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1. Introduction

At the RAN1 #72bis meeting and in the following e-mail discussion [1], several agreements were reached with respect to scenarios for UMi and UMa, two dimensional antenna modeling, and pathloss modeling. In this contribution, we further investigate the pathloss modeling for an O-to-I NLOS environment and the distance and UE height dependency for short-term fading parameters based on measurement and ray tracing results.
2. Pathloss Modeling for O-to-I Case
In the previous meetings, scenarios for 3D MIMO were identified and it was agreed that UEs should be distributed onto multiple floors to evaluate accurately the effect of beamforming on the elevation angle. Since current scenarios focus on an urban environment, it is assumed that the number of floors in a building in which UEs are distributed is comparatively high such as eight or more. In the current channel model [2, 3], it is assumed that the pathloss of indoor UEs can be calculated as PL = PLb + PLtw + PLin, where PLb, PLtw, and PLin represent the basic pathloss, loss through a wall, and loss inside, respectively. Although height dependency is considered in the current basic pathloss equation, the applicable range of the UE height is limited to 1-2.5 m and 1-10 m for UMi and UMa, respectively, in a NLOS environment. This is not sufficient for modeling 3D MIMO assuming an urban environment.

It is well known that the pathloss is dependent on the UE height due to the difference in the propagation property such as diffraction at a rooftop, reflection on the ground, and the propagation distance. There are a number of investigations on the effect of the UE height on the pathloss in a UMa environment, i.e., eNB antennas are higher than surrounding buildings [4-7]. In [4], it is shown that the pathloss for an indoor NLOS UE can be modeled with the addition of a linear height compensation component, PLh = -(hUT-1.5), where  and hUT are the height gain coefficient in dB/m and the height of a UE in m, respectively. It is reported that the height gain is 1.5–2 dB/floor when the story height is less than 4 m, and 4–7 dB/floor when the story height is 4–5 m [4]. In addition, [5] states that the height gain coefficient is 0.6 dB/m with the carrier frequency between 800 MHz and 8 GHz.
It is not natural to have unlimited height gain as the UE height increases and there should be some kind of limitation to the height gain [8, 9]. Since the pathloss in a NLOS environment should be larger than that for a LOS environment, there should be an upper bound using LOS pathloss in order to avoid unrealistic modeling.
Proposal 1: Pathloss for a UMa NLOS environment can be modeled as follows
· PL = PLb + PLtw + PLin
· PLbUMa-NLOS-3D (d, hUT) = max(PLbUMa-NLOS (d, hUT), PLbITU-UMa-LOS (d, hUT))

· PLbUMa-NLOS (d, hUT) = PLbITU-UMa-NLOS (d, hUT = 1.5)-(hUT-1.5))
where PLb, PLtw, PLin, , and hUT represent the basic pathloss, loss through a wall, loss inside, height gain coefficient in dB/m, and height of UE in m.
Note that  can be 0.6 dB/m.
On the other hand, it was pointed out from several companies that the height dependency using a linear model cannot simply be applied to a UMi NLOS environment [1]. More specifically, it was presented that the NLOS UEs higher than the clutter height (NLOS 2 in Fig. 1) receive the dominant path via rooftop diffraction and the height dependency is different from NLOS UEs lower than the clutter height (NLOS 1 in Fig. 1) that receive dominant path from around buildings. However, UEs in NLOS 2 are limited where UEs are located in NLOS and all the buildings between the eNB and UE are lower than the UE height. Although the amount of investigation on height dependency in a UMi environment is limited [10], it might be possible to model using a linear model as in UMa.
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Figure 1 – Effect of clutter height in UMi environment

Observation 1: Pathloss for a UMi NLOS environment can also be modeled using linear height gain.
3. Field Measurement for Deriving EoD Parameters
At the RAN 58 meeting, it was agreed that the study for the 3D channel modeling would consider the ITU channel model [2, 3] as the starting point and work outside the 3GPP such as WINNER II [11] and WINNER+ [12] can be utilized as a reference [13]. Although the 3D extension methodology has been discussed in past investigations, elevation related parameters are derived based on a survey of literature. In addition, some of the given parameters are expected values with less substantial reasoning.
In order to complement the work in WINNER II and WINNER+, we performed a field measurement in UMa (NLOS) and UMi (LOS, NLOS, and O-to-I) environments. Furthermore, to assess the applicability of the measurement results, we compare the measurement results with those for ray trace simulations in the UMa case. Table I shows a summary of the measured EoD parameters such as the log of the EoD spread (deg), median EoD, cluster EoD spread (CESD), and EoD distribution. In the following subsection, we further investigate the distance and UE height dependency on these parameters.
Table I  Measured EoD Parameters
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0.52 0.51 0.80 0.71 1.1 0.88 -0.19

