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1 Introduction
In RAN1 72, the following has been agreed as the working assumption for 4Tx CSI feedback enhancement:

Working Assumptions:

· A new aperiodic PUSCH feedback mode is supported in Rel.12 with following feedbacks
· CQI and rank feedback bit size as in PUSCH Mode 3-1 in Rel 10

· A wideband PMI 
· 2 Tx: 0 bit
· 4 Tx: FFS with the consideration of codebook enhancement in Rel. 12 not excluding 0 bit wideband PMI
· 8 Tx: 4/4/2/2/2/2/2/0 bits for rank 1-8 respectively 
· Per subband PMI(s)
· 2Tx: 2/1 bits for rank 1 – 2
· 4Tx: FFS with the consideration of codebook enhancement in Rel.12
· 8Tx: 4/4/4/3/0/0/0/0 bits  for rank 1 – 8 respectively
· Use Rel 10 W=W1W2 codebook structure for 4 antenna feedback for DMRS based TMs

· The following are for further study and evaluation:

· Subband size

· Detailed W1 and W2 structures, e.g. W1 corresponds to a long term and/or wideband channel properties and W2 corresponds to  a short-term and narrowband channel
· Additional information in the CSI reports for this new feedbsack mode

· For example CSI feedback enhancements targeted at improving MU performance 
(Note that the current Rel-10 4tx codebook has W=W1W2 structure). 

In [1] we described the details of our 6-bit larger codebook proposal for 4Tx closed-loop MIMO operation in Rel. 12. In [2] we provide the system level simulation results to compare most of the codebook proposals received in the email discussion [72-11]. In this contribution, we discuss about how the PMI should be computed for the new aperiodic PUSCH feedback mode.
2 Codeword search methods
In [3], we showed that UE can optimize CSI search method if it knows the eNB’s scheduling preference. If UE is only configured with one CSI reporting process, eNB needs minimum one bit of broadcast signaling to indicate its scheduling preference. On the other hand in [4], it is pointed out that UE can be configured with two CSI reporting processes and one is restricted to rank one and the other is restricted to e.g. rank two. In this case, on one hand, eNB can always rely on the rank one report for MU-MIMO scheduling because it better quantizes the principle eigen vector. On the other hand, for SU-MIMO scheduling, eNB can rely on both the rank one and rank two reports. This may imply that there is no need for the MU-PMI [3] when two reporting processes are configured. However, we believe this is not the case. Even with two reporting processes configured, the MU-PMI [3] is still useful. The reason is as follows.  First, two reporting processes consume more overhead than one process. If one process can do the job, eNB does not have to configure two for reducing overhead. Second, with two processes configured, MU-PMI [3] still can improve the feedback accuracy over the existing. The reason is the same as with a single reporting process configured. The size of the codebook for quantizing the principal eigen-vector is effectively doubled by MU-PMI search scheme since it uses both the first and the second columns in the rank two codebook in the quantization. This advantage applies in one and two reporting processes for the same reason. More precisely, with two reporting processes, the eNB and the UE operate as follows. The eNB does not need to indicate its scheduling preference dynamically to the UE. The UE uses one CSI reporting process for SU-MIMO and the other for MU-MIMO. Both SU-MIMO and MU-MIMO support rank one and rank two. The MU-MIMO one uses the MU-PMI search scheme for more accurate quantization. Details quantization steps are listed below.
I. CSI search method for SU-MIMO
The PMI search algorithm for a given rank can be described as equation (1):
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where  
is the codebook of rank 
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,  is the measured channel matrix of one subcarrier , 
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 is the best PMI for rank  and 
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 is the interference covariance matrix.  After UE determines the best PMI for each rank, it can select the best rank using equation (2):
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And UE reports the best rank and the best PMI/CQI for the best rank accordingly. This algorithm can maximize the capacity of SU-MIMO.
II. CSI search method for MU-MIMO
UE searches the best PMI of rank one and rank two using each column of one codeword as a rank one precoder in equation (3):
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where  
is the codebook of rank 
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,  is the measured channel covariance matrix of one subband , 
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 is the best PMI for rank and 
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 is the best column index for the best precoder of rank 
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.  
After UE determines the best PMI for rank one and rank two, it determines the best rank as equation (4):
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And UE reports the best rank and the best PMI/CQI for the best rank accordingly. This algorithm can maximize the capacity of MU-MIMO.
3 System level results using FTP model
In [2] we compare different codebook performances assuming that UE reports CSI to maximize its own link capacity. In this section we would like to report how much additional gain we can achieve by optimizing the codeword search criterion for the same codebook. Though the proposed codebook search criterion can work with any codebooks, the codebook proposal in [1] further optimize the rank two codebooks for the optimized codeword search criterion we propose in this contribution. 
[image: image29.emf]0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

1

2

3

4

5

6

7

8

9

10

11

12

13

Rel.8 100.00%

MotM 105.19%

ALU 107.16%

TI 107.99%

LGE 107.99%

Broadcom 108.23%

Renesas 109.82%

ZTE 110.44%

Intel 110.57%

CATT 110.82%

Ericsson 111.84%

DoCoMo 113.93%

Intel MUPMI 120.12%

%5-ile throughput (kbps)

[image: image30.emf]0 2000 4000 6000 8000 10000 12000 14000

1

2

3

4

5

6

7

8

9

10

11

12

13

Broadcom  99.06%

Rel.8 100.00%

MotM 100.64%

ALU 100.96%

ZTE 101.29%

TI 102.27%

Ericsson 102.61%

LGE 102.61%

Renesas 102.94%

DoCoMo 102.94%

Intel 103.28%

CATT 103.96%

Intel MUPMI 105.70%

%50-ile throughput (kbps)


[image: image31.emf]0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

1

2

3

4

5

6

7

8

9

10

11

12

13

Rel.8 100.00%

ZTE  94.93%

Ericsson  94.77%

MotM  94.08%

Broadcom  93.97%

TI  93.93%

LGE  93.03%

Renesas  93.03%

ALU  92.13%

CATT  92.13%

Intel  91.89%

DoCoMo  91.07%

Intel MUPMI  89.75%

resource utilization


Figure 1: FTP throughput (λ=2.5) comparison for small spaced cross polarized antennas, 80% indoor
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Figure 2: FTP throughput (λ=4) comparison for small spaced cross polarized antennas, 80% indoor

For the same Intel codebook, the two codeword search schemes, which are optimized for SU-MIMO and MU-MIMO respectively, make a significant difference in performance. Namely, the MU-PMI search scheme outperforms the SU-MIMO oriented scheme by 2-7%. Comprehensive comparisons using other antenna configurations can be found in [2]. Based on the results, we have the observation below.
Observation: For the same codebook, optimizing the codeword search criterion can provide a significant performance gain.
Based on this observation we propose:

Proposal: Define eNB signaling to indicate whether UE should optimize the CSI feedback calculation for minimizing the quantization error of the principal beamforming direction using both rank 1 and 2 codebooks. 
4 Conclusion
In this contribution, we have shown that significant throughput gain can be achieved by optimizing the CSI calculation for the same codebook. Depending on how many CSI processes is configured for a UE, different signalling can be defined. For example if UE is configured with two CSI processes, one way is to add one attribute to the CSI process to indicate whether UE shall maximize its own link capacity or minimize the quantization error of the principal eigen-beam. In sum, we propose the following:
Proposal: Define eNB signaling to indicate whether UE should optimize the CSI feedback calculation for minimizing the quantization error of the principal beamforming direction using both rank 1 and 2 codebooks. 
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