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1 Introduction
Current specification allows the eNB to configure a UE to operate in PMI/RI disabled mode for transmission modes (TM) 8-10. When a UE is configured with PMI/RI disabling, UE assumes TM 1 or TM2 as the reference DL transmission scheme for CQI determination. In effect, the UE averages the channel and takes into account DL interference and noise for CQI generation. However, PMI/RI disabling is supported only up to 4 ports (CRS or CSI-RS ports). With FD-MIMO considering up to 64 TXRUs [1], legacy PMI/RI disabling might not be an effective mode of operation in FD-MIMO. In this contribution, we discuss the CQI for TDD FD-MIMO considering the fact that more than 4 TXRUs would be implemented in FD-MIMO systems.
2 Review of CQI for TDD Operation
A UE configured in TMs 8-10 would derive CQI differently depending on whether the UE is configured with or without PMI/RI report according to table 7.2.3-0 in TS 36.213. In particular, when a UE is configured without PMI/RI reporting and when the number of antenna ports is 1, the UE would calculate CQI assuming TM 1 (precoding for transmission on a single antenna port as 6.3.4.1 in TS 36.211). On the other hand, when the number of antenna ports is 2 or 4, the UE would calculate CQI assuming TM 2 (precoding for transmit diversity as 6.3.4.3 in TS 36.211). Current specification does not support PMI/RI disabling for 8 ports (CSI-RS).

The PMI/RI disabled mode of operation is particularly useful in TDD systems where the eNB exploits channel reciprocity for determining the downlink precoding. The CQI generated by the UE based on transmit diversity reflects the interference that the UE experiences. For example, when the eNB has two transmit antennas and the UE has one receive antenna, the received SINR (or the CQI) at the UE is 
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where 
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 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 
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 and can perform an implementation dependent beamforming based on this information. In case the eNB applies MRT beamforming, the received SINR at the UE under ideal SRS measurement at the eNB would be 
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From (1) and (2) it can be observed that the SINR under which a UE generates CQI and the effective SINR as a result of the MRT beamforming is a constant 3dB. Based on this information, the eNB can re-calibrate the MCS level to take into account the effect of the beamforming. Any mismatch introduced in to re-calibration of the MCS level can be adjusted for using outer loop. 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 quite enough for effective link adaptation in TDD systems. 

3 CQI for TDD Operation with Larger Number of TXRU’s
Compared to legacy LTE/LTE-A systems where the number of TXRUs was limited up to 8, FD-MIMO can support up to 64 TXRUs [1]. With larger number of TXRUs and 2-dimensional antenna array, FD-MIMO systems would be able to separate the signals for different UEs using beamforming in both the horizontal and the vertical direction. In other words, signal separation for MU-MIMO becomes more feasible allowing more UEs to be co-scheduled compared to what we have in conventional LTE systems, with which there is possibility of achieving further system performance improvement. Moreover, in TDD, high-order MU-MIMO might be more effective than FDD because CSI can be obtained by SRS and channel reciprocity without CSI feedback. 
However, the current LTE/LTE-A specification supports disabling of PMI/ RI only up to 4 ports. Therefore, in TDD FD-MIMO systems where the number of TXRUs are larger than 4, it is not possible for the UE to measure the channel for more than 4 ports when PMI/RI reporting is disabled. There are two alternatives for addressing this issue. One alternative would be to define new CQI definitions for more than 4 antenna ports when PMI/RI reporting is disabled. The new CQI definition for more than 4 antenna ports when PMI/RI reporting is disabled would generate a CQI based on the averaged channel from the multiple CSI-RS ports. Another alternative would be to rely on proprietary solutions. One example would be to apply antenna virtualization to map TXRUs to 2 or 4 CSI-RS ports. Since the eNB has knowledge of the antenna virtualization weights and the individual channels from each TXRU, it can re-calibrate the CQI from the UE. The CQI’s main role in this example would be to take into account the noise and interference level. The effect of the beamforming would be mostly determined by eNB implementation. Note that a similar approach is currently implemented in TDD LTE/LTE-A systems with 8 TXRU.
Having a specification supported CQI for more than 4 CSI-RS ports when PMI/RI disabled has its benefits. However, it should be studied carefully whether there are implementation based approaches with comparable performance before initiating specification support.
Proposal: Specification support for new CQI definition targeted for more than 4 CSI-RS ports should be considered only if there is evidence that comparable performance cannot be achieved using implementation based approached.
4 Conclusions
This is contribution, we presented Samsung’s view on the necessity of a new CQI definition for TDD taking into account the larger number of TXRU’s in FD-MIMO. Specifically, we discussed whether the current CQI definition in case of PMI/RI disabled mode is necessary given the larger number of TXRUs.
Proposal: Specification support for new CQI definition targeted for more than 4 CSI-RS ports should be considered only if there is evidence that comparable performance cannot be achieved using implementation based approaches.
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