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1. Introduction
In RAN1#72 meeting, the evaluation methodology and channel model of D2D proximity services were discussed. Following working assumption has been agreed for study and evaluation: 
Working assumption:
· Define general and public safety specific scenarios

· General scenarios for in NW coverage

· Applicable for both public safety and non-public safety

· One additional public safety specific scenario for out of NW coverage and partial NW coverage cases
Definition of scenarios is discussed in a companion contribution [2]. Both eNB-UE propagation channel and UE-UE channel should be defined for D2D study and evaluation scenarios. The channel models defined in [1] for 3GPP evaluation can be reused for eNB-UE link according to the deployment scenarios proposed in [2]. In this contribution, we will discuss the channel models of the UE-UE link for various propagation scenarios.
2. UE-UE channel model

A number of channel models are available for different deployment scenarios in [1][3-7]. These models are derived under different propagation characteristics and have various application scenarios, including operating frequency ranges, antenna height, point-point distance and antenna deployment. It needs careful study whether they can be used for D2D evaluation, and what modification is needed for D2D evaluation. These aspects are discussed in this section for three types of UE to UE link: indoor-indoor (I2I), outdoor-outdoor (O2O) and indoor-outdoor (I2O).
2.1. I2I channel model
D2D indoor-indoor channel model defines the propagation characteristics between two indoor UEs in the same building. The D2D UEs can be located in a typical indoor hotspot or in an office layout. The room can be from 10x10m to 20x20m with halls, for example, conference halls, factories, train stations and airports. The D2D UEs can be located in the same floor or different floors, in the same room or different rooms.
One option for I2I channel model is reusing the InH channel model in TR36.814 [1]. This model can be applied to the frequency range of 2–6 GHz and antenna heights of 3-6m. Dual stripe in [1] is another indoor channel model for 3GPP femto cell evaluation. Different from InH model, LOS or NLOS is determined by distance without probability distribution. The penetration loss of multiple floors and the wall inside a building is defined in dual stripe model.
Another indoor hotspot channel model (WINNER-B3) is defined by WINNER II [4]. This indoor environment is characterized by larger open spaces, where ranges between a BS and a UE or between two UEs can be significant. Typical dimensions of such areas have larger range than that of InH, which could range from 20mx20m up to more than 100m in length and width and up to 20 m in height. The applied antenna height (6m) and distance (d>5m) of this model is deviated more from D2D link compared against that of InH model. 
The above models are compared in Figure 1 of Appendix 5.1. The pathloss of InH and WINNWE-B3 is almost the same in NLOS case. In LOS case, the pathloss of WINNER-B3 is significantly higher than free space pathloss, and even larger than the pathloss of NLOS case with small distance, which is not consistent with practical case. In case two indoor UEs are close with LOS path, the pathloss shall be close to that of free space propagation. The pathloss of dual stripe model increases rapidly along with distance, and is more suitable for office layout with a number of indoor walls between UEs. Relatively, indoor hotspot with hall or D2D link in the same room would be a more prevalent deployment for D2D. Hence, as the first step, the InH model in TR36.814 can be used as baseline for I2I link. Additional definition for indoor penetration loss of multiple floors and walls inside a building (e.g. for office layout with UEs in different rooms) can be further discussed as optional complementation. The parameters in dual stripe model can be references. One issue of InH channel model is that antenna height of RRH/Hotspot is higher than UE antenna height. Adjustments to the pathloss parameters including LOS probability are needed considering antenna height of 1.5m. The proposed channel model for I2I link is given in Table 1. 
Table 1: Proposed channel model for I2I link

	Case
	Pathloss and Penetration Loss [dB]
	Shadow fading 
	Applicability range, antenna height default values
	Fast Fading 

	Indoor-indoor
	InH as baseline: 

(d in m, fc in GHz)
PLLOS = 16.9log10(d) + 32.8 + 20log10(fc)
PLNLOS = 43.3log10(d) + 11.5 + 20log10(fc)
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Reference for penetration loss:
0.5d+ 18.3 n ((n+2)/(n+1)-0.46) 
n is the number of floors;
	Log-normal distribution with σ=3dB(LOS)/4dB(NLOS)

	1m<d<100 m
10m<d<150 m
	InH (LOS/NLOS)


