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1.1. Introduction

It was agreed to support an enhanced DL transmission by employing dual-layer beam-forming (DL BF) in Rel-9 which is extended transmission scheme from mode 7 beam-forming in Rel-8. Through online and offline discussions from previous several meetings, a lot of issues including DM RS pattern and overhead, supporting of MU-MIMO and CQI feedback have been discussed. In RAN1 58 meeting, some conclusions were achieved by consensus in [1]. This way forward made a great progress for satisfying the timeline of Rel-9, but we believe, there are still ambiguous points that need to be clarified and discussed further. The following is a part of the agreed text from [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 TDD and FDD

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

In this contribution, we take a further look into how we can support the feedback scheme for dual-layer beam-forming mode derived from agreed way forward.
2.1.  Feedback options for dual-layer beam-forming
2.1. PMI based feedback
In the case of PMI based feedback, in some aspect, it seems to be clear because we can re-use Rel-8 based feedback scheme depending on the number of antenna port. Therefore, we can estimate corresponding CQI values (for each code-words, if Rank 2 transmission is assumed) assuming a certain precoding matrix in the transmitter side. If the number of antenna ports is known to be two or four at the receiver, the precoding matrices from Rel-8 can be used.  Most of the CQI/PMI/RI feedback mechanism can be re-used for this particular transmission mode with the exception that only up to Rank 2 is supported, which may require some description in the specification.
2.2. No PMI based feedback
In Rel-8, the transmission mode 7 is the one supporting beam-forming of single data stream. In addition if more than one antenna port is being used in the system, then transmit diversity is assumed as PDSCH transmission scheme for CQI calculation. When assuming that Rel-9 DL-BF re-uses CQI feedback mechanism from Rel-8, in case of Rank 1, we can re-use the assumption for CQI calculation in Rel’8. However, the critical question corresponding to the case of rank 2 remains. An ambiguous issue to be clarified is how we support (or even not support) CQI calculation and feedback in case of rank 2 transmission which should be based on no PMI feedback as mentioned in [1]. We believe this may be a critical issue which must be resolved in order to finish Rel-9 enhanced downlink transmission features. On the other hand, for this issue it may be possible to re-use the feedback scheme which doesn’t require PMI feedback in Rel-8 for Open Loop Spatial Multiplexing (OL SM). The potential problem with this is that OL SM only feeds back single CQI regardless of Rank number, and assumes virtual layer domain unitary precoding matrix column permutation, which may not be appropriate for DL-BF transmissions. It may be also possible not to support no PMI based feedback for Rank 2. We believe further discussions are needed to resolve this and possibly create a new Rank 2 no PMI feedback mechanism if needed
3.1. Possible approaches for Rank 2 CQI feedback for non-PMI based feedback
Option 1) Do not support Rank 2 CQI feedback for non-PMI based feedback.
   In this option Rank 2 CQI feedback, thus 2 codeword CQI feedback is not supported. When configured to non-PMI based feedback, the UE only may report Rank 1 TxD based CQI feedback. This does not mean that eNB cannot transmit Rank 2 in case of non-PMI based feedback. The eNB may override rank recommendation from the UE and still configure Rank 2 transmission with certain MCSs utilizing implementation specific information (e.g. channel coefficients obtained from channel reciprocity).
Option 2) Support Rank 2 CQI feedback using legacy feedback features (i.e. OL SM feedback mechanism)
   In this option Rank 2 CQI feedback for non-PMI based feedback will be based on OL SM feedback mechanism. This means that only a single CQI will be reported for both Rank 1 and Rank 2. Rank 1 CQI will be based on TxD, and Rank 2 CQI will be based on OL SM virtual layer domain unitary precoding matrix column permutation. This effectively averages out CQI for each layer into a single CQI. Whether this averaged out information is actually beneficial to the eNB compared to no information is to be seen. Overall although the use of layer averaged CQI information for Rank 2 is questionable for dual-layer beam-forming cases, this option will allow for the UE to recommend the Rank of the subsequent data transmissions to the eNB.
Option 3) Support Rank 2 CQI feedback using modified (new) feedback mechanism
   In this option new CQI calculation mechanism for Rank 2 CQI feedback for non-PMI based feedback is introduced to Rel-9. Depending on implementation of dual-layer beam-forming, this option may allow most accurate CQI feedback compared to option 1 and 2. Consideration of option 3 must include benefits of actually supporting non-PMI rank 2 CQI feedback, and implications of introducing a new CQI feedback scheme into Rel-9. If option 3 is to be agreed, we believe further discussion may be needed on the exact CQI calculation mechanism for this case.
4.1. Conclusion
There is ambiguous point to be clarified in terms of non-PMI based feedback from way forward [1] in RAN 58 meeting. We outlined few possible approaches for Rank 2 CQI feedback for non-PMI based feedback. We propose to discuss further the issue at hand, and decide on either option 1, 2, or 3 as a conclusion.
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