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1. Introduction
The D2D study item [1] was approved at the RAN#58 plenary meeting and is led by RAN1 WG. According to the study item description document [2]
, 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 RAN1#72bis, RAN1 reached some agreements on D2D scenarios and metrics, but no agreement on D2D channel models. D2D channel model needs to account for different cases including indoor UEs and outdoor UEs, and needs to be applicable to different scenarios of interest, including both PS and NPS. Among the many proposals on D2D channel model presented at the last RAN1 meeting, a WF R1-131768 [9], captures a few representative channel model candidates and had wide support among the companies. This is reproduced in Table 1 as a reference. 
Table 1. Channel models proposed in R1-131768.

	
	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)

RAN1 also agreed on a set of options for layout scenarios for the general use case and the public safety use case. The scenarios of interests are:

· Option 1: Urban macro (500m ISD) + {1} RRH/Indoor Hotzone per cell
· Option 2: Urban macro (500m ISD) + {1} Dual strip 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)

For the general scenario, the scenarios in the order of decreasing priorities are: Option 1 (mandatory), Option 2/3, Option 4, Option 6. For the public safety scenario, the scenarios in the order of decreasing priorities are: Option 5 (mandatory), Option 3, Option 1. 

In this contribution we provide comparison and analysis of these channel models with respect to the scenarios of interest and propose further down selection. 
2. Discussion and analysis
2.1. Outdoor to outdoor channel 

In scenarios Option 3,5, and 6, all UEs are outdoors UEs, so the only D2D channel model needed is the outdoor-to-outdoor UE-to-UE channel model. Outdoor-to-outdoor UE-to-UE channel is also important for the other scenarios. From the proposals and WF of RAN1#72bis meeting, the companies are in relative agreement regarding adopting the pathloss model from ITU-1411-6, section 4.3 for both UEs are outdoor and below the rooftop case. This model differs from the traditional channel model that it does not define an explicit LOS probability PLOS.   Instead, it defines a value p as location percentage, and uses p to compute LOS and NLOS pathloss including LOS/NLOS corrections respectively, and provides a statistical model for the LOS/NLOS regions and the regions between LOS and NLOS. For the D2D channel between two UEs with distance d, the location percentage p can be drawn as a random variable uniformly from (0,1).  There is no need for a formula for PLOS as in the other channel models. 
Proposa1 1: Adopt the channel model in ITU-1411-6, section 4.3 for the outdoor UE-to- outdoor UE channel.
2.2. Indoor to indoor channel 
In the scenarios options, indoor UEs are located in Indoor Hotzone (Option 1 and 4) or Dual strip of buildings (Option 2). The Indoor Hotzone and the Dual strip models need to be considered separately because they represent different propagation environments. The first can be considered as UEs in a single floor large building such as conference center or meeting rooms , while the latter case can be considered as UEs in a multi-floor office or apartment building. Different channel models are needed for these two cases.  We consider the Indoor Hotzone case with higher priority because Option 1 is mandatory for the general use case, while the dual strip model is not mandatory scenario for either the general use case or the public safety case.
· Indoor Hotzone: For the large indoor conference room layout, the closest model is the channel model from UE to RRH/Hotzone in the indoor RRH/Hotzone model in Table A.2.1.1.5-2 in [6]. Both the LOS/NLOS pathloss model and the PLOS can be applied to the UE to UE channel in the large single floor indoor case. The only difference between the two channels is the different antenna heights (RRH height of 3~6 m vs UE height of 1.5m).  Different antenna height affects LOS probability and the pathloss. Minor adjustment may be required to compensate for the different antenna height. 
· Dual strip: For the dual strip building layout, it appears that either the Dual strip channel model in [6] or the Winner II model A1 (indoor office/residential) can be used. Both account for penetration loss through walls and through floors. Both the Dual stripchannel model and the Winner II A1 model have the same values of shadowing (3dB for LOS and 4 dB for NLOS). However, the dual strip channel model does not support the LOS case, even for UEs in the same room. In the Winner II A1 model, the LOS case (PLOS) is properly accounted for when the UEs are in the same room. Because the case when two UEs are very close represent the time when two users are next to each other and exchange files through direct communications, as well as the case when two UEs may cause the strongest interference to each other, it is important to model the case that the two UEs are within LOS to each other. For this reason we believe the Winner II A1 model is more suitable than the dual strip channel model for this network layout.  
Proposal 2: Adopt the InH model for the channel between indoor UEs in scenario Options 1 & 4, and apply the Winner 2 A1 model for the channel between indoor UEs in scenario Option 2. 
2.3. Outdoor to indoor (indoor to outdoor)
Out of the three channel models proposed for outdoor-to-indoor in [9], the Winner + B4 model is not suitable because it is based on BS height of 25m. We need to model the D2D channel between an outdoor UE and an UE inside a conference center (for Options 1 and 4), or an UE inside a residential or office building (for Option 2). Like the indoor-to-indoor channel, these two different cases are discussed separately. 
· Indoor hotzone: The channel model from UE to RRH/Hotzone in the indoor RRH/Hotzone model in Table A.2.1.1.5-1 in [6] can be applied. It also covers the case that two UEs are in different buildings by imposing an additional 20 dB penetration loss. Shadow fading is log-normal of 10dB. It is NLOS only due to blockage by building walls and the fast fading corresponds to the IUT InH NLOS case.  
· Residential/office building: 

