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1 Introduction

In [1], four candidates for CSI feedback enhancement have been summarized, and they can be listed in short as below:
· codebook enhancement;

· new feedback mode;

· finer frequency-domain granularity;

· RI/PMI/CQI optimization dedicated for MU-MIMO.

In this contribution, we will provide our preference on CSI feedback enhancements.
2 Discussion
Table 1 in Appendix A.1 lists the solutions for the four candidates of enhancements, and also compares the Pros and Cons for these four candidates roughly from the perspectives of standardization efforts, UL overhead and UE processing complexity. For the enhancement of finer frequency-domain granularity, the performance gain needs to be justified, and how finer the granularity is also questionable. Thus, we will not discuss the enhancement of finer frequency-domain granularity here.
2.1 MU-CQI

For RI/PMI/CQI optimization dedicated for MU-MIMO, the MU-RI/PMI/CQI provides the new information for MU-MIMO transmission. For MU-RI, it can be transparently realized by codebook subset restriction. For MU-PMI, the performance gain needs to be justified, since the orthogonal pairing (grouping) principle can offer the pre-assigned PMI companions without the explicit feedback of PMI companions. Hence, we will not discuss MU-RI/PMI here.
MU-CQI is preferred in [2], as it can provide the more accurate SINR information under MU-MIMO hypothesis than that of the currently defined SU-CQI..
It is almost a common sense that the CSI feedback enhancements should be standardized in TM10. Actually the IMR that can be used for measuring the interference has been defined in TM10. The original motivation of IMR is to measure the interference from the neighbor Transmission Points (TPs) under Rel-11 CoMP scenarios. Fortunately, the defined IMRs in Rel-11 can naturally support measuring the interference from the co-scheduled UE(s) within a TP under MU-MIMO scenario. For a given UE, if the data of co-scheduled UE(s) are transmitted in the REs of IMR in a certain CSI reference resource, the CQI reported by the given UE will contain the inter-UE interference, which represents the “MU-CQI” (it has no power offset yet, so the compensation at eNB is still necessary); otherwise, the CQI reported by the given UE will not contain the inter-UE interference, which is the traditional SU-CQI. In this mechanism, no new IMR or CSI process is needed. The meaning of CQI (SU-CQI or MU-CQI) totally relies on the scheduler.
Furthermore, the dynamic switch of SU-MIMO and MU-MIMO is also supported since no RRC re-configuration is necessary for the mechanism of MU-CQI by IMR. The main drawback of this mechanism is the constraint and complexity of scheduler, which are totally implementation-specific and are acceptable in our opinions.
As a conclusion, MU-CQI can be implemented transparently for UE in TM10. On the contrary, if we define the MU-CQI, the standardization effort may be significant, taking into account of the large UL overhead, UE complexity etc. Thus, we propose that:
Proposal 1: It is not necessary to define the MU-CQI in TM10.
2.2 Codebook enhancement
The codebook enhancement will increase the PMI overhead by introducing more code words, and the new feedback mode (PUSCH mode 3-2) will increase the PMI overhead largely by introducing the subband PMI. Thus, the simultaneous support of these two enhancements is not so feasible.
In [3] the simulation showed there is large room of performance improvement by codebook enhancements, as the gain of idealistic SVD feedback is significant. Moreover, according to the simulation results shown in [4], the codebook enhancement has the significant gains, which are above 20% for both cell-average and cell-edge throughput. Comparing the codebook enhancement and the new feedback mode, we slightly prefer the codebook enhancement.
To describe the construction of codebook, we mainly focus on the rank-1 codebook in the sequel. In fact, the high-rank codebook can be generated by combining the vectors that are orthogonal to a rank-1 code vector.
It is the general view that the number of DFT vectors and the number of non-DFT vectors have the direct relationship with performance of codebook [5]. Moreover, more DFT vectors correspond to better performance of the high-correlated channel, and more of non-DFT vectors correspond to better performance of the low-correlated channel, which is consistent with our experiments as shown in Appendix A.2.
On the other hand, increasing the number of DFT vectors will cause higher oversampling rate of the DFT vectors, which leads to the higher order of PSK symbols, and consequently result in the higher requirements in designing the radio front-end, such as PAPR, EVM etc. Hence, the number of DFT vectors is the tradeoff between the performance and complexity. In our experiments, 32 DFT vectors provide sufficiently good performance in the array manifold metric. It is noted that the 32 DFT vectors correspond to the 8x oversampling of 4-elements DFT vectors.
Observation 1: It is sufficient to increase the number of DFT vectors to 32 for 4Tx.