s

0.46 0.24 0.44 0.47 0.41 0.47 0.47

Median EoD (deg) -0.48 3.0 2.3 -4.3 -7.9 -3.3 -0.25

CESD(deg) 3.4 2.0 4.0 4.5 7.1 5.2 -

EoDdistribution Laplacian


3.1. UMa Measurement (NLOS)
Details of the major parameters for UMa measurement and the ray trace simulations are described in Annex A and C, respectively. Measurements and simulations for UMa are performed assuming equivalent conditions such as the BS antenna position and UE distributed area. Here, although measurements were performed in the uplink, we represent the properties on the BS side as EoD to avoid confusion.

3.1.1. EoD spread properties

Figure 2 shows the log of the EoD spread as a function of the distance between the BS and UE in a UMa NLOS environment. In the figure, the red line is obtained by averaging the results of the ray trace simulations. From the figure, the average of the EoD spread decreases with an increase in the distance between the BS and UE. The reason for this is considered to be that, when the eNB and UE are close, there are a number of paths propagating via the rooftop and around buildings and the EoD spread is increased. On the other hand, when the distance between the eNB and UE is large, the path around buildings suffers from strong loss and the dominant path travels via rooftop propagation. Therefore, we consider that the EoD spread is distance dependent in a UMa NLOS environment. Furthermore, the EoD distribution is close to a Laplacian distribution as shown in [14].
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Figure 2 – Log of EoD spread for UMa NLOS environment
3.1.2. Median EoD properties

Figure 3 shows the property of the median EoD as a function of the distance between the BS and UE in a UMa NLOS environment. In the figure, the median EoD indicates the deviation of the EoD distribution from the line of sight angle and a positive value indicates the ascending vertical angle. Similarly, the red line indicates the average of the median EoD of the ray trace simulations. From the figure, the median EoD is distance dependent and the median EoD increases with a decrease in the distance between the BS and MS. We consider that this is mainly due to the phenomenon that the dominant signals propagate along the rooftops and there is a distant dependent offset to the LOS elevation angle.
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Figure 3 – Median EoD for UMa NLOS environment

3.2. UMi Measurement (LOS, NLOS, and O-to-I)

In addition to the measurements and simulations for the UMa NLOS environment, we conducted measurements for UMi in LOS, NLOS, and O-to-I environments. For the O-to-I measurement, UE is placed on multiple floors, i.e., 2, 4, and 9. Details of the major parameters for the UMi measurements are given in Annex B.
3.2.1. EoD spread properties

From Table I, the EoD spread does not exibit a strong dependency on the UE height both for either the log of the EoD spread or CESD in the O-to-I environment. Therefore, it seems possible to apply the averaged value of the EoD spread among three floors for the O-to-I case as a representative value.
3.2.2. Median EoD properties

Figure 4 shows the median EoD as a function of the distance between the BS and UE in the UMi LOS environment. From the figure, the median EoD values are concentrated near 0 degrees. We consider that this is mainly because the characteristics of the median EoD are dominated by the direct path in LOS environments. From the results, we consider that the median EoD of UMi LOS environment is not distance dependent. Furthermore, from Table I, median EoD decreases as the UE height increases for the O-to-I case. This is because there is a large negative offset in the elevation angle between the LOS direction and the path with reflection, when the UE is comparatively higher than the BS antenna, as shown in Fig. 5. On the other hand, the offset becomes smaller if the heights of the BS and MS antennas are similar.
[image: image5.png]Median EoD (deg

-10

7

le . .
F R taepietealioning b
ce * : te :

Distance (m)

100 200 300 400 500




Figure 4 – Median EoD for UMi LOS environment
[image: image6.emf]
Figure 5 – Median EoD for UMi O-to-I environment

3.3 Observations from the Investigations
The following insights are obtained from measurements and simulations.

Observation 2: 

· EoD spread

· In a UMa NLOS environment, distance dependency might be considered.
· The log of the EoD spread and CESD do not exhibit UE height dependency.
· Median EoD

· In a UMa NLOS environment, distance dependency might be considered.
· In a LOS environment, distance dependency does not need to be considered.
· In a UMi O-to-I case, the median EoD decreases as the UE height increases.

