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1. Introduction
In this contribution, we discuss UE-to-UE channel models for the evaluation of D2D communication and discovery. In addition, we discuss the channel models of 700MHz carrier frequency for public safety use case.
2. UE-to-UE channel models
2.1. Propagation Characteristics 
The channel propagation properties between UEs are different from the typical cellular propagations between eNB and UE. Since a typical UE has lower antenna height than that of eNBs, we need to calibrate or reuse the existing 3GPP channel models such as in TR 36.814 [1] or TR 36.828 [2] or small cell enhancement scenario [3]. Following factors could be considered to the UE-to-UE channel model:
1.
Decreasing antenna height of UE
a) LOS probability: It can be expected that lower antenna height of UE than that of eNB causes the degradation of LOS probability.
b) Breakpoint distance: Antenna height will affect to the breakpoint distance of the pathloss equation. The breakpoint distance is related to the distance that the first Fresnel zone touches the ground first.
2.
Increasing proximity between UEs 

a) Shadow fading correlation: Due to the proximate location of UEs long term fading correlation between neighboring UEs is expected. Shadow fading correlation could affect on D2D link performance noticeably. However, to reduce workload, we need to reuse the existing channel models as much as possible. In the following subsection, we will describe our choice of the channel models.  
2.2. Details of UE-to-UE channel model
2.2.1. Indoor-to-indoor propagation model
For an indoor-to-indoor (I2I) D2D propagation model, reusing the Indoor Hotspot (InH) model in TR 36.814 [1] is a reasonable choice since the model has been verified through various evaluation results for similar deployment environment. One of modification points in TR36.814, however, is the antenna height where the height of the ceiling of base stations in the InH model is 3-6m. Hence this model may require some modification because antenna height of UE is usually assumed to be 1-1.5m.
Proposal 1: For an I2I D2D propagation model, we propose to use InH model (in TR 36.814) with modification if needed. 
2.2.2. Outdoor-to-outdoor propagation model
In TR 36.828 for eIMTA [3], the pathloss model for an outdoor-to-outdoor (O2O) UE-to-UE model has been introduced for evaluation which consists of two parts of R ≤ 50m and R > 50m (Xia model). However, in our observation Xia-based UE-to-UE pathloss model in TR 36.828 is only suitable for urban area. In [4][5], ITU-R P1411-6 model can be applied for dense urban, urban, and suburban areas with simple adjustments. For 700MHz carrier frequency for public safety use case, we observe that the ITU-R P1411-6 needs some modification at low carrier frequency. Figure 1 shows that LOS pathloss is below NLOS pathloss when d<21m at 700MHz carrier frequency. This is not typical trend of propagation model. Therefore, if we use ITU-R P1411-6 model for O2O UE-to-UE model at low carrier frequency, some modification may be needed. 
Proposal 2: For an O2O D2D propagation model, we propose to use ITU-R P1411-6 model with modification if needed.
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Figure 1 LOS/NLOS pathloss comparison at 700MHz carrier frequency
2.2.3. Indoor-to-outdoor propagation model
In the small cell enhancement SI [3], the working assumption of pico eNB-to-UE indoor-to-outdoor (I2O) channel model is ITU UMi in TR36.814. Thus, it is reasonable to reuse ITU UMi for D2D I2O channel model. Further modification may be needed to reflect the fact that UE has lower antenna height than that of pico cell.
Proposal 3: For an I2O D2D propagation model, we propose to use UMi I2O model (at table B.1.2.1-1 TR 36.814) with modification if needed.
2.2.4. LOS probability
There is a limited number of literatures on LOS probability modeling. Therefore, we compare LOS probability models in TR 36.814. Figure 1 shows the LOS probability vs. distance. InH LOS probability model is reasonable choice of D2D LOS probability model, because the antenna height of transmitter in InH is the lowest. However, it is noted that in case of InH when distance exceeds 36m the LOS probability is set to 0.5. This is not reasonable for D2D LOS probability model. Thus we propose to modify the InH model removing the special handling when distance exceeds 36m.   
Proposal 4: For a LOS probability model, we propose to use InH LOS probability model with modification that is exponentially decreased at large distances.
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Figure 1. LOS probability comparison
2.2.5. Correlated shadow fading 

