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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 proximity 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).
In this contribution, we focus on D2D channel modeling aspects. In particular, we provide overview of UE-UE pathloss models taking into account the mandatory D2D deployment scenarios agreed at the RAN1#72bis meeting:

· Option 1: Urban Macro (500m ISD) + {1} RRH/Indoor Hotzone per cell
· Option 5: Urban Macro (1732m ISD) (UE dropping details FFS)
2 UE-UE Pathloss Models
For D2D studies, the several propagation types including Outdoor-to-Outdoor (O2O), Outdoor-to-Indoor (O2I), and Indoor-to-Indoor (I2I) needs to be considered. To the best of our knowledge, there is no well recognized pathloss model describing UE-UE propagation in different environments and thus additional UE-UE channel propagation measurements in different environments may be beneficial for D2D system design. The lack of well recognized models has motivated us to review publicly available materials, provide comparative analysis and finally draw our recommendations on D2D pathloss modeling.
2.1 Outdoor-to-Outdoor Pathloss Models (O2O)

For Outdoor-to-Outdoor (O2O) propagation our focus was on urban deployment scenarios. The following set of potential pathloss models has been reviewed (for more details on the pathloss model parameters, please refer to Annex A and contribution references):

· LTE-TDD eIMTA SI pathloss model [2]-[4]. This model was used in LTE-TDD eIMTA SI and was taken from the 3GPP TR 25.942 [3]. It proposes to use free space propagation equation for UEs located up to the breakpoint distance equal to 50 m. Beyond that distance, it is suggested to use NLOS equation that was analytically derived in [2] for base stations located at the low height. This analytical model aims to predict path loss in urban and suburban environments and explicates the path loss as a result of signal reduction due to free space wave front spreading, multiple diffraction past rows of buildings, and building shadowing.
· ETSI–TETRA pathloss model [5]. The document defines pathloss models recommended for co-existence studies of direct mode operation between low height terminals for Terrestrial Trunked Radio (TETRA). Three pathloss models are proposed: free space, Bacon, CEPT-SE21. In our opinion the CEPT-SE21 model can be considered as candidate for outdoor-to-outdoor propagation model for D2D analysis. In short it is a three part model, incorporating the terminal antenna height as well as the propagation frequency.
· ITU-R P.1411 pathloss model [6]. The ITU-R model is intended for calculating the transmission loss between two terminals in urban environments, where both terminal antenna heights are near the street level well below roof-top height. It includes both LOS and NLOS regions, and models rapid decrease in signal level noted at the corner between the LOS and NLOS regions. The model includes the statistics of location variability in the LOS and NLOS regions, and provides a statistical model for the corner distance between the LOS and NLOS regions.
· Ofcom Project pathloss model [7]-[8]. The technical report [7] provides a comprehensive overview of the existing UE-UE pathloss models. In addition it describes the extensive outdoor measurement campaign, targeting to derive improved method for predicting pathloss and interference levels between low height terminals. The measurements have been conducted in the UK (London and Reading). The experiments have shown that ITU-R P.1411 model is the most relevant model in predicting pathloss between low height terminals. The recommended pathloss model was slightly enhanced to additionally include the building separation for NLOS propagation and revised dependency on carrier frequency.
· SPPC pathloss model [9]. The statistical peer-to-peer channel model (SPPC) is proposed in [9]. The work in this paper exploits a detailed three-dimensional ray-tracing tool. It is shown that pathloss increases with lower terminal heights, while the probability of a line-of-sight decreases. Statistical channel models are derived for distance dependent shadow fading and LOS probability.
· IEEE 802.11 TGah [10]. The channel model parameters adopted by IEEE 802.11 TGah work group are summarized in [10]. The TGah work group defines outdoor and indoor device-to-device channel model propagation characteristics.
The considered O2O pathloss models for 2GHz carrier frequency and UE antenna height equal to 1.5m are shown in Figure 1 (the remaining parameters used to derive pathloss are given in Appendix A). The reviewed UE-UE pathloss models are compared vs. the ITU-R UMi models used for eNB-UE links in microcellular environment. It can be seen that the UE-UE links experience higher attenuation comparing with NLOS eNB-UE links (e.g. those recommended by ITU-R for urban microcellular test environment [13]).
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Figure 1: Pathloss models for O2O environment.
In majority of the referred sources, the LOS and NLOS channel propagation types are considered separately [2]-[9]. In our view for D2D system level analysis it is important to take into account both propagation types. In majority of the sources [2]-[8], it is proposed to use LOS pathloss when UE-UE distance is below predefined “LOS distance” and use NLOS pathloss for links with larger UE-UE distances. The probability of LOS propagation between UEs depends on the UE-UE distance and so the LOS propagation by itself is a random event which probability depends on distance between UEs [9]. In our view the probabilistic approach is more relevant for D2D studies and it is further discussed in Section 3.
2.2 Outdoor-to-Indoor Pathloss Models (O2I)

