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1. Introduction

In RAN1#66 meeting, it was agreed that the following scenarios (A, B, C) would be studied with high priority, and Scenarios A and C would be of the first priority, while Scenario B would be of the second priority [1].
A. Macro cell:  Cross-polarized Macro-sites (2Tx, 4Tx)
· Closely or widely spaced
B. Outdoor and/or indoor low-power RRHs, with coordination with the macro
· High power RRH + low power RRHs 
C. Outdoor small cell(s) with localized antennas
· Cross polarized/Co-polarized (mainly 4Tx)
· Uncorrelated (less correlated)
· Low mobility
During E-mail discussion after RAN1#66, it is identified that Scenarios A and C are studied with a higher priority compared to Scenario B for the CSI feedback enhancement of DL MIMO SI, with the following motivations [2]:
· Single point transmission should be the focus of the DL MIMO SI 

· Coordination aspects have a lower priority in the DL MIMO SI
And the feedback solution optimized for single point transmission (Scenarios A and C) can be further optimized for multi-point transmission (Scenario B) if it does not reduce the performance for single point transmission.
This contribution provides our views on codebook enhancements of Scenarios A and C for Rel-11 DL MIMO. The discussion is limited to single-point CSI feedback. It should be noted that since the channel spatial characteristics of Scenario B is the same with that of Scenario C, the codebook optimized for Scenario C is also optimized for Scenario B with per-point feedback.
2. Views on codebook enhancements
2.1. Potential codebook enhancement of Scenario A

For co-located transmit antenna arrays in Macro cell, closely spaced cross-polarized antenna configuration will be widely deployed in the future Rel-11 network. The Rel-10 8Tx codebook has been already designed for such antenna configuration. For 2Tx, little performance gain can be anticipated by codebook enhancement due to low spatial correlation of cross-polarized antenna configuration; thus the necessity of 2Tx codebook enhancement does not emerge, either. While for 4Tx, the current codebook in Rel-10 is optimized for closely spaced ULA configuration and low correlated spatial channels, thereby the performance for closely spaced cross-polarized antenna configuration could be further improved. Many companies had observed that there were significant gains for 4Tx codebook enhancements in Rel-10 time frame [3], especially for closely spaced cross-polarized antenna configuration. However, no enhancements were approved in Rel-10. Therefore, attention should be paid to codebook enhancement for Scenario A with this configuration to improve the SU/MU-MIMO performance in Rel-11 stage.

Observation 1:

· 4Tx codebook should be enhanced for Scenarios A to improve the SU/MU-MIMO performance under cross-polarized antenna configuration.
2.2. Potential codebook enhancement of Scenario C
In small cell of Scenario C, 2Tx and 4Tx closely spaced cross-polarized antenna array and ULA configurations will be prevalently deployed. The antenna height of low power nodes is about 10 meters, which is much lower than that of Macro cells. The lower antenna height and lower power features introduce different channel characteristics of Scenario C from that of Scenario A. On the one hand, mini cover area leads to more LOS rays, while the spatial correlation is reduced due to larger angle spread; on the other hand, lower frequency selectivity and higher correlation in time domain are expected due to lower time delay spread and lower mobility of UE, respectively. However, it should be kept in mind that the channels are still high spatial correlated because of the closely spaced antenna arrays.

For Scenario C with 2Tx, performance improvement may be expected by codebook enhancement with closely spaced ULA configuration, since LOS rays bring better spatial separation. However, the necessity of 2Tx codebook enhancement should be evaluated. For Scenario C with 4Tx, similar problem arises to Scenario A since the Rel-10 codebook is not optimized only for closely spaced cross-polarized. Moreover, even for small cells with ULA configuration, benefits of codebook enhancement can be expected because the Rel-10 codebook is mainly designed for SU-MIMO, its accuracy is not high enough for MU-MIMO transmission.
Observation 2:

· Whether 2Tx codebook should be enhanced or not for Scenario C is FFS.

· 4Tx codebook should be enhanced under both closely spaced cross-polarized antenna array and ULA configurations for Scenario C.
2.3. Unified 4Tx codebook enhancement for Scenarios A and C 
In Rel-10 stage, the dual-codebook structure 
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 had been proved to be efficient for both closely spaced cross-polarized antenna array and ULA configurations [4]. Therefore, a unified 4Tx codebook enhancement can be obtained for both Scenarios A and C. Furthermore, adopting unified codebook enhancement has the lowest impact on the specifications and equipments. Thus it is desirable and attractive considering the objective and timeline of Rel-11 and reduction of testing burden possibly.
And it should be also kept in mind that the optimization should target to improve the channel quantization for both closely spaced cross-polarized antenna array and ULA configurations. On the one hand, DFT based 
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 can reduce the spatial granularity of beams and therefore provides better spatial separation for both closely spaced cross-polarized antenna array and ULA configurations. On the other hand, 
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 reported in short term and frequency selected mode can bring higher quantization accuracy without increasing the feedback overhead excessively.
Proposals:

· A unified 4Tx codebook should be designed for both Scenarios A and C.
· Dual-codebook structure should be used as the baseline for 4Tx codebook enhancement.
· Similar design to the 8Tx codebook is desirable for 4Tx codebook enhancement considering all prioritized antenna configurations.
Furthermore, it should be noted that since the channel spatial characteristics of Scenario B is the same with that of Scenario C, the codebook optimized for Scenario C is also optimized for Scenario B with per-point feedback. 

In companion contribution [5], new 4Tx codebook is proposed to improve the CSI feedback accuracy, and its performance in all prioritized scenarios (Scenarios A, B and C) is evaluated through system level simulation. Simulation results show that remarkable performance gain can be achieved in all prioritized scenarios with different antenna configurations.
3. Conclusions

This contribution provides our views on codebook enhancements of Scenarios A and C for Rel-11 DL MIMO. Our proposals include:
· A unified 4Tx codebook is designed for both Scenarios A and C.
· Dual-codebook structure should be used as the baseline for 4Tx codebook enhancement.
· Similar design to the 8Tx codebook is desirable for 4Tx codebook enhancement considering all prioritized antenna configurations.
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