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Discussion

1
Introduction
A new study item for 3D MIMO has been approved in order to investigate the benefit of 2D antenna array with potentially larger number of antenna ports [1]. It is agreed to have a phased approach for the SI due to its broad scope and the details of deployment scenarios and evaluation methodologies will be discussed in the first phase of SI. The followings are captured in WID as a phase-1 scope:
· Identify antenna configurations for 2D antenna arrays with {8, 16, 32, 64} TXRUs and evaluation scenarios, including homogeneous and heterogeneous scenarios, for feasibility study, taking into account the outcome of 3D channel model SI.

· Decide antenna element spacing, number of antenna elements per TXRU, polarization, etc.

· Decide how to model virtualization of antenna elements per single TXRU. 

· Identify target operating frequency range considering practical antenna size limitations.

· Evaluate the performance of Rel-12 downlink MIMO (including both SU- and MU-MIMO) using 3D-UMa and 3D-UMi channel models.

· Number of TXRUs for evaluation is 8, where each TXRU is connected to an antenna port and the antenna ports constitute a horizontal array. 

In this contribution, we discuss on the deployment scenarios for the performance evaluation of 3D MIMO schemes including network deployment scenarios and the antenna configurations. 
2
Discussion
The elevation beamforming schemes such as adaptive downtilt can be used to increase beamforming gain by adapting downtilt angles based on a UE distribution in the cell as well as inter-cell interference level. In addition, the vertical sectorization considered as another elevation beamforming scheme may be beneficial in the interference limited situation as inter-cell interference may be handled by power allocation of inner and outer sector. Therefore, it seems to be worthwhile to evaluate such techniques in heterogeneous network where larger population of UE suffers from strong inter-cell interference. On the other hand, the gain from FD-MIMO schemes purely based on single link MIMO performance by exploiting beamforming gain, and/or spatial multiplexing gain without multi-cell coordination. Thus, homogeneous network scenario seems to be enough to evaluate FD-MIMO schemes. Therefore, it is recommended that both homogeneous and heterogeneous network scenarios are considered for elevation beamforming scheme evaluation while the homogeneous network scenario is prioritized for FD-MIMO scheme evaluation.  
Proposal-1: heterogeneous network scenario may be considered for elevation beamforming while homogeneous network scenario should be prioritized high for FD-MIMO.
The antenna gain pattern of an antenna port can be determined by the antenna virtualization matrix used to form a logical antenna port with multiple antenna elements as well as the antenna gain pattern of an antenna element. In general, the antenna gain pattern has been purely the eNB implementation and standard transparent although a specific fixed antenna gain pattern for an antenna port has been captured in the TR for the system-level evaluation purpose. Since the main benefit of elevation beamforming schemes is adapting and/or forming antenna gain patterns at the eNB transmitter and the antenna virtualization matrix may be used to adapt and form the antenna gain patterns, it should be defined for the evaluation and common virtualization matrix should be used in order to avoid diverse simulation results from companies. At least for the antenna gain pattern for an antenna element, we may reuse the antenna element gain pattern defined in the TR 36.873.
According to the WID, up to 64 TXRU can be considered for the antenna configuration, which implies that at least 64 antenna elements need to be assumed. Based on the current assumptions for the frequency range 2-5GHz, eight horizontal antenna elements and eight vertical antenna elements with half lambda antenna spacing seem to be ok as a starting point for the baseline antenna configuration although the number of antenna elements could be larger than the number of TXRU since it can be commonly used to form any number of antenna ports and configurations within the scope. Hence, the number of antenna port and its 2D array configuration can be defined according to the number of TXRU and antenna virtualization matrix used for the 8x8 antenna elements.
Proposal-2: consider 8x8 antenna elements as baseline for 2D antenna array.

For a specific number of antenna ports, multiple antenna configurations can be defined according to the antenna virtualization matrix. For instance, there are possible 2D antenna configurations such as 1x8, 2x4, 4x2, and 8x1 for the 8 antenna ports defined. The system performance could be different according to the antenna configuration although the same number of antenna port is used since the angular spread and UE distribution is different in horizontal and elevation dimensions. In addition, the flexibility of the antenna virtualization could be different according to the number of TXRU. Therefore, all possible combination should be studied during SI and see the benefit of 2D antenna configurations according to the 3D MIMO schemes.

Proposal-3: all possible 2D antenna configurations should be considered during SI.
It has not been determined that what is the baseline performance to compare with 3D MIMO schemes exploiting 2D antenna array. The elevation beamforming schemes can be considered as 3D MIMO schemes since it achieves gains by using vertical antenna elements by adapting beams in elevation dimensions or forming multiple vertical beams to increase spatial reuse gain. However, these techniques can be used in a standard transparent manner since there is no difference between fixed downtilt and adaptive downtilt as long as there is specific UE feedback required. Therefore, the existing Rel-12 MIMO schemes can be used with up to 8 antenna ports on top of adaptive downtilt or vertical sectorization, which may provide system throughput gain already as compared with the existing Rel-12 MIMO schemes with fixed downtilt, which is shown by companion contribution [2]. Hence, it makes sense that the specification transparent 3D MIMO schemes can be considered for baseline performance. However, in order to make the simulation results aligned among companies, the specification transparent 3D MIMO scheme used for baseline performance should be agreed by companies in RAN1. 

Proposal-4: specification transparent 3D MIMO schemes could be used for baseline performance but it should be agreed by RAN1 for aligned simulation results.

A link level simulation has been used to evaluate the performance of MIMO schemes in the case that the MIMO schemes are not relying on multi-cell coordination or the performance is not dependent on inter-cell interference since it is easy to see the single cell MIMO performance gain. In addition, the diversity gains of a specific MIMO schemes such as transmit diversity scheme can be easily compared in the link level simulation. Given that FD-MIMO schemes will be studied based on single cell MIMO operation, it seems to be also beneficial to define a link level channel model which has 2D antenna array characteristics. For example, Kronecker based MIMO channel model may be used with transmitter and receiver covariance matrices which appropriately capture 2D antenna array spatial correlation properties.  
Proposal-5: link level simulation may be supported with a simplified channel model. 

3
Conclusion
In this contribution, we discussed on the high level issues for the deployment scenarios and evaluation methodologies. From the discussions, we propose followings:
Proposal-1: heterogeneous network scenario may be considered for elevation beamforming while homogeneous network scenario should be prioritized high for FD-MIMO.

Proposal-2: consider 8x8 antenna elements as baseline for 2D antenna array.

Proposal-3: all possible 2D antenna configurations should be considered during SI.

Proposal-4: specification transparent 3D MIMO schemes could be used for baseline performance but it should be agreed by RAN1 for aligned simulation results.
Proposal-5: link level simulation may be supported with a simplified channel model.
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