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1. Introduction
In RAN1#72 meeting, it was agreed as a working assumption that a new aperiodic PUSCH feedback mode is supported in Rel.12.  Along with the new feedback mode, the enhanced codebook structure is defined which uses Rel. 10 W=W1W2 codebook structure for 4 antenna feedback. W1 corresponds to a long term and/or wideband channel properties and W2 corresponds to a short-term and narrowband channel.

According to the codebook structure, we update our design for 4Tx codebook which is described in our previous contribution [1].  Evaluation of our codebook and the codebooks from other companies are done and results are analyzed in this contribution.
2. 4Tx Codebook enhancement

Rank-1 and rank-2 codebook are enhanced by using two PMI structure.
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The details of the enhanced codebook can be found in [1] which is copied to Appendix B for convenience.  
Design considerations 
· Rel-8 4Tx codebook provides good trade-off between CSI feedback overhead and system performance for SU-MIMO systems.  It performs well under both XPOL and ULA antenna configuration in correlated channels.  At the same time, Rel-8 codebook design also takes into performance under uncorrelated or less correlated channels into account.  In practical application, widely spaced 4Tx XPOL is an important configuration [8].  Hence it should also be a target scenario for codebook enhancement.  In order to keep these good advantages and features, we design our enhanced codebook based on Rel-8 4Tx codebook. 
· In our design, only half of the Rel-8 4Tx rank-2 codebook is enhanced. The enhancement for 4Tx codebook is used for MU-MIMO which can perform well under the correlated channels.  We only enhance 8 rank-2 codewords which work well under XPOL antenna configuration in correlated channels.  We keep another 8 Rank-2 codewords keep the good performance under the uncorrelated channels.  
· Keeping Rel-8 4Tx codebook as much as possible can reduce the UE complexity because some of the Rel-8 implementation can be re-used.  e.g. codebook selection for PMI1 can re-use Rel-8 scheme.
Proposal 1: Design of codebook enhancement should take into account both correlated and uncorrelated channels.
Proposal 2: Strive to enhance the codebook based on Rel-8 4Tx codebook.
3. Evaluation results of codebook enhancement
In this section, we evaluate performance of proposed codebooks from different companies. The simulation assumption is captured in table A1 in appendix A.  PUSCH 3-2 feedback mode is used in this set of simulations.  Simulation results of full buffer and FTP traffic are shown in the following table 1 to table 3.
3.1. Full buffer traffic 
Table 1 Performance under PUSCH 3-2 feedback mode
	
	Overhead
PMI1(bits)+PMI2(bits)
	Closely spaced XPOL (0.5λ)
	Widely spaced XPOL (4λ)

	
	Rank 1
	Rank 2
	Rank 3
	Rank 4
	Average spectral efficiency
	Cell edge spectral  efficiency
	Average spectral efficiency
	Cell edge spectral  efficiency

	Rel-8 4Tx codebook (baseline)
	0+4
	0+4
	0+4
	0+4
	2.314
	0.059
	2.076
	0.051

	ZTE
	4+3
	4+3
	0+4
	0+4
	2.411 (+4.18%)
	0.063 (+6.51%)
	2.083 (+0.34%)
	0.0519 (+1.67%)

	Source 1[2]
	4+4
	4+4
	0+4
	0+4
	2.443 (+5.59%)
	0.062 (+5.07%)
	2.075 (-0.02%)
	0.0523 (+2.50%)

	Source 2[3]
	3+2
	3+2
	3+2
	2+2
	2.382 (+2.92%)
	0.061 (+2.96%)
	2.064 (-0.55%)
	0.0481 (-5.64%)

	Source 3[4]
	4+4
	4+4
	0+4
	0+4
	2.409 (+4.09%)
	0.060 (+2.07%)
	2.107 (+1.51%)
	0.0483 (-5.39%)

	Source 4[4]
	4+4
	4+4
	0+4
	0+4
	2.413 (+4.27%)
	0.062 (+5.37%)
	2.112 (+1.75%)
	0.0500 (-1.91%)

