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1. Introduction
This paper presents our high-level views on the new SI, Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE [1].
2. Application Scenarios for Elevation BF and FD-MIMO
This SI permits very high flexibility for the possible scenarios and simulation assumptions in terms of number of antenna elements in horizontal and vertical domain, antenna spacing and element-to-port mapping (the number of TXRUs). Hence, it is very important to carefully select and prioritize scenarios/assumptions, in order to avoid a large amount of simulations and discussions. In addition, we have to carefully consider the reality of eNB antenna deployment, although dramatic gain using huge eNB antenna is seemingly attractive.
Fig. A1 shows the proposed procedure on the discussion of antenna configuration. From the view point of reality of eNB deployment, size of antennas should be prioritized first. For the eNB deployment, it’s not easy to enhance the size of antenna compared to current one in service, since there is strong requirement from building owner and also for the regulation of wind resistance, etc. After determining the size of antenna, we can consider the number of antenna elements, which can be mounted in the antenna. Then we can investigate subarray structure considering the trade-off of 3D MIMO performance and AAS/eNB implementation.
3. Major Problems and Potential Technologies
In this section, we list some major problems and potential technologies for elevation BF and FD-MIMO.

· Precoding schemes

In this SI, it is assumed that eNB equips TXRUs (antenna ports) of up to 64 with two-dimensional arrangement. Hence, enhancement for CSI acquisition, which has (1) two dimensional and (2) higher order properties, are to be considered. Followings show some possible examples for enhanced CSI acquisition schemes. The schemes should be comprehensively investigated in terms of performance, RS overhead and feedback overhead, etc.
· Antenna port extension for CSI-RS and CSI feedback

Although this scheme is straight forward based on legacy technologies, more effective one can be investigated considering the overhead of CSI-RS and CSI feedback information. In addition, there is less flexibility for the eNB antenna configuration, since codebook is generally designed assuming specific antenna configuration.
· Two sets of CSI-RS (Multiple CSI processes)
In this scheme, CSIs are separately obtained for horizontal and vertical domain. This scheme should be investigated with the trade-off between performance degradation due to partial channel acquisition and reduced overhead on CSI-RS and CSI feedback information. It is better to carefully consider two major alternatives for PMI selection (1) Separate selection of PMI in horizontal and vertical domain and (2) Joint PMI selection.
· Precoded CSI-RS and beam selection

In this scheme, candidate beams (precoded CSI-RSs) are transmitted and UE notifies preferred index to eNB. This scheme achieves higher flexibility in terms of eNB antenna configuration and deployment scenario. One possible challenge is multi-rank beam selection assuming inter-stream interference. This scheme can be achieved without specification impact, if precoded CSI-RS is transmitted in cell-specific manner.
· Beam tracking
This scheme is a subset of “precoded CSI-RS and beam selection” described above. In this scheme, precoder is determined based on past precoder. For instance, multiple candidate beams, which is selected based on past precoders, are transmitted with UE-specific manner and UE selects the best beam among them. It may be possible to reduce overhead of CSI-RS and CSI feedback.
· Reciprocity based precoding (TDD only)
If downlink and uplink share the operating frequency, downlink CSI can be estimated by uplink reference signals with channel reciprocity (and vice versa). Although this scheme is highly effective considering the overhead of CSI-RS and CSI feedback, we need further consideration on CQI, since downlink interference can’t be estimated by eNB transmitter. This scheme should be investigated with a feasible RF error modelling and necessity of specification support on RF calibration.

· Common channel coverage

Generally, common channels should be transmitted in order to cover wide cell area. If the number of eNB antennas increases, Tx beam becomes narrow and the coverage shrinks. In this SI, it is better to investigate from standard-transparent technologies such as antenna virtualization.
· MU enhancement
According the increase in eNB antenna number, it becomes easier to supress inter-user and inter-stream interference. It might be possible to consider higher layer transmission of MU-MIMO and MU-CSI.
4. Time Plan in RAN1 Discussion

Fig. A2 shows the possible time plan in this SI. 
5. Summary

This paper presents our high-level views on the new SI, Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE.
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Fig. A1: Procedure on the discussion of antenna configuration
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#78bis (Oct. 6th)

• High-level discussion

• Including skeleton of TR

• Scenarios

• Operating freq.

• Macro / HetNet

• Antenna config.

• TDD / FDD, etc.

• Simulation assumptions

• Including error modeling

• Baseline performance with Rel. 12 technologies

#79 (Nov. 17th)

• Remaining details of scenarios / simulation assumptions

• Confirmation of baseline performance (Rel. 12)

• Performance evaluation for 8 TXRUs

• Comparison between Rel. 12 and 3D MIMO

• Initial discussion for possible technology enhancement

#80 (Feb. 9th)

• Performance evaluation for 8-64 TXRUs

• Precoding for FDD (DL RS, feedback, codebook, etc.)

• Precoding for TDD (UL RS, etc.)

• MU-CSI enhancement

• Common channel transmission

• Measurement issues, etc.

• Modification of simulation assumptions

#80bis (Apr. 20th)

• Further performance evaluation for 8-64 TXRUs

• Specification impacts

#81 (May 25th)

• Further performance evaluation for 8-64 TXRUs

• Specification impacts

• Agree on final TR


Fig. A2: Possible time plan in RAN1
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