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1. Introduction

In RAN #58 meeting, we agree to introduce the device to device (D2D) communications into LTE as a study item (SI). From the SI description (RP-122009), D2D includes proximity device discovery and communication under a set of requirements and the initial work is considered as follows.
 “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).”
Among all the channel effects, we focus on indoor fast fading and consider the effect of pedestrian moving on existing fast fading model. 
2. Indoor to Indoor Fast Fading Channel Models 
In this section we first introduce the indoor fast fading model without considering pedestrian moving fitting measurement results well. And then we introduce the pedestrian moving effect. Finally, we propose the indoor fast fading model integrating the pedestrian moving effect.
2.1 Indoor Fast Fading without considering Pedestrian Moving
The literature [1] presents the measurement results of indoor fast fading channel using 10 ns, 1.5 GHz, radar-like pulses in a medium-size office building. Figure 1 (a) describes the floor plan in the test building, where 8 rooms are included for test and the transmitter is located near the center of the test building. During the measurement, both the transmitter and receiver are stationary.
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Figure 1: (a) Plan of the test floor in the test building. (b) Four examples of received power profiles.
From the measurement results, the observed channel was very slowly time varying, with the delay spread extending over a range up to about 200 ns. Figure 1 (b) shows four measured pulse responses in different locations within the building. The left-up sub-figure (in Room L-159) shows two clearly separated clusters of arriving rays covering a 200 ns time span. The right-up sub-figure (in Room R-134) shows a 100 ns delayed echo that is much stronger than the first arriving rays.  The left-down sub-figure (hallway in front of Room R-134) shows a strong echo that is delayed about 325 ns, which is the largest delay of a relevant echo in [1]. The right-down sub-figure corresponds to measurements done where both transmitter and receiver were on the second floor of the building, with the receiver located in a large (= 13 X 17 m) open machine shop with cinder-block surrounding walls. Notice the high density of the received rays over the entire 200 ns time axis.
In view of this measurement results, a simple statistical multipath model which fits the measurements well is also presented in [1]. With this model, the received signal rays arrive in clusters. The clusters, and the rays within the cluster, form Poisson arrival processes with different, but fixed, rates. All rays have independent uniform phases, and independent Rayleigh amplitudes with variances that decay exponentially with cluster and ray delays. 

A more clear description of the model can be found in [2] and described in figure 3, where electromagnetic waves were received as Poisson arrival clusters of reflected rays. Within each cluster, the individual rays obeyed a Poisson arrival distribution; individual ray amplitudes exhibited a Rayleigh distribution. All rays were distributed uniformly in arrival angle. The simulation procedure was to generate cluster arrival times and then to estimate the average power gain of the first ray in the first cluster. The relative ray arrival times, amplitudes and phase angles were generated from probability density functions. New variable parameters of the channel model were used for every transmission slot.
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Figure 3: Double-Poisson arrival fading model
Proposal 1: To model indoor to indoor fast fading channel, Poisson arrival cluster including Poisson arrival rays with uniform phases and independent Rayleigh amplitudes with exponentially decay variance might be a good choice. 
2.2 Pedestrian Moving Effect
The literature [3] describes the statistical characteristics of pedestrian-induced fading due to Indoor motion of personnel around 2.45 GHz radio link. It is built up on a hybrid image and ray-shooting algorithm and is capable of simulating multiple human bodies moving within the environment. This model also account for moving terminals and the antenna-body interaction effects found in personal devices. Figure 4(a) depicts the simulated area, which is a 150 square-meter office with 4 moving pedestrians. The signal is transmitted from AP and is received by a fixed station (STA).
The simulated results are shown in figure 4(b), with two curves with and without pedestrians. The samples were calculated at 10-ms intervals. Under static conditions, the received power level was -51.7 dBm. However, when pedestrians were moving in the environment, severe fading was present and the received power fluctuated over a range of ~42 dB. After comparing cumulative distribution function of this result with Rayleigh fading, this paper concludes that the fading induced by moving pedestrian to a fixed object is still Rayleigh distribution, even there is a line-of-sight (LOS) path between Tx and Rx. However, if there is no moving pedestrian and there exists a line-of-sight path from Tx to Rx, the fading is according to Rician distribution.
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Figure 4: (a) Simulated 150 square-meter office with 4 moving pedestrians (A, B, C and D), the transmitter (AP) and receiver (STA) are also shown. (b) Received power envelope at STA.
Observation 1: For the indoor fast fading induced by pedestrian, the appropriate distribution to describe is Rayleigh (Moving pedestrian, whether there exist LOS) or Rician (Fixed pedestrian, LOS).
2.3 Indoor Fast Fading with Pedestrian Moving Effect
In section 2.1, we understand the double Poisson model might be good to model the indoor to indoor fast fading. In section 2.2, we observe the pedestrian moving effect is significant in indoor and has an impact on distribution of ray amplitude. Therefore, we propose the following indoor fast fading model.
Proposal 2: The model includes rays which arrive in clusters. The arrival time distribution of the clusters and the rays are Poisson distribution, with different arrival rate. The phase distributions of all rays are uniform distribution between [0, 2π]. The amplitude distributions of rays in different clusters are subject to Rayleigh distribution with different and exponentially decay variances, whether there exist LOS path between Tx and Rx. If no pedestrian moving effect is modeled, the amplitude distributions of rays in different clusters are subject to Rayleigh or Rician distribution with different and exponentially decay variances, depending on whether there exist LOS path between Tx and Rx.
3. Conclusion
In this document we have 1 observation and 2 proposals as follows.
Observation 1: For the indoor fast fading induced by pedestrian, the appropriate distribution to describe is Rayleigh (Moving pedestrian, whether there exist LOS) or Rician (Fixed pedestrian, LOS).
Proposal 1: To model indoor to indoor fast fading channel, Poisson arrival cluster including Poisson arrival rays with uniform phases and independent Rayleigh amplitudes with exponentially decay variance might be a good choice.
Proposal 2: The model includes rays which arrive in clusters. The arrival time distribution of the clusters and the rays are Poisson distribution, with different arrival rate. The phase distributions of all rays are uniform distribution between [0, 2π]. The amplitude distributions of rays in different clusters are subject to Rayleigh distribution with different and exponentially decay variances, whether there exist LOS path between Tx and Rx. If no pedestrian moving effect is modeled, the amplitude distributions of rays in different clusters are subject to Rayleigh or Rician distribution with different and exponentially decay variances, depending on whether there exist LOS path between Tx and Rx.
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