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The current specification Rel.12 allows a serving eNB to configure a UE to disable PMI/RI reporting for transmission modes (TM) 7-10. When a UE is configured as such, UE assumes TM 1 or TM 2 as the reference DL transmission scheme for CQI calculation. In effect, the UE averages channel measurements and takes into account DL interference and noise. However, PMI/RI disabling is supported only up to 4 CRS or CSI-RS ports. 
As FD-MIMO is intended to accommodate up to 64 TXRUs, such legacy PMI/RI disabling might not be sufficient. In 3GPP RAN1#80, the following agreement was made regarding the following high-level categories for potential CSI-RS and feedback enhancements which will be captured in the TR [1]:
· 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 addition, the following description was included in section 6.2.1.4 of TR 36.897 [2]: 
This category comprises schemes for extending Rel.12 non-codebook-based CSI reporting modes particularly for TDD systems. Generally this category of schemes is applicable for TDD systems where a serving eNB configures a UE for non-codebook-based CSI reporting (including RI and/or CQI, but without PMI).  
In this category, the following schemes can be considered:
· Reporting RI and CQI derived from measuring beamformed CSI-RS
· Reporting RI derived from measuring non-precoded CSI-RS, and CQI derived from measuring beamformed CSI-RS where non-precoded CSI-RS is transmitted at a lower rate than beamformed CSI-RS
In this contribution, we present our view on CQI calculation for Rel.13 TDD FD-MIMO with more than 4 TXRUs in mind. A text proposal is also given.
Rel.12 CQI for TDD Operation 
In Rel.12 specification, non-codebook-based TDD beamforming can be done through transmission modes (TMs) 7 to 10 when a UE is configured without PMI/RI reporting by a serving eNB. For such a configuration, the following CSI reporting modes apply (TS36.213 sections 7.2.1 and 7.2.2):
· P-CSI: modes 1-0 and 2-0, conditioned upon transmission rank 1 
· A-CSI: modes 2-0 and 3-0, conditioned upon transmission rank 1 
While CQI is still computed according to table 7.2.3-0 in TS 36.213,  In particular, when the number of antenna ports is 1, the UE calculates CQI assuming TM 1 (precoding for transmission on a single antenna port as described in section 6.3.4.1 of TS 36.211). On the other hand, when the number of antenna ports is either 2 or 4, the UE calculates CQI assuming TM 2 (precoding for transmit diversity as section 6.3.4.3 of TS 36.211). The current Rel.12 specification does not support PMI/RI disabling for 8 CSI-RS ports.
Essentially, this CQI feedback is intended to provide an estimate of SINR scaling (which can be derived from a recommended spectral efficiency). This SINR scaling is needed since UL and DL interference profiles are asymmetric. Therefore, although the eNB is able to estimate the short-term DL channel via SRS by exploiting DL-UL reciprocity, it is unable to obtain an estimate of the SINR scaling (which contains an estimate of interference power spectral density) without any feedback from the UE. Based on the current specification, the eNB can process this CQI feedback to obtain an estimate of SINR assuming transmission rank 1 and single-antenna or Tx diversity operation. 
For an eNB with 2- or 4-antenna ports (associated with 2 or 4 TXRUs), the SINR associated with Tx diversity can be reasonably translated to that associated with rank-1 eigen-beamforming. This is because the SNR gap between Tx diversity and eigen-beamforming, assuming 1 receive antennas at the UE, is  dB where is the number of transmit antenna ports at the eNB. For example, when the eNB is equipped with 2 transmit antennas and the UE one receive antenna, the received SINR (or the CQI) at the UE is 

,					(1)


where  is the interference and noise power. In a TDD system, exploiting SRS and channel reciprocity, the eNB can measure a scaled version of the downlink channel  and can perform a UE-transparent beamforming based on this information. If the eNB applies eigen-beamforming (which, in this case, is equivalent to MRT), the received SINR at the UE under ideal SRS measurement at the eNB will be 

