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1. Introduction
In RAN1#58 the following was agreed:
· 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

Among the listed open issues “Feedback mode details for both TDD and FDD” is mentioned.
In this contribution we summarize and discuss some options for feedback in TDD and FDD mode.
2. CQI Feedback options
It is evident from [1] that a TDD scenario is a primary application scenario for dual-layer beamforming. The usage of channel reciprocity could maximize the achievable gains in TDD.  
2.1. Option 1

An option for feedback is to reuse the feedback modes specified for transmission mode 7 in LTE Rel-8. There is no PMI, RI feedback included. CQI is computed at the UE assuming port 0 or transmit diversity as the transmission scheme of PDSCH for the CQI reference resource. Naturally options such as sub-band CQI, wideband CQI, UE selected sub-bands, higher layer configured sub-bands are supported. This option also supports dynamic rank adaptation.
This is aligned with the baseline assumption made in RAN1#58 and the required specification changes are minimal. This option may be supported by 1, 2 CRS (the possibility of using 1 CRS is important from an overhead perspective while using 4 CRS will incur high overhead). With this option the eNodeB would need to determine the rank and MCS of the PDSCH based on an estimate of the post-processing SINR after beamforming. This estimate may be derived using the uplink SRS transmission. This estimate may be degraded in practice due to multiple reasons as pointed out in [3]

 REF _Ref241995525 \n \h 
[4]. The inaccuracies in this prediction, however, can be controlled by an outer-loop in link-adaptation that is commonly used in practice. Note that the outer loop for link adaptation may depend on monitoring uplink ACK/NACK etc. and is a standard transparent implementation-level detail. This option has similarities to [2] especially in the case of single-layer beamforming. 
2.2. Option 2

An alternative for feedback is to use PMI/RI/CQI similar to proposals in [3]
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[4]. The PMI/CQI/RI is computed at the UE assuming closed-loop spatial multiplexing using 2, 4 CRS according to Rel-8. The usage of 4 CRS is not likely given the high overhead.  It may be noted that this is not a feasible option with 1 CRS. Therefore the most likely environment for the usage of this option is 2 CRS. In case more than 2 physical antennas are aggregated to 2 antenna ports the eNodeB would need to determine the MCS of the PDSCH based on an estimate of the post-processing SINR after beamforming. Therefore it is needs further investigation to determine whether this option can provide any benefit over Option-1. 
This option, in principle, is included in the agreement made in RAN1#58 but not as a baseline.
3. Conclusion
There are other alternatives that may be explored e.g. defining CQI based on DRS. This can provide a better estimate of CQI in case the fading environment and user allocation are relatively static over time. This method, however, needs to be complemented by other options during the first allocation and a change of rank or allocation. 
Given the timeline for this work item it is desirable to consider option-1 as a baseline for dual-layer beamforming in TDD.
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