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1 Introduction
At the RAN#58 plenary meeting it was agreed to start work on channel model for device-to-device studies to be conducted by RAN1 WG. According to the study item description document [1], the RAN1 WG is tasked to:

· 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).
At the RAN1#72bis meeting, two mandatory deployment scenarios were agreed for D2D evaluation while the details of channel models have not been discussed.

· Option 1: Urban Macro (500m ISD) + {1} RRH/Indoor Hotzone per cell
· Option 5: Urban Macro (1732m ISD) (UE dropping details FFS)
The agreed deployment scenarios include different types of propagation such as outdoor-to-outdoor (O2O), outdoor-to-indoor(O2I) and indoor-to-indoor (I2I). In this document, we summarize our views on UE-UE channel modeling for system and link level analysis including large scale and small scale characteristics.
2 UE-UE Propagation Characteristics
The UE-UE channel propagation properties are different from the typical cellular propagations between eNB and UE. The following factors contribute to the specific channel propagation characteristics of the D2D channel models:
1. Symmetric and low UE antenna heights:
a) UE-UE pathloss should reflect the fact that nodes have near the same low antenna height => the higher signal attenuation can be expected at the same distance between UEs and probability of LOS versus distance is expected to reduce;
b) Near street level scattering environment on both sides of link has similar statistical properties => symmetrical statistical properties in terms of AoD and AoA distributions.
2. UE density/proximity:
a) Nearby UEs have high probability of LOS propagation => stochastic system level analysis requires introduction of LOS probability or some break point distance;
b) Interlink dependency is expected to be higher due to UE proximity => Effect of shadow fading correlation for UE-UE links and eNB-UE links will be more noticeable;
3. Mobility:
a) Terminals and surrounding objects are moving => increased Doppler spread comparing to eNB-UE links, where eNB is static and variation of large scale channel propagation parameters over long periods of time.
All of these factors have impact on UE-UE small scale and large scale channel propagation characteristics and should be discussed by the RAN1 WG for further D2D studies and system design.
3 Discussion on Channel Models for System Level Analysis
3.1 Large Scale Propagation Characteristics

The pathloss and shadow fading are the main large scale channel factors that have major impact on D2D system design. The detail discussion on these UE-UE large scale channel propagation properties is presented in our companion contributions [2]-[3]. Our analysis has shown that large scale parameters for UE-UE propagation may deviate substantially based on considered environment. The additional experimental measurements of UE-UE propagation can be beneficial to better understand properties of UE-UE propagation. Based on comparative analysis presented in [2] we propose to use the following set of large scale channel models for D2D proximity studies:
Table 1. Proposal on large scale propagation characteristics for proximity studies in agreed D2D scenarios
	UE-UE

	O2O
	Pathloss:
According to Section 4.3 of ITU-R P.1411-6 [4]
Shadow fading:

According to Section 4.3 of ITU-R P.1411-6 [4] with the following modifications: for LOS case lognormal distribution is used
Probability of LOS:
According to Table 2 from the companion contribution [2]

	O2I
	Pathloss, Shadow fading:

According to scenario O2Ia from Table 4-1 of WINNER+ [5]
Probability of LOS:
According to Table 2 from the companion contribution [2]

	I2I 
(same building)
	Pathloss, Shadow fading:
According to ITU-R InH (Table B.1.2.1-1 of 3GPP TR 36.814 [6])
Probability of LOS:
According to Table 2 from the companion contribution [2]. The formula is a modified equation for ITU-R InH scenario from Table B.1.2.1-2 of 3GPP TR 36.814 [6]

	I2I 
(different buildings)
	Pathloss, Shadow fading:

According to scenario O2Ia from Table 4-1 of WINNER+ [5] with the following modifications (Table 5 of accompanied contribution [2]):

· Penetration loss is added to reflect the signal propagation through the second wall

