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1 Introduction

For the DL MU-MIMO it was decided at RAN WG1 meeting #48bis that a eNB codebook for shall be specified in the standard [1]. A larger eNB precoding codebook imply that the eNB has more possibilities to suppress MU-MIMO interference already at the transmitter side, thereby extending the use of MU-MIMO also to terminals with a single receive antenna. Alternatively, UEs with multiple receive antennas can suppress intercell interference more effectively if the MU-MIMO interference is already suppressed by the transmit precoding. These benefits motivates the use of a larger eNB codebook. 
A larger eNB codebook imply that more bits are needed to index the elements in the codebook. This will increase the signalling overhead. However, as will be shown in this contribution it is possible to reduce the MU-MIMO signalling overhead to be equal to the SU-MIMO overhead (3-4 bits), even though the eNB codebook is much larger (50-100 elements) than the UE codebook (8-16 elements). Having the same format of DL SU-MIMO and MU-MIMO control signalling is highly desirable and simplify the DL control channel.
Although the UE codebook for MU-MIMO has not yet been defined, it is possible to describe some rules how the eNB codebook can be related to the UE codebook. In this contribution, we present such a design methodology and describe the related method to achieve as low signalling overhead for MU-MIMO as for SU-MIMO.

2 eNB codebook design
The eNB codebook is simply defined by a generating function from the UE codebook to a eNB codebook plus a threshold value T, see Figure 1.
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Figure 1 Mapping between UE codebook and eNB codebook for MU-MIMO
Since each MU-MIMO UE has reported an index to a vector in the UE codebook, the precoding matrix to select from the eNB codebook is a function of the indices the scheduled UEs has reported. The Zero Forcing precoding with two users that has reported the vectors 
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from the UE codebook, imply a generating function as
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and all possible vectors 
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from the UE codebook that fulfil 
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generates the eNB codebook.  If the vectors in the UE codebook are ordered and numbered, the ordering and numbering of the precoding matrices in the eNB codebook follows in a straightforward way by assuming that the UE codebook index for 
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 is always smaller than for 
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 in the construction 
[image: image11.wmf][

]

y

x

H

=

. 

The threshold T is necessary for
· Controlling the eNB codebook size, a smaller T gives a smaller codebook

· Limiting the magnitude variations of the matrix elements in the 4 TX eNB codebook matrices, a smaller T gives smaller variations

· Improving the CQI estimation in the UE, a smaller T gives fewer possible interfering precoding vectors.
The details of this scheme are described in the following: Assume that for a 
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 antenna eNB, the UE codebook is defined as the set of 
[image: image13.wmf]1

´

T

N

vectors


[image: image14.wmf]{

}

K

k

k

N

u

U

T

1

=

=


Assume that L users which has reported UE codebook indices 
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 are MU-MIMO co-scheduled, the eNB codebook is the set of 
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where the mapping between UE codebook and eNB codebook is defined as
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under the condition that 
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. For each UE to identify which matrix column to be used for demodulation, the constraint 
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 is added.
2.1 Example

As a small example, take the 
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 case with a UE codebook of size 
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 and L=2 co-scheduled UEs.
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Each UE selects one column from this codebook. With this codebook, there are 
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 possible eNB precoding matrices of size 
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. However, many of them are not useful according to the reasons given above, so with a threshold T=0.5, we have the allowed pairs of columns shown in Table 1. Note that the list of eNB codebook is ordered such that 
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Assume that two UEs are MU-MIMO co-scheduled and they have reported the indices 
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 from the UE codebook. According to the mapping 
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 in Table 1, the precoding matrix with  index 
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 shall be selected. With a Zero Forcing generating function, we get the precoding matrix 
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Table 1 Mapping example p=I(a1, a2) between UE codebook and eNB codebook

	a1
	a2
	p=I(a1, a2)

	1
	2
	1

	1
	3
	2

	1
	4
	3

	1
	6
	4

	1
	7
	5

	2
	3
	6

	2
	4
	7

	2
	7
	8

	2
	8
	9

	3
	4
	10

	3
	5
	11

	3
	8
	12

	4
	5
	13

	4
	6
	14

	5
	6
	15

	5
	7
	16

	5
	8
	17

	6
	7
	18

	6
	8
	19

	7
	8
	20


3 Control signalling overhead

The downlink control signalling overhead of MU-MIMO can be made equal to SU-MIMO overhead by assuming that the eNB does not override the codebook index reported by the UE when selecting precoding matrix. If this rule is followed, then only the additional information to indicate which eNB precoding matrix is used is necessary to signal to the UE. Each UE will thus get a different message, depending on what it reported in the uplink.
To achieve this, we need to define, for each UE codebook index a, the ordered set of “allowed” eNB precoding indices as 
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and then only 
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 bits needs to be signalled. If R is not a power of 2, the set 
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 can also be augmented to contain an indication that single stream transmission is used (so that UE knows the transmit power, its precoding vector and that there is no MU-MIMO interference). 

When the UE knows the eNB precoding matrix index it can use the mapping function between UE codebook indices and eNB precoding matrix index 
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 to find the indices reported by the other UEs, since the mapping is unique. Because the eNB codebook is ordered as 
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, the UE knows which column of the precoding matrix 
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 is used as the precoding vector for the data to the UE.
3.1 Example, continued

The example in Section 2.1 is continued here to illustrate the control signalling overhead reduction. The eNB  codebook size in Table 1 is 20 elements, hence, 5 bits are needed to indicate which precoding matrix is used. However, by using the fact that the eNB does not override the UE codebook index reports, this can be reduced to 3 bits as follows:

The two UEs which are MU-MIMO co-scheduled have reported the indices 
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 from the UE codebook so the eNB precoding matrix with index 
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 is selected. The sets of allowed eNB precoding indices for these two UEs, 
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 are (obtained from the mapping function
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Since there are only 5 possible precoding matrices for a UE conditioned on the reported UE codebook index by this UE, only log2(5) =  2.3 bits are needed to signal in the downlink to each UE. 

The first UE which reported UE codebook index 
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, will use the signalled index and the set 
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 and finds that 
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 and can then use the mapping function 
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 to find that the second UE has reported 
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. Since the other UE has a higher index, the UE knows that the first column of 
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 is the precoding vector for the UE. 
4 Conclusion

We conclude that the eNB codebook and the UE codebook for MU-MIMO shall be different but related through a generating function. To enable interference suppression at the eNB side, a Zero Forcing type of generating function is recommended. 
The size of the eNB codebook is larger than the UE codebook, but if the eNB has no right to override the UE feedback of codebook index, the control signalling overhead is the same as for SU-MIMO, despite the larger codebook size. 

The DL indication to a UE shall be conditioned on the reported codebook index from this UE and an index to a subset of eNB precoding matrices is reported in the DL. It can also be interpreted as the UE is given information about the reported UE codebook indices of the MU-MIMO co-scheduled UEs.
To be standardized for MU-MIMO are:

· UE codebook and size

· Generating function for eNB codebook

· Limiting threshold T
· Procedure “eNB shall not override UE codebook feedback in MU-MIMO”

If these items above are defined, these entities follows automatically

· eNB codebook and size

· The subset 
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of eNB precoding indices for each UE codebook index a
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