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Discussion and Decision
1. Introduction
In [1] it was agreed to:
· Identify the typical usage scenarios of UE-specific elevation beamforming and FD- MIMO
· Identify modifications to the 3GPP evaluation methodology needed to support the proper modeling and performance evaluation for the scenarios identified being typical:

· Modeling a two dimensional array structure at the eNodeB including any modifications to the antenna patterns (taking relevant RAN4 work into account)

· 3-dimensional channel modeling including the multipath fading characteristics in both elevation and azimuth

· Identify the need for defining a new way of modeling the location of outdoor and indoor UEs within a sector in both the horizontal and vertical domains.  

· Identify the need for defining a new way of modeling the mobility of outdoor UEs in both the horizontal and vertical domains. 

· The study will consider as a starting point the ITU channel model as described by the combination of A2.1.6 and Annex B in 36.814 and determine the additions that are needed to properly model the elevation dimension of the channel to fit the elevation beamforming and FD-MIMO purposes. Work done outside 3GPP (WINNERII/WINNER+, channel modeling documentation available in public domain) can be used.

· Generate baseline simulation results (corresponding to a number of antenna ports and transmission scheme supported by  Rel-11) with the modified evaluation methodology  

In this contribution we highlight the proposed high-level changes to the ITU model of Annex B in [2] needed for 3D channel modeling.  A proposal for the detailed changes to the 2D ITU channel model needed to generate a 3D channel is given in [7].  The 3D channel model as proposed has the following features:
1. The existing 2D pathloss and shadow fading models can be retained for the 3D channel model.
2. The elevation angles at the UE and eNB can be generated using the same procedure as the azimuth angles.
3. The elevation spread needs to be modeled as distance dependent since it is much higher for UEs close to the eNB (in particular in-sector UEs) as compared to ones far away (particularly out-of-sector) UEs.  The proper modelling of this elevation spread is critical to adequately compare elevation-related algorithms.
4. A ray-based (i.e., a geometry-based stochastic) model is recommended since it easily models arbitrary array types, allows different array types to be compared with the identical channel, models mechanical downtilt properly, models vertical sectorization and UE-specific beamforming properly, and correctly models the final shadow-fading seen with different downtilts.  The use of a covariance-matrix based approach (like described in Step 10b of Appendix B of [2]) is FFS and would be acceptable if it can do all of the above features of the ray-based model.  A method that just relies on a correlation matrix made up of correlation values between elevation and/or azimuth antennas is not appropriate since it cannot model all of the effects outlined in this point.
5. The distribution of UE and/or eNB heights is FFS.  However it looks like a good approach is to model the terrain (e.g., flat and hilly) and then place the UEs and eNB at a height above the terrain as given in [2] for the appropriate scenario/case.  For outdoor-to-indoor scenarios the UE height modeling is FFS.
2. 3D Channel Model Highlights
For the 3D channel model we make the following observations:

Use the 2D path loss and shadow fading as defined in [2].

The path loss defines how the power attenuates with distance for a given frequency.  This topic has been well researched and there is no change needed for modelling in 3D. 
The log-normal shadow fading is a large-scale parameter that models how the average power at an individual location varies due to nearby obstructions, reflectors, etc.  A 3D channel model needs a log-normal shadow fading model which is independent of array type, downtilt employed, and elevation beam used (this feature is not different from the 2D case which needed a log-normal shadow fading model which is independent of array type and azimuth beam used).  Hence it is proposed to use the shadow fading from the 2D model of [2].

The question is whether or not the 2D shadow fading model sufficiently models effects seen with 3D channels.  Internal studies at NSN has indicated that with a narrow elevation beam (e.g., a 10 degree beamwidth), changing the downtilt will illuminate different reflectors/obstructions and the result is that the final shadow fading will change.  Of course with the 2D shadow-fading model of [2] the shadow fading is determined before the channel is applied (since it is a large-scale parameter) and hence is not dependent on downtilt.  However, the proposed 3D modelling in [7] will still see appropriate changes in the shadow fading measured after the channel is generated for different downtilts (see [6] and Figure 1) and hence the 2D methodology can be retained (i.e., that the shadow fading is a large-scale parameter).
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Figure 1. Final shadow fading seen after 3D channel is applied.  The large-scale shadow fading is applied before the individual channel realization according to the 2D methodology.

The elevation angle spread has a strong distance dependence.

From observations from a ray-tracing study (summarized in [3] and [7]) in Bristol and London, UK, the elevation angle spread at both the eNB and UE has a strong distance dependence, particularly for UEs closer than 500 m to the base. For example see Figure 2 for the log of the elevation spread seen for four different environments.  It should be observed that in-cell UEs experience quite a different elevation spread than out-of-cell UEs and that the elevation spread increases quite rapidly with decreasing distance for distances less than 500 m.  The proper modelling of this elevation spread is critical to adequately compare elevation-related methods/algorithms.  Hence the 3D channel model should include a distance-dependent elevation angle spread, e.g., as described in [7].
In addition to the elevation angle spread, the variance of the elevation spread and the median elevation spread is also distance-dependent as described in [3] and [7].
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Figure 2. Mean of the log of the elevation spread at the eNB as a function of distance for non-LOS links in four different environments.

