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1 Introduction
In the RAN1#46 meeting in Tallinn, it was decided that unitary precoding matrix is used for support of single-user MIMO. Also, UE feedback is based on the codebook-based precoding for FDD. In this contribution, we provide an extension of 2-Tx and 4-tx MIMO codebook supporting CDD-based precoding [2]-[6].
2 Way Forward on CDD-Based Precoding for Rank Adapted Spatial Multiplexing Mode
The following way forward on CDD-based precoding for the rank adapted spatial multiplexing mode is proposed:

· Support of rank adapted spatial multiplexing including rank-1 non-TxD combined with CDD using slow phase variations (also known as small delay CDD).

· Support of rank adapted spatial multiplexing combined with CDD using fast phase variations (also known as large delay CDD). Such large delay CDD operation for rank  > 1 is carried out only among the virtual antennas corresponding to the selected rank.

· Support of zero delay, a single large delay value and a single small delay value for 2 Tx, and similarly for 4 Tx.

· For 2 Tx MIMO, a single small delay corresponds to either 1 or 2 samples.

· For 4 Tx MIMO, the small delay phase shifts are FFS.

· For 2 Tx MIMO, “large delay CDD” means phase variation in line with Nfft/2 delay difference between (virtual) antennas is used.

· For 4 Tx MIMO, “large delay CDD” means phase variation in line with Nfft/4 delay difference between consecutive (virtual) antennas is used.

· Explicitly tailored signalling (downlink and feedback including e.g. CQI reporting) for the large delay case to avoid unnecessary signalling overhead. 

· For 2-Tx MIMO, the default precoding codebook, or a subset thereof, is reused for rank adapted spatial multiplexing with CDD.

· For 4-Tx MIMO, precoding codebook(s) used in conjunction with CDD and rank adapted spatial multiplexing is/are FFS.

· NodeB can obtain recommended CDD delay values/phase shifts  (zero, small, or large) from the UEs on a semi-static basis. NodeB has the ability to select (and signal on the downlink) the possible CDD delay values per UE on a semi-static basis.
· Support of rank adapted spatial multiplexing with CDD is considered separate from the techniques supported in transmit diversity mode.
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