3GPP TSG RAN WG1 Meeting #67

R1-114060
San Francisco, USA, 14th – 18th November 2011

Source: 
Alcatel-Lucent Shanghai Bell, Alcatel-Lucent
Title:
Proposal for 4-tx codebook enhancement for cross-polarised antennas
Agenda Item:
7.6.3
Document for:
Discussion/Decision
1. Introduction
During the SI on downlink MIMO enhancements, cross-polarized antenna, especially 4-tx, was agreed to be studied with the first priority in both scenarios A for macro cell and C for outdoor small cell [1]. The enhancement of the PMI feedback codebook resolution was identified as the primary factor in improving the performance of Cross-Polarized Antenna (CLA) antenna configurations [2]. A two-stage codebook was proposed to enhance the codebook feedback accuracy for both 4Tx and 2Tx, based on the same two-stage feedback framework as applying for geographically separated antenna ports for CoMP [3]. The performance of the two-stage feedback design is further evaluated based on the latest agreed simulation assumptions [4, 5].
This contribution discusses the standardization impact of these codebook enhancements.
2. Standard Impact Analysis
Extensive simulation results showed that with ideal CSI feedback, significant performance gain can be achieved from MU-MIMO, for both closely and widely spaced cross-polarized antenna. While with Rel-10 4Tx codebook, MU-MIMO does not bring significant gain over SU-MIMO. The CSI feedback accuracy is also important for CoMP JT [6].
Observation
· A larger codebook size is needed to enhance the prioritized antenna configurations of both closely and widely spaced cross-polarized antennas as well as geographically separated antennas
· Improved spatial quantization can enhance the performance of both MU-MIMO and CoMP
When increasing the codebook size, the feedback overhead needs to be carefully considered. In LTE Rel-10, a two-stage feedback of W1 and W2 for 8Tx has been standardized, each of which has 4 bits at most, whereas the Rel-10 codebooks for 2Tx and 4Tx are the same as the Rel-8 codebooks, and have smaller size (having only 2 and 4 bits respectively). It is natural for 2Tx and 4Tx codebooks to reuse the same number of bits as for 8Tx to enlarge the codebook size, while avoiding a commensurate increase in feedback overhead compared to 2Tx and 4Tx in Rel-10. 
Observation
· Rel-10 two-stage feedback framework should be reused to enhance both 4Tx and 2Tx codebooks
As wireless networks evolve, more and more types of antenna configurations (including ULA, CLA, localized antenna vs. geographically separated antenna, and even CAA, 3D antenna, etc. in the future) will become important, and deployment configurations will become more varied (including homogeneous network, heterogeneous network, small cell, etc.). These combinations of antenna configurations and network deployments will result in quite different spatial correlation properties of wireless channel, and thus require different codebooks. Increasing the codebook size can provide a good spatial quantization accuracy for these various environments, while at the same time, RRC signalling can be used to configure a subset of the larger codebook to a certain UE depending on the environment. This allows the UE to reuse the current feedback payloads to feed back the smaller codebook while semi-static adaptively changing the codebook subset to match well the actual slow changing property of the wireless channels. Such a RRC signalling with codebook subset restriction helps to constrain the complexity at the UE side, while improving the codebook adaptability to different antenna configurations and network deployments.
Observation

· Higher-layer signalling should be used to configure a subset of the larger codebook for each UE.
The existing codebooks in Rel-10 are constant-modulo, and the feedback is only used to quantize the phase information of the wireless channel. This is reasonable for traditional localized co-polarized antenna configurations as well as for SU-MIMO. It is most beneficial to prioritize the quantization of the phase information when the codebook is small. However, when MU-MIMO is the target to be optimized, both phase and amplitude are important, particularly when the codebook size becomes large. Further study is needed on how to take the inter-antenna amplitude information into account: for cross-polarized antennas, particularly widely spaced, it might be better to characterize the amplitude information of the channel branches between polarization directions in the codebook design directly; while for geographically separated antennas, it might be possible to use per-point RSRP, or per-CSI-RS CQI or UL/DL reciprocity to provide such power imbalance information to the eNB.
Observation

· Inter-antenna amplitude offsets need to be considered as well as phase. 
3. Conclusions

In this contribution we summarized the main codebook enhancements that are valuable to standardize for downlink MIMO in Rel-11:
· A larger codebook size is needed to enhance the prioritized antenna configurations of both closely and widely spaced cross-polarized antennas as well as geographically separated antennas.
· Improved spatial quantization can enhance the performance of both MU-MIMO and CoMP.
· The Rel-10 two-stage feedback framework should be reused to enhance both 4Tx and 2Tx codebooks.
· Higher-layer signalling should be used to configure a subset of the larger codebook for each UE.
· Inter-antenna amplitude offsets need to be considered as well as phase. 
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