint distance of 10m to include an indoor distance dependent attenuation that models penetration loss of partitions and walls, so that the new model provides moderate pathloss compared to original TGn models and Dual-stripe model. 
The proposed model is written as

[image: image39.wmf]m

d

d

d

d

L

m

d

d

d

L

d

L

FS

FS

10

for 

   

)

10

/

(

10

log

35

35

.

0

)

(

10

for 

  

          

          

          

35

.

0

)

(

)

(

>

+

+

£

+

=


Equation 9                                                                               

The proposed model is also plotted in Figure 1. 
Figure 2 shows a comparison of candidates for outdoor pathloss models. Accordingly, XIA pathloss model and ITU-R P.1411-6 with location probability p=90% behaves similarly for distances higher than 50m. Therefore, we propose to apply ITU-R P.1411-6 with location probability p=90% for outdoor environment.
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Figure 1: Comparison of Indoor pathloss models
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Figure 2: Comparison of Outdoor pathloss models
Proposal 1: To adopt following pathloss models for D2D channel,
· Indoor – Proposed model in Equation 9
· Outdoor - ITU-R P.1411-6 with location probability p=90% 
· Indoor-to-outdoor – Dual-stripe model
2.2 Small scale fading models
The propagation channel between two D2D UEs is considered rich with scatters close to both transmitter and the receiver, and can be visualized as shown in Figure 3. These propagation conditions create small-scale variations (rapid amplitude fluctuations within short period of time) in the signal received at the receiver. 
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Figure 3: D2D propagation channel with scatters near both transmitter and receiver

Different small scale fading models have already been proposed for traditional cellular links. These include:

•
ITU channel models [3] ( (InH, UMi, UMa, SMa, RMa)

•
3GPP E-UTRA channel models [10] ( (EPA, EVA, ETU)

•
WINNER II channel models [11] ( (A1 to D2) 

•
Indoor channel models for WLAN (e.g. TGn channel models [9]) ( (A to E)

Since the propagation conditions in D2D communication channel is different from that in the traditional cellular link (mainly due to differences in antenna heights), we think that it is necessary to propose new channel models/ modify existing models for D2D communication channel. 

According to the propagation characteristics shown in Figure 3, received signal at the D2D receiver can arrive in multiple paths due to reflection and scattering occur at building super structures and local scatters. This multipath environment can be interpreted as: the reflections at building super structures may create clusters of multipath arrivals at the receiver and the local scatters may create rays within clusters. 

A similar interpretation has been used in [12] to derive a cluster based modelling approach for indoor multipath propagation and has been further elaborated in [13]. Moreover, IEEE 802.11n task group has adopted a similar approach to derive TGn channel models for indoor WLAN networks [9].  
WiFi P2P [14], which is a competitive WLAN technology for LTE D2D, is operated on IEEE 802.11n compliant WLANs, and it is most likely that WiFi P2P is evaluated based on TGn channel models. Therefore, it would be desirable that LTE D2D channel models may align with other competitive technologies to make it competitive. 

Therefore, we propose to adopt cluster based channel modelling approach for D2D communication channel. Section 5.1 provides a description of cluster based channel modelling approach. 
Proposal 2: To adopt a cluster based channel modelling approach to model small-scale fading in D2D communication channel.
We think that the LTE D2D channel in indoor test environment would typically behave similar to WLAN channels because indoor users are generally stationary/ less mobile. Therefore, we propose using TGn channel models [9] for initial evaluation of LTE D2D systems in indoor environments until further channel measurements for LTE D2D channels are available and are properly modelled.

Moreover, a cluster based approach has been used in [15] to develop an interim channel model that extends 3GPP spatial channel model parameters for beyond-3G systems with higher bandwidths. Details on the interim channel model for beyond 3G systems are presented in Section 5.2.  
We propose using this interim channel model [15] for initial evaluation of LTE D2D systems in outdoor environments until further channel measurements for LTE D2D channels are available and are properly modelled.

Proposal  3: To use TGn channel models [9] for initial evaluation of LTE D2D systems in indoor environments, and to use Interim channel model [15]  for initial evaluation of LTE D2D systems in outdoor environments until further channel measurements for LTE D2D channels are available and are properly modelled.

2.3 Doppler spectrum characteristics
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 defined for D2D channel modelling to capture the dual mobility scenario appropriately. 

Dual mobility scenario has been addressed in the literature in the form of mobile-to-mobile communication channel modelling [16]

 REF _Ref351543136 \r \h 
[17]

 REF _Ref351543138 \r \h 
[18]. 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 [16] 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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Equation 10                                                                               

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 [18]. 
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 [16]
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Equation 11                                                                               

where 
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 is the complete elliptic integral of the first kind. This spectrum is plotted in Figure 4 for different values of 
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Figure 4: Doppler spectrum of D2D channel and cellular channel (when a=0) [18]
According to the characteristics of Equation 11, the Doppler spectrum for D2D channel has two peaks at 
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Proposal 4: To adopt the Doppler power spectrum of mobile-to-mobile channel, first defined in [16], for D2D communication channel modelling.
3 Conclusion

In this contribution we proposed approaches for D2D channel modelling as follows.