· Indoor distance for the second indoor propagation part is generated
Probability of LOS:
According to Table 2 from the companion contribution [2]

	Macro eNB-UE

	O2O
	Pathloss, Probability of LOS, Shadow fading:
According to 3GPP Macro + Indoor RRH/Hotzone scenario. See Table A.2.1.1.5-1 of 3GPP TR 36.814 [6]) 

	O2I
	Pathloss, Penetration Loss, Probability of LOS, Shadow fading:
According to 3GPP Macro + Indoor RRH/Hotzone scenario. See Table A.2.1.1.5-1 of 3GPP TR 36.814 [6])

	RRH-UE

	I2O
	Pathloss, Shadow fading:

According to scenario O2Ia from Table 4-1 of WINNER+ [5]
Probability of LOS:
According to Table 2 from  our companion contribution [2]

	I2I

(same building)
	Pathloss, Probability of LOS, Shadow fading:
According to ITU-R InH (Table B.1.2.1-1 of 3GPP TR 36.814 [6])

	I2I

(different buildings)
	Pathloss, Shadow fading:

According to scenario O2Ia from Table 4-1 of WINNER+ [5] with the following modifications (Table 5 of contribution [2]):

· Penetration loss is added to reflect the signal propagation through the second wall
· Indoor distance for the second indoor propagation part is generated


3.2 Small Scale Channel Characteristics
In this section we provide our views on small scale channel modeling for D2D system level analysis. In general, we suggest adopting the geometry based SCM channel models for system level studies. In particular, for urban O2O and O2I scenarios we suggest to reuse ITU-R UMi channel models with slight modifications to reflect symmetry in UE-UE propagation characteristics. For I2I scenario we propose to reuse the existing ITU-R InH channel model with similar set of modifications. 
3.2.1 Power Delay Profile

For the power delay profile (PDP), the most relevant prior works in the literature have adopted single-slope exponential PDP, including the 3GPP SCM based models, and this has been confirmed by results from different measurement campaigns. However, dual-slope exponential models would be more accurate to represent scenarios with large number of scatterers. One shortcoming of these models is that they assume that the first path is always the strongest path which may not be true in general, especially for O2I or even I2I scenarios. In [7], the authors propose a model to accommodate the case when the first path may not be the strongest path. However, further independent measurement based results would be necessary to verify the validity and the choice of the model parameters. In the absence of sufficient measurement results confirming the above shortcomings, we propose to use the single-slope exponential model and related parameters of ITU-R UMi and InH channel models [6].
3.2.2 AoD/AoA Spreads

In typical cellular scenarios, the statistical angular properties of AoD (eNB side) and AoA (UE side) are different. Typically, AoD has smaller angle spread to account for the fact that eNB has higher antenna height and is far away from scatterers surrounding user terminal. In D2D studies, UEs have symmetry in terms of antenna height and thus are likely to have similar scattering environments. To account for this fact we propose to symmetrize the UE-UE link in terms of AoD and AoA statistics and use the parameters recommended for AoA (i.e. UE side) at both sides of the link.

3.2.3 K-Factor

For the ITU UMi and InH channel models, the Ricean K-factor (in dB) is modeled as a Gaussian random variable with fixed mean and standard deviation values as listed in [6] for LOS locations. It should be noted that, while most works reported in the literature confirm the choice of a fixed mean K-factor, there are some works (e.g., [8], [9]) that propose linear distant-dependent models for the mean K-factor for LOS locations. Unfortunately, no other measurement based results are available in the literature to validate the sensitivity suggested by the model in [8]. Consequently, we propose to use the currently recommended modeling approach and the related parameters for ITU UMi and InH channel models.
3.2.4 Doppler Spread

The D2D links are likely to experience larger Doppler spread which is caused by mobility of UE terminals at both sides and by moving surrounding objects. The existing SCM based channel models are designed for the eNB-UE links and assume that the one of the stations (i.e. eNB) is stationary. So the SCM based channel models need to be modified for D2D studies and should take into account the speed of UE terminals at both link ends (e.g. 3km/h).
Table 2. Proposal on small scale channel models for system level proximity studies in agreed D2D scenarios.
	UE-UE