There are a limited number of publications on the outdoor-to-indoor propagation in terms of pathloss and shadow fading, especially for UE-UE propagation links. Most measurements primarily focus on penetration loss analysis, rather than on typical outdoor-to-indoor propagation in an urban environment. Majority of publicly available materials consider propagation between base stations and mobile stations and analyze the impact on small scale fading channel properties. Two O2I propagation models have been defined in Winner+ [11]-[12] for Macro and Micro deployment scenarios. In O2I urban microcell scenario the UE antenna height is assumed to be at 1-2m, and the eNB antenna height is below roof-top at 5-15 m depending on the height of surrounding buildings. Since the eNB antenna height in microcellular setup is lower, we propose to consider this scenario for evaluation of O2I D2D links, recommended in [11]-[12]. 
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Figure 2: Pathloss models for O2I environment.
The main observation, that can be drawn from Figure 2 comparing it with Figure 1 is that outdoor-to-indoor (O2I) pathloss has significantly higher signal attenuation (20-30dB) comparing to outdoor only scenario that can be explained by building penetration loss.
2.3 Indoor-to-Indoor Pathloss Models (I2I)

The pathloss models that can be considered as the main candidates for indoor-to-indoor (I2I) UE-UE channel are the models used in wireless local area networks, e.g. those used by IEEE 802.11n (TGn) and later adopted by TGah WG [10]. The other viable alternative is to use InH channel model adopted by the ITU for eNB-UE links in indoor hotspot environment [13]. The comparison of these pathloss models is shown in Figure 3.
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Figure 3: UE-UE pathloss for I2I environment.
As it can be seen from Figure 3, the pathloss model adopted in TGah has single slope with attenuation higher than NLOS component of the ITU-R InH channel model. Oppositely, the ITU-R InH scenario assumes the definition of LOS probability between UEs to differentiate NLOS and LOS propagation. 

For system level studies if multiple buildings are modeled and two indoor UEs are located in different buildings it is proposed to increase penetration loss in two times (e.g. use 40dB instead of 20dB).

2.4 Summary of UE-UE Pathloss Models
In this section, we summarize pathloss models reported in different publicly available sources. The summary of key parameters is provided in Table 1. Our analysis shows substantial deviation in terms of propagation characteristics on UE-UE links. However, as it can be seen from presented materials the signal propagation on UE-UE links experiences much higher attenuation comparing with eNB-UE links.
Table 1: Summary of pathloss decay factor reported in different sources.
	Name
	Decay factor – n; 10nlog10(d)
	LOS Modeling

	
	LOS
	NLOS
	LOS distance, m

	Outdoor-to-Outdoor (O2O)

	LTE TDD eIMTA SI 
	2
	4
	dBP = 50m 

	ITU-R P.1411-6
	2
	4
	44.2 (PLOS = 0.5)

	ETSI-TETRA
	2
	3.5
	dBP1 = 40m; dBP2 = 100m

	Ofcom Project
	2
	4
	44.2 (PLOS = 0.5)

	SPPC
	2
	5.86
	52.7 (PLOS = 0.5)

	IEEE 802.11 TGah
	NA
	5.86
	NA

	ITU-R UMi NLOS (eNB-UE link) 
	2.2
	3.67
	52 (PLOS = 0.5)

	Outdoor-to-Indoor (O2I)

	Winner+ UMi O2I

(Winner+ scenario B4)
	2.27
	4.37 (hBS = 1.5m)
	52 (PLOS = 0.5)

	Indoor-to-Indoor (I2I)

	IEEE 802.11 TGah
	2.0
	3.5
	dBP = 5-30

	ITU-R InH
	1.69
	4.33
	37 (PLOS = 0.5)


Based on the presented analysis we suggest the following set of pathloss models:

Proposal 1:

· Consider to use the following pathloss models for D2D system level analysis:

