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Document Overview

The CMD contains descriptions of the propagation characteristics and channel models of the operational environments relevant for the considered applications (e. g. data required to calculate link budgets)
The CMD will support the evaluation of the proposals submitted to P802.15.3d for consideration by the 15.3d task group.
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1 
Introductory Measurement Examples
1.1 Peculiarities of wave propagation in KIOSK
Under KIOSK use case, there are the following peculiarities.
· Link is pear to pear and LOS.
· Wave propagation distance is relatively short (< 1 meter).
· Front cover (window) exists between Tx and Rx.
· Rx module uses relatively low-gain antenna because it is equipped with mobile phones.
· Case of Rx (case of mobile phone) is occasionally made by metal.
· Tx uses relatively high-gain antenna to avoid the propagation loss.
· Tx is set in an environment pretty well-controlled as surrounded by wave absorber. 
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Fig. 1 KIOSK use case
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Fig. 2 Wave propagation in KIOSK 


1.2 Measurement Methodology and Results
1.2.1 Measurement Methodology
To clarify a channel model of KIOSK use case, some experiments using 2-port calibrated Vector Network Analyzer (VNA) in 220  340 GHz are conducted. In the experiments, commercially available 25-dBi-antennas are used as Tx and Rx antennas. The S-parameters (S21) are measured by changing Tx-Rx distance up to 1.8m using an automatic stage.
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Fig. 3 Experimental Setup (Upper: VNA with automatic stage surrounded by wave absorber. Lower: two kinds of 25dBi-antennas.)

1.2.2 Free space path loss
At first, free space path losses at several frequencies are measured. The Loss exponent of 1.8 ~ 2.2 are derived as shown in Fig. 4. This means that there is no obvious fading effect in the link. However, the path losses have power variations at the maximum of ±2.5 dB. It is thought that these come from multiple reflections between Tx and Rx.
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Fig. 4 Free space path losses at several frequencies (220, 240, 260, 280, 300, 320, 340 GHz)

1.2.3 Power delay Profile
To confirm the effect of reflection, metal plates (20x20cm2) are attached to Tx antenna and Rx antenna as shown in Fig. 5. 
[image: ]
Fig. 5 Metal plates attached to Tx antenna and Rx antenna

Figure 6 shows the measured power delay profile using these antennas.
[image: ]
Fig. 6 Measured power delay profile using metal-plate attached antennas (Fig. 5).

The first peak of the profile is the direct path (t0 = 1.8 ns). After the peak, there are two peaks (5.4 ns, 8.9 ns). The former is delayed 2t0 from the first peak, and the latter is delayed 2t0 from the former. Thus, these are the first multiple reflected path and the second multiple reflected path, respectively.
Figure 7 shows the amplitude (A) and arrival time (B) of the direct path (red square) and the first multiple reflected path (blue triangle) when changing the Tx-Rx distance. 

[image: ]
Fig. 7 Amplitude (A) and delay (B) of the direct path (red square) and the first multiple reflected path (blue triangle) of power delay profile when changing Tx-Rx distance. 

The first multiple reflected path of Fig. 7 (A) shows the drastic decrease at the distance of about 500 mm. This means that a part of the EM wave from the Tx does not reflect from the metal plate due to its limited size at the distance. The arrival time of the direct path (t0) and the difference of arrival times of the reflected and the direct path (2t0) is 1 : 2, respectively. These results indicate that wave propagation in KIOSK is able to be modeled as direct path and multiple reflected paths between Tx and Rx.

1.2.4 Suppressing reflection
To suppress the reflection, metal plate at the Rx antenna is tilted. The multiple reflected paths are drastically decreased by tilting the metal plate at the Rx antenna as shown in Fig. 8. Thus it is realized that tilting the metal plate which reflects the EM wave from Tx is effective for suppressing the multiple reflections. 

[image: ]
Fig. 8 Measures power delay profiles. Metal plate at Rx antenna is not tilted (A), and is tilted (B).    

There is a front cover (window) between Tx and Rx in KIOSK as shown in Fig. 2. Thus, a 2-mm thick PET (polyethylene-telephthalate) plate is inserted between Tx and Rx, and the power delay profiles are measured. 
Figure 9 shows the results of the cases that metal plates and PET plate are not tilted (i), only PET plate is tilted (ii), and both PET plate and metal plate at Rx are tilted (iii).
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Fig. 9 Power delay profiles of the cases that metal plates and PET plate are not tilted (i), only PET plate is tilted (ii), and PET plate and metal plate at Rx are tilted (iii).

Figure 9 (i) shows that the new two peaks (A, B) appear and whose delay values depend on the distances from the antennas. These come from multiple reflections between metal plate and the PET plate, which is confirmed by tilting the PET plate in Fig. 9 (ii). When both metal plate at the Rx and the PET plate are tilted, reflections are suppressed as shown in Fig. 9 (iii).

1.3 Potential KIOSK System
From the above measurements related to wave propagation in KIOSK, potential KIOSK system is able to be thought as shown in Fig. 10, namely, Tx is surrounded by the wave absorber, front cover (window) of the Tx is tilted and Rx case touched on the tilted front cover. 
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Fig. 10 Potential KIOSK System
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