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1 Introduction
In this contribution we discuss some definitions and also prioritization and timing of introduction of the different modes of FD-MIMO.  

2 Discussion

In the SI, three main modes of operating EB/FD-MIMO were discussed:
· Non-precoded CSI-RS 

· Beamformed CSI-RS

· Hybrid operation

Note that from specification perspective, these modes differ in the way CSI feedback is configured. At least the two first modes are necessary and complementary, targeting different scenarios. The two first modes are also building blocks to define the hybrid operation. 
We here briefly describe our view of the two “building blocks” before we discuss the hybrid mode:
2.1 NP CSI-RS operation
Using non-precoded CSI-RS is how LTE MIMO works in Rel.8-Rel.12, hence this is the well-known and legacy behavior. The UE measures N antenna ports and uses an N-port precoder codebook and reports associated PMI, rank and CQI(s).  The involvement by the eNB in the CSI feedback generation is small, and therefore this is a robust feedback mode, which is crucial for FDD scenarios. The periodic CSI feedback provides coarse channel state information, mainly to estimate path loss and some wideband precoding information, useful for e.g. EPDCCH. Whenever the UE has data to receive, an aperiodic CSI report is triggered to prepare the precoding for PDSCH transmission. 

Proposal: NP CSI-RS transmission is the baseline operation of EB/FD-MIMO, supports FDD as well as TDD and should be supported in Rel.13. 

2.2 BF CSI-RS operation with beam selection
In deployments when the number of TXRU is large, it is more beneficial to use a BF CSI-RS mode of operation since the number of CSI-RS ports is related to the maximum rank per UE instead of the number of TXRUs, which can be a large difference. The drawback is that some channel subspace selection (i.e. beamforming) must be performed by the transmitter side. This could either be assisted by higher layer signaling (i.e. using DRS) or by channel reciprocity which for at least TDD may work well provided that the eNB calibrate TX and RX.  It should be noted that from RAN1 perspective, BF CSI-RS with two ports per beam is already supported in LTE.

However, the beamforming robustness is a concern, particularly for a larger number of TXRU where the beamwidth could be rather narrow, in combination with UE mobility. Therefore some robustness enhancements is needed, which can be accomplished by giving the UE multiple candidate beams to choose from before computing CSI for a selected beam. One standard transparent way to achieve the equivalent is to configure multiple two port CSI processes to the UE, each CSI process is beamformed in a different direction and the UE feeds back CSI using the existing 2-port codebook. The eNB will then get CSI for all beams, which is rather inefficient. 

Observation: The main difference between NP CSI-RS and BF CSI-RS from a specification perspective is the UE down-selection of antenna ports (i.e. beam selection) within the CSI process before computing CSI on the selected ports. In NP CSI-RS, all ports in a CSI process are used in CSI estimation, while for BF CSI-RS,  a subset of CSI-RS antenna ports may be used in CSI estimation. 

Moreover, beamforming becomes even more important when the carrier frequency increases, to cope with the path losses given an antenna aperture. 

Proposal: BF CSI-RS transmission is useful in deployment with larger number of TXRU for EB/FD-MIMO and should be supported in Rel.13. 
2.3 Hybrid CSI-RS

Although the eNB can get some long term information about preferred beam directions in BF CSI-RS, this could be quickly be outdated for a large number of TXRU, where the beamwidth is very narrow. Moreover, if SRS capacity is a problem in TDD, the uplink measurements used for downlink beam direction finding are forced to have a long periodicity, then also reciprocity based schemes will have a problem with outdated beam information. The robustness measures taken in BF-CSI-RS mode of operation may not be adequate. There may thus be benefits to introduce a hybrid mode of operation, but since Rel.13 in RAN1 is limited to 16 antenna ports and AAS specs in RAN4 are limited in practice to 8 TXRU in Rel.13, the specification of hybrid operation may better be suited in the Rel.14 time frame.

In addition, there are several proposals on how to introduce hybrid operation, so it may need a longer discussion than what Rel.13 time budget allows. In our view, to finalize the basic building blocks (NP and BF CSI-RS) has highest priority before attempting to combine them in a hybrid scheme. 

Observation: Specifying hybrid operation is not crucial in a Rel.13 timeframe and with Rel.13 limitations in number of TXRUs and ports.  
3 Conclusion
We propose the following:
Proposal: NP CSI-RS transmission is the baseline operation of EB/FD-MIMO, supports FDD as well as TDD and should be supported in Rel.13. 

Proposal: BF CSI-RS transmission is useful in deployment with larger number of TXRU for EB/FD-MIMO and should be supported in Rel.13. 

Hence, this proposal of defining “clean” BF and NP modes of operation allows RAN1 to crawl before we can start to walk the FD-MIMO path into the future. We propose
Proposal: Start investigations on hybrid NP/BF solution after defining NP and BF.