Proposal 1: Indoor RRH/Hotzone channel model in TR36.814 can be used as the baseline for I2I link as shown in Table 1. Definition for indoor penetration loss and modification of antenna height should be further studied.
2.2. O2O channel model
In O2O propagation scenario, both of the D2D UEs are outdoor UEs in Urban/Rural environment. The building density and height differs in different environments. Antenna height of D2D UE is lower than the building height. With the consideration of the characteristics of deployment environment, the LOS path exists or not is natural to determined by a probability function which depends on environmental characteristics and distance between D2D UEs.
A few pathloss models are defined for this scenarios, such as ITU UMi[1], modified Xia model[3], the O2O model in ITU-R P.1411-6[6] and WINNER UMi[7]. Their propagation characteristics and deployment scenarios are compared below.
· The ITU UMi is defined between eNB and UE, and the antenna height of eNB is 10m. The applicable range of distance between eNB and UE is larger than 10m. The pathloss of LOS is calculated based on antenna height. The probability of LOS and NLOS is an exponential function of distance.
· The WINNER UMi is similar to ITU-UMi in deployment. However, the NLOS pathloss of WINNER UMi is associated with the antenna height (h>5m), while the NLOS pathloss of ITU-UMi is only defined for antenna height of 10m.
· Xia model and the O2O model in ITU-R P.1411-6 are defined for the terminal to terminal pathloss where the antenna height of terminals is below roof-top. Type of path (LOS or NLOS) is determined by distance solely. It is noted that, the ITU-R P.1411-6 is defined for short-range outdoor communication between UEs (antenna heights between 1.9m and 3m), and can be used in wider frequency range (300 MHz to 100 GHz). 
The pathloss of these models is evaluated in Appendix 5.2 with antenna heights of 1.5m and 10m. The pathloss of ITU/WINNER UMi model is directly extended by setting h=1.5m, though it is defined for h=10m and h>5m. The pathloss in ITU-R P.1411.6 is actually measured with similar height antenna as a D2D link, which is more accurate than the above extended model. 
For LOS case with d<50m, the pathloss is close for different models except the extended ITU/WINNER UMi model. For NLOS case, the pathloss of UMi is significantly lower than other models. Considering the antenna height and frequency range, Xia model and channel model in ITU-R P.1411.6 are more suitable for O2O link between UEs. Furthermore, as ITU-R P.1411.6 is derived from more actually measured results, it is recommended for O2O link. The shadow fading can also use that in ITU-R P.1411-6.
Nevertheless, since there are various deployment scenarios in outdoor scenarios, absolute assumption of LOS/NLOS according to the distance is not robust as used in ITU-R P.1411.6. The LOS probability as well as the fast fading in TR36.814 for ITU-UMi/RMa can be baseline for O2O link. Considering these characteristics are defined only for hBS≥10m, further modification can be studied for O2O link taking the baseline LOS probability as an upper bound. The proposed channel model for O2O link is given in Table 2.
Table 2: Proposed channel model for O2O link
	Case
	Pathloss [dB]


	Shadow fading 
	Applicability range, antenna height default values and other parameters
	Fast fading

	Outdoor-outdoor
	ITU-R P.1411-6 with p=50: (d in m, fc in GHz)
PLLOS = 20 log10(d) + 32.45 + 20 log10(fc)
PLNLOS = 40log10(d) + 24.5 + 45log10(fc) + Lurban
Upper limit of LOS probability:
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	LOS: 
Log-Rayleigh distribution with 
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NLOS: 
Log-normal distribution with 
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	Lurban = 0 dB
for  Rural; 
Lurban = 6.8 dB
for  Urban 

	Baseline:

For Urban:

ITU UMi (LOS/NLOS)

For Rural:

ITU RMa (LOS/NLOS)


Proposal 2: The pathloss and shadow fading in ITU–R P.1411-6 for LOS and NLOS can be used for O2O link as shown in Table 2.
Proposal 3: The LOS probability and fast fading defined for ITU-UMi/RMa in TR36.814 can be used as baseline for O2O link and modification is FFS.
2.3. I2O channel model
I2O channel model defines the channel between an indoor UE and an outdoor UE. Some application scenarios are described in [8] for public safety and they can be extended to non-public-safety case. The indoor UE can be assumed to distribute in multiple floors buildings. The antenna height of indoor UE depends on which floor it stays, e.g. 1.5m for the ground floor and 7.5m for the second floor with floor height of 6m. Antenna height of indoor UE should be taken into count for I2O channel model. 

