3GPP TSG RAN WG1#61




 





                R1-103105
Montreal, Canada, May 10-14 2010
Agenda Item:    6.3.4
Source:
Huawei
Title:
DL codebook for 8 TX
Document for:
Discussion and Decision
1 Introduction
In meeting #60bis, a feedback framework [1] was agreed which states that a precoder for a subband is a function of two matrices 
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 and 
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 and each of these two matrices belongs to separate codebooks C1 and C2  respectively where one matrix targets wideband/long-term and the other frequency-selective/short term time channel properties. Here we further discuss the details of the 8TX codebook. 
2 Principles of codebook and feedback design up to rank 4
Here follows a discussion of the codebook design principles for eight antenna ports and for rank up to 4. We suggest that
· An ordinary matrix product shall be assumed in the double codebook structure
· That is, the precoding matrix is expressed as 
[image: image3.wmf]2
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Although there have been proposals that use the Kronecker or Tracy-Singh matrix products, the ordinary matrix product is the most general one and contains the other suggested products as special cases. We do not see any need at this moment to put such a restriction on the function of the two matrices. It shall be noted however that the final and agreed codebook may be written using e.g. Kronecker products to simplify the notation. Furthermore, we suggest that
· The long term/wideband matrix 
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 has block diagonal structure
The codebook for eight antenna ports should utilize the fact that dual polarized antennas is the most likely antenna setup for this large number of transmit antennas. Hence, performing wideband and/or long term precoding for each of the two polarization separately and then co-phase the two polarizations is a promising approach. This motivates a block diagonal structure of 
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 where each block targets each polarization. Furthermore, to simplify implementation, the wideband precoding could be selected over each group (e.g. polarization) of four antennas individually so that the demands on the time alignment between RF branches is kept the same as in Rel.8 (within four antenna ports) and the linear phase shift induced by time misalignment between the two groups is captured in the short-term/subband feedback 
[image: image6.wmf]2
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. Then, we suggest that
· The rank 1 precoder codebook for feedback, 
[image: image7.wmf]W

, shall support at least 8 and 16 beams per polarization in the case of cross-polarized and co-polarized 8 antenna uniform linear array (ULA) eNB antenna setups respectively, assuming closely spaced antenna elements.
It is well known that “beams” can be achieved for closely spaced antenna arrays by using DFT vectors. These requirements ensure a good resolution with at least 2 times oversampling in the spatial (beam) domain. However, this requirement could imply a quite large codebook so we suggest that when using PUSCH feedback this full spatial resolution is supported. However, for the feedback using PUCCH, we can strive for the following design principles:
· The rank 1 precoder feedback using PUCCH have reduced spatial granularity and should provide at least 4 and 8 beams for cross-polarized and co-polarized ULA eNB antenna setup respectively, assuming closely spaced antenna elements.
· Assume wideband feedback in PUCCH

· Target reuse of Rel-8 precoder payload, i.e. 4 bits.

It is natural to use the reduced beam oversampling factor to 1 in the PUCCH feedback due to the limited number of payload bits available. This “reduced precoder” can be achieved by codebook subset restrictions of the full codebook used in the PMI feedback over PUSCH.  

Finally, to simplify the computations in the eNB, it is desirable to keep the nested property
· Strive for a codebook 
[image: image8.wmf]W

having a nested property. 
2.1 Codebook and feedback example
As mentioned above, the final, dual index precoding matrix is obtained by per subband co-phasing of the wideband precoding matrices for each polarization direction (or for each group of four antenna ports in case of ULA). As an example, the 6 bit rank-1 codebook used in PUSCH feedback may then be written as
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Where 
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 is a 3 bit, 4x1 vector, see Appendix, 
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 is a 1 bit wideband phase alignment 
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 is a 1 bit narrowband (per subband) phase alignment. The diagonal matrix 
[image: image14.wmf]D

 is a rotation matrix used to obtain 16 DFT vectors for the ULA case and is taken from a 1 bit codebook
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This structure thus provides at least 16 DFT beams for both cross-polarized and ULA antenna setups. 
For PUCCH feedback, we use a subset of the codebook in (1), to make the spatial resolution coarser and to limit the feedback to 4 bits. This reduction in granularity is obtained by setting 
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 leaving only 8 DFT vectors (as per proper design of
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) for both ULA and cross-polarized antenna setups and 
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since feedback is wideband. Hence, for 4 bit PUCCH feedback, we have the codebook structure 
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The structure described here for rank 1 case can also be extended up to rank R≤4 by using 
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 as a 3 bit, 4xR matrix as
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See Appendix for more details.
3 Codebook for rank 5-8

Up to now, most discussions has been for rank 1-4 codebooks and due to the limited remaining time for this work item, we suggest the following guideline when designing rank 5-8 codebook:

· Reuse codebook design for rank 1-4 as much as possible in rank 5-8 design
This gives benefits in computation and allows for keeping a nested property between at least some of the codewords of different ranks. For instance, if we write the rank 4 codebook as
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We can extend it to rank R>4 as
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where A and B are taken from the same set of matrices (i.e. obtained from the codebook for 
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)  and selected such that the final precoding matrix 
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 is unitary.
To keep feedback overhead within desired bounds, one may again have to reuse a restricted codebook 
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 when selecting A and B. 
4 Conclusion

We have discussed further details of the double codebook structure for the eight antenna eNB and the related feedback using PUCCH and PUSCH.  We have the following conclusions from our discussion of up to rank 4 codebook design:
· The ordinary matrix product 
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 shall be assumed as the function between the two matrices in the double codebook structure. 

· The long term/wideband matrix 
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 has block diagonal structure
· The rank 1 precoder codebook for feedback, 
[image: image29.wmf]W

, shall support at least 8 and 16 beams per polarization in the case of cross-polarized and co-polarized 8 antenna uniform linear array (ULA) eNB antenna setups respectively, assuming closely spaced antenna elements.

· The rank 1 precoder feedback using PUCCH have reduced spatial granularity and should provide at least 4 and 8 beams for cross-polarized and co-polarized ULA eNB antenna setup respectively, assuming closely spaced antenna elements.. 
· Assume wideband feedback in PUCCH

· Target reuse of Rel-8 precoder payload, i.e. 4 bits.
· Strive for a codebook 
[image: image30.wmf]W

having a nested property. 
· Reuse codebook design for rank 1-4 as much as possible in rank 5-8 design
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Appendix

Table 1 Matrices in the codebook example.
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In which 
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 . Note that the nested property holds.
A.1 Wideband 4 bit Rank 1-4 used for PUCCH feedback
The rank R=1,2,3 and 4 codebook is 
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where the matrices are found in Table 2 above. 
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