· EoD Distribution

· Laplacian distribution might be applied.
4. Conclusion
In this contribution, we presented a possible methodology for evaluating UE-specific elevation beamforming and FD-MIMO. Our observations and proposals based on the discussion are given below.
Proposal 1: Pathloss for a UMa NLOS environment can be modeled as follows
· PL = PLb + PLtw + PLin
· PLbUMa-NLOS-3D (d, hUT) = max(PLbUMa-NLOS (d, hUT), PLbITU-UMa-LOS (d, hUT))

· PLbUMa-NLOS (d, hUT) = PLbITU-UMa-NLOS (d, hUT = 1.5)-(hUT-1.5))
where PLb, PLtw, PLin, , and hUT represent the basic pathloss, loss through a wall, loss inside, height gain coefficient in dB/m, and height of UE in m.
Note that  can be 0.6 dB/m.

Observation 1: Pathloss for a UMi NLOS environment can also be modeled using linear height gain.
Observation 2: 

· EoD spread

· In a UMa NLOS environment, distance dependency might be considered.

· The log of the EoD spread and CESD do not exhibit UE height dependency.
· Median EoD

· In a UMa NLOS environment, distance dependency might be considered.
· In a LOS environment, distance dependency does not need to be considered.
· In a UMi O-to-I case, the median EoD decreases as the UE height increases.

· EoD Distribution

· Laplacian distribution might be applied.
References

[1] [72bis-19] PLb for LOS and 3D UMi PL.

[2] 3GPP, TR 36.814 (V9.0.0), “Further advancements for E-UTRA physical layer aspects,” Mar. 2010.
[3] ITU-R M.2135-1, “Guidelines for evaluation of radio interface technologies for IMT-Advanced,” Dec. 2009.

[4] COST 231, “Digital mobile radio towards future generation systems, COST 231 - Final report,” European Commission, no. EUR 18957, 1999.
[5] H. Okamoto, K. Kitao, and S. Ichitsubo, “Outdoor-to-Indoor Propagation Loss Prediction in 800-MHz to 8-GHz Band for an Urban Area,” Vehicular Technology, IEEE Transactions, vol.58, no.3, p.1059-1067, Mar. 2009.
[6] A. F. de Toledo and A. D. Turkmani, “Propagation into and within buildings at 900, 1800 and 2300 MHz,” in Proc. IEEE 42nd Veh. Technol. Conf., 1992, pp. 633–636.
[7] E. H. Walker, “Penetration of radio signals into buildings in cellular radio environment,” Bell Syst. Tech. J., vol. 62, no. 9, pp. 2719–2735, 1983.
[8] 3GPP, R1-131034, Samsung, “Initial study and proposals for 3D channel modelling,” Apr. 2013.
[9] 3GPP, R1-131335, Ericsson, “3D-Channel Modeling Extensions,” Apr. 2013.
[10] J. M. Durante, “Building penetration loss at 900 MHz,” in Proc. IEEE 24th Veh. Technol. Conf., 1973, pp. 1–7.
[11] WINNER II Channel Models, D1.1.2 V1.2, IST-4-027756 WINNER II, Deliverable, 4 Feb. 2008.

[12] WINNER+ Final Channel Models, D5.3 V1.0, June 2010.

[13] 3GPP, RP-122034, “Study on 3D-channel model for elevation beamforming and FD-MIMO studies for LTE,” Dec. 2012.
[14] 3GPP, R1-131652, NTT DOCOMO, “Views on 3D-Channel Model for Elevation Beamforming and FD-MIMO,” Apr. 2013.
ANNEX A: Measurement Configuration in UMa Case
The UMa measurements were performed in an urban area with a number of high buildings in Tokyo, Japan. Table AI shows the major parameters for the measurement. In the measurement, pseudonoise is transmitted from the UE and complex delay profiles are measured for each of the 16 vertical linear array antenna elements at the BS. The EoD distribution is obtained by applying Unitary ESPRIT to the measured complex delay profiles. Here, although measurements were performed in the uplink, we represent the properties on the BS side as EoD to avoid confusion. The measurement frequency is 2.2 GHz and the BS antenna height is 58 m. Each BS antenna element is vertically arrayed and the horizontal half-power beamwidth (HPBW) of each element is 34 degrees along the horizontal axis. A sleeve antenna is used as the UE antenna and it is established on the roof of a measurement car at the height of 3 m. The number of measurement points is set to 82 and the distance between the BS and UE is within 1600 m. The polarization of the BS and UE antennas is vertical.
Table AI – Major Parameters for Field Measurement in UMa Environment
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Center frequency 2.2 GHz