Proposal 1: To adopt following pathloss models for D2D channel,
· Indoor – Proposed model in Equation 9
· Outdoor - ITU-R P.1411-6 with location probability p=90% 
· Indoor-to-outdoor – Dual-stripe model

Proposal 2: To adopt a cluster based channel modelling approach to model small-scale fading in D2D communication channel.
Proposal  3: To use TGn channel models [9] for initial evaluation of LTE D2D systems in indoor environments, and to use Interim channel model [15]  for initial evaluation of LTE D2D systems in outdoor environments until further channel measurements for LTE D2D channels are available and are properly modelled.
Proposal 4: To adopt the Doppler power spectrum of mobile-to-mobile channel, first defined in [16], for D2D communication channel modelling.
4 References

[1] RP-122009, “Study on LTE Device to Device Proximity Services,” Qualcomm Inc., 3GPP RAN#58, Dec. 2012.
[2] RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #72, St Julian’s, Malta, 28th Jan-1st Feb, 2012
[3] “Guidelines for evaluation of radio interface technologies for IMT-Advanced”, Report ITU-R M.2135-1 (12/2009)
[4] 3GPP TR 36.814, “ Further advancements for E-UTRA physical layer aspects”, V9.0.0 (2010-03)
[5] 3GPP TR 36.828 , “Further enhancements to LTE Time Division Duplex (TDD) for Downlink-Uplink (DL-UL) interference management and traffic adaptation”, (Release 11), V11.0.0 (2012-06)
[6] Xia, H.H., “A Simplified Analytical Model for Predicting Path Loss in Urban and Suburban Environments”, IEEE Transactions on Vehicular Technology, Vol. 46, No. 4, November 1997
[7] Wang. Z., Tameh E.K., Nix A. R., “Statistical Peer-to-Peer Channel Models for Outdoor Urban Environments at 2GHz and 5GHz”, IEEE VTC’04, Sept 2004
[8] “Propagation data prediction methods for the planning of short-range outdoor radio communication systems and radio local area networks in the frequency range 300MHz to 100GHz”, Recommendation ITU-R P.1411-6 (02/2012)
[9] V. Erceg et al. “TGn Channel Models”, IEEE 802.11-03/940r4, May 2004
[10] 3GPP TS36.101, “User Equipment (UE) radio transmission and reception”, v11.2.0,(2012-09)
[11] P. Kyösti, et al., "WINNER II Channel Models", IST-4-027756 WINNER II D1.1.2, ver 1.1, Sept. 2007. Available: https://www.ist-winner.org/WINNER2-Deliverables/D1.1.2v1.1.pdf.
[12] A.A.M. Saleh and R.A. Valenzuela, “A statistical model for indoor multipath propagation,” IEEE J. Select. Areas Commun., vol. 5, 1987, pp. 128-137.
[13] Q.H. Spencer, B.D. Jeffs, M.A. Jensen and A.L. Swindlehurst, “Modeling the statistical time and angle of arrival characteristics of an indoor environment,” IEEE J. Select. Areas Commun., vol. 18, no. 3, March 2000, pp. 347-360.
[14] “Wi-Fi Peer-to-Peer (P2P) technical Specification”, version 1.2, Wi-Fi-Alliance Technical committee P2P Task Group.
[15] D. Baum, J. Hansen, J. Salo, G. Del Galdo, M. Milojvic, P. Kyösti: “An Interim Channel Model for Beyond-3G Systems”, IEEE VTC’05, April 2005.
[16] A. S. Akki, and F. Haber, “A statistical model for mobile-to-mobile land communication channel," IEEE Trans. Veh. Technol., vol. 35, pp. 2-7, Feb.1986.
[17] A. S. Akki, “Statistical properties of mobile-to-mobile land communication channels," IEEE Trans. Veh. Technol., vol. 43, pp. 826-831, Nov. 1994.
[18] C. S. Patel, G.L. Stuber, , T.G. Pratt,  “Simulation of Rayleigh-Faded Mobile-to-Mobile Communication channels”, IEEE Transactions on Communications, Vol. 53, No. 11, Nov. 2005.
5 Annex 1
5.1 Cluster based channel modelling approach

This approach is based on the observations that the rays arrive in one or two large groups within a certain observation window, and the second sets of rays are attenuated in amplitude with the rays within each arrival group also decayed on average with time [12]. This type of propagation scenario is more likely in D2D communication channel due to local scatters around both transmitter and receiver.

In this approach, the cluster arrival times (arrival times of the first rays of the clusters) are modelled as a Poisson arrival process with some fixed rate 
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. Within each cluster, rays also arrive according to a Poisson process with a different fixed rate
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. Since each cluster may contain many rays 
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[12].  Both cluster decaying pattern and ray decaying pattern are modelled by two separate exponential decaying patterns as described below.  