·  Dual strip model (UE is outside of the apartment strip): The model accounts for the pathloss due to 3D and 2D distances, the wall and floor penetration loss. The lognormal shadowing is 8dB. Fast fading follows InH NLOS. 

· Winner 2 A2 model (outdoor to indoor): The model accounts for the pathloss due to the outdoor and the indoor segments, floor and wall penetration loss, and the angle of incidence of the outdoor-to-indoor path.  The lognormal shadowing is 7dB.

Both models are applicable to the D2D channel when one of the UEs is inside an apartment/office building and the other UE is outside. 

Proposal 3: Adopt the ITU InH model for the outdoor-to-indoor D2D channel for scenarios Options 1&4;  Adopt the dual strip channel model or the Winner 2 A2 model for the outdoor-to-indoor D2D channel for scenario Option 2. 

2.4. Shadowing correlation
D2D links are likely to be of shorter range than cellular links, therefore making the correlation between adjacent D2D links more prominent than cellular links. 

The correlation between adjacent links should be modeled. This is important for capacity evaluation for D2D broadcast and groupcast. The correlation of the channels from one TX UE to multiple RX UEs can be modeled as an exponential function of the distance between the RX UEs. The correlation distances in different cases need further study.

Proposal 4: Correlation of shadow fading between different links is FFS.

2.5. Fast fading

D2D links are more symmetric than cellular links, even when one UE is indoor and another UE is outdoor. Due to the low antenna height, a UE enjoys a richer scattering environment. We have not found explicit study of AOA/AOD distribution for a D2D link in the literature. However, it seems reasonable to reuse the AoA distribution on a typical cellular downlink to represent the AoD distribution for a D2D link.
Proposal 5: Reuse the AoA distribution for AoD for D2D links.

3. Conclusion

We conducted an analysis of the major channel model candidates proposed in RAN1#72bis with respect to the agreed D2D scenarios. Our proposed channel models are summarized in the following table.
Table 2. Proposed D2D channel models.

	
	Outdoor to outdoor
	Outdoor to indoor
(Scenario Option 1,4: InH)
	Outdoor to indoor
(Scenario Option 2

Apt/Office)
	Indoor to indoor
(Scenario Option 1,4)
	Indoor to indoor
(Scenario Option 2)

	Pathloss*
	ITU-1411-6 (section 4.3)


	InH (36.814)** 


	Dual strip or
Winner II A2
	InH (36.814)** 


	Winner II A1(Tab 4-4)

	LOS Probability***
	LOS or NLOS based on location percentage (p)
	NLOS
	NLOS
	ITU-R IMT InH 


	Winner II A1 (Tab 4-7)

	Shadowing
	7 dB log-normal 


	10dB log- normal
	7dB (Winner 2 A2) or

8dB (dual strip)
	LOS: 3 dB log-normal

NLOS: 4dB 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 InH

NLOS
	Winner 2 A2 or

InH NLOS (dual strip)
	ITU-R IMT InH

LOS and NLOS
	Winner II A1


Proposal: Adopt the channel models in Table 2 for D2D links.
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