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1. Introduction 
For LTE-A there is no UE channel state feedback defined for the case of 8 transmit antennas at the eNB. This document considers how the feedback for Release 8 could be extended to support MIMO transmission in this case. 
2. Discussion

Although antenna configurations at the eNB will not be standardized, some practical configurations have been identified, which are most likely to be deployed in the cells of real systems. The two main options for the 8 antenna case considered here are: 

· 8 element uniform linear array

· 4 element cross-polar array (with co-located pairs of horizontal and vertical antennas, giving 8 ports in total)    

The UE can be assumed to have 2, 4 or 8 receive antennas, but at least initially, 2 antennas (or possibly 4) is the most likely configuration.  The UE antennas may be designed to provide orthogonal polarizations.
We assume here that in highly scattering propagation environments, SU-MIMO is likely to be most appropriate transmission scheme, with transmission of up to 8 spatial streams, but only for those UEs with appropriate capabilities. 

In environments with less scattering (i.e. approaching line of sight propagation), then MU-MIMO operation is more likely to be beneficial, and the total number of spatial streams will typically be limited by other factors than UE capabilities.  It has been agreed in RAN1 that the UE spatial feedback can be understood as indicating a precoder that can be used by the eNB. This is equivalent to the UE selecting a precoder from a codebook of possible precoders. This document considers in more detail the requirements for such a codebook, with the main emphasis on MU-MIMO operation, and with the antennas configurations mentioned above. 
2.1
MU-MIMO operation with 8 element uniform linear array
As hinted in [1] we note that that a DFT based codebook design is well suited to MU-MIMO operation with Rank 1 transmission. Selecting one of these codebook entries by the UE for feedback to the eNB is equivalent to signal the azimuth angle of the UE location with respect to the eNB antenna array (assuming near line-of-sight propagation). This allows the eNB to form a beam in the direction of the UE. This aspect is well supported in the Release 8 codebook for 4 antennas, which contains 8 entries equivalent to those from a DFT based codebook, and applicable for Rank 1 transmission. This provides an angular resolution of pi/8 radians.

In order to support rank 1 MU-MIMO with 8 antennas at least as well as is done for 4 antennas, it would be desirable that Release 10 provides a Rank 1 codebook with at least 8 entries matching those of a DFT codebook, and with an angular resolution at least as fine as pi/8 radians. 
To allow better performance than for Release 8, providing 16 DFT based codebook entries with an angular resolution of pi/16 could be considered. However, at this stage it is not clear whether this would be beneficial.    
2.2
MU-MIMO operation with 4 element cross-polar array
In [2] it was noted that the channel coefficients with a cross polar array are likely to be highly correlated between the two polarizations (except for a phase factor), and the same beam pattern may be appropriate for both polarizations. For line-of-sight conditions this is physically reasonable provided the cross-polar elements are co-located. 
[image: image1.emf] 
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Figure 1: From [1] showing the case of high correlation between two beam patterns to the same UE on different polarisations

Therefore, the 4 element (8 port) cross-polar array can be viewed as providing two instances of a 4 element linear array (distinguished by orthogonal polarizations). Furthermore, an important case which should be supported in Release 10 is where the same precoding weights would be applied on both polarization, with a possible phase difference, similar to proposals in [3,4].

Therefore, assuming the same precoding would be applied to both polarizations, we now consider two low rank cases, depending on the UE antenna properties:

(a) The UE cannot distinguish signals received with orthogonal polarizations. In this case rank 1 MU-MIMO operation can be supported if the eNB transmits one copy of the spatial stream on each polarization. This would be achieved with a codebook having a structure:[image: image3.png][o4]



 where A represents one of the set of precoding vectors/matrices which can be applied to one polarization and [image: image5.png]


 is one of a set of phase differences. The phase difference is needed to avoid the possibility of destructive interference between the two polarizations. Typically the UE should include this phase difference in its feedback.
(b) The UE can distinguish signals received with orthogonal polarizations. In this case rank 2 MU-MIMO operation can be supported if the eNB transmits two spatial streams with the same beams but orthogonal polarizations. Depending on the actual UE antenna orientation, this could be achieved, for example, by mapping one spatial stream to each antenna polarization, using a codebook structure such as[image: image7.png]6 o4l



.  So for this case it may not be necessary for the UE to feed back the phase difference between the two polarizations, even if the phase difference was not zero. However, in the more general case, other sets of orthogonal pre-coding weights could be required.
2.3
SU-MIMO operation with 4 element cross-polar array and 8 element linear array
In order to support rank 8 transmission efficiently with a cross polar array, it is likely that the UE would need to also have cross polar antennas, in which case the channel coefficients may be correlated between polarizations (except for a phase difference). In this case a suitable approach for codebook design would be to require entries with the same beamforming coefficients on the two polarizations, but allowing a phase difference. In this case a structure such as [image: image9.png]


might be appropriate, where [image: image11.png]8,0



 are both from a set of possible phase values. 
When applied to an 8 element linear array (or other structure), the different phase rotations would allow a variety of orthogonal beam patterns to be generated.   
2.4
General proposal
Considering the above discussion, and the desirability of keeping the Release 8 codebook, and its properties as far as possible in Release 10, the proposal in [5] seems a good starting point. This re-uses vectors from the Release 8 codebook for 4 antennas to generate codebook entries for 8 antennas. This proposal is further discussed and refined in the Annex below. The resulting codebook structure would have the following properties:-

· Shared structure with Release 8 4 antenna codebook 
· For a uniform linear array the codebook
· Contains entries matching a DFT based codebook suitable for MU-MIMO rank 1 transmission  

· For a cross-polar array the codebook
· Supports the same beam pattern for different polarisations

· Provides for a phase difference between the polarisations
· Provides orthogonal precoder weights for rank 2 transmissions across polarisations, and suitable for MU-MIMO 

· Compatible with both MU-MIMO and SU-MIMO

· UE PMI feedback could comprise

· Rank 1 to 8 (3 bits)

· Codebook index (4 bits or more)
3. Conclusions
From the above discussion on codebook design for UE feedback to support DL MIMO with 8 antennas we conclude the following:-
· For efficient MU-MIMO in Release 10 it is desirable retain the DFT codebook properties that are present in half of the entries in the existing Release 8 codebook.

