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Discussion and Decision
1. Introduction
Wireless communication networks are facing with further shortcomings of carrier bandwidth as internet usages are proliferating exponentially. To utilize high frequency band efficiently, it’s essential to develop corresponding channel modelling above 6 GHz at first in order to study propagation channel characteristics and system level design. Therefore the field measurement campaign for high frequency bands will provide raw and reliable data for further channel modelling discussion. 
In this contribution, some background information of our measurement campaign has been provided. The field measurements were mainly for indoor environments which are considered as one of important deployment scenarios for mmWave [1]. Whilst the data post-processing is still ongoing, some preliminary observations based on proceeded scenarios have suggested in this contribution. 
2. Measurement System and Scenarios
2.1 Measurement System
In this contribution, PNA network analyser was employed for this measurement campaign. And the center frequency is at 28GHz with 2GHz bandwidth. Standard horn antennas were used at both transmitter and receiver. The antenna gain is 19dBi at 28GHz. The 3-dB beamwidth of the horn antenna pattern is 20 degree at both elevation and horizontal planes. The SAGE algorithm was employed to extract the channel parameters, such like power delay profile (PDP), pathloss, delay spread (DS), angle spread (AS), clustering of multipath component (MPC), etc.
2.2 Measurement Scenarios

Totally five indoor scenarios are chosen in this measurement campaign [1]. The height of transmitter and receiver is fixed to 1.48 meter. Detailed scenario descriptions and route planning between each pair of transmitter and receiver can be found in figures in Appendix.
2.2.1 Measurement Scenario 1- In office 

In this scenario, see figure 8, we have measured the propagation channel between indoor transmitter and receivers where the later is distributed inside the office. All transmitting and receiving spots are located in the same room. Some receiving locations can be seen directly by the transmitter without blocking and classified as LoS. Other receiving locations are generally blocked by solid cement pillars. As a typical office setup, concrete wall/floor/ceiling and indoor furniture can contribute a rich scattering environment in which propagation paths between a transceiver may experience tremendous opportunities of reflections, diffractions and penetration. The frequency range was measured from 26.5GHz to 29.5Hz with 5MHz internal. The spatial scanning was conducted at 10° step in azimuth plane, rotating clockwise from -180° to 180°. 
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Figure 1 Scenario 1 Measurement Photo (Tx at left and Rx at right)
2.2.2 Measurement Scenario 2 - Office to corridor 

In this scenario, see figure 9, receivers are deployed at the separated room or a corridor outside the office. Therefore, basically receiving locations are constantly blocked by an office wall or an office door. Wall/door penetration is expected. Here we are more interested to exam the potential impact by opening and closing door since it may significantly alter propagation condition between a transceiver. The frequency range was measured from 26.5GHz to 29.5Hz with 5MHz internal. The spatial scanning was conducted at 10° step in azimuth plane, rotating clockwise from -100° to -80° at Tx and -180° to 180° at Rx. 
2.2.3 Measurement Scenario 3 - Corridor

In this scenario, see figure 10, both transmitter and receiver are deployed within a narrow corridor. There is a medium size of blocking wall between R6 and R7 made from special wave absorbing material. In general, waveguide effect is expected for indoor corridor with a certain level of blocking, e.g. by pedestrian or static obstacles. The frequency range was measured from 26.5GHz to 29.5Hz with 1MHz internal. The spatial scanning was conducted at 10° step in azimuth plane, rotating clockwise from -30° to 30° at Tx and -30° to 30° at Rx.
2.2.4 Measurement Scenario 4 – Big Hall

In this scenario, see figure 11, we are considering a shopping mall with multiple stories. To mimic a shopping mall, a big indoor hall was measured with a wide open area between a transceiver. The transmitter and receivers were placed at different floors with a variety of elevation heights and horizontal locations. Here we are more interested to investigate potential elevation impact within a relatively open space like shopping mall with mixed LoS and NLoS propagation conditions. The frequency range was measured from 26.5GHz to 29.5Hz with 1MHz internal. The spatial scanning was conducted at 10° step in azimuth plane, rotating clockwise from -180° to 180° at Tx and -180° to 0° at Rx.
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Figure 2 Scenario 4 Measurement Photo (overview at left and transmitter at right)
2.2.5 Measurement Scenario 5 – Birth/Death of Dominant Paths

In this scenario, see figure 12, we are considering the transition of status of dominant paths. In Fig 12a dominant paths are faded by wall penetration while moving from R1 to R2 spots. On the other head, in Fig 12b dominant paths are seriously decayed by a concrete corner while moving from T1 to T2 where the diffraction effect at high frequency band may or may not be strong enough to facilitate further signal propagation. The frequency range was measured from 26.5GHz to 29.5Hz with 1MHz internal. The spatial scanning was conducted at 10° step in azimuth plane, rotating clockwise from -30° to 60° at Tx and -90° to 90° at Rx in Fig 12a and rotating clockwise from -165° to 105° at Tx and 15° to 75° at Rx in Fig 12b.
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Figure 3 Scenario 5 Measurement Photo (receiver at left and transmitter at right)
3. Preliminary Measurement Results

