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1 Introduction
One of the requirements for LTE-Advanced is the improvement in downlink capacity and cell edge throughput or coverage [1]. Downlink MIMO plays an important role in achieving these performance goals in LTE-Advanced. Codebook design has been identified as one of the key factors in improving the downlink MIMO performance in LTE, in addition to the required support of 8x8 MIMO [2]
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[8]. Some discussions and suggestions are provided in this contribution to facilitate a decision on the open issue of codebook design for downlink MIMO and CoMP.
2 LTE-A Codebook for DL-MIMO and CoMP
A number of contributions have been submitted to RAN1 #56bis on various aspects of the codebook design for downlink MIMO. These aspects include the codebook design for 8 transmit antenna systems [2]
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[4], and the need for improved codebooks to support SU-MIMO, MU-MIMO and/or CoMP [3]
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[7]. 
To allow the support of various antenna configurations that would be favorable for different deployment scenarios, e.g., correlated, uncorrelated or cross-polarized antenna systems, LTE-Advanced may support additional codebooks to be used for UE feedback in closed-loop operations. 

This would allow performance improvements in the closed-loop transmission modes, e.g., Transmission mode 5 (multi-user MIMO), and Transmission mode 6 (closed-loop spatial multiplexing using a single transmission layer).

Even though the improved codebook may require a larger size, it would be worthwhile to consider the performance gain as a tradeoff with the additional overhead. For example, the codebook size is doubled with an additional bit of feedback overhead. The performance gain from the 100% increase in codebook granularity can be significant with the increase in feedback overhead by a single bit only.
From the perspective of UE complexity which may increase with an increase in the size of search space, it may not be an issue for high performance LTE-A UEs, taking into consideration the time frame when LTE-A UEs would be deployed and Moore’s law. 
For backward compatible, higher-layer (RRC) signaling can be used to configure the use of a different codebook by some or all of the UEs conveniently, depending on the UE capability, e.g., Rel-8 UEs or LTE-A UEs, and the deployment configuration, e.g., correlated, uncorrelated or cross-polarized antenna systems. 
As the codebook is configurable, the larger UE-specific codebook can be configured when a higher capacity is required in the deployed system. Otherwise, the smaller codebook can be used to minimize UE complexity.
3 Proposed way forward 
As discussed in [8], the decision on the most optimum codebook for LTE-Advanced is likely to require additional evaluation and comparison of proposals. 
As we need to proceed with the evaluation of LTE-A to meet the ITU-R submission deadline for IMT-Advanced submission, it is proposed that various codebook designs be simulated for comparison alongside with the LTE-A evaluation by individual proposing companies. The best codebook design for a specific deployment configuration can then be selected based on the simulation results. 
Release-8 configuration should be simulated for the baseline performance reference, for comparison with the new codebook to identify the amount of performance gain. 
4 Text Proposal for TR 36.814
To allow for the evaluations of LTE-A proposals towards the deadline for IMT-Advanced submission, the following text descriptions (as underlined) are proposed for inclusion in the latest version of TR 36.814.

---------------------------------------------------------------------------------------------------------------
7.1
Downlink spatial multiplexing
Downlink spatial multiplexing of up to eight layers is considered for LTE-Advanced.
In the downlink 8-by-X single user spatial multiplexing, up to two transport blocks can be transmitted to a scheduled UE in a subframe per downlink component carrier. Each transport block is assigned its own modulation and coding scheme. For HARQ ACK/NAK feedback on uplink, one bit is used for each transport block.
A transport block is associated with a codeword. For up to four layers, the codeword-to-layer mapping is according to section 6.3.3.2 of TS 36.211. 
Precoding for downlink spatial multiplexing for up to four layers is based on the codebooks as defined in Section 6.3.4.2.3 of TS 36.211, or another codebook as configured by the higher layer. The new codebooks, including supports up to eight layers, will be selected based on the results of performance evaluation. 
5 Conclusions

To facilitate the progress in downlink MIMO codebook determination, it is proposed to evaluate various codebook designs with Release-8 codebook as the baseline for performance comparison. In this approach, the best performance results corresponding to the best codebook design can be used for the IMT-Advanced submission, to ensure the competitiveness of LTE-Advanced as compared to candidate technology proposals to be submitted by other SDOs.
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