· ITU-R P.1411-6 pathloss model to characterize UE-UE links for outdoor-to-outdoor urban environments.
· Winner+ UMi O2I pathloss model to characterize UE-UE links in outdoor-to-indoor propagation environments. 
· ITU-R InH pathloss to characterize UE-UE links in indoor-to-indoor propagation environments.
3 Probability of LOS and NLOS
In D2D scenarios with high UE densities there is a high probability that nearby UEs are in LOS conditions. To characterize this effect in cellular system level analysis the probability of LOS vs. distance between stations is often applied. The similar approach may be used in D2D studies. However the probability of LOS versus distance may need to be revised (reduced)  to reflect the fact that UEs often have low antenna heights. The existing models of LOS probability used in different cellular environments are shown in Figure 4 (linear scale on the left and log scale on the right side). 
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Figure 4: Probability of LOS vs. distance for different environments.
It is necessary to note, that in case of InH for the distances greater 36m the LOS probability is set to 50%, which can be explained by the particular ITU indoor environment, where eNB is located at 6m height near the ceiling and building has a big hall of 120x20m dimensions. Another observation is that probability of LOS in ITU-R UMi and UMa models at large distances decays inversely proportionally to distance while in the 3GPP Pico-UE and SPPC models the probability reduces following the exponential law. This fact explains significant difference in probability to have LOS propagation at the distance of 300 m (10-1 vs. 10-4).

Observation 2:

· The probability of LOS vs. distance  should be taken into account for D2D studies with high UE density;

· The existing models should be adjusted since LOS probability is expected to decrease for UE terminals having low antenna heights;

· The LOS probability exponentially decaying with distance is more suitable to describe UE-UE propagation characteristics.
Based on the above observations we propose to modify the equations for probability of LOS vs distance. In particular we suggest using the equations defined in Table 2.
Proposals 2:

· Consider to modify probabilistic equation to differentiate LOS and NLOS propagation. The LOS probability models exponentially decaying at large distances are recommended for urban environments.
Table 2: Probability of LOS propagation for UE-UE links.
	Proposed probability of LOS for eNodeB-UE links
	Proposed probability of LOS for UE-UE links

	ITU-R UMa
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Figure 5: Probability of LOS for UE-UE links.
4 Recommended Pathloss Models for D2D Scenarios

The mandatory D2D deployment layouts scenarios (agreed during the RAN1#72bis meeting) are shown in Table 3.
Table 3: Parameters of agreed D2D scenarios.
	Property
	General Scenario
	PS Specific Scenario

	Layout
	Urban macro (500m ISD) + {1} RRH/Indoor Hotzone per cell
	Urban macro (1732m ISD)

	Carrier Frequency
	2GHz
	700 MHz


The both layouts assume urban scenarios and building dropping for system level analysis. In addition, general scenario assumes deployment of RRH inside of the dropped building. The pathloss models for the following link types need to be specified for D2D proximity analysis at the system level:

Table 4: Link types in agreed D2D deployment layouts.
	UE-UE
	eNodeB-UE

	· UE-UE O2O

· UE-UE O2I

· UE-UE I2I same building

· UE-UE I2I different buildings
	· Macro eNodeB to outdoor UE

· Macro eNodeB to indoor UE 

· RRH to outdoor UE

· RRH to indoor UE in the same building

· RRH to indoor UE in different building


The list of the proposed UE-UE pathloss models is summarized in Table 5Figure 6. The comparative analysis of the suggested UE-UE pathloss models for different propagation types is provided in . 
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Figure 6: Comparison of UE-UE pathloss models for different carrier frequencies.
Table 5: UE-UE pathloss models.
	Type
	Pathloss model

	O2O

	Same as proposed in ITU-R P.1411-6 [6]
General and PS specific scenario:
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Distance d is given in m, frequency f  in MHz

	O2I
	Same as proposed in Winner+ B4 [11]-[12] (derived from UMi Winner II for low height base stations)
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PS specific scenario (valid for carrier frequency range 0.45-1.5GHz)
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Distances are given in m, frequency f in GHz

	I2I

(same building)
	Same as proposed in ITU-R InH [13] [see also TR 36.814]

[image: image21.wmf]î

í

ì

+

+

=

+

+

=

=

)

(

log

20

5

.

11

)

(

log

3

.

43

)

(

),

(

log

20

8

.

32

)

(

log

9

.

