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1. Introduction

At the previous RAN1#60bis meeting in Beijing, the following way forward was agreed upon [1].
· A precoder W for a subband is a function of two matrices W1 and W2, i.e. where W1 ( C1 and W2 ( C2. The codebooks C1 and C2 are codebooks one and two, respectively.

· W1 targets wideband/long-term channel properties

· W2 targets frequency-selective/short-term time channel properties

· For PUCCH, the feedback corresponding to W1 and W2 can be sent in different or the same subframe (unless it turns out that the payload is too large to ever send W1 and W2 in the same subframe on PUCCH).

· Periodic and aperiodic reports are independent

· For PUSCH: FFS

· FFS whether feedback corresponding to W1 and/or W2 may be switched off

This agreed way forward was initially presented in [2] at the RAN1 meeting and revised in [1] after incorporating views from some companies. In fact, there were several alternative ways forward that were proposed [3]-[5] with different focuses that have been actively discussed. Consequently, there has not been much progress from the way forward [6] that was already agreed upon at the RAN1#60 meeting in San Francisco. Thus, further discussions are urgently needed to narrow down the scope of the ongoing discussions since the timeline for Rel-10 is tight. This contribution provides some analyses and our views on them in order to drive the discussion forward.

2. Further Views on UE Feedback Enhancement for LTE-Advanced

In [7], we presented our general views on open issues regarding UE feedback enhancement for Rel-10 LTE-Advanced. As in [7], the issues that we need to discuss at RAN WG1 are listed below.
· Feedback enhancement scheme: Relationship between the two codebooks and the UE procedure to select PMIs from the two codebooks.

· Codebook design: Codebook size, matrix dimensions, and codebook property of the respective codebooks.

· CSI reporting scheme: Physical channel(s) to convey enhanced PMI/CQI/RI information, i.e., aperiodic/periodic reporting on the PUSCH/PUCCH.

These issues remain important and this contribution further elaborates on these issues by focusing on more specific aspects in relation to the ways forward in [3]-[5] that are still under discussion. The aspect of the CSI reporting scheme is separately discussed in an accompanying contribution [9].

2.1. Relationship Between Two Codebooks

As discussed in [7], we consider that the relationship between the two codebooks should be determined first before moving on to a detailed codebook design. In our understanding, there are two different approaches regarding the relationship between the two codebooks. In one approach, a precoder for a subband is jointly formed by two PMIs, which are taken from the two codebooks. Therefore, the two codebooks need to be jointly designed. In the other approach, two PMIs selected from the two codebooks complementarily form a precoder for a subband. In this case, the two codebooks can be individually designed. Therefore, we see that the decision on the relation between the codebooks has a substantial impact on the underlying codebook design. Although a combination of these approaches may be possible, as mentioned in [10], namely each of the two independent reports comprises two PMIs, we believe that the resulting feedback overhead then becomes too large to justify such a combined approach. In the following, we discuss these two approaches.

2.1.1. Joint Usage of Two PMI Reports

The primary goal of the schemes in this category is to use the two PMI reports to improve the quantization accuracy. As mentioned in Section 1, W1 targets wideband/long-term channel properties and W2 targets frequency-selective/short-term time channel properties. With the clear separation of the roles of the codebooks, certain correlations in the space/time/frequency domain captured in W1 can be exploited to reduce the feedback overhead, and at the same time the overall codebook size can be effectively increased.
A number of contributions that were presented at the previous RAN1#60bis meeting fall into two different ways of joint usage of two PMIs to form a precoder:

(1) Matrix product [11] – [15]

(2) Kronecker product [14] – [22].

In [4], the matrix product is suggested as a way forward. Some companies expressed concerns about choosing the matrix product rule instead of the Kronecker product. However, as also mentioned in [4], the Kronecker structure is in fact a special case of the matrix product, which can be explicitly expressed as
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where W1 clearly takes on a block diagonal structure. Thus, the matrix product is more general than a Kronecker product.

There are possible pros. and cons. for both approaches. On one hand, the Kronecker product provides rather limited degrees of design freedom, but it may be well-suited for cross-polarized antenna configurations [14] – [22], which are also agreed as priority antenna configurations for the simulation assumption in 8 Tx codebook design [23]. On the other hand, the matrix product has more degrees of design freedom and may well fit the adaptive codebook concept [24] – [26].

A possible way forward would be then to accept the matrix product rule, but the initial codebook design should focus on the Kronecker product rule as a special case of the matrix product to provide baseline codebooks that perform well at least in scenarios with higher priority given to the agreed simulation assumption in [23]. Any further optimization of the baseline codebooks, which cannot be expressed in the form of the Kronecker product, may be performed within the same matrix product framework.