	Source 5[5]
	3+2
	3+1
	0+4
	0+4
	2.396 (+3.57%)
	0.062 (+4.02%)
	2.027 (-2.36%)
	0.0503 (-1.37%)

	Source 6[6]
	0+6
	0+6
	0+4
	0+4
	2.358 (+1.89%)
	0.060 (+2.54%)
	2.128 (+2.53%)
	0.0528 (+3.58%)

	Source 7[7]
	4+4
	4+3
	4+3
	4+3
	2.417 (+4.43%)
	0.063 (+6.34%)
	2.081 (+0.23%)
	0.0524 (+2.65%)


Observations:

· For closely spaced XPOL, maximum gain of 5%-6% can be achieved for cell average and cell edge performance. 
· Some codebooks perform well under 0.5λ antenna separation but not so well under 4λ antenna separation.  Some have degradation in 4λ case.
· ZTE codebook, Source 1, Source 4 and Source 7 provide comparable spectral efficiency gain both for cell average and cell edge under the new feedback mode in correlated and uncorrelated channels.  
3.2. FTP traffic 
Table 2 Performance with the antenna separation is 0.5λ and FTP 1 traffic (λ=2.5, file size=0.5M)
	
	Overhead

PMI1(bits)+PMI2(bits)
	Closely spaced XPOL (0.5λ)

	
	Rank 1
	Rank 2
	Rank 3
	Rank 4
	Mean UE Throughput
	5% UE Throughput
	50% UE Throughput
	95% UE Throughput

	Rel-8 4Tx codebook (baseline)
	0+4
	0+4
	0+4
	0+4
	14.216
	3.714
	10.959 
	39.604 

	ZTE
	4+3
	4+3
	0+4
	0+4
	15.338 (7.89%)
	1.870 (10.89%)
	11.799 (7.67%)
	43.011 (8.60%)

	Source 1
	4+4
	4+4
	0+4
	0+4
	15.057 (5.92%)
	2.074 (13.78%)
	11.765 (7.35%)
	41.667 (5.21%)

	Source 2
	3+2
	3+2
	3+2
	2+2
	14.854 (4.49%)
	2.128 (7.71%)
	11.527 (5.19%)
	41.237 (4.12%)

	Source 3
	4+4
	4+4
	0+4
	0+4
	14.516 (2.11%)
	2.014 (9.19%)
	11.173 (1.96%)
	40.404 (2.02%)

	Source 4
	4+4
	4+4
	0+4
	0+4
	14.707 (3.46%)
	2.042 (6.37%)
	11.364 (3.69%)
	40.404 (2.02%)

	Source 5
	3+2
	3+1
	0+4
	0+4
	15.094 (6.18%)
	1.989 (8.03%)
	11.765 (7.35%)
	41.667 (5.21%)

	Source 6
	0+6
	0+6
	0+4
	0+4
	14.312 (0.68%)
	2.020 (5.27%)
	11.050 (0.83%)
	39.604 (0.00%)

	Source 7
	4+4
	4+3
	4+3
	4+3
	15.149 (6.57%)
	1.969 (13.36%)
	11.834 (7.99%)
	41.667 (5.21%)


Table 3 Performance with the antenna separation is 4λ and FTP 1 traffic (λ=2.5, file size=0.5M)
	
	Overhead
PMI1(bits)+PMI2(bits)
	Widely spaced XPOL (4λ)

	
	Rank 1
	Rank 2
	Rank 3
	Rank 4
	Mean UE Throughput
	5% UE Throughput
	50% UE Throughput
	95% UE Throughput

	Rel-8 4Tx codebook (baseline)
	0+4
	0+4
	0+4
	0+4
	11.995 
	1.465 
	8.850 
	35.398 

	ZTE
	4+3
	4+3
	0+4
	0+4
	12.139(1.20%) 
	1.434(-2.12%) 
	9.112(2.96%) 
	35.398(0.00%) 