Let the gain of the kth ray of the lth cluster be denoted by 
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 and its phase by 
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. The impulse response of the channel can be given as
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Equation 12
where 
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 is the arrival time of the lth cluster and 
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is the arrival time of the kth ray measured from the beginning of the lth cluster. By definition, 
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 [12]. The sum over l represents the clusters and the sum over k represents the arrival within each cluster. The 
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term represents a statistically independent random phase associated with each arrival with 
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 is uniform on 
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 is assumed to be a Rayleigh distributed random variable whose mean-square value is described by the double exponential decay as
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Equation 13
Where 
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 represents the average power of the first arrival of the first cluster,  
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 is the cluster arrival decay time constant and 
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 is the ray arrival decay time constant. Figure 5 illustrates this phenomenon. 
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Figure 5: Illustration of exponential decay of mean cluster power and ray power with time
Further, the cluster arrival time 
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 and ray arrival time 
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are described by the independent inter-arrival exponential rate laws as [12]
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Equation 14
According to [13], spatial properties can be incorporated into this model by modelling the angle of arrival (AoA) using a cluster angle 
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 and a ray angle  
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. Then, the combined channel impulse response becomes


[image: image81.wmf])

(

)

(

)

,

(

0

0

kl

l

l

k

kl

l

j

kl

T

t

e

t

h

kl

w

q

d

t

d

b

q

q

-

Q

-

-

-

=

å

å

¥

=

¥

=

 .

Equation 15
The cluster statistics (distribution of 
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) are assumed to be independent of the ray statistics (distribution of 
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) while time and angle distributions (for clusters and rays) are also assumed to be independent. 

The angles are measured with respect to the angle of the first cluster 
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. For an indoor environment, it has been observed that the conditional distribution of 
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[image: image90.wmf])

2

,

0

[

p

 and the distribution of the ray arrival angle is zero-mean Laplacian distribution with standard deviation 
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In practice, clusters may overlap with the adjacent clusters. Whether to consider overlapping clusters or disjoint clusters may depend on the propagation environment. For example, in [9], TGn channel models have been defined as overlapping clusters based on their channel measurements in indoor scenarios. 

5.1.1 Key channel model parameters

According to the discussion in the previous section, the key parameters in the cluster based channel model can be listed as in Table 2. 

Table 2: Key model parameters in a cluster based channel model
	Model parameters
	Examples from modelled Indoor channels

	
	Medium size, two-story office building Error! Reference source not found.
	Fourth floor of a campus buildingError! Reference source not found.

	Cluster arrival decay time constant 
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	60 ns
	34 ns

	Ray arrival decay time constant 
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	20 ns
	29 ns

	Inter-cluster arrival time 
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	300 ns
	17 ns

	Inter-ray arrival time 
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	Distribution for 
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and its parameters
	-
	Uniform distribution on 
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	Distribution for 
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 and its parameters
	-
	Laplacian distribution with zero-mean and standard deviation 
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The other parameters such as number of clusters, number of rays per cluster, total delay spread etc are dependent on the propagation environment as well as other channel modelling assumptions. For example in [9], delay profile characteristics are pre-determined for each model, therefore, estimation of  
[image: image100.wmf]G

, 
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, 
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, and 
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are not considered. Further, the clusters are selected to be overlapped and the powers of overlapping taps are determined by extrapolating the visible taps of each cluster and keeping the total sum of overlapping taps corresponding to different clusters equal to the power of the original power delay profile. The ray AoA statistics within a cluster is taken as Laplacian, and the AoA and AoD statistics of each cluster are assumed to be uniformly distributed over all angles as proposed in [13]. In addition, the Doppler Effect due to user movements (1.2km/h), moving vehicles in the surrounding (40 km/h) and Fluorescent lights (Fundamental tone and two odd harmonics of twice the power line frequency) are incorporated in different models (Doppler effect due to moving vehicles is included in Model-F and that due to Fluorescent lights is included in Models D and E of [9]).  
5.2 Interim channel model for beyond-3G Systems

In 3GPP SCM, every scenario consists of a fixed number of 6 paths (separated in delay domain). Each of these path components are made up of 20 spatially separated sub-paths (having the same delay as the corresponding multipath). On the other hand, the interim channel model defined in [15] divides 20 sub-paths of a particular path into three or four clusters (or mid-paths) by introducing an intra-path delay spread (DS), which is zero in 3GPP SCM. 
Table 3 shows the parameters of the interim channel model.
Table 3: Sub-path to Mid-path assignment in Interim channel model
	Scenario
	Suburban Macro, Urban Macro
	Urban Micro

	Mid-paths per path
	3
	4

	Mid-path
	Mid-path power
	Delay relative to paths
	Sub-paths
	Mid-path power
	Delay relative to paths
	Sub-paths

	1
	10/20
	0 ns
	1,2,3,4,5,6,7,8,19,20
	6/20
	0 ns
	1,2,3,4,19,20

	2
	6/20
	7 ns
	9,10,11,12,17,18
	6/20
	5.8 ns
	5,6,7,8,17,18

	3
	4/20
	26.5 ns
	13,14,15,16
	4/20
	13.5 ns
	9,10,15,16

	4
	
	
	
	4/20
	27.6 ns
	11,1,2,13,14
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