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Introduction
At RAN#58, study on 3D-channel model for elevation beamforming and FD-MIMO [1] has been approved as a Rel.12 study item. Some of the objectives that were decided include [2]:

· 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. 

 

In RAN 1 #72, deployment scenarios and evaluation assumptions for UE specific elevation beamforming were discussed in detail [3]. Some highlights are as follows, 
· Urban Micro cell with high (outdoor/indoor) UE density

· Base station is below surrounding buildings

· Multi-floor UE dropping in buildings modeled
· 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 modeling
· 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

In this contribution we identify typical deployment scenarios of interest and provide some recommendations on their evaluation. We also discuss potential standardization issues related to FD-MIMO deployment.   
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Prioritized Deployments for FD MIMO Evaluation 
Following the discussion on deployment scenarios and evaluation methodologies for FD-MIMO proposed in RAN1 #72, we reckon that the following deployment scenarios should be studied with higher priority.
2.1 Urban Micro cell with high (outdoor/indoor) UE density
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Fig 1: Urban Micro cell with high UE density

This scenario is common in urban multi-floor building environments. The low power node located outdoors and below the surrounding buildings, can be a microcell or a picocell.  The low power node serves outdoor and indoor UEs. The outdoor UEs are located on the ground level, while the indoor UEs are located in a multi-floor building. The low power node can use its FD-MIMO capability to serve multiple indoor UEs located on different floors and outdoor UEs with high quality of service. 
This scenario has similarities with scenario 2a in the small cells evaluations study item [5]. Of the total number of served UEs, x percent are outdoor UEs and the remaining y = 100 – x percent are indoor UEs.  As a baseline scenario, we propose to align the outdoor/indoor partition of UEs with that of the small cell evaluation assumptions, such that y = 80% and x = 20%. 

For the low power node signal to reach the maximum number of floors possible in a building with an acceptable antenna gain, the elevation tilt should be a function of the height of the base station, the distance of the microcell from the served building, as well as the floor height. As a baseline scenario,  for a base station height of 10 m outside the building, and a floor height of 6 m, the buildings considered can be N-floor buildings where N = 5 (i.e. higher than what is  being currently considered for small cell evaluations) should be the baseline. Other values of N such as N = {2…6} could also be considered.  
Proposal 1: The evaluation assumptions for urban micro cell with indoor/outdoor UE should follow those of small cells evaluation scenario 2a. Specifically indoor/outdoor user partition should be set to 80%/20%. The number of floors in the building, N, should be set to a higher value than what is being considered for SC evaluations (for example, N = {2 … 6}).
2.2 Indoor Multi-floor with only Small Cell Coverage 
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Fig 2: Indoor multi-floor with limited/no macro coverage. Example figure with one small cell
This scenario applies FD-MIMO to an indoor hotspot with high UE density and limited or no macrocell coverage. Although RAN4 [1] did not give specifications for AAS architecture for indoor low power nodes, this scenario requires the indoor low power node to have AAS [1]. This scenario is similar to scenario 3 for small cell enhancements evaluations [5].
In this deployment scenario, the adaptive elevation angle can be used to either (a) increase the number of indoor users served simultaneously by the low power node, (b) increase the per user throughput of indoor users, (c) for the same number of users,  FD-MIMO can reduce the number of low power nodes required to achieve the same per-user throughput. As an example FD-MIMO usage may lead to multiple floors being served by the same low power node and reduce deployment costs when compared to many present indoor deployments (e.g. those being considered in small cells scenario 3) where there are multiple low power nodes per floor. 
As a baseline for the performance evaluation of this scenario, we propose to consider 2 floor-buildings. We believe that the focus should be on more than one floor. One floor evaluation would not sufficiently capture the gains from FD-MIMO. The number of low power nodes to be considered inside each building can be 1, 2 or 4, distributed on only one of the two floors.
Proposal 2: Indoor multi-floor deployment with only low power node coverage should be considered. A building with 2 floors can be considered as a baseline for the performance evaluation. The number of low power nodes to be considered is 1, 2 or 4 and they should be deployed in the same floor.
2.3 Macro-pico scenarios for Hetnet
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Fig 3: Adaptive Cell Shaping in macro-pico heterogeneous networks
In this scenario, the small cell can adapt the tilt of its elevation angle adaptively for all UEs to increase its coverage. We call this adaptive cell shaping and it is similar to proactive cell shaping proposed in [4] for heterogeneous cellular networks with a macro and small cell. This can be used to (a) Increase offloading of UEs from the macrocell by adjusting the elevation angle appropriately; or (b) Improve the received signal strength of cell-edge UEs associated with the low power nodes, by increasing the directionality of the received signal. For example, for a larger downtilt, UE B is associated with the macro and by changing the tilt to a smaller value; it can be offloaded to the small cell. 
This deployment scenario mainly targets heterogeneous networks with outdoor hotzones where UEs served by low power nodes are subject to strong interference from macrocell base stations. 
This scenario targets both co-channel and non-co-channel deployment of low power nodes. In the case of co-channel deployment, FD-MIMO can be used to enhance the received signal power of the cell-edge UEs. In this case, the benefits of FD-MIMO can be considered jointly with range expansion. For non-co-channel deployment, FD-MIMO can be used to increase the coverage of the low power nodes, and increase the offloading from the macrocell to the low power nodes.