According to the principle of 8Tx codebook in Rel-10, the co-phase between the two cross-polarized antennas (i.e. the phase between two polarized antennas) should be introduced for cross-polarized antennas setup, this will generate the non-DFT vectors. The co-phase can be introduced by QPSK symbols, and the corresponding 48 non-DFT vectors can be obtained by co-phase adjustments represented by {j, -1, -j}. Note that the co-phase adjustment represented by 1 will keep the DFT vectors unchanged.
Observation 2: The other non-DFT vectors can be introduced by considering the co-phase adjustments for cross-polarized antennas.

To generate the total 7-bit codebook, the left 48 non-DFT vectors can be introduced by the phases permutation in order to keep the large chordal distance, e.g. phase permutation of one or more elements. It should be noted that the phase rotation here is not to generate orthogonal vectors since the orthogonal property is guaranteed here by DFT and dual structure.
Observation 3: The other non-DFT vectors can be introduced by considering the phases permutation to keep the large chordal distance.

From the experiments results shown in Appendix A.2, such as the array manifold, the chordal distance and the quantization error, the proposed rank-1 codebook performs equally to or outperforms the other codebooks, such as Rel-8 4Tx codebook, and codebooks from [6]/[7] and [8] etc.
In addition, the larger codebook with dual structure will only slightly increase the overhead, since the first PMI is only a long term and wideband parameter. Moreover, in the dual structure the computation complexity mainly concentrates on the second PMI, which is similar with the complexity of Rel-8 4Tx.
From the perspectives of performance gain, UL overhead and UE complexity, we propose to:

Proposal 2: Consider the feedback enhancement for 4Tx, especially the codebook enhancement.
Proposal 3: The proposed principle for codebook enhancement for 4Tx:

-  Increase the number of DFT vectors and non-DFT vectors simultaneously;

-  Increase the number of DFT vectors not more than 32;

-  Use the dual structure.
3 Conclusion
In the contribution, we provide the proposals for CSI feedback enhancement for 4Tx.

Proposal 1: It is not necessary to define the MU-CQI in TM10.
Proposal 2: Consider the feedback enhancement for 4Tx, especially the codebook enhancement.
Proposal 3: The proposed principle for codebook enhancement for 4Tx:

-  Increase the number of DFT vectors and non-DFT vectors simultaneously;

-  Increase the number of DFT vectors not more than 32;

-  Use the dual structure.
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Appendix
A.1 Comparison of enhancements

Table 1: Comparison of enhancements from different perspectives.
	
	Finer frequency granularity
	New feedback mode
	Codebook enhancement
	RI/PMI/CQI optimization dedicated for MU-MIMO

	Standardisation efforts
	Decrease the RB number per subband, which needs to reconsider the performance improvement and the size of UL payload etc.
	Can be defined by combining  PUSCH mode 1-2 and 3-1
	The feedback framework for Dual codebook has been introduced in Rel-10, and only dual codebook for 4Tx needs to be optimized
	Need to define new MU-CSI (MU-RI, MU-CQI, MU-PMI), and consider the co-existence of SU-CSI (the currently defined CSI) and MU-CSI

	UL overhead
	Depends on the RB size per subband
	Additional subband PMIs compared with PUSCH mode 3-1
	Dual codebook will only give the marginal overhead from the first PMI (long-term and wideband PMI)
	Additional RI and(or) PMI and(or) CQI

	UE processing complexity
	Depends on the RB size per subband
	PUSCH 3-2 has the similar computational complexity as PUSCH mode 2-2
	The complexity of PMI search will be increased, but for dual codebook it is moderate
	The additional RI/PMI/CQI will bring a new round of CSI calculation at UE

	Solutions
	Refine the subband granularity
	Majority view: PUSCH mode 3-2
	DFT dual-codebook similar with Rel-10 8-Tx codebook, 

dual codebook combined with Rel-8 4-Tx codebook, 

6-bits codebook,

adaptive codebook
etc.
	MU-RI (restricted RI), MU-CQI (containing the interference from the co-scheduled UE), MU-PMI (companion PMI, or the additional PMI for the second dominant eigenvector)


