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1
Introduction

The way forward on UE feedback framework agreed during RAN1#60 [1] yields a significant milestone in LTE Rel-10 feedback design. It is agreed that 3GPP will extend the implicit feedback mechanism of LTE Rel-8 to Rel-10, meaning that a UE feedback package comprised of PMI/RI/CQI needs to be designed. The latest WF agreement sets a new structure for the Rel-10 CSI feedback, consisting of a dual-codebook approach, each of the codebooks targeting respectively the long- and the short term components of the channel. This departs from the single codebook approach of Rel-8. In the following we mainly focus on design aspects and overall feedback structure for double codebook based CSI reporting.  
2
Codebook design for double codebook operation
During RAN1#59bis, it was agreed to use a double codebook structure for Rel-10 CSI feedback [1]. As the 8-Tx codebook should follow this structured approach, we note several possible combinations in terms of dimensioning and possible reuse of Rel-8 codebook/feedback components. Hence these should be taken into account when tailoring the two codebooks.

One of the main benefits of decoupling the long- and short term CSI feedback components is that it can enable savings in UL feedback overhead and yet provide robust performance. The feedback budget of the double codebook should be carefully considered with respect to the single codebook approach. It is a natural starting point to consider same feedback budgets. However, the double codebook structure may have further potential in better utilizing the available bits between the two codebooks. Lower overhead of the double codebook should come with the benefit of providing similar (or better) performance as single codebook.
· Double codebook structure should provide at least the same performance as traditional single CB approach, while overhead reductions compared to single codebook operation should be carefully considered.
Let us denote by W1 the codebook representing the long term CSI feedback component. Assuming an 8-Tx MIMO feedback which we have to design with priority, one can allow W1 codebook to compress to the spatial dimension exhibited by the channel, which spans in theory up to rank 8 in an 8x8 configuration. The second codebook, W2, targets the short term CSI component. A truly flexible codebook for W1 in terms of dimensionality would lead to an extended number of options for W2, for example 3-, 5- and 7-Tx codebooks should be designed. Moreover, even if from the theoretical perspective it makes sense to use W1 codebook as a way to compress the channel to the spatial dimension, it brings unnecessary complications to the codebook construction when the rank of the channel is high. Another key aspect is the wideband nature of the long term CSI component: its significance decreases as the rank increases because then the channel typically tends to decorrelate. MU-MIMO gains are found when there is good spatial separation between users, hence in fairly low rank channels. As the rank of the channel is increasing, the gains are found more in the short term component, indicating a single-user scheduling.  
A careful balance between the use of W1 and W2 codebooks is needed. Based on the above discussion it may be sensible to split the operation of W1 and W2 based on reported rank such that 8xR W1 matrix is used for ranks up to R, where as for ranks larger than R, W1 could be the 8x8 identity matrix. For example, one may design W1 for up to rank 2, in which case W1 would be chosen from a 8x2 codebook, and the corresponding W2 could use a 2x2 codebook. For ranks larger than two, W1 would be the 8x8 identity matrix and for W2 a new 8xR codebook would be used. Another solution could be to choose W1 from a 8x4 codebook and have corresponding designs for W2.
· Investigate the option of splitting the operation of W1 and W2 depending on the transmitted rank.

Various scenarios are envisioned for 8-Tx operation and these include for example the use of cross-polarized antennas with half lambda spacing and uniform linear arrays with half lambda spacing, both including the case of non-calibrated antennas. It is a well established fact that the codebooks are designed and sometimes fine tuned to the channel conditions where they are fitted to operate. The 8-Tx codebook should operate in these environments and W1 should consist of a single codebook. However, allowing one codebook to fit all these scenarios, leads to an increased codebook size or to tradeoffs that could limit the performance.

· RAN1 should clarify specific scenarios for which the double codebook is designed to operate.

· A single codebook W1 for the long term CSI component should be designed for all envisioned scenarios.

Another issue arises when handling W1 codebook over the channel. Essentially W1 performs a decorrelation of the channel, compressing it along its main eigencomponents. This raises the question of the usability of reusing the Rel-8 codebook as W2. For example in case of 8-Tx and 2 Rx antennas, W1 is of size 8x2 while W2 is a 2x2 matrix. In this case, reuse of the Rel-8 2-Tx codebook is possible for W2. Careful analysis should be done if such reuse is possible or whether enhanced W2 design is needed. In an 8x4 scenario one might consider reusing the Rel-8 4-Tx codebook as well.

· Strive for Rel-8 codebook reuse for the short term CSI component, when dimensionality supports such reuse; possible deviation from this principle should be justified by significant performance gains.

As for the reuse of Rel-8 codebooks for the long term feedback component, this should be very carefully considered. We believe that W2 is more fitted for such Rel-8 CB reuse, for example when operating in 2x2 configuration, while W1 should be allowed a new design in order to better cope to the task at hand. The tradeoff between performance and feedback budget should prevail in face of aggressive reuse of Rel-8 codebook.
3
Conclusions

In this contribution we have been addressing further issues which impact the double codebook design and operation. Our conclusions and recommendations can be summarized as follows:

· Double codebook structure should provide at least the same performance as traditional single CB approach, while overhead reductions compared to single codebook operation should be carefully considered.

· Investigate the option of splitting the operation of W1 and W2 depending on the transmitted rank.

· RAN1 should clarify specific scenarios for which the double codebook is designed to operate.

· A single codebook W1 for the long term CSI component should be designed for all envisioned scenarios.

· Strive for Rel-8 codebook reuse for the short term CSI component, when dimensionality supports such reuse; possible deviation from this principle should be justified by significant performance gains.

References

[1] R1-101683, Way Forward for Rel-10 Feedback Framework.

[2] R1- 100852, PMI-based multi-granular feedback for SU/MU-MIMO operation, Ericsson, ST-Ericsson.
[3] R1-101066, DL 8TX codebook, Huawei.

[4] R1.101901, On the downlink DMRS support for MU-MIMO in LTE Rel-10, Nokia, Nokia Siemens Networks.







