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1. Introduction

To support higher order MIMO in LTE-A, it is agreed to employ 8Tx SU-MIMO transmission with up to 8-layer spatial multiplexing to fulfil peak throughput requirement. Since precoded DM-RS is used for 8Tx transmission, feedback design to support 8Tx precoding at eNB has been considered as a major issue. In RAN1 #59bis meeting, it was agreed that Rel-8 type of feedback is employed for higher order MIMO support such as recommended precoder within a finite precoder sets which is known in both eNB and its associated CQI. In RAN1#60 meeting, with respect to feedback codebook design as an extension of Rel-8 type feedback, following way forward was agreed [1].
· Implicit feedback (PMI/RI/CQI) is used also for Rel-10

· UE spatial feedback for a subband represents a precoder (as constructed below)

· CQI computed based on the assumption that eNodeB uses a specific precoder (or precoders), as given by the feedback, on each subband within the CQI reference resource

· Note that a subband can correspond to the whole system bandwidth

· A precoder for a subband is composed of two matrices
· The precoder structure is applied to all Tx antenna array configurations

· Each of the two matrices belong to a separate codebook

· The codebooks are for further study

· The codebooks are known (or synchronized) at both the eNodeB and UE

· Codebooks may or may not change/vary over time and/or different subbands

· That is, two codebook indices together determine the precoder

· One of the two matrices targets wideband and/or long-term channel properties

· The other matrix targets frequency-selective and/or short-term channel properties

· Note that a matrix codebook in this context should be interpreted as a finite enumerated set of matrices that for each RB is known to both UE and eNodeB

· Note that Rel-8 precoder feedback can be deemed as a special case of this structure

In downlink higher order MIMO support, the 8Tx feedback codebook design seems to be finalized in advance in order to further design details of control signalling for the feedback. However, only higher level concepts were agreed in the previous meeting regarding the precoder structure and its associated feedback. Since details of codebook design also take a long period to evaluate candidates from a lot of companies and decide an exact set, it would be good to have a progress on the details of codebook structures in this meeting for the interested companies to focus on searching exact codebook set based on the agreed structure.

Therefore, in this contribution, we discuss on design guideline of 8Tx codebook design and propose general structure from the agreements to progress further on the 8Tx codebook issue.

2. Design guidelines for 8Tx Codebook
 It is discussed that the 8Tx codebook should be targeted for SU-MIMO only when the codebook rank is higher than 2 and the other case (i.e., rank<=2) should be optimized for both SU-MIMO and MU-MIMO in RAN1 #60 meeting. The 8Tx codebook design discussion can be started from the codebook design criteria used in Rel-8 such as constant modulus, alphabet restriction and nested property which are used to further restrict design freedom.
· Constant modulus – since precoded DM-RS is employed for 8Tx transmission, this design criteria may be not needed considering that any type of precoder at an eNB can be used in UE transparent manner.
· Finite alphabet - the alphabet restriction for codebook design can provide lower UE complexity to search preferred precoder and associated CQI by reducing the multiplications. Therefore, it is still recommended to keep the alphabet size as minimum.
· Nested property – it is agreed to keep the nested property as a codebook design criterion in Rel-8 since it can minimize CQI mismatch when rank is changed from the rank recommended by a UE. Since rank-adapted spatial multiplexing will be used in Rel-10 as well, it is preferred to keep the nested property as design criteria for 8Tx feedback codebook design.
· Unified codebook set – a single unified codebook used for all antenna configurations and MIMO transmission mode is preferred for the sake of the simplicity while keeping reasonable performance in all scenarios.
· Feedback overhead – the feedback overhead is still desired to be kept as minimum in order to allow additional feedback optimized for MU-MIMO transmission since dynamic SU-/MU-MIMO transmission is employed in LTE-A so that further performance enhancement seems to be needed for MU-MIMO. 
Observations: keeping Rel-8 codebook design criteria as much as possible seem to be reasonable for 8Tx feedback codebook design. In addition, feedback overhead should be minimized in order to allow additional feedback optimized for MU-MIMO transmission for better support of MU-MIMO mode in Rel-10.

3. Proposed 8Tx codebook structure and its feedback support
So far, it has been proposed for 8Tx codebook component precoders are feedback with different feedback granularity such as long-term and short-term in frequency domain and the precoder for a subband is generated by compositing the component precoders [3]-[4]. Although, details of codebook construction descriptions are different from proposals, most of the proposed codebook [4]-[8] can be equivalently expressed as follows:
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    And, the equation can be simply defined by Kronecker product as
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where N could be from 1 to 4 and M could be from 1 to 2 to construct 8Tx precoder. The matrix 
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 is used to enjoy the benefit of long-term beamforming gain of co-polarized and closely spaced antenna setup. On the other hand, the matrix 
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 is used to track the relative phase between cross-polarized antenna groups. Therefore, 4Tx codebook and 2Tx codebook for 
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 should be defined, respectively.

Observations: most of proposals from companies seem possible to be expressed as Kronecker product based precoder construction as a common ground. For 8Tx codebook design, 2Tx and 4Tx codebook should be defined as a component codebook.

Proposal: adopt Kronecker product based precoder construction with 2Tx and 4Tx component codebooks.

To define the 4Tx component codebook which should be designed to exploit beamforming gain with co-polarized antenna setup, several candidates can be considered such as newly defined DFT-based codebook or reuse of Rel-8 HH codebook. Although the DFT-based codebook is more appropriate for the highly correlated channel condition, the Rel-8 HH codebook is also well designed for both highly correlated antenna and uncorrelated antenna configurations. Therefore, if no significant performance benefits are observed it is preferred to reuse Rel-8 HH codebook for the component codebook 
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. For the 2Tx component codebook 
[image: image8.wmf]2

W

, reuse of Rel-8 codebook can be also considered for the same reason.

Observations: since we already have well design codebooks for 2Tx and 4Tx, it would be beneficial to reuse what we already have in Rel-8 as component codebooks if the performance is reasonable.
Proposal: strive to reuse Rel-8 2Tx and 4Tx codebooks as component codebooks for Kronecker product based 8Tx codebook

     As agreed, multi-granular feedback may include long-term and short-term feedback in time and/or frequency domain. In general, it would be beneficial to have long-term wideband PMI feedback from 4Tx component codebook to exploit beamforming gain with co-polarized antennas and short-term subband PMI feedback from 2Tx component codebook to adjust phase difference with cross-polarized antennas, which implies that multi-granular feedback is supported in frequency domain [3]-[4]. On the other hand, time domain multi-granular feedback also needs careful study to see whether the feedback overhead can be further reduced without error propagation since long-term spatial correlation characteristics tend to be changed slowly in time domain.
Observations: frequency domain multi-granular feedback such as long-term wideband from 4Tx component codebook and short-term subband from 2Tx component codebook seems to be natural at the beginning. While it would be worthwhile to study further on time domain multi-granular feedback as well.

Proposal: adopt frequency domain multi-granular feedback while not precluding time-domain multi-granular feedback.

4. Conclusions
     In this contribution, we discussed on 8Tx feedback codebook design based the agreements made in RAN1 #60 meeting. From the discussions, our proposals for 8Tx codebook design guideline are as follows: 
· Adopt Kronecker product based precoder construction with 2Tx and 4Tx component codebooks.

· Strive to reuse Rel-8 2Tx and 4Tx codebooks as component codebooks for Kronecker product based 8Tx codebook

· Adopt frequency domain multi-granular feedback while not precluding time-domain multi-granular feedback.
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