Generally, the pathloss of I2O channel model can be expressed as:
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 is the basic pathloss function along the route dout and din; 
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  is the distance between the outdoor UE and the point on the wall that is nearest to the indoor UE; 
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  is the distance from the wall to the indoor UE; 
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 is the penetration loss through outer walls;
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is the additional loss inside the building. These parameters have different definitions in each channel model except
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 for most models. As candidate models, the I2O model of ITU-UMi[1], dual stripe model[1] and WINNER UMi[4][7] are analyzed below.
The basic pathloss 
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 in different models is shown in Figure 3 in Appendix 5.3 with assumption of antenna height of 1.5m and 7.5m. The UMi channel model is suitable for distance of d>10m. However, in some scenarios such as social application the distance between two users is likely to be smaller than 10m. If UMi is applied to this short range (LOS case), the corresponding pathloss would be even smaller than the free space pathloss as shown in Figure 3. It is not reasonable in indoor-outdoor propagation scenario. Therefore, if UMi is applied to short-range D2D evaluation, the pathloss should be lower bounded by free space pathloss. 

Furthermore, the pathloss of UMi depends on antenna height. Especially in case of LOS, the pathloss vary significantly with antenna height as in Figure 3. But for dual stripe model, the pathloss is independent of the antenna height. When the indoor UEs are located in different floors, the pathloss would be fixed except additional floor penetration loss. In this aspect, the UMi is more reasonable to model I2O channel if multiple floors building and LOS probability are modeled.
One issue of UMi model is that the height of eNB in ITU-UMi/WINNER-UMi is hBS=10m or hBS>5m. They can be applied to indoor UEs on or above the second floor, but can’t be directly applied to UEs on the ground floor. Thus, for UEs located in the first floor, the pathloss of O2O channel model in section 2.2 can be used as basic pathloss.

The penetration loss 
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 is defined individually in each model. For Hexagonal layout of ITU-UMi, it is fixed to be 20dB, while for WINNER-UMi it is calculated from the fc and the antenna height. In dual stripe model, the penetration loss includes two parts: penetration loss due to walls between apartments (q*Liw=q*5) and penetration loss through the outer wall (Low=20). The pathloss with penetration loss is compared in Figure 4. In actual deployment, when a UE is moving along a building, the actual penetration loss is related to the incident angel θ (the angle between LOS to the wall and a unit vector normal to the wall). It is more realistic that a penetration loss varies with the incident angle. Hence, the
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of Manhattan layout in ITU-UMi is recommended as penetration loss for I2O model.

In Figure 5, pathloss of these channel models are compared with recommended penetration loss for ITU-UMi/WINNER-UMi. In LOS case, the pathloss is nearly the same for ITU-UMi and WINNER-UMi. In NLOS case, when the antenna height is higher than or equal to 7.5m, the difference between ITU-UMi and WINNER UMi is very small. Considering ITU-UMi is a channel model used for 3GPP evaluation, it is proposed that ITU-UMi is applied as I2O channel model for indoor UEs above the first floor. The corresponding pathloss and penetration loss is summarized in Table 3. For all antenna heights, the shadow fading and fast fading for ITU-UMi in [1] can be used.
Table 3: Channel model for I2O link 
	Case
	Pathloss and penetration loss [dB] 
	Shadow fading
	Applicability range, antenna height default values and other parameters
	Fast fading

	I2O pathloss
	PL = PLb+ PLbw + PLin  and

PLb = PLb (dout+din)

PLtw = 14 + 15(1-cos(θ))2

PLin = 0.5din
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	Log-normal distribution with ( = 7
	0 m <dout+din< 1 000 m,
0 m < din< 25 m,

	ITU-UMi (LOS/NLOS)

	PLb  for hIN≥ 7.5 m
	Note: fc is given in GHz and distance d in meters
For LOS:

PLb = max(22.0log10(d) + 28.0 + 20log10(fc), 20 log10(d) + 32.8 + 20 log10(fc))

PLb = 40log10(d) + 7.8 – 18log10(h’IN) –18log10(h’OUT) + 2log10(fc)
For NLOS:

PLb = 36.7log10(d) + 22.7 + 26log10(fc)
	
	hIN ≥7.5 m, hOUT= 1.5 m
0 m < d < d’BP1)
d’BP < d < 5000 m
10 m < d < 2 000 m
	

	PLb  for hIN = 1.5 m
	For LOS:

PLb = 20 log10(d) + 32.45 + 20 log10(fc)
For NLOS:

PLb = 40log10(d) + 24.5 + 45log10(fc) + Lurban
Lurban = 6.8 dB
	
	hIN = 1.5 m, hOUT= 1.5 m

	