.						(2)
From (1) and (2), it can be observed that a constant gap of 3dB exists between the SINR used by the UE for CQI derivation and the effective SINR as a result of the MRT beamforming. Based on this information, the eNB can re-calibrate the MCS level to take into account this gap. Any mismatch introduced into re-calibration of the MCS level can be compensated through outer-loop link adaptation. Although this example assumes ideal channel measurements at the eNB, perfect channel reciprocity, and MRT beamforming, it shows that a simple TxD based CQI is likely sufficient for effective link adaptation in TDD systems. 
CQI for TDD Operation with Larger Number of TXRUs
With larger number of TXRUs (up to 64) and 2-dimensional antenna array, FD-MIMO facilitates transmissions to multiple UEs using beamforming along both horizontal and the vertical directions. In other words, MU-MIMO becomes more feasible thereby allowing more co-scheduled UEs compared to what is available in Rel.12, with potentially improved system performance. Moreover, in TDD, high-order MU-MIMO might be more effective than FDD because CSI can be measured from SRS (by exploiting channel reciprocity) without CSI feedback. 
In such scenarios, assuming a 2- or 4-port Tx-diversity-based SINR for PMI/RI-disabled CQI reporting seems to be insufficient as the SNR gap between Tx diversity and eigen-beamforming is more unpredictable. Therefore, eNB implementation-based solution may be insufficient in the case for FD-MIMO. 
To alleviate this problem, there are at least two alternative specification-based solutions:
· Alt1. Utilize beamformed CSI-RS to reduce the number of CSI-RS ports to 1 or 2 (or even 4) and reuse Rel.12 CSI reporting modes (including those configured PMI and/or RI)
· Alt2. Introduce a new CQI definition for TDD beamforming which allows more accurate SINR prediction for larger number of CSI-RS ports
Alt1 does not require any additional specification other than beamformed CSI-RS which is also applicable for FDD. Since the serving eNB has knowledge of the beamforming weights and the individual channels from each TXRU, it can re-calibrate the CQI from the UE when necessary. Here, a main function of the reported CQI is to inform the serving eNB of noise and interference level. Furthermore, a serving eNB can transmit UE-specific beamformed CSI-RS to a UE to obtain CQI feedback associated with an eNB-chosen precoding vector. This solution has been covered in the TR [2]. 
In regard of adding RI feedback to support TDD beamforming, the restriction of “transmission rank 1” in CQI calculation for all the applicable CSI reporting modes can be relaxed. This is beneficial for an eNB in choosing a DL transmission rank for UEs with one transmit antenna port. 
Alt2 offers maximum flexibility since a new CQI definition which accommodates more than 4 antenna ports allows the use of non-precoded CSI-RS for TDD beamforming. Overall, Alt1 and Alt2 are not mutually exclusive and can be used together to offer flexibility for non-codebook-based CSI reporting for TDD. It should be noted, however, that unlike Alt1 (where a common solution is used for TDD and FDD), Alt2 requires some additional specification support for TDD. Therefore, its benefit should be assessed compared to Alt1 and eNB-implementation-based solutions. 
Proposal: To address CSI prediction issue at eNB for non-codebook-based CSI reporting: 
· Utilize UE-specific beamformed CSI-RS to reduce the number of CSI-RS ports to 1, 2, or 4 in conjunction with Rel.12 CSI reporting modes 
· Consider relaxing the constraint of “tranmission rank 1” 
· Introduction of a new CQI definition targeted for more than 4 CSI-RS ports can be considered if some substantial benefit is observed over beamformed CSI-RS-based and implementation-based solutions.

Conclusion and TP for section 6.2.1.4 of TR36.897
In this contribution, we have presented our view on TDD enhancements. To address CSI prediction issue at eNB for non-codebook-based CSI reporting, our proposal is as follows:
· Utilize UE-specific beamformed CSI-RS to reduce the number of CSI-RS ports to 1, 2, or 4 in conjunction with Rel.12 CSI reporting modes 
· Consider relaxing the constraint of “tranmission rank 1” 
· Introduction of a new CQI definition can be considered if some substantial benefit is observed over beamformed CSI-RS-based and implementation-based solutions.
To reflect the above discussion, the following addition (underlined) is proposed for section 6.2.1.4 of TR36.897:
This category comprises schemes for extending Rel.12 non-codebook-based CSI reporting modes particularly for TDD systems. Generally this category of schemes is applicable for TDD systems where a serving eNB configures a UE for non-codebook-based CSI reporting (including RI and/or CQI, but without PMI).  
In this category, the following schemes can be considered:
· Reporting RI and CQI derived from measuring beamformed CSI-RS
· Reporting RI derived from measuring non-precoded CSI-RS, and CQI derived from measuring beamformed CSI-RS where non-precoded CSI-RS is transmitted at a lower rate than beamformed CSI-RS
· A new CQI definition forTDD beamforming 
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