The elevation angles at the eNB and UE can be generated the same as the azimuth angles.

To keep the new 3D channel code simple, the elevation angles at the eNB (departure) and UE (arrival) can be generated with the same procedures given in Steps 7 and 8 of Appendix B of [2] with just one additional step of randomly coupling the elevation angles with the azimuth angles within a cluster (similar to Step 8 for arrival and departure angles).
The UE and eNB heights are not constant.

In actual deployments the terrain is a dominant factor to how the UEs and eNBs heights vary.  While the in-cell UEs appear to have a Laplacian distribution to their height (see [5] and also Figure 3 for UE height distribution in an European city), modeling the UE locations as having independent random heights is not appropriate (e.g., two close-by UEs may end up at very different elevations).  Modeling of the terrain itself with the UEs and eNBs being placed at a fixed distance above the terrain (as given in [2]) appears as the best bet for modelling random heights.  To model the terrain the correlation of the height in different locations for a given environment may be considered.  For example, in Figure 4 the correlation between the height at two locations with a given distance between the locations is shown for a European city.  So one option may be to drop UEs and eNB with a height above ground according to some scenario/case and then generating terrain (i.e., ground level) for each location with a given correlation (maybe use a couple of scenarios like flat and hilly).
How (or if) terrain modelling should be done in the 3D model is FFS.  Also, how the UE height is modeled for outdoor-to-indoor environments is FFS.
Modeling of UE Direction of travel is FFS.

The modeling of the UE direction of travel in elevation and azimuth is FFS.  For initial simulations the direction of travel of the UEs may be considered to only be in the azimuth (horizontal) direction.
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Figure 3. PDF of the in-cell UE height for a European city.  The red plot is a Laplacian distribution with parameter of 5.3.
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Figure 4. Correlation between the height at two locations with the given distance for the same European city used for Figure 3.

3. Need for Ray-Based (Geometry-Based Stochastic) Channel
Three popular ways of generating channels for antenna arrays/MIMO channels are:
1.  Correlation-Matrix based modeling where the channel is generated using matrices which are made up of correlation values between the different eNB antennas.  The correlation values are tailored to a given array design (e.g., ULA with co-polarized elements, XP arrays).
2.  Covariance-Matrix based modeling like Step 10b of Appendix B of [2].  In this method unique covariance matrices are determined for each drop and radio link using the parameters generated from the ray-based steps.  In this way the covariance-matrix approach should produce results similar to a full ray-based implementation.

3.  A full ray-based approach using the steps in Appendix B of [2] with the additional steps for 3D, for example the ones given in [7].  The channel is essentially generated for arbitrary (isotropic) antennas and then the final channel is generated using element antenna patterns as given in Equation 20 or 23 of [2] or for 3D equation 1 of [7].
It is observed that the ray-based is preferred for the following reasons: 
·  Easily models arbitrary array types.
·  Allows different array types to be compared with the identical channel (only the antenna locations/polarization change for the different array types, not the channel realization).
·  Models mechanical downtilt properly since the physical locations in 3D of the elements of the antenna array is modeled.
·  Models vertical sectorization and UE-specific beamforming properly since the channel from all of the eNB elements (in elevation and azimuth) to all UE elements is modeled and beamforming is applied to the resulting MIMO channel.
·  Properly models the final shadow-fading seen with different downtilts.
·  The ray-based model is good for 3D MIMO and FD-MIMO since the channel from all of the eNB elements (in elevation and azimuth) to all UE elements is modeled.

The use of a covariance-matrix based approach (like described in Step 10b of Appendix B of [2]) is FFS but may be sufficient.  A method that just relies on a correlation matrix made up of correlation values between elevation and/or azimuth antennas is not appropriate since it is not at all clear that it will properly model all of the effects outlined above.
4. Proposal
This contribution highlights the proposed changes to the ITU model of Annex B in [2] needed for 3D channel modeling.  It is proposed that the 3D channel model has the following features:

1. Retain the existing 2D pathloss and shadow fading models from [2].
2. The elevation angles at the UE and eNB are generated using the same procedure as the azimuth angles specified in steps 7 and 8 of Appendix B of [2] with the addition of randomly coupling the elevations angles of departure (or arrival) from the azimuth angles of departure (or arrival) within a cluster.
3. The elevation spread is modeled as distance dependent.  The exact modeling of the distance dependence is FFS, but one option is according to [7].
4. A ray-based (i.e., a geometry-based stochastic) model should be used.  The use of an equivalent covariance matrix based approach (like Step 10b in Appendix B of [2]) is FFS.
5. The distribution of UE and/or eNB heights is FFS but the preference is for modeling the terrain (i.e., ground level) and then the eNB and outdoor UE heights are given as the fixed height above ground already given in [2].  The height of indoor UEs is FFS.
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