The channel parameters are extracted from the CIR data with SAGE algorithm. The SAGE algorithm has become one of the most used channel estimation algorithms due to the advantages of high accuracy, availability for parameter estimation, and applicability for almost every type of antenna array. The parameter extraction in our measurement includes PLE, DS, azimuth of departure (AoD), azimuth of arrival (AoA), etc.
The path loss can be calculated by
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here PL denotes path loss, n denotes PLE, [image: image9.png]PL,



 denotes intercept, and d denotes transmitting distance (LoS). Two methods were used to calculate the PLE of pathloss fitting. The first method labeled with n_LOS means that all power from all received clusters is used for determining the PLE. Such a method is to emulate propagation paths between Omni-directional antennas. The second method labeled with n_LOS_Best means that only the power of paths in the strongest cluster is used for determining the PLE. Such a method is to emulate propagation paths between directional antennas. The similar concepts are used for NLoS links, which are labeled with n_NLOS and n_NLOS_best, respectively.
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Figure 4 LoS and NLoS PLE (scenario 1 at left and scenario 3 at right)
The measurement results and fitting results for indoor office scenario (scenario 1) and indoor corridor scenario (scenario 3) are shown in figure 4.
For measurements conducted in scenarios 1 and 3, it is expected to see the difference on PLE between office and corridor where the former has relatively open space and the latter has strong waveguide effect. As shown in Figure 1, the value of PLE of scenario 3 is smaller than that of scenario 1 due to relatively constrained spacing in corridor which eventually facilitates the reception of reflected propagation paths. The measurement spots less than 5 meters (roughly) have somehow experienced extremely good propagation conditions so that those closed-Tx samples have impacted the fitting of slope and led to over-estimated PLE values. Further investigates are needed to adjust the methodology of PL fitting taking into account more reasonable breaking points for indoor environments. 
Observation 1: PLE in corridor scenario is smaller than that indoor office scenario. The minimum distance and breaking points should be considered and studied further for indoor environments.
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Figure 5 RMS Delay Spread (Scenario 1 at left and Scenario 3 at right)
Figure 5 shows some observations of RMS DS for scenario 1 and 3. For measurements of scenario 1, RMS DS of both LoS and NLoS links is decreasing as the distance increasing between transmitter and receiver. However an inverse trend is observed in scenario 3. We think that due to constrained spacing in the corridor scenario, most reflection paths can reach receiving locations with relatively small delay. On the other hand, as the distance is increasing, the relative delay between dominant paths and reflected multipath becomes larger. However, the DS in indoor office in scenario 1 is continuously decreasing because reflected multipath may be decayed much faster than other paths, with respect to the distance. 
Observation 2: The measurements of DS have suggested a certain correlation with the distance between transmitter and receiver. However such a correlation seems to be highly correlated to scenario. 
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Figure 6 Angular Spread for Scenario 3 (AoD at left and AoA at right)
The measurement results of RMS AOD and AOA angle spread in Scenario 3 are shown in Figure 6. Both departure and arrival angle spreads of LoS links becomes larger at first as the distance between transmitter and receiver is increasing, and then slightly goes down as the distance continues increasing. On the other hand, the values of ASA and ASD of NLOS links seem to get smaller with larger distance. This is probably related to a certain breaking point for LoS link where such break points need to be applied to some LS parameters beyond pathloss modeling. 
Observation 3: The measurements of LoS AS have suggested a plateau after a certain range of distance for indoor environment. On the other hand the measurements of NLoS AS seem to suggest smaller values with larger distance. 
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Figure 7 PLE in Birth and Death (Scenario 5b)
For the measurement of scenario 5, it is expected to observe a birth/death transition of dominant propagation paths. In Figure 7 the PL fitting has considered all spots where dominant propagation paths can be available or unavailable (seriously faded by the blockage), for example when the transmitter is moved from T1 to T2 in Figure 12b. The PL fitting including all LoS and NLoS spots is to investigate the potential impact of LoS and NLoS state for high frequency bands. It seems to be the case that diffractions cannot contribute multipath propagation anymore here. Therefore the PL fitting involving all LoS and NLoS spots in scenario 5 leads to a significant large value of PL exponent. This also reminds us that the PL fitting for high frequency bands and corresponding fitting results may be heavily impacted by measurement sample classification, e.g. LoS/NLoS states, and could be unstable at certain level. 
Observation 4: The measurements of birth/death of dominant paths have suggested a tremendous dive of PL for high frequency bands if dominant paths are fully blocked in a scarce-scattering environment. 
4. Conclusions
In this contribution, we presented our channel measurement results of the high frequency bands at 28GHz, and provided our observations about the channel modelling. 
Observation 1: PLE in corridor scenario is smaller than that indoor office scenario. The minimum distance and breaking points should be considered and studied further for indoor environments.
Observation 2: The measurements of DS have suggested a certain correlation with the distance between transmitter and receiver. However such a correlation seems to be highly correlated to scenario. .

Observation 3: The measurements of LoS AS have suggested a plateau after a certain range of distance for indoor environment. On the other hand the measurements of NLoS AS seem to suggest smaller values with larger distance. 

Observation 4: The measurements of birth/death of dominant paths have suggested a tremendous dive of PL for high frequency bands if dominant paths are fully blocked in a scarce-scattering environment. 
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Appendix: Measurement Routes for Indoor Scenarios
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Figure 8 Measurement Scenario 1- In office (left, Fix transmitter (LoS +NLoS); right: Moving transmitter (NLoS))
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Figure 9 Measurement Scenario 2 - Office to corridor
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Figure 10 Measurement Scenario 3 - Corridor
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Figure 11 Measurement Scenario 4 – Big Hall
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Figure 12 Measurement Scenario 5 – Birth/Death of Dominant Paths (5a: Thick wall, 5b: Corner)
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