	O2O
	According to SCM model parameters for ITU-R UMi LOS and NLOS from Table B.1.2.2.1-4 of 3GPP TR 36.814 [6] with the following modifications:
· Aligned AOD and AOA statistical distributions (mean and std. deviation values for AOD are set equal to the AOA values)

	O2I
	According to SCM model parameters for ITU-R UMi O2I from Table B.1.2.2.1-4 of 3GPP TR 36.814 [6] with the following modifications:

· Aligned AOD and AOA statistical distributions (mean and std. deviation values for AOD are set equal to the AOA values)

	I2I

(same building)
	According to SCM model parameters for ITU-R InH from Table B.1.2.2.1-4 of 3GPP TR 36.814 [6] with the following modifications:

· Aligned AOD and AOA statistical distributions (mean and std. deviation values for AOD are set equal to the AOA values)

	I2I

(different buildings)
	According to SCM model parameters for ITU-R UMi O2I from Table B.1.2.2.1-4 of 3GPP TR 36.814 [6] with the following modifications:

· Aligned AOD and AOA statistical distributions (mean and std. deviation values for AOD are set equal to the AOA values)

	Macro eNB-UE

	O2O
	According to SCM model parameters for ITU-R UMa from Table B.1.2.2.1-4 of 3GPP TR 36.814 [6] for LOS and NLOS accordingly

	O2I
	According to SCM model parameters for ITU-R UMa NLOS case from Table B.1.2.2.1-4 of 3GPP TR 36.814 [6] for both LOS and NLOS cases

	RRH-UE

	I2O
	According to SCM model parameters for ITU-R UMi O2I from Table B.1.2.2.1-4 of 3GPP TR 36.814 [6]

	I2I

(same building)
	According to SCM model parameters for ITU-R InH from Table B.1.2.2.1-4 of 3GPP TR 36.814 [6]

	I2I

(different buildings)
	According to SCM model parameters for ITU-R UMi O2I case from Table B.1.2.2.1-4 of 3GPP TR 36.814 [6]


4 Discussion on Channel Models for Link Level Analysis
For link level analysis, a larger set of channel models can be considered to evaluate performance of the potential solutions under different frequency selectivity and mobility assumptions. We propose to use existing models typically applied for link level studies in 3GPP such as EPA-5Hz and ETU-30Hz channel models, with possible further analysis/modifications with regard to Doppler spectrum due to dual mobility. Additionally, the channel models with higher Doppler frequencies can be considered to cover public safety specific scenarios with 120km/h (e.g. EVA-70 or ETU-300Hz).
5 Conclusions
In this document we have reviewed main factors that impact UE-UE channel propagation properties. Based on our analysis, presented in this and companion contributions [2]-[3] we propose the following channel models for D2D system and link level studies in the framework of the LTE D2D study item.
Proposal 1:

For link level analysis, it is recommended to use EPA-5Hz and ETU-30Hz channel models for studies on D2D discovery and D2D data communication. Additionally, the higher Doppler frequency can be used for PS specific scenario.
Proposal 2:

Consider to use channel model parameters provided in Table 3 to characterize UE-UE propagation for D2D system level studies.
Proposal 3:

For Macro-UE and RRH-UE links we propose to reuse channel models typically used by RAN1 WG for system level studies and listed in Table 1 and Table 2.
Table 3. Recommended UE-UE channel characteristics for D2D studies

	O2O
UE-UE link 
	General description
	Pathloss, shadow fading based on ITU-R P.1411-6 [4] for urban area case.

Large scale parameters (except for shadowing standard deviation) and their cross-correlation values as for ITU-R UMi LOS and NLOS in Table B.1.2.2.1-4 of 3GPP TR 36.814 [6].