2.2.5.1. Necessity of long term channel correlation for UE-to-UE link

1) D2D link performance: considering independent shadow correlation, unrealistic measurement could be observed. For example, Figure 2 shows an example of measurement imbalance for a D2D link without shadow fading correlation. If the shadowing processes on the two links are closely correlated, the C/I will be maintained and the D2D link quality and capacity is high. If, by contrast, low correlation is produced, the interferer may frequently increase in signal level while the desired signal falls, significantly degrading the D2D link performance.
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Figure 2. An example of measurement imbalance for a D2D link without shadow fading correlation
2) Group communication: Consider a group communication such as group call or group gaming of multiple D2D UEs in certain area. In this case, when UE transmits multicast information and independent shadow correlation between UE-to-UE links is assumed, the group communication performance has a bottleneck for the performance of the worst link. In this scenario, the group communication performance could be underevaluated.  
2.2.5.2. Shadow fading correlation generation method
D2D links that are geographacally proximate are often experience similar environmenal shadowing effect and thus have correlated shadowing. In [6], the shadow fading correlation is given by 
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where dcor  denotes the decorrelation length which is dependent on the environment and 
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is distance between UEs. To generate distance-dependent correlated shadow fading, we recommend use of sum-of-sinusoids (SOS) method in [7], and one of SOS method namely Discrete Monte Carlo Method (DMCM) is summarized in Appendix A. 
Proposal 5: We recommend use of sum-of-sinusoids method in [7] to generate distance-dependent correlated shadow fading for D2D channel model.
3. 700MHz (PS band) calibration

For public safety use case, 700MHz carrier frequency is favored [8][9]. Unfortunately, the lowest operating carrier frequency for 3GPP channel models except for rural channel model in [1][2] is 2GHz, thus if we want to reuse 3GPP channel models to 700MHz carrier frequency, we need to check the validity of the existing 2GHz channel models at the 700MHz carrier frequency. In [10], measurements were conducted at four discrete frequencies in the range 460-5100 MHz. The results show that there is a frequency dependency for pathloss, in addition to the well known free-space dependency 20log10(fc), in most of the areas included in the measurements. Thus we propose to reuse 3GPP eNB-to-UE channel models in [1][2] for 700MHz carrier frequency with applying -9dB (=20log10(700/2000)) offset. Note that our proposed UE-to-UE channel models already reflect the frequency dependency. 
Proposal 6: we propose to reuse 3GPP eNB-to-UE channel models in [1][2] for 700MHz carrier frequency with applying -9dB offset.
4. Conclusion
In this document, we have reviewed main factors that impact UE-to-UE channel model. The following proposals are made:
Proposal 1: For an I2I D2D propagation model, we propose to use InH model (in TR 36.814) with modification if needed. 
Proposal 2: For an O2O D2D propagation model, we propose to use ITU-1411.6 model with modification if needed 
Proposal 3: For an I2O D2D propagation model, we propose to use UMi I2O model (at table B.1.2.1-1 TR 36.814) with modification if needed.

Proposal 4: For a LOS probability model, we propose to use InH LOS probability model with modification that is exponentially decreased at large distances.

