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In 3GPP RAN #65, a Rel.13 study item (SI) on EBF and Full Dimension MIMO (FD-MIMO) was approved [1]. Among several items is a study of possible enhancements to support 2D rectangular array. While standard-transparent schemes may be employed to enable FD-MIMO, the SI also intends to identify some potential areas of improvement in specifications: 
· Identify/evaluate potential enhancements required for implementing the SU/MU-MIMO transmission schemes that would provide the identified performance benefits including
· Evaluate the need for defining additional measurement antenna ports up to 64 at maximum.
· Evaluate the need for reference signal design enhancements (including SRS, CSI-RS, and DMRS).
· Evaluate the need for enhancement of codebook and feedback mechanism for SU/MU-MIMO (including CQI definition, layer mapping, and precoder/rank indication).
· Evaluate the need for enhancement of channel reciprocity based operation.
· Evaluate the need for enhancement on diversity transmission scheme. 
· Evaluate the need for control signalling enhancement for SU/MU-MIMO (including support of higher dimensional MU-MIMO).
· Evaluate the need for support in the standards for eNB antenna calibration.
· The maximum number of received layers per UE should be unchanged (up to eight).
Two of such areas include CSI feedback and CSI-RS enhancements aimed at enabling efficient utilization of 2D rectangular arrays (up to 64 elements). As one of the primary values of FD-MIMO is its support for higher-resolution DL beamforming (which facilitates improvement in MU-MIMO and, potentially, DL COMP), the availability of sufficiently accurate CSI at the eNB is crucial. For TDD, UL-DL channel reciprocity can be exploited to derive short-term CSI at the eNB provided that good TX-RX calibration is feasible. The same does not hold, however, for FDD, where short-term UL-DL reciprocity is absent. In this case, short-term CSI at the eNB is largely attained from CSI feedback. Although in some cases partial CSI at the eNB may be attained through long-term UL-DL channel reciprocity, performance loss due to the lack of accurate short-term CSI is still significant especially for MU-MIMO (see our companion contribution [3] where we show some potential throughput improvement relative to a simple extension of Rel.12 MIMO to FD-MIMO). 
The availability of accurate CSI feedback is also conditioned upon the availability of CSI-RS. Rel.12 CSI-RS supports a maximum of 8 ports and is cell-specific. While CSI-RS can be designed separately from CSI feedback schemes, more efficient CSI feedback and CSI-RS resource usage could be designed when they are considered jointly. 
In this contribution, we present our view on CSI feedback and CSI-RS enhancements for FD-MIMO in relation to each other. Our focus will be on FDD in the context of the challenges mentioned above. 
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Based on the above preliminary discussion, the following aspects are considered before proceeding to identifying possible scenarios. These are especially relevant to FDD.
Feasibility of accurate CSI at eNB for FDD
In some particular scenarios or eNB implementations, an eNB may be able to measure the corresponding UL long-term channel statistics from the SRS. An example of UL long-term channel statistics is angle-of-arrival (AoA) profile. Then, this measured UL profile is utilized (translated) to derive a DL angle-of-departure (AoD) profile, which can be utilized at least for long-term wideband beamforming. For instance, other than facilitating standard-transparent “enhancements,” long-term channel statistics can be used to reduce UL and/or DL control signaling overhead when used in conjunction with fast precoding (see, e.g. [3, 4]). 
However, the feasibility of such scenarios, while valid, depends on a number of system-specific factors such as channel and network conditions as well as various eNB implementation issues. Hence, to ensure competitive performance and wider applicability of FD-MIMO, FD-MIMO-related potential enhancements should be sufficiently versatile to accommodate various channel and network conditions as well as eNB vendor implementation preferences. For this reason, CSI feedback enhancements should be designed in such a way that accurate CSI is available at the eNB without any assumption of the availability of long-term channel statistics. Any further optimization in such scenarios (e.g. feedback reduction) can be addressed as a configuration matter.  
Observation: FD-MIMO-related CSI feedback enhancements should facilitate the availability of accurate CSI at eNB in various channel and network conditions as well as eNB vendor implementations for FDD.
Proposal: FD-MIMO-related CSI feedback enhancements, and hence precoding, should be sufficiently configurable to accommodate various scenarios and eNB implementations.
Precoding of CSI-RS
A number of contributions in the last meeting have pointed out several benefits of precoding CSI-RS for FD-MIMO. One advantage is potential saving in CSI-RS resources. Given that the maximum number of CSI-RS ports in Rel.12 is 8 (while up to 64 elements are to be considered for Rel.13 FD-MIMO), it may be desirable to maintain the same maximum number of CSI-RS ports as Rel.12. Even when the maximum number of CSI-RS ports is increased, 64 ports are highly excessive. In this case, CSI-RS precoding allows mapping from a small number of ports to a large number of antenna elements. Conventional antenna virtualizations are special cases of CSI-RS precoding where static precoding is used (as reflected in baseline assumptions for performance evaluation). 
More advanced precoding for CSI-RS can also be done. For instance, slowly adapted SVD-based cell-specific CSI-RS precoding is proposed in [5] where 8-port CSI-RS is mapped onto 8x4 dual-polarized array. While this is a potentially feasible standard-transparent scheme, CSI-RS coverage improvement offered by cell-specific CSI-RS precoding may be limited especially when the number of UEs is sufficiently large. Here, UE-specific CSI-RS beamforming may be superior at the expense of higher utilization of CSI-RS resources.
For FDD scenarios, a most efficient way to perform slowly adapted CSI-RS precoding may be to utilize UL-DL long-term reciprocity at the eNB. Here again the feasibility of UL-DL long-term reciprocity becomes relevant. Without such long-term reciprocity, non-precoded CSI-RS and (slow) UE feedback would be required to enable precoding on CSI-RS. This would defeat the purpose of precoded CSI-RS (i.e. to avoid supporting non-precoded CSI-RS for a large number of antenna elements). 
Observation: Precoded CSI-RS is most efficiently implemented (and hence most suited) when UL-DL long-term reciprocity is available at the eNB. Better coverage is expected with UE-specific CSI-RS beamforming.

