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1. Background
It was agreed in RAN1#72 to use Rel.10 W=W1W2 structure for 4Tx feedback. A host of codebook proposals were subsequently submitted over the RAN1 email reflector on March 8th. Performance evaluation of these proposals are presented in two companion contributions [21, 22], for rank-1/2 and rank-3/4 respectively.

Considering the large number of codebook proposals, a high-level analysis and categorization of the proposed precoders is beneficial in order to narrow down the design scope. In this contribution we provide our analysis of these proposals and discuss how to proceed with the MIMO WI.
2. Analysis of codebook proposals

The proposed 4Tx precoders fall in several categories:
· Cat-1:  
Rel-8 precoders, which are inherited in the Rel.12 4Tx codebook as a subset [3, 6, 7, 20]. In brief, a unified codebook is adopted in Rel.12, comprising of Rel.8 precoders as well as new precoders. The inherited Rel.8 precoders correspond to W1 equivalent to identity matrix I4 and W2 equivalent to Rel.8 precoder.  The new precoding matrices include but are not limited to Cat-2 to Cat-4 precoders discussed below. 
· Cat-2: 
Rel-8 based extension [3, 7, 20], e.g. by using Rel.8 codebook as W2 with phase shift, or by adding new Householder matrices generated with new base vectors. 
· Cat-3: 
Double-codebook (DCB) using the 8Tx Grid-of-Beam (GoB) concept. Although many proposals fall in this category, the exact design details are vastly divergent in terms of the over-sampling rate, number of beams in each W1 grid, subband beam selection and co-phasing mechanism. Some 4Tx GoB proposals reuse the same Rel.10 8Tx design framework with slight modification to the over-sampling ratio and beam grid size (e.g. [8, 17]), while other designs suggest more significant changes in beam selection and co-phasing.
· Cat-4:         Non-conventional precoding matrices, e.g. non-constant modulus precoders, or antenna selection components. As these precoders are not supported in legacy LTE network (e.g. 2/4/8Tx), we do not discuss these precoders in this contribution. This however can be discussed if RAN1 deems such design beneficial.
3. Codebook design framework

For 4Tx, various antenna configurations shall be taken into account in the codebook design and evaluation. Although closely-spaced antenna is still a top priority, other configuration (e.g. XPOL with large antenna spacing) should not be overlooked. Furthermore, Rel.12 4Tx performance shall not be worse than Rel.8 codebook.
Proposal:

· 4Tx enhancement should take into account various antenna configurations and deployment scenarios, which cannot be sufficiently studied in Rel.12 due to the lack of time. 
· Rel.12 performance shall not be worse than 4Tx-MIMO performance using Rel.8 codebook.
3.1. Inheriting Rel.8 codebook in Rel.12

For backward compatibility and future proofness, a single unified codebook in Rel.12 is preferable. This unified codebook should explicitly inherit Rel. 8 codebook as a subset where W1 = identity matrix, and W2 uses Rel.8 precoder. This allows dynamic switching between the legacy precoders and any new precoders, and guarantees that Rel.12 4Tx performance is not worse than Rel.8. This is particularly important as RAN1 has limited standardization time and cannot evaluate every possible scenario. 
Keeping in mind that dynamic switching (switching without RRC configuration) between SU-MIMO and MU-MIMO is the baseline assumption, the eNB should be able to use the Rel.8 4Tx and the enhanced components interchangeably, i.e. the switching between the two components should be dynamic. Thanks to the W=W1W2 structure, this can be realized in a simple and natural manner. The enhanced component can be augmented or combined with the Rel.8 codebook as follows:
· The Rel.8 4Tx codebook is used as the codebook for W2 and associated with W1 =I4.

· When PMI_1 indicates that W1= I4 is chosen, CB2 is chosen as the original Rel-8 codebook.

· Else, when PMI_1 indicates some other W1,  W1 and CB2 are chosen as the enhanced component. 
It is not preferable to have two separate codebooks in Rel.12 (i.e. Rel.8, and a new codebook) which are semi-statically RRC configured. First of all, this is inconsistent with common LTE principle of using a unified codebook for each all antenna configurations (UL or DL), even though various precoders could be designed with different criterion. Secondly, two separately RRC-configured codebooks lose the dynamic precoder adaptation flexibility and unnecessarily restrict the system performance. As evidenced in [22], not including the Rel.8 codebook results in worse performance than Rel.8 codebook in some important operation scenarios (e.g. SU-MIMO).  Lastly, it increases UE complexity, as two separate CSI modules need to be implemented.
Some GoB designs claim they implicitly include Rel.8 and therefore provide the same functionality. However, such claims are misleading because they do not support the same level of precoding flexibility enabled by Rel.8 codebook. This is because the Rel.8 precoders, if buried in GoB codebook, are associated with different W1 matrices and cannot be used on different subbands at the same time. As a simple example, consider the eight DFT vectors in Rel.8 codebook. If Rel.8 codebook is explicitly inherited in Rel.12 as W1 = I4 and W2 = Rel.8, the eight DFT precoders can be applied to each subband without any restriction. This critical functionality however is lost in Rel.12 if only GoB components are used. Such restriction clearly limits the precoding gains and compromises system performance, as shown in [22]. 
Observation:

· A unified Rel.12 codebook inheriting Rel.8 codebook as a subset, corresponding to W1 = I4 and W2 = Rel.8, is preferable. This ensures Rel.12 performance is not worse than Rel.8, is backward compatible, future proof, and critical for preserving the frequency-selective precoding flexibility.
· No existing GoB proposal is able to support flexible frequency-selective precoding with Rel.8 DFT vectors on the subband level. 
· With practical timing misalignment error (TAE) realistically modeled, Rel.8 codebook or Rel.8 based extension is expected to be much more robust than DCB codebooks [18].
Proposal:

· Rel.12 codebook inherits Rel.8 codebook as a subset, associated with W1 = I4 and W2 = Rel.8.

· New GoB precoders are added to Rel.12 by augmenting the Rel.8 codebook via W1W2 structure. 

· For rank-1 and rank-2, 
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· For rank-3 and rank-4, 
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3.2. New GoB precoders in Rel.12

There are a large number of GoB proposals which are quite different in terms of the following parameters:
· Over-sampling rate, e.g. number of DFT beams to sample the 360 degree precoding subspace.
· Number of beams in each W1 grid

· Beam(s) selection for each subband

· Co-phasing parameters for each subband

The first two parameters mainly impact the wideband W1 overhead, and the last two parameters determine the subband W2 bit-width.  
Given the limited time left, it is preferable to reuse the existing and well-proven 8Tx GoB framework to expedite the standardization progress. From specification evolution perspective, it is most straightforward to reuse exactly the same GoB parameters of 8Tx for 4Tx codebook enhancement. Considering that 8Tx has been rigorously discussed in Rel.10 and works well, reusing the 8Tx GoB parameters ensures robust system performance, harmonized DCB design between 4Tx and 8Tx, and extremely low RAN1/RAN4 standardization impact.  This can be easily achieved by down-scaling the 8Tx codebook to 4Tx [6], e.g. where a 4Tx precoder comprises of four rows from eight rows of an 8Tx precoder. 
· For 4Tx W1: 
select 4 rows from the 8 rows of 8Tx W1.

· For 4Tx W2:
reuse 8Tx W2.
Proposals:  
· Reuse 8Tx GoB parameters for 4Tx GoB design as a starting baseline, e.g. by down-scaling 8Tx precoders to 4Tx. 
· Other GoB designs could be further considered if justified by sufficient system-level performance gain.
4. Conclusions

In this contribution we analyze the existing codebook proposals on the table and provide a few high-level design principles for Rel.12 codebook enhancement.

Observation: 

· The following precoders have been proposed for Rel.12
· Rel.8 precoders

· Rel.8 based extension

· GoB precoders

· Various precoders not in the scope of LTE specifications (e.g. non-CM, antenna selection)

· A unified Rel.12 codebook inheriting Rel.8 codebook as a subset, by using Rel.8 as W2, is preferable. It ensures backward compatible and future proof codebook design, and is critical for preserving the frequency-selective precoding flexibility offer in Rel.8.
· Rel.8 codebook or Rel.8 based extension is expected to be much more robust than DCB codebooks when practical TAE is realistically modeled [18].
Proposal:

· Rel.12 codebook inherits Rel.8 codebook as a subset. 
· The new GoB precoders are augmented to the existing Rel.8 4Tx codebook via the use of dual-stage W=W1W2 structure. 

· For rank-1 and rank-2, 
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· For rank-3 and rank-4, 
[image: image8.wmf]4

1

I

W

=


· Whenever
[image: image9.wmf]4

1

I

W

=

, 
[image: image10.wmf]2

W

uses the Rel.8 4Tx codebook for the rank of interest. 
· Whenever 
[image: image11.wmf]ú

ú

û

ù

ê

ê

ë

é

=

)

(

)

(

1

i

i

X

0

0

X

W

, 
[image: image12.wmf]2

W

uses co-phasing and selection codebook.
· For the new precoders of rank-1/2, reusing the 8Tx GoB framework/parameters is considered as a starting baseline, e.g. by down-scaling the 8Tx precoders to 4Tx. Other GoB designs could be further studied if justified by sufficient system-level performance gain.
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