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1. Introduction
Technology for device-to-device (D2D) communication is being discussed in 3GPP. One of key ingredients of D2D evaluation methodology is the channel model for UE-UE link as the simulation results are highly dependent on the path loss and shadow fading model between UEs. While in 3GPP and ITU [1][2] extensive effort has been spent on modeling the channels between macro eNB and UE, between macro eNB and relay nodes, and between low power nodes and UE, there is lack of systematic investigation of UE-UE channel model. This situation justifies that the UE-UE channel model should first be studied in D2D study so that the results would accurately reflect the performance potential of D2D services in the actual deployments. 
During RAN1#72b, channel models for UE-UE were briefly discussed without agreement. We in this contribution review various models and state our preferences. 

2. Simulation scenarios
2.1 Urban macro scenario
2.1.1 UE-UE path loss
One possible candidate for outdoor D2D scenario is the UE-UE path loss model used in ITU-1411 [4] which was based on the measurement for low-height antennas, e.g., 1.9~3 meters, on both ends of the link. The model is applicable for a wide range of carrier frequencies. The value of parameter “p” can be set to 50%, reflecting the median path loss. 
Table 1 UE-UE channel model for outdoor scenario

	Path loss
	Fast Fading
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Figure 1 ITU-1411 UE-UE path loss curve (p = 50) 
2.1.2 UE-UE shadow fading

- Method 1

For UE-UE link, a very simple shadow fading model can be found in [5]. This model essentially assumes that environment/scatterers around one UE is not overlapped with the scatterers around the other UE. Therefore, the two shadow fading can be assumed totally un-correlated and the standard deviation of the combined shadowing is the root-square of the summation of the variance at each end. In system level simulations, the shadow fading random variable of UE-UE channel is the summation of the shadow fading random variables at the two UEs.
- Method 2
Shadowing fading is often dominated by the scatterers near a UE. A more refined model for UE-UE link would be to take into account of the distance between two UEs, or effectively the distance between the two groups of scatterers of the UEs. When generating a shadow map, the correlation between the shadow fading at two geographical locations is usually modeled as an exponentially decaying function with the distance. So intuitively, shadow fading correlation can be implemented in system level simulations by subtracting the shadow fading random variables between the two UEs in consideration. When these two UEs are very close, it is very likely that they experience the similar shadow fading. Subtraction results in almost 0 dB of difference, which means that the corresponding UE-UE shadow fading is almost none. When these two UEs are far apart, it is very likely that they have different shadow fading realizations. Subtraction results in higher variance, compared to the shadow fading of each UE.
2.1.3 UE-UE fast fading model
UE-UE propagation environment may be multipath rich due to the low height of antennas. Balancing between the accuracy and simulation simplification, we propose using ITU Urban Micro fast fading for UE-UE channel. Depending on the detailed deployment environment, Doppler shift related parameters may be modified to more accurately model the fading.
Proposal 1: In Urban macro scenario，use ITU-1411 pathloss model for large scale fading. Shadow fading correlation should be considered. ITU UMi should be used as the baseline for UE-UE channel fast fading, with possible refinement to capture specific deployment.
2.2 Urban macro + Indoor Hotzone scenario
2.2.1 In the same building

In indoor hotzone, the antenna height of low power node (LNP) is 3~6 meters, not too different from the height of a UE which is typically 1~2.5 meters. Therefore, the propagation environment between UE-UE link and LPN-UE would be similar. So we propose to reuse ITU InH channel model [1], including the path loss equations and LOS probability function. The proposed UE-UE channel model is summarized in Table 2 and the path loss curves as a function of distance are illustrated in Figure 2.
Table 2 UE-UE channel model for Urban macro + Indoor Hotzone scenario
	Case
	Path loss model proposed
	Shadow fading
	Fast fading

	In the same building
	LOS:


[image: image10.wmf]16.9log10()32.820log10()

c

PLdf

=-+


NLOS:


[image: image11.wmf]43.3log10()11.520log10()

c

PLdf

=++


LOS probability：


[image: image12.wmf]1,18

exp((18)/27),1837

0.5,37

LOS

d

PLdd

d

£

ì

ï

=--<<

í

ï

³

î


	ITU InH
	ITU InH

	In different buildings


	
[image: image13.wmf]1

w

PLPLL

=+



[image: image14.wmf]1

PL

is ITU UMi pathloss, ref. to Table B.1.2.1-1 in TR36.814

[image: image15.wmf]w

L

is wall penetration loss，
[image: image16.wmf]400.5(_1_2)

w

LdBdindin

=++

 (
[image: image17.wmf]_1

din

and 
[image: image18.wmf]_2

din

 are independent uniform random value between[ 0, min(25,UE1-to-UE2 distance) ] for each link)
	ITU InH
	ITU InH 