Proposal 3: Consider using azimuth/elevation adaptable antennas to mitigate macrocell interference at the low power node users for co-channel deployment. Consider in particular adaptive elevation tilt angles (for all UEs) for clustered user deployments (configuration 4b) and study the performance of Rel-10/11 FeICIC.   
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 Discussion of Standardization Impact 
For all the proposed scenarios, standardization changes may be needed to extract the maximum benefits from FD-MIMO and FD-beamforming. In this section we discuss two standardization aspects.  
3.1 New Codebook design for Elevation Beamforming in 3D channels

Current Rel-8 and Rel-10 codebooks are aligned to the long term wideband characteristics of the channel and the short term (for Rel-10) sub-band phase adjustments. The long term nature of the codebook is characterized by DFT vectors that are functions of only the azimuth angle. If a 3D channel is considered where the AoA and AoDs corresponding to the sub-multipaths of different UEs are dependent on both the azimuth and elevation angles, then a new codebook, whose entries are functions of both these angles, will be more aligned to the eigen directions of the channel. Consequently any codebook based elevation beamforming algorithm will perform better. Even if non codebook based precoding is considered, PMI feedback from UEs prior to downlink transmission is still codebook based. Thus UE feedback would be more accurate using a new codebook that takes care of both azimuth and elevation angles. 

The codewords in this new codebook would be of the form W = W (φ, ϴ) where φ is the azimuth angle and ϴ is the elevation angle. One specific implementation is W (φ, ϴ) = Wa (φ) We (ϴ). The total number of feedback bits in a given CSI report (periodic and aperiodic) could be increased to account for the extra feedback. If the total number of feedback bits at any CSI report is kept the same, different reporting modes can be defined to transmit the information. This could be similar to the W1W2 feedback reporting modes that were defined for Rel-10 [6]. 
Proposal 4: The performance of new codebooks that capture both azimuth and elevation dimensions should be studied, to realize the full potential of FD-MIMO    

3.2 Impact on Feedback with Elevation Beamforming  
FD-MIMO can boost the PDSCH received signal. The UE CSI measurements, however, would still be based on CSI-RS which are not precoded. The UE, thus, would not be able to estimate and feedback the CQI values that can be supported via FD-MIMO. The base station has to estimate the new CQI values based on what is reported. This issue is similar to CQI estimation for UE-specific beamforming (TM 7, 8, 9). The difference in the reported and actual CQIs may be, however, larger when elevation beamforming is also accounted for. 
Proposal 5: The performance of CSI feedback from UE and MCS estimation at eNodeB should be carefully studied when elevation beamforming is supported. 
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Conclusion
In this contribution we have proposed various deployments for FD-MIMO evaluations. We have provided some details for these deployments and also discussed various standardization impacts. Specifically we propose that
Proposal 1: The evaluation assumptions for urban micro cell with indoor/outdoor UE should follow those of small cells evaluation scenario 2a. Specifically indoor/outdoor user partition should be set to 80%/20%. The number of floors in the building, N, should be set to a higher value than what is being considered for SC evaluations (for example, N = {2 … 6}).
Proposal 2: Indoor multi-floor deployment with only low power node coverage should be considered. A building with 2 floors can be considered as a baseline for the performance evaluation. The number of low power nodes to be considered is 1, 2 or 4 and they should be deployed in the same floor.

Proposal 3: Consider using azimuth/elevation adaptable antennas to mitigate macrocell interference at the low power node users for co-channel deployment. Consider in particular adaptive elevation tilt angles (for all UEs) for clustered user deployments (configuration 4b) and study the performance of Rel-10/11 FeICIC.   
Proposal 4: The performance of new codebooks that capture both azimuth and elevation dimensions should be studied, to realize the full potential of FD-MIMO    

Proposal 5: The performance of CSI feedback from UE and MCS estimation at eNodeB should be carefully studied when elevation beamforming is supported.
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