Proposal 5: We recommend use of sum-of-sinusoids method in [7] to generate distance-dependent correlated shadow fading for D2D channel model.
Proposal 6: We propose to reuse 3GPP eNB-to-UE channel models in [1][2] for 700MHz carrier frequency with applying -9dB offset.
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Appendix A. UE-to-UE propagation models
	Case
	Path Loss (dB)
	Source

	Indoor to Indoor
	LOS: PL = 16.9 log10​​(d) + 32.8 + 20 log10​​(fc)

NLOS: PL = 43.3 log10​​(d) + 11.5 + 20 log10​​(fc)
	TR 36.814
InH [1]

	Indoor to Outdoor
	LOS: PL = PLb,LOS (dout + din) + 20 + 0.5din
where
If  10m < d ≤ dBP
   PLb, LOS = 22.0 log10​​(d) + 28.0 + 20.0 log​10​(f​c)
If  dBP < d
   PLb, LOS = 40.0 log10​​(d) + 7.8 – 18.0 log10(hBS) -18.0 log10(hMS) + 2.0 log​10​(f​c)
where dBP = 4 hBS hMSfc/c, hBS: BS antenna height, hMS: MS antenna height, and c=3x108.
	TR 36.814
UMi [1]

	
	NLOS: PL = PLb, NLOS (dout + din) + 20 + 0.5din
where
   PLb, NLOS = 36.7 log10(d) + 22.7 + 26 log10(fc)
	

	Outdoor to Outdoor
	LOS: PL = 32.45+20log10​​(d) +  20 log10​​(fc)

NLOS: PL = 9.5+40 log10​​(d) + 45 log10​​(fc)+LURBAN
LURBAN =0, 6.8, 2.3dB for suburban, urban and dense urban area respectively.

Distance d is given in m, carrier frequency fc in Hz
	ITU 1411-6 [4]


Table 1. UE-to-UE channel models
Appendix B. Sum-of-sinusoids method
This appendix summarizes Discrete Monte Carlo Method (DMCM) that is one of sum-of-sinusoids methods for simulating correlated shadow fading in [7].
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represents the shadowing fluctuation, with [x,y] and [u,v] indicating the Tx and Rx positions in the test area respectively,
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 is a random variable uniformly distributed over the range [0,1], and 
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 is uniformly distributed over [0,2π),
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This method can be used to generate a virtual shadowing map with desired correlation properties. As the sum-of-sinusoids method gives deterministic output, the virtual map is stored in terms of a set of sinusoids at each considered point, instead of the actual shadowing fluctuation values. The shadowing fluctuation for any Tx-Rx link within this virtual map is then calculated on demand. This enables the model to implement the shadowing process over a large geographic region without the need for excessive memory space.

• The number of sinusoids N: N should be great enough to ensure the model accuracy. It should be noted that the model accuracy is also a function of ∆f. According to the performance analyses in [7], for ∆f= dcor /20, N=500 is suggested. 
• The spatial resolution  ∆x: the DMCM model is only able to directly generate the shadowing fluctuations on spatial grids with resolution ∆x. For any Tx/Rx location off those grid points, the shadowing fluctuation value has to be spatially interpolated from the values at nearby grid points. The simplest (also the fastest) interpolating method is approximating the shadowing fluctuation by returning the value for the nearest grid point, in which case, ∆x must be much less than the distance up to which the mean received power (and hence the shadowing fluctuation value) remains approximately constant. An accepted empirical bound is terminal movement over a few tens of wavelengths.
• The frequency resolution ∆f: this parameter defines the shadowing process periodicity. Therefore, 1/∆f must be no less than max [xMAX, yMAX]. For increasing model accuracy, ∆f should be as small as possible. However, decreasing ∆f increases the size of sinusoidal waveform table NTable, i.e. requires more computer memory, especially when the spatial resolution ∆xis set to a very small value. Decreasing ∆f also results in larger periodicity, which is undesirable if a user want to wrap a small virtual shadowing map to simulate large networks with a lot of radio nodes (in order to reduce the network simulation time). ∆f < 1 / (20 dcor) is suggested. 
• The table size of stored sinusoidal waveform is calculated by NTable= 1 / (∆x·∆f ) 
•The actual shadow fading value between any pair of radio nodes on the virtual map can be calculated by multiplying 
[image: image15.wmf]S

s

 on shadowing fluctuation value.
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