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1. Introduction

In the RAN #65 meeting, a new study item, “Study on Elevation Beamforming/Full-Dimension (BF/FD) MIMO for LTE”, was approved [1]. With a two-dimensional active antenna array exploiting the elevation dimension as well as the azimuth dimension in MIMO system, it is possible to further improve system performance to accommodate increasing capacity demand. In the RAN1 78bis meeting, some conclusions were made on the scenarios for elevation BF/FD-MIMO, antenna modeling and evaluation assumptions for several scenarios [2]. As for antenna modeling, the following conclusions about the TXRU model are as follows:

· TXRU model 1
· A TXRU model configuration corresponding to an antenna array model configuration (M,N,P) is represented by (MTXRU,N,P)
· MTXRU = number of TXRUs per column per polarization dimension:
· MTXRU = 1, 2, 4, 8
· MTXRU ≤ M
· A TXRU is associated with antenna elements with the same pol only
· Total number of TXRUs is MTXRU ⨉ N ⨉ P
· Other TXRU models FFS
· Remark 1: TXU and RXU can be separately modeled in other models
· Remark 2: 2D antenna virtualization can be considered
· Remark 3: TXRU association with both pols can be considered
· Proponent companies are encouraged to bring proposals for these models
In this contribution, some possible CSI-RS enhancement is discussed for elevation BF/FD-MIMO based on these new conclusions of antenna modelling. 
2. Considerations on schemes for elevation beamforming/Full-dimension MIMO
To make elevation beamforming/Full-dimension MIMO, it is important for eNB to obtain the channel state information on both the azimuth and elevation dimensions. In the current system, for TM9 and TM10, CSI-RS with maximal 8 ports is used to obtain only the channel state information in the azimuth dimension. Therefore, some enhancement on CSI-RS is needed to enable the eNB to obtain a two dimensional CSI [3]. Several enhancement schemes are discussed from views of performance, RS overhead, feedback overhead and standardization effort.
· Full CSI-RS configuration
According to the current antenna modeling, more than 8 TXRUs are supported. If one-to-one mapping is used between TXRU and CSI-RS, more CSI-RS port numbers, such as up to {16, 32, 64} are required. One direct method is to configure more CSI-RS ports for the increased number of TXRUs. As an example, one CSI-RS port is configured for one TXRU. Since it could provide full CSI for a two dimensional antenna array, the best performance could be achieved. Its performance could serve as upper bound for BF/FD MIMO performance gain. Furthermore, this method is suitable for all structures for two dimension antenna arrays and thus is very robust. However, it will increase CSI-RS overhead by multiple CSI-RS ports and have much impact on the feedback scheme by introducing a new joint two dimensional codebook. The feedback overhead also increases because this approach could not exploit the different channel variance rate in the azimuth and elevation dimensions. In detail, the feedback overhead is related to the size of joint two dimension codebook. The current feedback container will not work because the larger overhead for PMI/CQI in one subframe, such as more than 11 bits, will not fit for the periodic feedback with PUCCH. The last impact is on the CSI-RS resource configuration. That is the CSI-RS resource mapping method for {16, 32, 64} ports  would need to be specified. Therefore such a direct method can serve as a study of performance upper bound but is not suitable in practice.
Proposal 1: The performance with full configuration of CSI-RS could serve as performance upper bound for CSI-RS enhancement for elevation BF/FD-MIMO.
· Independent CSI-RS configuration

Two one-dimensional array structures could be exploited to reduce CSI-RS overhead. One CSI-RS is used to obtain the azimuth dimension CSI and another CSI-RS is used to obtain the vertical dimension CSI. An example is shown in Fig.1. We can see the number of CSI-RS ports is reduced from 32 to 8 and thus the CSI-RS overhead is reduced remarkably. Since the CSI-RS for both azimuth and vertical dimension has {2, 4, 8} ports, the CSI-RS resource configuration signaling and codebook in the azimuth dimension could be reused. With flexible configuration for two dimension CSI-RS, channel variance difference could be adapted by different CSI-RS period. The feedback overhead could be therefore reduced. Furthermore with independent azimuth feedback, the transmission scheme could naturally fall back to transmission diversity scheme designed in azimuth dimension. Therefore the CSI-RS enhancement scheme with independent configuration is relatively easy to realize and the standardization effort is small. On the other hand, the vertical codebook may be further optimized because the PMI for vertical dimension is different from azimuth dimension. The DFT codebook with considering vertical user location distribution could be a start point. Furthermore, the system capacity will be degraded to some extent compared with full RS and full feedback for the two dimensional channel. 
Proposal 2: CSI-RS enhancement with independent configurations per dimension has relatively small standardization impact and should be studied.
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Fig.1 Independent CSI-RS configuration
· Linked CSI-RS configuration

To further improve system capacity, the linked configuration for CSI-RS could be used where the second CSI-RS is transmitted with precoding based on the feedback from the first CSI-RS. One example for illustration is shown in Fig.2. The first CSI-RS is used to obtain CSI in vertical dimension. The eNB uses the vertical feedback PMI to make precoding for the second CSI-RS. The feedback CSI from the second CSI-RS contains PMI/CQI for joint azimuth and vertical dimension. Thus, performance gain could approach that from full CSI-RS and full feedback. Also, the CSI-RS resource configuration signaling and codebook for feedback could be reused as independent configuration. However, several aspects require further consideration. The first aspect is CSI-RS overhead. Users will use different vertical PMI if they have very different vertical locations. The overhead for the second CSI-RS will increase by multiple vertical PMIs. For example, if there are 4 codewords for the vertical codebook, a maximum of 4 times the CSI-RS overhead will be needed. To guarantee backward compatibility, CSI-RS without precoding in the azimuth dimension is still needed for legacy users. From another point of view, the rank for the vertical dimension needs further discussion. The CSI-RS overhead and feedback overhead will increase if high rank is supported for vertical PMI on account of X-polarization antennas. The second aspect is transmit robustness. The second CSI-RS will use the PMI derived from the first CSI-RS. The inaccurate vertical CSI caused by feedback delay and transmission error will give large impact on accuracy of CSI results from the second CSI-RS. On the other hand, there is no feedback information from the azimuth dimension and it is not straight forward to fall back to well-known transmit diversity scheme in the azimuth dimension. The last aspect is codebook. This scheme also needs va ertical codebook as for independent CSI-RS configuration. Whether the current codebook in specification is sufficient for joint feedback based on precoded CSI-RS may need further investigation since the available codebook is designed without optimization for a two dimensional antenna array. 
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Fig.2 Linked CSI-RS configuration
Proposal 3: Performance evaluation is required for both independent and linked CSI-RS configurations. 
Proposal 4: Tradeoff between performance and standard efforts will be both considered for independent and linked CSI-RS configuration.
3. Conclusions
Based on the above discussion, our proposals for study on CSI-RS enhancement are as follows:
Proposal 1: Proposal 1: The performance with full configuration of CSI-RS could serve as performance upper bound for CSI-RS enhancement for elevation BF/FD-MIMO.
Proposal 2: CSI-RS enhancement with independent configurations per dimension has relatively small standardization impact and should be studied.
Proposal 3: Performance evaluation is required for both independent and linked CSI-RS configurations. 

Proposal 4: Tradeoff between performance and standard efforts will be both considered for independent and linked CSI-RS configuration.
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