16

)

(

)

(

10

10

10

10

f

d

d

L

f

d

d

L

d

L

NLOS

LOS


Distances are given in m, frequency f in GHz

	I2I

(different buildings)
	Same as O2I above with double penetration loss:
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Figure 7: Comparison of Macro-to-UE and UE-UE O2O Pathloss Models.
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Figure 8: Comparison of Macro-to-UE and UE-UE O2I Pathloss Models.
Table 6: eNodeB-to-UE pathloss models.
	Type
	Pathloss model

	Macro eNodeB – UE

	O2O
	Same as in TR 36.814 [13] see (A.2.1.1.5 Assumptions for indoor RRH/Hotzone Evaluations) with frequency correction
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Distances are given in m, frequency f in GHz, f0 = 2GHz

	O2I
	Same as in TR 36.814 [13] see (A.2.1.1.5 Assumptions for indoor RRH/Hotzone Evaluations) with frequency correction and 20dB penetration loss
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where Low- wall penetration loss, Low= 20 dB, d - distance in m, frequency f in GHz

	RRH – UE

	I2O
	Same as proposed in Winner+ B4 [11]-[12] (derived from UMi Winner II for low height base stations)
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 - does not depend on carrier frequency range and valid for both General and PS specific scenario
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 component depends on carrier frequency range 
General scenario (valid for carrier frequency range 1.5 - 2GHz)
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PS specific scenario (valid for carrier frequency range 0.45-1.5GHz)
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Distances are given in m, frequency f in GHz

	I2I

(same building)
	Same as proposed in ITU-R InH [see also TR 36.814[13]]
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Distances are given in m, frequency f in GHz

	I2I

(different buildings)
	Same as O2I above with double penetration loss (same as for UE-UE)
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Distances are given in m, frequency f in GHz


5 Conclusions
In this document, we provided overview and comparative analysis of UE-UE pathloss models that can be considered for D2D system level studies in agreed deployment scenarios. Based on our analysis we have following proposals:
Proposal 3:

· Use pathloss models summarized in Table 5 and Table 6 for D2D system level studies in agreed deployment scenarios.
Proposal 4:

· Consider to use modified probability of LOS propagation as proposed in Table 2 of this document.
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Appendix A. UE-UE Pathloss and Shadow Fading Models
This annex provides the equations for considered UE-UE pathloss and shadow fading models.

Outdoor to Outdoor

	Name
	Propagation model

	LTE-TDD eIMTA SI
	Pathloss (distance d is given in m, frequency in Hz):
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LNLOS formula is deduced from Xia model for the below the average rooftop level case. The Xia model for this propagation case can be written as:
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 – the reduction due to multiple screen diffraction past rows of buildings
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Notations
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- is mobile-to-base station separation distance in meters ;
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 - building row spacing; D = 80 m;
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 - difference between mean building height and mobile antenna height; 
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 - horizontal distance between the mobile and the diffracting edges; x = 15 m
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Shadow fading:
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	ETSI-TETRA
	Pathloss (distance d is given in km, frequency f in MHz):
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Notations
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- height of the first antenna, m; 
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- height of larger antenna, m; 
Shadow fading: NA

	ITU-R P.1411-6 

	Pathloss (distance d is given in m, frequency f in MHz):
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Notations
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 for suburban, urban and dense urban area respectively
w – transition width, m; w = 20 m

Shadow fading:

LOS: 
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[image: image75.wmf]dB

7

=

s

, lognormal distribution,
LOS distance:
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	Ofcom Project1
	Pathloss:
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LOS distance:
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Notations
w – transition width, m; w = 20 m

Shadow fading:

LOS: 
[image: image80.wmf]dB
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NLOS: 
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	SPCC
	Pathloss (distance d is given in m, frequency f in MHz):
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LOS: 
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NLOS(2 GHz): 
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Shadow fading:
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LOS: 
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Notations

S - maximum standard deviation, dB
DS – growth distance factor, m

LOS probability:
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	IEEE 802.11 TGah
	Pathloss (distance d is given in m, frequency f in MHz):
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Shadow fading:
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Outdoor-to-Indoor
	Name
	Propagation model

	Winner+ UMi O2I
	Pathloss (distances and heights are given in m, frequency f in GHz):
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Notations


[image: image95.wmf]out
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 - is the distance between the outdoor terminal and the point on the wall that is nearest to the indoor terminal;
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 - is the distance from the wall to the indoor terminal (assumed evenly distributed between 0 m and 25 m);
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 is the effective antenna height at the base station;
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 is the effective antenna height at the mobile station;

[image: image99.wmf]BS

h

 - is the actual antenna height of base station; 
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 = 10m;
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 - is the actual antenna height of mobile station; 
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 = 1.5m;
Shadow fading:
LOS: 
[image: image103.wmf]dB
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Indoor-to-Indoor 

	I2I model
	Pathloss equations

	IEEE 802.11 TGah
	Pathloss (distance d is given in m, frequency f in Hz):
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Shadow fading for different model types
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	ITU-R InH
	Pathloss (distance d is given in m, frequency f in GHz):
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Shadow fading
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� This channel model includes the statistics of location variability p in the LOS and NLOS regions. The parameter p was set to p= 50 in order to use median values for both LOS and NLOS propagation cases.
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