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1 Introduction
The study item on elevation beamforming and FD-MIMO was approved in RAN#65. One of the key objectives of the SI is to evaluate the performance of Rel.12 standard-transparent MIMO schemes and conclude on the potential gains of standard enhancements in Rel.13.  Toward this goal the SI has been divided into two phases. In Phase I, RAN1 will start evaluation of Rel.12 MIMO with 8 TXRU, where each TXRU is connected to an antenna port and the antenna ports constitute a horizontal array. In Phase 2, schemes requiring Rel.13 standardization should be evaluated to quantify the potential standard enhancement gains.
It is noted that horizontal TXRU placement in Phase I is only one possible transparent EBF/FD-MIMO scheme that can be supported with Rel.12. Other standard-transparent schemes are available to take advantage of the AAS antenna infrastructure without standardization. In order to have a fair comparison and correctly identify the gains that can only come from standardization, it is beneficial to have a common understanding of the baseline scheme for performance evaluation and comparison. This led to the following agreement in RAN1#79.
Agreements:
· For a given antenna array configuration, an enhancement proposal that requires specifications change should at least be provided with the following:
· A baseline case

· A baseline is considered to have no specification impact to Rel-12 and providing the best tradeoff among various factors e.g. performance, complexity, overhead, etc achievable using Rel-12 specifications

· An enhancement case

· An enhancement is considered to have specification impact to Rel-12

· The enhancement case should at least be evaluated against the baseline case, where the comparison should consider not only performance benefits, but also other factors e.g., complexity, overhead, etc.

· Antenna array configuration is given by the parameters {M,N,P,Q}
· Baseline and Enhancement cases assume the same values for M, N, P, Q 

· 1D TXRU virtualization: The total number of associated TXRUs:  Q= MTXRU * N * P according to TXRU model-1 (as defined in RAN1#78bis)

· 2D TXRU virtualization: The total number of TXRUs Q should be described by the proponent

An email discussion on baseline schemes took place after RAN1#79. In this contribution we present a brief summary of several possible standard-transparent EBF/FD-MIMO techniques based on Rel.12 MIMO. Other schemes not explicitly mentioned in this contribution are also possible to be considered as baseline, and could be compared against standardized enhancements. 
2 Discussion

In this section we provide a brief discussion on several standard-transparent EBF/FD-MIMO implementations. 
2.1 Vertical sectorization

Similar to horizontal sectorization, vertical sectorization improves the frequency reuse factor and spectral efficiency of a wireless network. The antenna elements and TXRU at the AAS eNB can be split to create multiple sectors in the vertical domains with their own Cell IDs. Each vertical sector can be projected to a vertical beamforming direction with a different elevation angle 
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, to provide coverage to UEs distributed at various elevation positions. Since multiple vertical beams are transmitted, the total transmission power should be properly split into vertical sectors. 
Performance of vertical sectorization with 16-64 TXRUs are presented in a companion contribution [3], where performance gain in the range of 9%-115% is observed over Phase I with 8TXRU. 
2.2 Beamformed CSI-RS
Beamformed CSI-RS is a potential standard-transparent scheme for UE-specific elevation beamforming. Multiple CSI-RS resources targeting different elevation angles can be transmitted from the eNB. Reference signal of a CSI-RS is beamformed with a weighting vector forming a CSI-RS beam. Different CSI-RS beams should provide sufficiently wide coverage of the cell. An example is shown in Figure 3 where four CSI-RS beams are generated. One benefit of beamformed CSI-RS is that the measured CSI reflects the composite post-beamforming CQI including both horizontal/vertical beamforming, which can be directly used for downlink link adaptation without any further processing at the eNB.
One or multiple CSI-RS resources with different beamforming angles can be configured for a UE. The beamforming angle for each UE may be obtained with existing Rel.12 features, e.g. CSI-RS based RSRP. By collecting RSRP for a number of CSI-RS resources reported by UE, the eNB could, for example, select the beam with the highest RSRP to UE. Considering typical low UE mobility in the vertical domain, it is possible to rely on short-term/long-term channel reciprocity to estimate the beam angle, without any feedback. 
Performance of beamformed CSI-RS with 8 or 16-64 TXRU are evaluated in companion contributions [4]. 20%-128% cell edge gain could be achieved with 16-64 TXRU, compared to Phase I Rel.12 DL MIMO with 8 TXRU. In addition, the following observations are obtained.

Observations:
· 4 CSI-RS beams transmission is sufficient in achieving most of the gain when traffic load is light or medium (
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=2, 4). For high load, 8 CSI-RS beams achieve higher gain. In most cases, 16 CSI-RS beams are not able to provide performance gain over 8 CSI-RS beams for its higher CSI-RS overhead.
· 32TXRU achieves noticeable performance gains over 16 TXRU; however, additional gain from 64TXRU is marginal.

· The gain of CSI-RS beamforming over Phase I MIMO increases as traffic load increases.
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Figure 1: Beamformed CSI-RS
Proposal:

· Evaluate beamformed CSI-RS as a potential standard-transparent EBF/FD-MIMO scheme.

· Beamforming angle may be acquired by e.g. short-term/long-term channel reciprocity and/or CSI-RS based RSRP.

3 Conclusion
In this contribution we reviewed several potential standard-transparent EBF/FD-MIMO schemes based on Rel.12 MIMO implementations, as a potential performance baseline to realistically assess the gains of Rel.13 standardized enhancements for AAS. It is noted that other standard-transparent schemes are possible and could be included as part of the baseline. 
Proposal:  Consider as least the following standard-transparent schemes as the performance baseline for identifying gains of standardized EBF/FD-MIMO

· Vertical sectorization

· Beamformed CSI-RS

· Beamforming angle may be acquired by e.g. short-term/long-term channel reciprocity and/or CSI-RS based RSRP.
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