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At the RAN1 #80 meeting, RAN1 made the following agreements [1]:
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
In this contribution we discuss our considerations on non-precoded CSI-RS based schemes.
 Non-precoded CSI-RS
Besides transmitting full CSI-RS over all TXRUs, the most straightforward non-precoded CSI-RS based enhancement scheme is to transmit CSI-RS over a row of antenna array elements (here, we mean TXRU) for measuring the horizontal channel, and over a column of TXRUs for estimating the vertical channel as shown in Figure 1. The UE is configured with two CSI processes. One CSI process is used for reporting the horizontal CSI and the other one is for feeding back the vertical CSI [2]. Note that for convenience sake and without loss of generality we ignore the virtualization between TXRU and antenna elements, and assume the antenna array consists logically of TXRUs in this contribution. 
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Figure 1    A mapping option between CSI-RS ports and TXRUs.


Observation 1: Separated horizontal and vertical CSI measurements and feedback needs two CSI processes, which causes more overhead.

At the eNB site, after receiving UE’s the horizontal and vertical CSI information (PMI, CQI, etc.) report, a whole channel precoder needs to be generated for PDSCH, which can be achieved by for example using Kronecker product operation. However, since UE reported CSI are for separate horizontal and vertical channels, the eNB generated precoder may cause deviation from the expected performance. For extreme propagation environment, if exist, such a scheme may significantly degrade the performance. Extremely speaking, this scheme cannot guarantee the expected performance.

Observation 2: Separated horizontal and vertical CSI measurement and feedback may cause degradation in the performance.  
Consideration on Non-precoded CSI-RS ports mapping
Based on the analysis in Section 2, we considered the CSI-RS ports to TXRU mapping. In the separated horizontal and vertical CSI measurement scheme, the CSI-RS ports used to estimate horizontal channel is mapped over a row of TXRU as shown in Figure 2 (a). If we shift the mapped CSI-RS, we get a new mapping as shown in Figure 2 (b). Although the shifted CSI-RS ports are not located at a row of TXRU, the measured results can be treated as the horizontal channel characteristics.
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(a) CSI-RS mapping before shift	      (b) Shifted CSI-RS mapping
Figure 2  CSI-RS ports mapping for horizontal channel measurement.

Now, we apply the similar shift to CSI-RS ports used to estimate vertical channel as shown in Figure 3.
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(a) CSI-RS mapping before shift	      (b) Shifted CSI-RS mapping
Figure 3  CSI-RS ports mapping for vertical channel measurement.

Same with the Figure 2 case, although the shifted CSI-RS ports are not located at a column of TXRU, we treat the measured results as the vertical channel characteristics.
Then, we found an interesting thing that the identical CSI-RS mapping as shown in Figure 4 can be interpreted for both horizontal and vertical channel measurement. We claim the measurement results using the “new” CSI-RS ports mapping include both CSI information for the horizontal and the vertical channel.
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Figure 4 A “new” CSI-RS ports mapping pattern.
Observation 3: Channel measurement using specially designed CSI-RS mapping can simultaneously include whole channel CSI information, e.g., both the horizontal and the vertical channel CSI information.
Based on Observation 3, it can be understood that only one CSI process is enough to report CSI for 2DAAs. UE is configured only for one CSI process. The eNB transmits CSI-RS according to the mapping shown in Figure 4. The UE measures the channel and reports CSI (PMI, CQI, RI) based on the measurement results. Note that we do not need to emphasize what dimension channel characteristics are included in such a CSI report, instead, the CSI report represents, in some sense, the whole channel. Based on UE reported CSI, the eNB directly generate whole channel precoder without performing any additional operations for combining  the  horizontal and the vertical CSI separate reports. 
Since only one CSI process is configured, it can be intuitively understood that overhead can be reduced. Moreover, since the UE reported CSI can be directly used to generate precoder for whole channel without other operations, e.g., Kronecker product, the performance degradation can be reduced. We recognized that the CSI-RS port mapping pattern described here may not achieve the best performance since only partial channel is measured. Note this is also true for the separated horizontal and vertical CSI reports as well.   However, with our approach the performance can be expected in advance without deviation, since the CSI UE report is applied to generate the required precoder without any additional operations.
Proposal: Specially designed CSI-RS port mapping pattern shall be studied to reduce the overhead.  
Conclusions
In this contribution, we discussed our considerations on non-precoded CSI-RS based schemes. Based on the discussion, we have the following observations and proposal:
Observation 1: Separated horizontal and vertical CSI measurement and feedback needs two CSI processes, which causes more overhead.
Observation 2: Separated horizontal and vertical CSI measurement and feedback may cause performance offset.
Observation 3: Channel measurement using specially designed CSI-RS mapping can simultaneously include whole channel CSI information, e.g., both horizontal and vertical channel CSI information.
Proposal: Specially designed CSI-RS port mapping pattern shall be studied to reduce the overhead.
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