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1 Introduction
A way forward on introduction of elevation domain parameters in 3D channel modeling was agreed as working assumption in the RAN1#73 meeting [1]. The proposals include 

· Reuse the ITU channel coefficient generation procedure
· At least the following six parameters will be added in 3D channel modeling
· EoA: Elevation angle of arrival
· Includes Median EoA 

· EoD: Elevation angle of departure
· Includes Median EoD 
· ESA: RMS elevation angle spread of arrival 

· ESD: RMS elevation angle spread of departure
· Cluster ESD: cluster elevation angle spread of departure
· Cluster ESA: cluster elevation angle spread of arrival
· Identify necessary modification of each step due to the introduction of the above parameters, e.g.

· Step 4 will be impacted by ESA/ESD

· Step 7, 8 and 11 will be impacted by EoA/EoD.
We have presented our proposals for introduction of elevation domain parameters and necessary modification based on the ITU channel model and show measurement results for outdoor UEs in [2]. In this contribution, UE height dependence of median angle and angular spreads will be discussed for the O-to-I case of 3D UMi scenario, based on the field measurement results. Proposals for the path loss and LOS probability, antenna model and channel coefficient generation, initial calibration results can be found in the companion contributions [4-6]. 

2 Channel measurements for O-to-I case
Per chairman notes in RAN1#72bis meeting, the indoor UE fraction of 80% was agreed for both 3D-UMa and 3D-UMi scenarios.  The UE height (hUT) model is specified by
                hUT = 3(nfl – 1) + 1.5





                                                              (1)

For outdoor UE, the number of floor nfl =1. For indoor UE, the number of floor nfl is uniformly distributed between 1 and Nfl, where Nfl is uniformly distributed between 4 and 8. Measurement results of large scale parameters (LSP), especially ESD and ESA, were already presented for outdoor UE in previous contribution [2], including LOS and NLOS cases under 3D-UMa and 3D-UMi scenarios.  

To supplement the elevation related parameters for O-to-I case, a measurement campaign was conducted for indoor UEs within different floor as given in Fig.1. Furthermore, different UE locations were also selected even if on the same floor. The pink and red points denote the measurement locations of UE behind wall and UE near the window, respectively. The latter case implies the higher probability of LOS state.  The transmitter was on the top of another building with height of 13.8 meters, which is in front of the building marked with red/pink points. The 2D distance or projected distance between transmitter and receiver is about 50 meters. The above deployment can be approximated as a 3D-UMi scenario.
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Fig.1 Measurement scenario for O-to-I case
2.1 Angular Spread
Similar to the angular spread in elevation for outdoor UE [2], a log-normal distribution can be observed for angular spread (AS) for indoor UE including ESD. i.e., log10 (AS) is of a normal distribution 
log10(AS) ~ N()













(2)

where  and are the mean and standard deviation.  It can be known that log10(AS) will lie in the interval  with probability of 68.26%. ESD vs floor number for the above scenario can be given in Fig.2.
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Fig.2 ESD vs floor number nfl, Left for UE behind wall, Right for UE near the window.
Fig.2 shows that the mean value of ESD decreases with UE height, which may be because of less scatters and hence less reflection or diffraction at higher floor. However, the standard deviation keeps constant or increases with UE height. Based on the above preliminary measurements, we can have observation 
· Mean angular spread in elevation for O-to-I case decreases with UE height.
2.2 Median
Similar to EoD for outdoor UE [2], a Laplacian distribution with non-zero mean can be also observed for EoD for indoor UE. Median EoD vs floor number for above scenario can be given in Fig.3.
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Fig.3 Median EoD vs floor number nfl, Left for UE behind wall, Right for UE near the window.
It can be seen from Fig.3 that the median EoD fluctuates with UE height.  Furthermore, a narrow variation range of median EoD can be observed. It is between 1( and 6( for UE behind wall and between -2( and 3( for UE near the window. Based on the preliminary measurements for the above typical scenario, we can have observation

· Median EoD for O-to-I case is a random variable.
· Concrete distribution is FFS.
3 Conclusion

In this contribution, we presented the preliminary measurement results for ESD and median EoD for the O-to-I case of 3D UMi scenario and discussed UE height dependence of median angle and angular spread. 
Based on the discussion and the measurement results, we have the following:

· Observation

· Mean angular spread in elevation for O-to-I case decreases with UE height

· Median EoD for O-to-I case is a random variable.
· Concrete distribution is FFS
· Proposal 
· Continue to analyze available measurement results to determine channel property in elevation domain for O-to-I case in 3D-UMa and 3D-UMi scenarios, including 

· Angular spread, median angle and their relation with UE height and the distance between UE and base station.

· Cross-correlation between angular spread and other LSPs such as delay spread, shadow fading and Rician K-factor. 
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