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1. Introduction

In the RAN #65 meeting, a new study item, “Study on Elevation Beamforming/Full-Dimension (EBF/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 a MIMO system, it is possible to further improve system performance to accommodate increasing capacity demand. Among the candidate ingredients for enabling elevation beamforming, reference signals such as CSI-RS and SRS are very important to measure the downlink channel quality and uplink channel status. In RAN1#80 meeting, some high level agreements regarding CSI-RS and SRS are arrived as follows:

Agreements:

· “High level categories” (sections for the TR) agreed in principle: 

· Potential CSI-RS and feedback enhancements

· Enhancements related to beamformed CSI-RS-based schemes

· Enhancements related to non-precoded CSI-RS-based schemes

· Enhancements related to schemes based on hybrid beamformed CSI-RS and non-precoded CSI-RS

· Enhancements related to non-codebook based CSI reporting for TDD

· Enhancements related to SRS

And also some details of CSI-RS design have been defined as follows
Agreements:

· Potential CSI-RS enhancements related to the number of NZP CSI-RS ports for further evaluation (to be captured in the TR):
· For non-precoded CSI-RS, prioritize on antenna port number per CSI-RS resource of 16, 32, 64 for performance evaluations

· Note: It is not a prioritization of CSI feedback scheme and CSI feedback scheme of 2, 4, 8 CSI-RS ports can be considered 

· Increasing the maximum number of NZP CSI-RS ports (>8) for >8 TXRUs per CSI process

· Number of non-precoded CSI-RS ports per CSI-RS resource which is a multiple of 2, e.g. 10

· Note: one CSI-RS port may be mapped onto one or more than one TXRUs
· Note: Another constraint given by SID is the number of TXRUs equals to 8, 16, 32, 64

· Number of beamformed CSI-RS ports per CSI-RS resource can be flexible

In this contribution, some possible CSI-RS and SRS enhancement is discussed for EBF/FD-MIMO based on these new conclusions. 
2. Considerations on enhanced CSI-RS for EBF/FD-MIMO
To take full advantage of EBF/FD-MIMO, it is important for the eNB to obtain the channel state information in both the azimuth and elevation directions. In the current system, for TM9 and TM10, CSI-RS with a maximum of 8 ports is used to obtain only the channel state information in one dimension. Therefore, some enhancement on CSI-RS is needed to enable the eNB to obtain a two dimensional CSI. In RAN1#80 meeting, it was agreed that for non-precoded CSI-RS, the maximum number of NZP CSI-RS ports could be beyond 8, which is the currently supportable configuration in REl.12 specifications. On the other hand, several other enhancement schemes are discussed from views of performance, RS overhead, feedback overhead and standardization effort.
· Independent CSI-RS configuration

Two separate 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 16 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 in the vertical dimension. With flexible configuration for the two dimension CSI-RS, channel variance difference could be adapted by different CSI-RS periods. 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 separately optimized because the PMI statistics for the vertical dimension are different from azimuth dimension. A DFT codebook design based on the considering vertical user location distribution could be a starting point. With separate PMI and CSI feedbacks in the vertical and horizontal dimensions, it is up the eNB to estimate the achievable data rate when the transmission is precoding jointly in these two dimensions. Furthermore, the system capacity will be degraded to some extent compared with full RS and full feedback for the two dimensional channel. 
Proposal 1: 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. Therefore the performance gain could approach that from full CSI-RS and full feedback. Also, the CSI-RS resource configuration signaling and codebook for feedback of the independent configuration could be reused. The CSI feedback from the vertically-precoded CSI-RS reflects the CSI of the actual data transmission more accurately and reduces the CSI computation error at eNB. 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 be increased 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 transmission robustness. The second CSI-RS will use the PMI derived from the first CSI-RS. The inaccurate vertical CSI caused by feedback delay and/or 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 the codebook. This scheme also needs vertical 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 2: linked CSI-RS configurations need further investigation to understand the performance.
3. Considerations on enhanced SRS for EBF/FD-MIMO
When we investigate SRS design optimization in EBF/FD-MIMO, the following issues need to be considered:

1. Capacity increase on account of more users by high order MU-MIMO; 

2. Power limit issues by wideband SRS; 

3. Impact of different TX/RX chain number on applicability of reciprocity.
Before tackling these issues, some properties of channel could be explored. 

· The time variance of the channel is small on account of spatial granularity. If the channel changes too fast and the beam width is small with a large number of antennas, the beam direction will also change fast and it is difficult to track the beam direction at eNB’s side. The robustness will be challenged. Therefore SRS should be optimized targeting channels with relatively small time variance.
· Channel frequency variance will be more stable with large number of transmit antenna and large number of scatters by small wavelength when the network deployed at higher frequency. In addition, the legacy bandwidth becomes relatively narrow when the system is deployed at high carrier frequency.
· The spatial resolution is enhanced with large number of antennas. The spatial channel direction will become quasi-orthogonal if the antenna number is large. 
Based on the above property, we propose enhanced SRS with the following options.

1. In addition to legacy SRS resource, new SRS resource could be used to solve SRS capacity. 

a) For TDD system, two upPTS symbols could be used for SRS.
b) If a unified solution for both TDD and FDD system is required, some possible location could be used for additional SRS. For example, 
A. the first symbol or last symbol of the first slot could be used to improve channel estimation quality. 
B. For normal CP length, the symbols 3, 10 are used for DM-RS. If there is no scheduled data, these symbols could be used for SRS transmission which would cause no significant impact for legacy users. 
C. The REs occupied by D2D PSS/SSS which has been designed for D2D synchronization could be suitable for multiplexing with SRS, if the eNB could detect them separately.
2. To take advantage of the channel property of flat frequency response, the frequency sampling rate could be reduced. For conventional SRS, a Comb structure is used and the comb number is 2. It is possible to further increase the Comb number. For example, the comb number could be 4. In that sense, 1 subcarrier of every 4 subcarriers is used for SRS. If minimal SRS bandwidth is kept for 4PRB, the minimal length of SRS sequence becomes 12. Another option is to rely on narrow band SRS for wideband CSI estimation, i.e., taking narrow band CSI as wideband CSI. For example, particular RBs could be configured for SRS, such as only odd number RBs, or only RBs divisible by 4.

3. To take advantage of channel property of slow time variation, the SRS configuration in time domain could be modified. For example, 20ms could be served as the minimum period for one user. 
4. One important issue is how to deal with SRS transmission with different numbers of TX chains and RX chains at the terminal side. One possible way is to let eNB know the UE’s ability to transmit SRS with the same number of RX chains as TX chains. With this knowledge, the eNB could configure the UE to transmit SRS using all the possible TX chains. 
4. Conclusions
Based on the above discussion, our proposals for study on CSI-RS enhancement are as follows:
Proposal 1: CSI-RS enhancement with independent configurations per dimension has relatively small standardization impact and should be studied.
Proposal 2:  Linked CSI-RS configurations need further investigation to understand the performance.
Proposal 3: SRS enhancement schemes to support MU-MIMO in EB/FD-MIMO, such as increasing SRS symbols, or multiplexing with other symbols, reducing sampling rate, narrow band SRS, longer SRS periodicity configuration, etc., should be evaluated in terms of performance and specification impact.
Proposal 4: SRS transmission with different numbers of transmit link and receive link at the terminal side should be studied.
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