· For efficient MU-MIMO with rank 1 with cross polar arrays, it is desirable to have a codebook structure explicitly supporting two polarizations 

· This implies the need for codebook vectors which allow the same beam patterns on different polarizations, but with a possible phase difference between polarizations
· For efficient rank 2 transmission with cross polar arrays, it is desirable to have a codebook structure explicitly supporting two polarizations 

· This implies the need for codebook vectors which allow the same or similar beam patterns on different polarizations, but with a possible phase difference between polarizations
· Codebook entries mapping a spatial stream to a polarization are also desirable.   
· Re-use of the Release 8 codebook structure and design principles would be desirable in order to simplify implementation 

· A method has been proposed for deriving a Release 10 codebook for 8 antennas from the Release 8 codebook for 4 antennas which meets the above requirements, and has the following properties:-
· Compatible with both MU-MIMO and SU-MIMO

· Shared structure with Release 8 4 antenna codebook

· UE PMI feedback could conveniently comprise:-

· Rank 1 to 8 (3 bits)

· Codebook index (4 bits or more)

· The proposed approach would not preclude further enhancements (e.g. improved feedback accuracy) 
· In codebook comparisons, there should be an agreed antenna indexing scheme, particularly for cross polar arrays, since different assumptions could have a significant impact on performance.  
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Annex
Release 8 codebook

For reference we repeat the Release 8 codebook specification for 4 antennas:-
For transmission on four antenna ports, 
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 is given by Table 6.3.4.2.3-2. 

Table 6.3.4.2.3-2: Codebook for transmission on antenna ports
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New Codebook Structure

Using the same notation as above, a new codebook for 8 antennas can be defined in the form:-
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Where
[image: image103.wmf]u
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  is the new codebook entry for codebook index [image: image105.png]


 and number of layers 
[image: image106.wmf]u

, derived from two sets of coefficients from the Release 8 codebook defined by indices n1 and n2 and sets of columns {s1} and {s2} respectively. 
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 is a suitable scaling factor and [image: image109.png]


 is a phase factor, which could be different per column. In contrast to Release 8, the sets {s1} and {s2} can contain the same column more than once (but differing by the phase factor). This is necessary for transmission ranks greater than 4.  
Particularly for lower transmission ranks it may be that {s1}={s2} is the best choice, but this is not necessarily the case and is certainly not a requirement.

For rank 1 with a ULA transmission at least some entries in the new codebook should match those from a DFT-based codebook. We note that the process of generating a DFT based codebook entry for 8 antennas, starting with the Release 8 codebook entries for 4 antennas and extending the length of the vectors is equivalent to copying coefficients in Wn from rows 1 to 4 into rows 5 to 8. Some sets of coefficients need to be negated to maintain the DFT properties. This would also be supported by a codebook structure like [image: image111.png][o4]



, where the phase value could be different per row. 
This can typically be achieved if 
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corresponds to DFT based codebook entry, with n1=n2 and {s1}={s2}, and with a suitable choice of 
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For rank 1 transmission with a cross polar array at least some entries should be chosen such that 
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, so that the same beam pattern can be transmitted on each polarisation. Again in this case it is convenient if n1=n2 and {s1}={s2}. A phase difference can be applied between the polarizations if for example
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Also for rank 2 transmission with a cross polar array at least some entries should be chosen such that 
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, that the same beam pattern can be transmitted on each polarisation. Again in this case it is convenient if n1=n2 and {s1}={s2}. To map each spatial stream to a different polarisation requires that the corresponding codebook entries have coefficients which are zero for antennas on one of the polarisations. This can be achieved with a further generalization to include more columns, taking the form:
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Here we explicitly indicate that the new columns contain the same vectors for both polarisations (so the same beam patterns are possible). Also the gain factor G may now depend on which columns are selected. 

Further Extensions

As extensions to the principles used in Release 8, we can consider the following possibilities:
· For a given transmission rank more than one set of columns could used be with the same value(s) of n1 and n2, to generate entries for more than one codebook index. 

· Not all codebook indices may be applicable to every transmission rank. Entries designed for independent transmission of spatial streams on different polarisations may not be applicable for rank 1 or very high rank cases.

· The effective size of the codebook does not have to be the same for all values of transmission rank (e.g. it would be possible to have a larger codebook size for lower transmission ranks). The example shown in the table below would require 8 bits to signal the codebook index and transmission rank (one less bit than the case of a fixed size of 6 bits for the codebook index and 3 bits for the rank).  
	Codebook index
	Number of layers supported
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	1 to 8
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	1 to 8
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	1 to 8

	14
	1 to 8

	15
	1 to 8

	16
	1 to 4
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	1 to 4
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	1 to 4
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	1 to 4

	31
	1 to 4

	32
	1 to 2

	33
	1 to 2

	.
	1 to 2

	46
	1 to 2

	47
	1 to 2

	48
	1 to 2

	49
	1 to 2

	.
	1 to 2

	62
	1 to 2

	63
	1 to 2
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