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1. Introduction

Rel-12 Small Cell (SC) scenario 2a assumes indoor SCs deployed at 3.5 GHz and outdoor macro eNBs deployed at 2 GHz. For this scenario it is important to have correctly modelled the higher outer wall penetration loss at 3.5Gz (as compared to 2GHz). This is important as it will affect the received signal level from the SCs by the outdoor UEs, and therefore will impact on the probability of outdoor UEs being served by indoor SCs deployed at 3.5 GHz.

We therefore present recent field measurements conducted at 1.9 GHz and 3.5 GHz in this contribution. The presented results show that the outer wall penetration loss is typically 5 dB higher for 3.5 GHz, as compared to 1.9 GHz, so we suggest that this is captured in the Rel-12 SC simulation assumptions for Scenario 2a. Similarly, it shall be included for Scenario 3 if that scenario includes outdoor UEs.

The reported filed measurements (and corresponding analysis) are by Aalborg University, Denmark. The measurement campaign is shortly summarized in Section 2, while the results for penetration loss are presented in Section 3. Concluding remarks are summarized in Section 4.  
2. Measurement campaign
With the aim of identifying the difference between 1.9 GHz and 3.5 GHz, two different continuous wave (CW) signals were generated and combined for transmission. The transmitter (TX) antenna was mounted at an elevated location. At the receiver (RX) side, two antennas were mounted on a trolley at 1.65 m height, with a separation of 0.5 m between them. The antennas used were H+S SWA-0859/360/4/10/V for both TX and RX sides. The signals from the two RX antennas at the two particular frequencies were independently recorded by a R&S TSMW radio network analyzer, which allows simultaneous radio frequency power scan measurements in its 2 frontends. By using this setup, a direct comparison of the signal propagation at the two frequencies was possible. The scanner sensitivity is -130 dBm for a sampling rate of 1.6 samples/s). The measurement campaign was performed in Aalborg, Denmark. The environment is a typical urban medium European city where the average building height and the street width are about 12-15 m (3-4 floors) and 20 m, respectively. For this campaign, 6 different locations were selected.
To evaluate outdoor-to-indoor propagation, indoor measurements were conducted inside office buildings (locations 1 and 2, corresponding to a modern building and an old building, respectively) and inside several shops (locations 4, 5 and 6) at ground level. Both office buildings present a similar structure, 3 floors high and similar indoor distribution with offices at both sides of a corridor. In this case, the measurements were done in 5 different points and for 3 different penetration depths, each with increasing indoor distance to the illuminated external wall. For the shops located at street level only the first penetration is investigated in a single measurement point. An overview of the 3 different scenarios (modern building, old building, and shop) can be seen in Fig. 1.
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Fig. 1: Overview of the investigated outdoor-to-indoor scenarios.
3. Penetration loss measurement results
For inside-building coverage estimation, typically an offset value is added on top of the predicted outdoor path loss. This value accounts for the outdoor-to-indoor propagation loss, sometimes also referred to as penetration loss (LP) and can be very different depending on the frequency or building materials and structure. Penetration loss is calculated as the difference between the mean power level measured outside of the building (PRX outdoor) and the mean power level measured inside of the building (PRX indoor) at the different positions. For each considered point, the mean power level was computed as the average power measured over a 5 m line parallel to the buildings external wall (outdoor) or along a corridor (deep indoor); and inside the offices (indoor and deep indoor 2), the power level was computed as the average power measured inside of the room. Fig. 2 shows the average value of penetration loss for locations 1 and 2 (modern and old building) calculated from the 5 different measurement points for the different levels of indoor penetration. As it can be seen, penetration loss increases with frequency, as previously reported in [1], and is found to be 5 dB higher for 3.5 GHz as compared to 1.9 GHz. The different values from the modern building and old building can be explained by the different building materials. In the modern building, the external wall is a thick wall made of reinforced concrete with thick glass aluminum-framed windows. This leads to a 10 dB higher attenuation compared to the old building in which the external wall is much thinner and the windows are wood-framed. By comparing the different indoor transitions (from indoor to deep indoor and from deep indoor to deep indoor 2), it can be deduced that the indoor propagation is very similar in both buildings and for both frequencies, similarly to what is suggested in [2] and [3]. For example, in the modern building, the penetration loss increment measured from indoor to deep indoor is 6.27 dB at 1.9 GHz and 6.52 dB for 3.5 GHz, very similar to the old building where this measured increment is 5.44 dB for 1.9 GHz and 6.07 dB for 3.5 GHz. This fact can also be explained since both buildings present a similar indoor distribution and the materials of the indoor walls and doors are very similar.
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Fig. 2: Penetration loss for different levels of penetration in modern and old buildings.

For the shop scenario, the penetration loss must be considered differently from the previous building scenarios, due to the different wall or facade composition. In this case, the signal penetrates into the shop mainly through glass and sometimes even the doors are open which further lowers the attenuation. For this reason, the penetration loss is found to be lower than in the modern building case but due to the thicker glass and the presence of metal-framing windows, this shopping scenario presents a higher attenuation than the old building case. From the values of penetration loss measured in the 5 different shops, shown in Fig. 3, it can be seen that the penetration loss for this scenario also increases with frequency (in average, 3 dB higher at 3.5 GHz as compared to 1.9 GHz).
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Fig. 3: Penetration loss into different shops.
Finally, as a quick reference, Table I presents a summary of the different outdoor-to-indoor penetration loss values observed in the different cases studied in this contribution. Assuming that modern building will be typical for Rel-12 Small Cell scenarios, the penetration loss for 3.5 GHz shall be 5 dB higher, as compared to 1.9 GHz.
Table I: Average outdoor-to-indoor penetration loss measured for the different scenarios.
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3. Concluding remarks

In this contribution we have presented field measurement result at 3.5 GHz and 1.9 GHz. The presented results show that the outer wall penetration loss is typically 5 dB higher for 3.5 GHz as compared 1.9 GHz. 

We therefore suggest that the outer wall penetration loss for Rel-12 Small Cell scenario 2a and 3 is made frequency dependent, with 5dB higher loss for 3.5 GHz as compared to 1.9 GHz.
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