Small scale channel modeling (except those listed below) based on SCM model for ITU-R UMi LOS and NLOS [6].
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	Shadowing standard deviation
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	Shadowing correlation
	As proposed in [3].

	
	LOS Probability
	Modified model exponentially decaying at large distances
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	Fast fading channel model
	Modified ITU-R UMi channel model:

· Aligned AOD and AOA statistical distributions (mean and std. deviation values for AOD are set equal to the AOA values). AOD/AOA spread (log10(degrees)):

· LOS:
μ = 1.75, σ = 0.19;

· NLOS: μ = 1.84, σ = 0.15.
· Doppler Spread
· Low mobility scenario, UE speed is 3km/h

	O2I
UE-UE link
	General description
	Pathloss, shadow fading, based on WINNER+ O2Ia channel model [5]. 

Large scale parameters (except for shadowing standard deviation) and their cross-correlation values as for ITU-R UMi O2I in Table B.1.2.2.1-4 of 3GPP TR 36.814 [6].
Small scale channel modeling (except those listed below) based on SCM model for ITU-R UMi O2I in Table B.1.2.2.1-4 of 3GPP TR 36.814 [6].
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	Shadowing standard deviation
	LOS: 
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	Shadowing correlation
	As proposed in [3].

	
	LOS Probability
	Modified model exponentially decaying at large distances
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	Penetration Loss
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	Fast fading channel model
	Modified ITU-R UMi O2I channel model:

· Aligned AOD and AOA statistical distributions (mean and std. deviation values for AOD are set equal to the AOA values). AOD/AOA spread (log10(degrees)):

· O2I:
μ = 1.76, σ = 0.16.
· Doppler Spread
· Low mobility scenario, UE speed is 3km/h

	I2I 
UE-UE link
(same building)
	General description
	Pathloss, large scale parameters and their cross-correlation values as in [6] for ITU-R InH.
Small scale channel modeling based on SCM model for ITU-R InH [6].

	
	Distance dependent path-loss
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	Shadowing standard deviation
	LOS: 
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	Shadowing correlation
	As proposed in [3].

	
	LOS Probability
	Modified model exponentially decaying at large distances
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	Fast fading channel model
	Modified ITU-R UMi InH channel model:

· Aligned AOD and AOA statistical distributions (mean and std. deviation values for AOD are set equal to the AOA values). AOD/AOA spread (log10(degrees)):

· LOS:
    μ = 1.62, σ = 0.22.
· NLOS:    μ = 1.77, σ = 0.16.
· Doppler Spread
Low mobility scenario, UE speed is 3km/h

	I2I 
UE-UE link
(different buildings)
	General description
	Pathloss, shadow fading, based on WINNER+ O2Ia channel model [5]. 
Pathloss equation has the following modifications:

· Penetration loss is added to reflect the signal propagation through the second wall

· Indoor distance for the second indoor propagation part is generated

Large scale parameters (except for shadowing standard deviation) and their cross-correlation values as in [6] for ITU-R UMi O2I.
Small scale channel modeling (except those listed below) based on SCM model for ITU-R UMi O2I [6].

	
	Distance dependent path-loss
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	Shadowing standard deviation
	LOS: 
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	Shadowing correlation
	As proposed in [3].

	
	LOS Probability
	Modified model exponentially decaying at large distances
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	Penetration Loss
	
[image: image25.wmf]))

(

log

8

.

1

1

(

14

04

.

21

10

f

L

tw

-

+

=


Frequency f in GHz

	
	Fast fading channel model
	Modified ITU-R UMi O2I channel model:

· Aligned AOD and AOA statistical distributions (mean and std. deviation values for AOD are set equal to the AOA values). AOD/AOA spread (log10(degrees)):

· I2I:
μ = 1.76, σ = 0.16.
· Doppler Spread
Low mobility scenario, UE speed is 3km/h
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