2.1.2. Separate Usage of Two PMI/CQI/RI Reports

The way forward proposed in [5] suggests this type of relationship between the two codebooks. In our understanding, the schemes in this category (such as best/worst companion PMI [27] – [29], multi-rank feedback [30], and multi-component feedback [31]) do not aim at improving the quantization accuracy, but try to support MU-MIMO and/or the dynamic switching of SU- and MU-MIMO transmissions efficiently. In contrast to the first category in Section 2.1.1, the performance of SU-MIMO may not be improved. The increased amount of feedback is only beneficial for MU-MIMO; therefore, we prefer the joint usage of the two PMI reports in Section 2.1.1. As mentioned in [10] and [31], the joint usage of the two PMI reports could be applied to each of the two feedback reports in this category. However, we believe that the overall feedback overhead would be too large to justify such an approach.

2.2. Codebook Design

Once the relationship between the two codebooks is determined, codebook optimization can be performed. Even if the relationship is fixed, there is still significant design freedom. Codebook proposals that are based on the fixed relation might come up with different pros. and cons. This makes it difficult to compare different codebook proposals. Therefore, it may make sense to discuss and agree on a set of minimum requirements that must be satisfied by any codebook before proceeding with detailed codebook optimization. Some design constraints in [4] may be considered as examples of such minimum requirements that include the minimum number of beams to guarantee the MU-MIMO performance and full PA utilization at least for efficient SU-MIMO operation.

Another issue for the detailed codebook design is the codebook size. As we argued in [4], the total codebook size and codebook size per rank in general should be minimized as much as possible to reduce the feedback overhead. The following features can be considered to reduce the codebook size.
· The agreement on MU-MIMO dimensioning

· Correlation in time, frequency and/or spatial domains 

More specifically, the codebook size for W1 can be reduced by adjusting the phase and/or amplitude of the transmitted signals among highly correlated antennas since W1 targets the wideband and/or long-term channel properties. Furthermore, considering the MU-MIMO dimensioning discussion results, there is the possibility that the supported rank of W1 is limited to, e.g., two. Moreover, the codebook size for W2 can be reduced by utilizing the matrix dimension reduction technique [32] since matrix W2 mainly adjusts the phase and/or amplitude among low correlated antennas. 

2.3. Enhancement for 4Tx Antennas

The way forward proposal in [3] suggests using the Rel-10 feedback principle to improve the MU-MIMO performance for a 4Tx antenna configuration. Since the 8Tx antenna configuration may not always be possible in real deployment scenarios, it might make sense to improve the performance for the 4Tx case. However, if a sufficient performance advantage over the current Rel-8 feedback cannot be obtained, then it is natural to keep the Rel-8 feedback for 4Tx. We should also emphasize that the focus of the feedback enhancement should be on the new 8Tx antenna configuration in Rel-10, which is more challenging than the 4Tx case to obtain a sufficient performance gain with a limited number of feedback bits. Therefore, we should reserve sufficient time to discuss the 8Tx configuration and avoid exhaustive discussions on the 4Tx case. Since cross-polarized antenna configurations are given high priority in the simulation assumption for the 8Tx codebook design [23], a certain degree of reuse of the 8Tx codebook might be considered for possible enhancement for 4Tx antennas.

3. Conclusion

This contribution provided some analysis and our current views on feedback enhancement for LTE-Advanced in order to drive the discussion forward. Our views given in a previous contribution [7] were extended by focusing more specific aspects in connection to the way forward documents in [3]-[5], which are currently under discussion. The feedback channel aspect is separately discussed in our accompanying contribution in [9]. We think that further discussions are urgently needed to narrow down the scope of the ongoing discussions since the timeline for Rel-10 is tight. The CSI feedback options should be minimized as much as possible to reduce the burden of specification efforts as well as that for testing. Our current views are summarized as follows.

· The relationship between the two codebooks should be determined first before moving on to detailed codebook design.

· Joint usage of two PMI reports is preferred to separate usage of two PMI/CQI/RI reports.

· As the joint usage of two PMI reports, the matrix product rule may be adopted as a more general framework with initial focus on the Kronecker product followed by possible enhancements that cannot be expressed by the Kronecker product.

· A set of minimum codebook requirements may be discussed and agreed upon before proceeding with codebook optimization to avoid a difficult situation in comparing codebook proposals that have totally different pros and cons. 

· The total codebook size and codebook size per rank should be minimized as much as possible to reduce the feedback overhead. 

· The rank-specific codebook size for the respective codebooks may be beneficial for Rel-10 UE feedback.

· Rel-10 feedback enhancement may be used to improve the MU-MIMO performance for the 4Tx case provided that a sufficient performance advantage over the Rel-8 feedback can be obtained.
Nevertheless, it might be hard to make progress without a performance comparison among various feedback frameworks together with the codebook design. Therefore, performance evaluations would be valuable contributions to lead the discussions on this issue. 
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