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INTRODUCTION
LTE MIMO work has been progressing quite well in RAN1, however one issue that has remained for a while is that of whether the codebooks should be based on the Householder (HH) matrix or the DFT matrix. We believe it is important that a decision be made soon and adhered to, in regards with which matrix should be adopted and for which situations. This paper suggests a way forward, by proposing a solution to the current impasse.
DISCUSSION
The Householder codebook is vector-based, hence the design of a rank 1 precoder with HH may offer a higher degree of freedom and could perhaps be a more optimized codebook. It appears that DFT may be too restrictive, as indicated by the total number of possibilities for the same alphabet set (e.g. QPSK or 8PSK). Householder also claims to provide additional complexity savings due to its structure. On the other hand, it is claimed that DFT is a simpler design and can simply use current DFT DSP. However, following contribution R1-072596 it appears that for the DFT codebook, there are no complexity savings due to its structure. If we rely on R1-072235, once a small alphabet is use to eliminate the requirements for complex multiplications, DFT and HH have the same complexity.
Both Householder and DFT are off-the-shelf matrices which one can find in any signal processing textbook. HH operation attempts to diagonalize a matrix (which is analogous to operating in eigenmodes – which achieves greater capacity). Although it takes several (2 to 3) Householder stages to fully orthogonalize a matrix, yet with 1 stage sufficient orthogonalization can be attained. DFT, on the other hand, is known to be optimal for ULA array and highly correlated channels. Moreover, if we rely on virtual channel representation of the MIMO channel, a DFT precoder perfectly matches the channel for all correlation profiles. From theoretical chordal distance analysis, both codebook approaches currently offer the same minimum distance. 
Simulation results from HH proponents show that Householder gives at least the same performance, if not better than DFT (in the order of 3-10%). In addition, Householder allows additional complexity savings if a large alphabet is considered. Simulation results from DFT proponents indicate that both approaches give the same performance for uncorrelated channels and DFT outperforms HH for transmit correlated scenarios. Still, this gain (3-10%) is meaningful, even if HH and DFT are almost similar in both performance and complexity.
On the other hand, HH may have some complexity advantages (due to HH operation) when 8PSK or larger alphabet is introduced. But since maximum 8PSK alphabet will be introduced (in order to limit the complexity and also make it work in correlated antenna channels, where, for example Node-B antennas are half wavelength spaced), the complexity difference becomes small and the use of DFT vectors based codebooks may be necessary. Given the small size alphabet, it is not expected that there will be any significant difference in performance and complexity between the two approaches.
In RAN1, at the LTE MIMO session, the following generic ‘Way Forward” papers were presented:

1. R1-072597
Way Forward on 4-Tx Antenna Codebook for SU-MIMO:
· Texas Instruments, Motorola, Nokia, Ericsson, NTT DoCoMo, Panasonic, Freescale Semiconductor, Nortel, Huawei, Broadcom, Comsys, Marvell Semiconductor, Nokia Siemens Networks, InterDigital, Mitsubishi Electric, Sharp

2. R1-072581
Way Forward on Codebook design for 4Tx SU MIMO:
· Samsung, ZTE, ETRI, Qualcomm, CHTTL, ITRI, Magnolia, Broadband, ASUSTec, Sunplus mMobile Inc., CGC

3. R1-072582
Way Forward on SU MIMO Codebook design for 4Tx dual polarized antennas:
· Samsung, ZTE, ETRI, ITRI, ASUSTeK, CHTTL, Magnolia Broadband, Sunplus mMobile Inc., CGC, NTT DoCoMo, Mitsubishi Electric
The first two papers (#1 and #2) address the single-polarized antenna situation, where #1 proposes HH and the #2 proposes DFT. The last paper addresses the dual-polarized antennas situation, using DFT. The single-polarized antenna situation is where the current impasse has occurred where the MIMO sub-working group has not been able to arrive at a consensus on a way forward.

In order to break this logjam, we suggest that:

· for single-polarized antennae, the way forward proposed in R1-072597 be adopted, and

· for dual-polarized antennae, the way forward proposed in R1-072582 be adopted.
PROPOSAL
We therefore request RAN1 to adopt the above proposals, which accommodates both Householder (in the case of single-polarized antenna MIMO) and DFT (in the case of dual-polarized antenna MIMO).
It is imperative that timely decisions are made with respect to the codebooks so that we can proceed to use valuable meeting time for other pending issues, and complete LTE MIMO on time.
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