Bandwidth 50 MHz (30 Mc/s)

Transmission power 10 W (Uplink)

Transmission signal BPSK modulated PN signal

UE antenna V pol.

：

Sleeve antenna

UE antenna height 3.0 m

Number of BS antenna elements 16 (ULA)

BS antenna height 58 m

Distance between BS and UE 200 - 1600 m

Number of measurement points 82

Parameters Value

Center frequency 2.2 GHz

Bandwidth 50 MHz (30 Mc/s)

Transmission power 10 W (Uplink)

Transmission signal BPSK modulated PN signal

UE antenna V pol.

：

Sleeve antenna

UE antenna height 3.0 m

Number of BS antenna elements 16 (ULA)

BS antenna height 58 m

Distance between BS and UE 200 - 1600 m

Number of measurement points 82


ANNEX B: Measurement Configuration in UMi Case
The UMi measurements were performed in an urban area with high buildings in Yokohama, Japan. Table BI shows the major parameters for the field measurement. The measurements were conducted in LOS, NLOS, and O-to-I environments. For the O-to-I measurement, UE is placed on floors 2, 4, and 9, with the floor height of 6.0, 16.5, and 32.5 m, respectively. In the measurement, complex delay profiles are obtained at the BS by using a channel sounder and the EoD distribution is obtained by applying a SAGE algorithm to the measured delay profiles. Here, although measurements were also performed in the uplink, we represent the properties on the BS side as EoD to avoid confusion. The BS antenna is a cylindrical array antenna, which has four vertical circular array antennas. The measurement frequency is 2.2 GHz and the BS antenna height is 3 m. A sleeve antenna is used as the UE antenna and the UE antenna is established on a cart at the height of 1.5 m. The number of measurement points is 78, 20, and 30 for the LOS, NLOS, and O-to-I cases (each floor), respectively. Moreover, the distance between the BS and UE is within 416 m, 208 m, and 367 m for the LOS, NLOS, and O-to-I cases, respectively.  The polarization of the BS and UE antennas is vertical.

Table BI – Major Parameters for Field Measurement in UMi Environment
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Center frequency 2.2 GHz

Bandwidth 50 MHz

Transmission power 10 W (Uplink)

Transmission signal QPSKmodulated OFDMsignal

UE antenna V pol.

：

Sleeve antenna

UE antenna height 1.5 m (O-to-I case 2F: 6 m, 4F: 16.5 m, 9F: 32.5 m)

Number of BS antenna elements 96 (VH dual polarized, 192 channels)

BS antenna height 3 m

Distance between BS and UE LOS: 11 -416 m, NLOS: 52 -208 m, O-to-I: 31 -367 m

Number of measurement points LOS: 78, NLOS: 20, O-to-I: 30 (each floor)


ANNEX C: Simulation Configuration
Table CI gives the major parameters for the ray trace simulation in a UMa environment. The simulation assumes equivalent conditions such as the BS antenna position and UE distributed area. The ray tracing tool employs the imaging method. A building database is utilized from the map, which is available commercially. The building height is given by multiplying the number of floors obtained from the map by the height per floor, which is set by users, i.e., 3 m. Moreover, the area within 1600 m from the BS is divided into 10 m square meshes and the location of the UE is set to the center of each mesh. In the evaluation, only NLOS points are selected as candidates for the simulation. We assume vertical polarized antennas for both the BS and UE.
Table CI – Major Parameters for Ray Trace Simulation
[image: image9.emf]Parameters Value

Frequency  2.2 GHz

BS antenna height 58 m

UE antenna height 1.5 m

Distance between BS to UE Up to 1600 m

Ray search algorithm Imaging method

Polarization Vertical

Building database

Material

Concrete

Relative permittivity:6.76

Relative conductivity: 0.023 S/m

Building height Number of stories of each building x 3 m
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