3GPP TSG RAN WG1 #72bis        
                             R1-131094
Chicago, USA, April 15 – 19, 2013
Source: 
Texas Instruments
Title: 
         On evaluation scenarios of 3-D MIMO and elevation beamforming
Agenda item:
7.2.6.2 
Document for:
Discussion and decision
1. Background
In RAN#56, the study item on 3-D channel model for elevation beamforming and FD-MIMO was agreed with the following objectives: 
· 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.
In RAN1#72, scenarios for UE-specific 3-D elevation beamforming were discussed, where a set of deployment scenarios concerning basestation location, user distribution and dropping were reached. 
Agreement: 

· Urban Micro cell with high (outdoor/indoor) UE density
· Base station is below surrounding buildings
· Multi-floor UE dropping in buildings modelled
· Urban Macro cell with high (outdoor/indoor) UE density
· Base station is above surrounding buildings
· Consider two options for indoor UE: single-floor indoor UE and multi-floor indoor UE modelling
· Models taking multi-floor indoor UE into account should be developed
· Second priority
· Indoor hotspot with high UE density
· Focus on single-floor scenario.
· Rural scenario
· Outdoor/Indoor user dropping: 
· x% outdoor UEs on a fixed height on the ground plane
· y% indoor UEs on different floors
· x+y = 100.
· Outdoor user dropping:
· Users are dropped on a fixed height on the ground plane.
· FFS Users are dropped on a fixed height on a hilly terrain.

· Indoor user dropping:
· 3D Locations of UEs are related to building locations and heights. 
· Details of building dropping modeling for UE dropping

· Details such as floor height, building location/height distribution needed

· Macro-pico scenarios for Hetnet FFS

· Azimuth-adaptable or (Azimuth+Elevation)-adaptable antennas for Macro/Pico.

· Pico: outdoor only or indoor/outdoor mix

Current RAN1 evaluation methodology supports modeling of antenna pattern in both azimuth and elevation domain, although in the elevation domain it primarily considers a fixed antenna down-tile and is insufficient for evaluating UE-specific elevation beamforming enabled by active antenna systems (AAS). In this paper we discuss the necessary changes to existing 3GPP evaluation methodologies to properly accommodate the elevation domain antenna pattern and multipath characteristics. 
2. Overview of 2-D channel model

The current 2-D channel coefficient generation procedure in 36.814 features a ray-tracing model, where the channel coefficient of multipath n between receive antenna u and transmit antenna s is calculated as the composite of channel response of M sub-paths within the cluster, give by 
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where 
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are the complex gains of vertical-to-vertical and horizontal-to-vertical polarizations of ray n, m respectively, 
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 is the wave length of the carrier frequency, 
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 are the location vectors of element s and u respectively, and 
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is the Doppler frequency component of ray n,m. 
More specifically, assuming UE mobility in the azimuth, equation (2) can be derived below as in Section B.1.2.2.1 in 36.814.
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where 
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  is the cross polarisation power ratio in linear scale. 
3. 3-D channel model
Generalizing the current 2-D channel model to 3-D requires additional modeling of antenna element field pattern and angular spread in the elevation domain, which needs separate discussion. The validity of any new models in the elevation domain should be supported by sufficient field measurement data. 
Given that these updates are available, a generalization of the channel coefficient procedure can be 
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where
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The Doppler spread component can be generalized from 2-D to 3-D, where 
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 denotes the 3-D UE movement direction. 
One outstanding issue is whether UE mobility  
[image: image29.wmf]v

 shall be confined in the azimuth as in conventional 3GPP evaluation, or should be extended to include UE movement in the elevation domain as well (e.g. elevator or escalator). If elevation domain movement is to be modelled, the applicable scenarios, user distribution, and mobility range needs to be clarified. 
4. Conclusion

In this contribution we discussed 3-D channel modeling for UE-specific elevation beamforming and FD-MIMO. It is suggested to extend the current 3GPP methodology from 2-D to 3-D, assuming that antenna field pattern and angular spread in the elevation domain is properly modeled. It is also proposed to discuss the need of modeling UE mobility in the azimuth.
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