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1 Introduction

In RAN#72bis, the deployment scenarios and evaluation methodology of LTE device to device direct communication (D2D) were agreed.   Simulation parameters for common deployment scenario for general and public safety systems and another specific scenario for public safety systems are specified.   The performance matrices for D2D discovery and communication were also agreed in RAN1#72bis.  The main remaining issue in the evaluation methodology is the channel model.  This paper discusses the channel model for D2D discovery and direct communication.  

2 D2D Channel Model

The evaluation methodology agreed in RAN1#72bis supports 6 network layout options:
Option 1: Urban macro (500m ISD) + {1} RRH/Indoor Hotzone per cell
Option 2: Urban macro (500m ISD) + {1} Dual stripe per cell

Option 3: Urban macro (500m ISD) -- all UEs outdoor 

Option 4: Urban macro (500m ISD) + {3} RRH/Indoor Hotzone per cell
Option 5: Urban macro (1732m ISD) (UE dropping details FFS)

Option 6: Urban micro (100m ISD)

UE dropping was also agreed for different scenarios as follows:
· For Layout option 1,2, 4:- 
· 2/3 UEs randomly and uniformly dropped within the clusters of small cell(s), 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 
· 20% UEs are outdoors and 80% UEs are indoors. 
· For Layout option 5, 
· UEs randomly and uniformly dropped throughout the macro geographical area; 20% UEs are outdoors and 80% UEs are indoors. Drop 2 RRH buildings (without RRHs) in each macro geographical area. 
· For Layout option 3, 5, 6 – 
· Uniform drop - all UEs are outdoors and dropped randomly and uniformly throughout the macro geographical area 
· Hotspot drop – Randomly select an area within each macro geographical area.  Randomly and uniformly drop 2/3 UEs within 40 m of the selected area.  Randomly and uniformly drop the remaining 1/3 UEs to the entire macro geographical area of the given macro cell
Some parameters in the channel model become obvious when the network layout and UE dropping are selected.  For example, network layout Option 1 is a heterogeneous network deployment consisting of 1 macro cell site and 1 RRH/Indoor hot zone.   UE dropping has 20% UEs outdoors and 80% UEs indoors.  The obvious choice of channel model for indoor-to-indoor and outdoor-to-indoor is ITU InH defined in 36.814.  A similar choice would be made for Option 4.    Option 2 has a clear choice of dual strip model for indoor-to-indoor and outdoor-to-indoor channel model.  Although Winner II channel model could be chosen for outdoor-to-indoor and indoor-to-indoor, it is really hard to evaluate the performance of D2D communication without benchmark performance studied before.   
 For the common deployment scenario, Option 1 is mandatory.  For the public safety specific scenario, Option 5 is mandatory.  During the discussion in RAN1#72bis, it was observed that D2D communication in public safety system would have UEs both indoors and outdoors.   Thus, additional UE dropping for network layout Option 5 with 20% UEs outdoors and 80% UE indoors was added.     
Proposal 1: ITU channel model 1 for Indoor Hotzone defined in 36.814 is used for D2D communication indoor-to-indoor and indoor-to-outdoor PL model for network layout options 1 and 5.   
A  way forward on the D2D channel model [6] was proposed in RAN1#72bis and continued to be discussed on he RAN1 email reflector after the meeting.   The proposed channel model in [6] is shown in Table 1.   During the discussion on the RAN1 reflector email reflector, several points were raised.
· PL model for outdoor-to-outdoor using ITU-1411-6: - The concern shown during the discussion is the lack of specific antenna heights in the model implying insufficient information to calculate a breakpoint since the breakpoint varies over orders of magnitude for even a limited range of low antenna heights and the range of carrier frequencies specified.  However, the ITU recommendation indicates that the model is used for low-height terminals where both terminal antenna heights are near street level well below roof-top height, but are otherwise unspecified. It is reciprocal with respect to transmitter and receiver and is valid for frequencies in the range 300-3,000 MHz. The model is based on measurements made in the UHF band with antenna heights between 1.9 and 3.0 m above ground, and transmitter-receiver distances up to 3,000 m.  Although ITU-1411-6 might not be perfect, it could be sufficiently accurate for D2D outdoor-to-outdoor PL model.
Proposal 2: ITU-1411-6 is used for D2D outdoor-to-outdoor PL model.   
· Modeling of Doppler effect for D2D communication – Several companies proposes to model Doppler effect for D2D with respect to relative speed between devices instead of including Doppler as the speed parameter in fast fading over time.  Although the Doppler spectrum might change due to mobility between 2 devices, D2D system level simulation does not explicitly model movements of UEs.   The Doppler effect was simply captured in the fast fading model and the distance in the PL model never change during the simulation.   
Proposal 3: No additional modelling of Doppler effect is considered for D2D channel model if the UE movement is not explicitly modeled in the simulation. 
· Shadowing correlation – During the discussion, concern was raised on shadow fading correlation assumed to be zero due to lower antenna height.  It was indicated that shadow fading is measured for low antenna height. Although lower antenna height results in reducing decorrelation distance, the shadowing correlation does not go to zero.  It is true that shadowing correlation might not be zero.  However, the shadowing correlation between two devices in general does not have a significant effect for low antenna height.   It is reasonable to assume zero shadowing correlation for D2D communication
Proposal 4:  Shadowing correlation is not considered in the D2D channel model.  
  .  
	
	Outdoor to outdoor
	Outdoor to indoor
	Indoor to indoor

	Pathloss*
	ITU-1411-6 (section 4.3)
LOS and NLOS or
p = 50%
	Dual strip or 
Winner+ B4 or 
Winner II A2
	Dual strip or 
InH (36.814)** or
Winner II A1

	LOS Probability***
	ITU-R IMT Umi
	ITU-R IMT Umi 
	ITU-R IMT UMi or
ITU-R IMT InH or
Winner II A1 

	Shadowing
	7 dB log-normal or
10 dB log-normal
	7 dB log-normal
	LOS: 3 dB log-normal
NLOS: 4dB log-normal

	Shadowing correlation
	FFS

	Fast fading****
	ITU-R IMT UMi
LOS and NLOS
	ITU-R IMT UMi O2I
	ITU-R IMT InH 
LOS and NLOS


* Pathloss: pathloss should be defined for 700 MHz in addition to 2 GHz (by applying 20log(fc) correction for 700 MHz if not otherwise specified)

** InH: Pathloss for distance less < 3 meters is FFS

*** LOS probability: some pathloss models do not specify a LOS/NLOS region – the LOS Probability would not be used for such models

****Fast fading: AoD spread and AoA spread set equal to each other (=AoA spread)

Table 1: Channel model proposal for D2D discovery and communcation [6]
.  

3 Conclusions

In this paper, we discuss the channel model to be used for D2D discovery and communication based on the agreed network layouts and UE dropping in the evaluation methodology.   The proposed channel model in the WF in [6] is agreeable in principle with additional modifications and proposals as follows,   

· Proposal 1: ITU channel model 1 for Indoor Hotzone defined in 36.814 is used for D2D communication indoor-to-indoor and indoor-to-outdoor PL model for network layout options 1 and 5.   
· Proposal 2: ITU-1411-6 is used for D2D outdoor-to-outdoor PL model.   

· Proposal 3: No additional modelling of Doppler effect is considered for the D2D channel model if the UE movement is not explicitly modeled in the simulation. 

· Proposal 4:  Shadowing correlation is not considered in the D2D channel model.  
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