Possible FDD scenarios for CSI feedback in relation to CSI-RS
We may proceed in defining CSI feedback based on a precoding model similar to the dual-stage precoding of Rel.10/12 (W1-W2 or i1-i2). A precoding matrix can be written as a product of long-term and short-term components:
   																		(1)
Assuming that the total number of TX antennas (at the eNB) is   and the transmission rank (the number of transmission layers) is , the size of the precoder matrix  is  . For dual-polarized array with rows and columns, the number of TX antennas is . Here denotes the long-term component and  the short-term component associated with a linear transformation of the long-term component. Following Rel.10/12, is a wideband precoder while may be wideband or subband depending on CSI mode. Likewise, the number of columns of (which is also the number of rows of ) corresponds to the number of spatial beams which are selected and co-phased by . This is denoted as . For 2D antenna array with vertical (v, elevation) and horizontal (h, azimuth) dimensions, each precoder component admits a Kronecker product structure. So the depiction in (1) can be written as follows:
				(2)
Based on the discussion of the two system aspects in Section 2, we arrive at the following considerations. Here, we restrict our discussion on UE-specific precoding of CSI-RS.
· When DL long-term channel statistics are available and utilized at an eNB, can be slowly adapted without any need for UE feedback. Otherwise, requires slow(er) UE feedback analogous to the PMI associated with i1 in Rel.10/12.
· This long-term component can be applied to both CSI-RS and data.
· For data precoding, using both  and is analogous to  of Rel.10/12.
· Scenario 1 is suitable when UE-specific or group-specific CSI-RS precoding does not result in excessive usage of CSI-RS resources.  Scenario 2, on the other hand, is more attractive when the number of TX antenna elements is small. Both scenarios may find applicability in different cases. 
· As mentioned above, if UL-DL long-term reciprocity is not utilized, two sets of CSI-RS (precoded and unprecoded) are required. Therefore, its applicability seems to be questionable.
In light of the above observations, possible scenarios for FDD are outlined in Table 1 below:

[bookmark: _Ref409617147]Table 1 Possible scenarios for precoding: data and CSI-RS
	
	DL long-term statistics

	
	Accessible at eNB
	Inacessible at eNB

	Precoded CSI-RS
	Scenario 1
CSI-RS: precoded with  (UE-specific).
Data: precoded by and .
CSI feedback: include only PMI associated with  (reduced feedback)
	--
(applicability unclear)

	Non-precoded CSI-RS
	Scenario 2
CSI-RS: non-precoded 
Data: precoded by and .
CSI feedback: include only PMI associated with  (reduced feedback).
	Scenario 3
CSI-RS: non-precoded
Data: precoded by and .
CSI feedback: include PMIs associated with and .




Conclusion
In this contribution, potential areas of enhancement for CSI feedback in relation to CSI-RS are discussed. We have presented the following observations and conclusions. 
Observations: 
· FD-MIMO-related CSI feedback enhancements should facilitate the availability of accurate CSI at eNB in various channel and network conditions as well as eNB vendor implementations for FDD.
· [bookmark: _GoBack]Precoded CSI-RS is most efficiently implemented when UL-DL long-term reciprocity is available at the eNB. Better coverage is expected with UE-specific CSI-RS precoding.
Proposals: 
· FD-MIMO-related CSI feedback enhancements, and hence precoding, should be sufficiently configurable to accommodate various scenarios and eNB implementations.
· Some of these scenarios are reflected in Table 1 above.
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