1) Break point distance d’BP  = 4 h’OUT h’IN fc/c, where fc is the centre frequency in Hz, c = 3.0(108 m/s is the propagation velocity in free space, and h’OUT and h’IN are the effective antenna heights of D2D UEs, respectively. The effective antenna heights h’OUT and h’IN are computed as follows:  h’OUT = hOUT – 1.0 m, h’IN = hIN – 1.0 m, where hOUT and hIN  are the actual antenna heights of outdoor UE and indoor UE, and the effective environment height in urban environments is assumed to be equal to 1.0 m.
Proposal 4: The pathloss of ITU-UMi and O2O link is used for I2O link respectively for different antenna heights of indoor UEs as summarized in Table 3.
3. Conclusion 

In this contribution, the channel models for D2D proximity services are discussed. The propagation characteristics of different UE-UE links, including I2I, O2O and I2O links, are analyzed. We compare different channel models for each type of link, and the following are our proposals for D2D evaluation.
Proposal 1: Indoor RRH/Hotzone channel model in TR36.814 can be used as the baseline for I2I link as shown in Table 1. Definition for indoor penetration loss and modification of antenna height should be further studied.
Proposal 2: The pathloss and shadow fading in ITU–R P.1411-6 for LOS and NLOS can be used for O2O link as shown in Table 2.
Proposal 3: The LOS probability and fast fading defined for ITU-UMi/RMa in TR36.814 can be the baseline for O2O link and further modification is FFS.
Proposal 4: The pathloss of ITU-UMi and O2O link is used for I2O link respectively for different antenna heights of indoor UEs as summarized in Table 3.
The above channel models are summarized in the following Table.
	Case
	Pathloss and Penetration Loss [dB]
(d in m, fc in GHz)
	Shadow fading
	Applicability range, default values
	Fast Fading

	Indoor-indoor
	InH as baseline:

PLLOS = 16.9log10(d) + 32.8 + 20log10(fc)
PLNLOS = 43.3log10(d) + 11.5 + 20log10(fc)
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Reference for optional penetration loss:

0.5d+ 18.3 n ((n+2)/(n+1)-0.46)
n is the number of floors;
	Log-normal distribution with σ=3dB(LOS)/4dB(NLOS)

	1m<d<100 m
10m<d<150 m
	InH (LOS/NLOS)

	Outdoor-outdoor
	ITU-R P.1411-6 with p=50:
PLLOS = 20 log10(d) + 32.45 + 20 log10(fc)
PLNLOS = 40log10(d) + 24.5 + 45log10(fc) + Lurban
Upper limit of LOS probability:

For Urban:
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For Rural:
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	LOS: 
Log-Rayleigh distribution with 
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NLOS: 
Log-normal distribution with 
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	Lurban = 0 dB
for  Rural;
Lurban = 6.8 dB
for  Urban


	For Urban:

ITU UMi (LOS/NLOS)

For Rural:

ITU RMa (LOS/NLOS)

	Indoor-outdoor
	I2O pathloss
	PL = PLb+ PLbw + PLin  
and

PLb = PLb (dout+din)

PLtw = 14 + 15(1-cos(θ))2

PLin = 0.5din
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	Log-normal distribution with ( = 7dB
	0m<dout+din<1 000 m,
0m<din<25 m,

	ITU-UMi (LOS/NLOS)

	
	PLb  for hIN ≥ 7.5 m
	For LOS:

PLb = max(22.0log10(d) + 28.0 + 20log10(fc), 20 log10(d) + 32.8 + 20 log10(fc))

PLb = 40log10(d) + 7.8 – 18log10(h’IN) –18log10(h’OUT) + 2log10(fc)
For NLOS:

PLb = 36.7log10(d) + 22.7 + 26log10(fc)
	
	hIN≥7.5m, hOUT=1.5 m
0m< d < d’BP1)
d’BP<d<5000m
10m<d<2000 m
	

	
	PLb  for hIN = 1.5 m
	For LOS:

PLb = 20 log10(d) + 32.45 + 20 log10(fc)
For NLOS:

PLb = 40log10(d) + 24.5 + 45log10(fc) + Lurban
Lurban = 6.8 dB
	
	hIN=1.5m, hOUT=1.5 m
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5. Appendix
5.1. Comparison of different models for I2I link
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Figure 1: I2I pathloss for different models: left-LOS/right-NLOS
5.2. Comparison of different models for O2O link
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Figure 2: O2O pathloss for different models: left-LOS/right-NLOS
5.3. Comparison of different models for I2O link
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Figure 3: I2O pathloss for different models without penetration loss: left-LOS/right-NLOS
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Figure 4: I2O pathloss for different models with penetration loss: left-LOS/right-NLOS
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Figure 5: I2O pathloss for different models with modified penetration loss: left-LOS/right-NLOS 
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