	Outdoor to outdoor

	For 
[image: image19.wmf]44.2

dm

<



[image: image20.wmf]20log10()27.3520log10()

PLdf

=-+


For 
[image: image21.wmf]44.264.2

mdm

<<



[image: image22.wmf]2.2929.77

PLd

=-


For 
[image: image23.wmf]64.2

d

>



[image: image24.wmf]40log()103.745log10()

PLdf

=-+



[image: image25.wmf]f

in MHz

Assuming 
[image: image26.wmf]50

p

=


	
[image: image27.wmf]12

SFSFSF

=-


SF1 and SF2 are log-normal random variables from shadow map, corresponding to the coordinates of UE1 and UE2
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Figure 2 UE-UE path loss curves in the same building 
2.2.2 In different buildings
The model in [6] can be used, as illustrated in Table 2.

2.2.3 Outdoor to outdoor 
Refer to Section2.1 and Table 2.
2.2.4 Indoor to outdoor

The model in [6] can be used, as illustrated in Table 2.
Proposal 2: Urban macro + Indoor Hotzone scenario: 1)Reuse ITU InH pathloss when UEs are in the same building; 2)To use Indoor Pico to Indoor UEs in another building model in Small cell Scenario 2b of [6] for UEs in different buildings; 3）To use ITU-1411 pathloss for outdoor to outdoor link，Shadow fading correlation should be considered. ITU UMi should be used as the baseline for UE-UE channel fast fading；4）To use Indoor Pico to outdoor UE model in small cell scenario 2b for outdoor to indoor link.
2.3 Urban macro + Dual stripe scenario
2.3.1 Indoor to indoor/outdoor
For Urban macro + Dual stripe scenario, the antenna height of low power node (LPN) is not very different from that of UE terminal. Therefore，HeNB-UE model can be reused for indoor/outdoor scenario, illustrated in Table 3. 
Table 3 UE-UE Channel model for Urban macro + Dual stripe scenario
	The position relationship between UE1 and UE2
	Path loss
	Shadow Fading
	Fast Fading

	In the same building
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In case of a single-floor apt, the last term is not needed
	3dB for LOS Link.

4dB for NLOS Link.
	InH, LOS or NLOS depends on whether line-of sight from UE to UE
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SF1 and SF2 are log-normal random variables from shadow map, corresponding to the coordinates of UE1 and UE2
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2.3.2 Outdoor to outdoor
Refer to Section2.1 and Table 3.

Proposal 3: For Urban macro + Dual stripe scenario, to reuse HeNB-UE models for indoor to indoor/outdoor channel model. For outdoor to outdoor channel model， ITU-1411 pathloss should be used. Shadow fading correlation should be considered. ITU UMi should be used as the baseline for UE-UE channel fast fading.
3 Conclusions
In this contribution we discussed channel models for UE-UE link in D2D study. We suggest the following:
Proposal 1: In Urban macro scenario，use ITU-1411 pathloss model for large scale fading. Shadow fading correlation should be considered. ITU UMi should be used as the baseline for UE-UE channel fast fading, with possible refinement to capture specific deployment.
Proposal 2: Urban macro + Indoor Hotzone scenario: 1)Reuse ITU InH pathloss when UEs are in the same building; 2)To use Indoor Pico to Indoor UEs in another building model in Small cell Scenario 2b of [6] for UEs in different buildings; 3）To use ITU-1411 pathloss for outdoor to outdoor link，Shadow fading correlation should be considered. ITU UMi should be used as the baseline for UE-UE channel fast fading；4）To use Indoor Pico to outdoor UE model in small cell scenario 2b for outdoor to indoor link.
Proposal 3: For Urban macro + Dual stripe scenario, to reuse HeNB-UE models for indoor to indoor/outdoor channel model. For outdoor to outdoor channel model， ITU-1411 pathloss should be used. Shadow fading correlation should be considered. ITU UMi should be used as the baseline for UE-UE channel fast fading.
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