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1. Introduction

High resolution CSI is one of the objectives of Rel.14 FD-MIMO enhancement. After extensive discussion it was agreed to introduce CSI enhancements in Rel.14 as following: 
Agreements:

· Advanced CSI

· Specify enhancement on CSI reporting to improve eNB precoding. The specified enhancement is to be selected from the following categories:

· Enhancements to Rel-13 feedback codebooks (FFS which numbers of antenna ports from the set {8, 12, 16, 20, 24, 28, 32}) that increase CSI resolution through improved beam selection / construction in W1 and/or improved beam/port selection / combining / weighting mechanisms in W2 

· Parameters representing channel coefficients, or some reduced space representation thereof including beam combining / weighting with coefficient quantization or channel quantization or channel covariance matrix quantization

· Uplink physical channel enhancements to carry the representation of channel coefficients can be included if selected

· Also, interference measurement enhancement can be considered 

CSI includes a channel component representing channel from the scheduling eNB, and an interference component representing the channel of intra-cell and inter-cell interference. Legacy LTE system is built on implicit feedback where quantized CSI is reported in the form of PMI, CQI and RI. Advanced CSI in the form of explicit channel/interference has been studied in previous LTE releases. Two types of explicit PMI feedback schemes are identified, including
· Explicit feedback of quantized channel
· Analog feedback of unquantized channel
In this contribution we briefly discuss these two technologies and the potential standard impact. 

2. Discussion
Explicit feedback of quantized channel has been extensively studied since Rel.10. One of the main design challenges is the significantly increased feedback overhead compared to implicit PMI. As the spatial dimension (e.g. number of antenna ports) keeps increasing, the problem will become more challenging. 
Analog feedback, in principle, aims to report unquantized channel information by using it to modulate other known uplink signals. The other known uplink signals are technically a new pilot for carrying CSI information. From a pure performance perspective, analog feedback of unquantized channel is the theoretical upper bound, outperforming implicit feedback and other explicit feedback of quantized channel. 
Observation: From a pure performance perspective, analog feedback is the theoretical performance upper bound. 
The main challenges of analog feedback are its specification details, and implementation impacts. For specifying analog feedback, the following issues need to be resolved:
· Feedback channel, e.g. PUCCH/PUSCH

· Uplink pilot for carrying the unquantized CSI, including time/frequency position, sequence, etc.

· Multiplexing of CSI and UL-SCH.
· Triggering mechanism, e.g. periodic or aperiodic 

· Feedback granularity in frequency domain.
Progresses on these issues are necessary in the following meetings if analog CSI is to be introduced in Rel.14.
3. Conclusions
In this contribution we discussed explicit CSI feedback enhancements, including quantized PMI and unquantized PMI with analog feedback. Specification areas are identified if analog CSI is to be introduced in Rel.14. 
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