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1. Introduction
In terms of UE feedback/reporting for the enhanced DL transmission, the following was agreed in RAN1#58 [1]:
· TxD based and also PMI based feedback modes supported for both TDD and FDD

· Baseline:  No PMI feedback for TDD and FDD

· PMI based feedback is also supported for TDD and FDD

· Re-use Rel-8 feedback modes as much as possible

Hence, there are two UE reporting types that will be supported for the enhanced DL transmission:

· Type 1: PMI-based
· Type 2: Without PMI

Both are applicable for TDD and FDD. In this contribution, we discuss the details of each of the reporting types in relation to the existing CQI modes. We use the term “dual-layer beamforming” to describe the overall enhanced downlink transmission which includes the single- and dual-layer transmission as a result of rank adaptation.
2. UE Reporting Modes
While the applicability of each CQI type is different for TDD and FDD, commonality between TDD and FDD is desirable. Hence, we strive for having the same CQI definition for TDD and FDD.

2.1. Type 1: PMI-based
For dual-layer beamforming, PMI-based reporting is mainly used to perform co-phasing between two different polarization groups for the quadruple-X antenna configuration (four pairs of dual-polarized components). This configuration seems to be the main 8Tx configuration as it is related to the group-of-beam (GoB) scheme.  
Hence, the PMI-based reporting simply follows that for the 2Tx closed-loop spatial multiplexing in Rel-8. In essence, 
· The overall UE report includes CQI, PMI, and RI where CQI, PMI, and RI are defined according to [7].
· To support dual-layer beamforming, RI indicates whether the UE recommends one- or two-layer transmission. Hence, 1-bit RI is used.
· PMI is defined according to the 2Tx codebook in [6]. 

· The (long-term) beamforming gain without each polarization group can be semi-statically signalled to the UE using the nominal PDSCH-to-RS EPRE offset as described in [4]. 
In terms of the specification, the following CQI modes are applicable:
· Aperiodic ([7] section 7.2.1): modes 1-2, 2-2, 3-1

· Periodic ([7] section 7.2.2): modes 1-1, 2-1

The same definition applies for both TDD and FDD.
2.2. Type 2: Without PMI
For TDD, it was argued that the CQI reporting for the Rel-8 single-layer beamforming (based on Tx diversity) is sufficient for supporting dual-layer beamforming if reciprocity can be exploited. Hence, the CQI report primarily conveys the interference information. The actual channel quality and other transmission parameters (precoding, transmit rank) are derived from the SRS-based channel estimates at the eNB. This assumption, however, does not hold for UEs with 1 transmit antenna and RF chain. In this case, the eNB cannot estimate the 8x2 downlink channel via reciprocity. Hence, the eNB can only rely on long-term channel statistics (e.g. spatial covariance matrix) to perform rank adaptation. Consequently, rank adaptation cannot be performed dynamically. Although RI does not change as fast as PMI and/or CQI, relying on the 8x8 (long-term) channel covariance matrix to perform rank adaptation comes at the expense of system throughput. Note that this may not be the only scenario where the short-term channel estimates are not available at the eNB via reciprocity.
For FDD, the same could also be argued regarding the use of the CQI reporting for the Rel-8 single-layer beamforming. At the same time, the need for RI feedback can also be justified. Otherwise, dynamic rank adaptation is not possible. 
Considering the above facts, we argue that the Rel-8 CQI definition based on Tx diversity is not sufficient for type 2 PMI-less reporting. The following UE reporting definition should be used (see also [2]) for both TDD and FDD:

· RI reporting similar to type 1 is supported

· For RI=1, the single-layer CQI can be computed based on Tx diversity assumption (as in Rel-8). 
· For RI=2, the CQIs for both layers (TBs) can be computed assuming a fixed 2x2 precoding matrix (for co-phasing two different polarization groups). 
Such UE reporting definition resembles that for the open-loop spatial multiplexing except for a slight difference in the CQI computation for RI=2.  

In terms of the specification, the following CQI modes are applicable:

· Aperiodic ([7] section 7.2.1): modes 2-0, 3-0
· Periodic ([7] section 7.2.2): modes 1-0, 2-0
It should be noted that the CQI computation for RI=2 is not identical to that for open-loop spatial multiplexing since a fixed precoding matrix is used.
3. Conclusion

This contribution discussed the issue of UE reporting modes for the enhanced DL transmission, i.e. dual-layer beamforming. It was agreed that both PMI-based and PMI-less reporting are supported for TDD and FDD. We argued that RI report is needed regardless of the UE reporting type. This naturally comes with PMI-based reporting. For PMI-less reporting, fixed precoding matrix can be assumed for RI=2. 
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