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1. Introduction

In TR 36.913 [1], it is stated that LTE-Advanced should support downlink peak data rate of 1 Gbps and downlink peak spectrum efficiency of 30 bps/Hz. This requirement calls for an investigation of potential extension of the current downlink MIMO transmission modes to 8x8 SU-MIMO.
The 1 Gbps peak data rate can be achieved by increasing the transmission bandwidth to 100 MHz through carrier aggregation and using 4 layer SU-MIMO transmission. To achieve 30 bps/Hz peak spectrum efficiency, simultaneous 8 streams MIMO transmission is required. The following MIMO schemes may be used for downlink 8-stream transmission:
· Open-loop SU-MIMO

· Multi-user MIMO/Beamforming

· Close-loop SU-MIMO
All of the three schemes may be based on precoding as a natural extension of LTE Release-8. In this contribution, we discuss the principles to design an 8-antenna codebook for LTE-Advanced. Non-codebook based methods for supporting MU-MIMO and CoMP were mentioned in [5]

 REF _Ref221430673 \r \h 
[4].
2. 8 antenna codebook design principles
There are many potential approaches to design the 8-antenna codebook for LTE-Advanced. It is necessary to agree on a set of principles before carrying out the detailed designs and comparing the performance. The following are the principles that we think is important for designing an 8-antenna codebook for LTE-Advanced:
· Achieve the peak spectrum efficiency of 30 bps/Hz using full-rank (rank=8) transmission with limited number of 8x8 codebook entries. As stated in the previous section, the peak spectrum efficiency of 30 bps/Hz requires simultaneous 8 streams transmission(s) to one or more UEs through SU-MIMO or MU-MIMO/beamforming. Therefore 8 receive antennas are needed at the mobiles. In order to support SU-MIMO with 8 streams, the channel between the eNB and UE has to be extremely MIMO-rich which mean the SINR has to be really high and the condition number of the channel matrix has to be really low to support high data rate on each of the stream. Overall, there is very limited usage of the 8x8 SU-MIMO transmissions. For the scenarios that can really benefit from 8x8 precoding, the performance is not sensitive to the selection of the 8x8 codeword as long as the precoder is unitary due to the low condition number of the channel matrix. Therefore, only a very small number of 8x8 codewords are needed.
· Obtain high beamforming gain using low rank transmission with rank equal to 1 (and 2). One major benefit of 8 transmit antennas at the eNB is to achieve higher beamforming gain comparing to 4 transmit antennas, at least for the case of correlated antennas. Therefore, sufficient beamforming entries should be included in the rank 1 codebook for correlated antenna array. Although typically correlated antenna array experiences low-rank MIMO channel, beamforming gain may be desirable for rank 2 transmissions as well for certain scenarios, such as 4 closely spaced cross-polarized antenna pairs or environments with large angle spread.
· Provide good MU-MIMO performance. As discussed in [1], with 8 transmit antennas and potentially more received antennas, multi-user MIMO is one of the major approaches to improve spectrum efficiency, especially for majority of UEs with 2 receive antennas. Although non-codebook based scheme may provide further improvement of the MU-MIMO performance, codebook-based MU-MIMO should also be optimized as a natural extension of the LTE Release-8 scheme. Therefore, MU-MIMO performance should be taken into account when designing the 8-antenna codebook for at least rank 1 and 2 transmissions.
· Achieve at least comparable performance to 4 antenna codebook in terms of average spectrum efficiency for applicable antenna configurations. For many scenarios, 4 transmit antenna precoding already provides closed-to-optimal performance. Moving from 4 to 8 transmit antennas increases the cost and complexity significantly. Therefore, 4-antenna precoding MIMO should be a benchmark for 8 antenna codebook design. For most of the scenarios, 8-antenna codebook should perform at least as good as the 4 antenna codebook and for some scenarios, 8-antenna MIMO with precoding codebook should perform significantly better than that of the 4 antenna MIMO.
· Have relatively low complexity. Rank dependent codebook size can be considered with only a subset of ranks supported, for example rank 1, 2, 4 and 8. As stated above, for high rank transmissions, limited number of codewords is sufficient while more codewords are need for low rank transmissions to achieve beamforming and/or spatial multiplexing gain for various scenarios. Therefore, non-equal codebook size may be used for different ranks. Furthermore, it seems not necessary to support all the possible ranks. 
· Have the potential to largely reuse the existing uplink feedback and downlink signaling design of LTE Release-8. Additional complexity and overhead associated new uplink feedback and downlink signaling should be justified by sufficient performance gain.
· Preserve some of the good properties of the current LTE Release-8 codebook if possible. These properties include constant modulus, nested structure and constraint alphabet. However, these properties may not be required if sufficient performance gain can be achieved otherwise.
· Evaluation criterion for 8 Tx codebook. It is important to briefly consider a strategy to evaluate the different proposals for 8Tx codebooks. A mutually agreeable approach for evaluation is needed to select a particular 8Tx codebook from multiple proposals. As part of the evaluation method, the following conditions are important to consider for link level and system level simulations – 

· Antenna configuration – closely spaced ULA (0.5λ), closely spaced cross-poles (0.5λ)

· MIMO transmission – both SU and MU-MIMO (note that MU-MIMO is an important mode of transmission in the case of 8Tx)

· Estimate of the relative throughput performance of 8Tx eNB with 8Tx codebook compared to 8Tx eNB with 4Tx codebook.

· Estimate of the relative computational complexity at the UE for the two cases mentioned above.
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