A.2 Dual-codebook structure based 4Tx codebook

For the 4 Tx antennas setup, we propose to apply the double codebook structure to rank 1 and 2 and reuse Rel-10 precoding scheme (including codebooks) for rank 3 and 4. The rank number (corresponding to RI report) is denoted as L.
For rank L=1 or 2, the precoder 
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 is the matrix multiplication of the two matrices 
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 (short-term/subband) and 
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where:
· The overall precoder 
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 is a 
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 unitary precoding matrix;
· 
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 is a 
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 DFT vector corresponding to AoD of the dominant path.
· For rank-1, 
[image: image9.wmf]1

W

 is composed of 16-DFT vectors:

[image: image10.wmf]ï

ï

ï

þ

ï

ï

ï

ý

ü

ï

ï

ï

î

ï

ï

ï

í

ì

=

ú

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ê

ë

é

=

×

×

×

×

×

×

15

,

,

0

,

1

2

1

16

3

2

16

2

2

16

1

2

L

n

e

e

e

n

j

n

j

n

j

p

p

p

1

W


· For rank-2, 
[image: image11.wmf]1
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 is composed of 16-DFT matrices with two orthogonal columns:
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 is a 3-bit codebook and 
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 is a square unitary 4 x 4 diagonal matrix selected in 
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. The codebooks in 
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 have the different purposes for difference cases as follows:
· For the DFT vectors (corresponding to 32 DFT vectors for rank-1):
· k=0, 1: 
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· For the co-phase adjustments for the cross-polarized antennas (corresponding to 48 non-DFT vectors for rank-1):
· k=2, 3, 4: 
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· For the phases permutation to keep the large chordal distance (corresponding to 48 non-DFT vectors for rank-1):
· Option-1: phase permutation of one element.
· k=5: 
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· k=6: 
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· k=7: 
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· Option-2: phase permutation of two elements.
· k=5: 
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· k=6: 
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· k=7: 
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For rank L=3 or 4, the precoder 
[image: image27.wmf]W

 is selected in Rel-10 4Tx rank-L codebook.
It is the common sense that the rank-1 codebook can largely reflects the performance of codebooks. Thus, we start from comparing the rank-1 codebooks. For rank-1, we compare the different codebooks with different metrics in the below table.
Table 2: Comparing the different codebooks with the chordal distance metric
	
	Rel-8 4Tx
	R1-114351
	R1-114238
	New Postcom, Opt-1
	New Postcom, Opt-2

	Bits
	4
	6 (2+4)
	7 (3+4)
	7 (3+4)
	7 (3+4)

	Number of DFT vectors
	8
	16
	40
	32
	32

	Min chordal distance
	0.7071
	0.3827
	0.1095
	0.2175
	0.2075


For rank-1, we compare the different codebooks with the array manifold metric in the below figure.
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Figure 1: Array manifold of different codebooks

For rank-1, we compare the different codebooks with the quantization error for the cross-polarized channels in the below figure.
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Figure 2: Quantization error of different codebooks
The quantization error metric can be represented as follows:
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where:

· 
[image: image31.wmf]w

denotes the selected precoding matrix;

· 
[image: image32.wmf]h

 denotes the channels. The channels are generated by the method in ( Appendix B / Section 3.2.8 , [9]), i.e. a channel matrix can be modeled as the product of a correlation matrix and an i.i.d uncorrelated channel matrix. The correlation matrix is generated as the cross-polarized antennas by the method and parameters in (Appendix B2.3/B2.3A, [10]) and [11].











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































PAGE  
2

_1419852432.unknown

_1419922393.unknown

_1419922621.unknown

_1420015357.unknown

_1420015361.unknown

_1419922661.unknown

_1419922410.unknown

_1419922421.unknown

_1419854515.unknown

_1419854539.unknown

_1419852589.unknown

_1419852598.unknown

_1419852548.unknown

_1419852304.unknown

_1419852379.unknown

_1419852404.unknown

_1419852409.unknown

_1419852326.unknown

_1419842199.unknown

_1419851457.unknown

_1419852288.unknown

_1419851448.unknown

_1419841946.unknown

_1419841969.unknown

_1419841980.unknown

_1419841580.unknown

_1419427007.unknown