	Source 1
	4+4
	4+4
	0+4
	0+4
	11.530(-3.88%) 
	1.416(-3.30%) 
	8.639(-2.38%) 
	31.496(-11.02%) 

	Source 2
	3+2
	3+2
	3+2
	2+2
	11.640(-2.96%) 
	1.376(-6.09%) 
	8.439(-4.64%) 
	33.613(-5.04%) 

	Source 3
	4+4
	4+4
	0+4
	0+4
	11.938(-0.47%) 
	1.417(-3.26%) 
	8.811(-0.44%) 
	34.783(-1.74%) 

	Source 4
	4+4
	4+4
	0+4
	0+4
	12.053(0.49%) 
	1.473(0.59%) 
	9.091(2.73%) 
	34.188(-3.42%) 

	Source 5
	3+2
	3+1
	0+4
	0+4
	11.537(-3.82%) 
	1.405(-4.11%) 
	8.403(-5.04%) 
	32.258(-8.87%) 

	Source 6
	0+6
	0+6
	0+4
	0+4
	12.456(3.84%) 
	1.559(6.42%) 
	9.324(5.36%) 
	36.697(3.67%) 

	Source 7
	4+4
	4+3
	4+3
	4+3
	11.891(-0.87%) 
	1.463(-0.15%) 
	8.869(0.22%) 
	33.898(-4.24%) 


Observations:

· For closely spaced XPOL, maximum gain of 8%-13% can be achieved for mean UE throughput and 5% UE throughput.
· ZTE codebook, Source 1 and Source 7 provide comparable spectral efficiency gain both for cell average and cell edge under the new feedback mode in closely spaced XPOL.
· Source 6 provides the best gain for widely spaced XPOL. However, it doesn’t perform well in closely spaced XPOL.  ZTE codebook provides small gain while most of other codebooks have performance loss in widely spaced XPOL.
4. Conclusion
In this contribution, design considerations on codebook enhancement are discussed.  We have the following proposals:

Proposal 1: Design of codebook enhancement should take into account both correlated and uncorrelated channels.
Proposal 2: Strive to enhance the codebook based on Rel-8 4Tx codebook.
Evaluation results are shown and analyzed in this contribution.  From the simulation results, our enhanced codebook perform well under overall assumptions including full buffer traffic, FTP traffic under both closely spaced and widely spaced XPOL configurations. The overhead of our codebook is 7 bits which is less than other codebooks with comparable performance.  Also, our proposed codebook is based on Rel-8 4Tx codebook which can potentially reduce the implementation complexity.  
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Appendix A: Simulation assumptions and parameters
Table A.1 System Level Simulation Assumptions

	Parameters
	Assumptions

	Deployment scenario
	Scenario A

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 sectors per site with wraparound

	Number of users per cell
	10

	Operating bandwidth (BW)
	10 MHz

	Antenna configuration
	Transmitter: 4Tx cross-polarized antenna at eNB, 0.5λ/4λ separation, 

Receiver: 2Rx cross-polarized antenna at UE

	Feedback periodicity
	10ms

	SU/MU switching
	Dynamic UE selection with orthogonal DMRS, SU/MU dynamic switching with maximal number of UE pairing is 2, the maximal transmission rank per UE is 1for MU and 2 for SU

	Delay between feedback and transmission
	5ms

	Scheduler 
	Proportional Fair

	Receiver
	MMSE-IRC 

With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom 

(Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel Estimation
	Non-ideal modeling of channel estimation on CSI-RS and DM-RS

error modeling 
[image: image2.wmf](

)

a

=+

HHE

%

is used

	Feedback mode
	PUSCH reporting mode 3-2

	Subband size
	6RBs 

	Transmission mode 
	TM10 with single CSI process

	Traffic modeling
	Full-buffer /non-full buffer(FTP1, λ=2.5, file size=0.5M)

	Outdoor-Indoor Ratio
	20% outdoor/80% indoor 


Appendix B: ZTE enhanced codebook

Rank-1 Codebook
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· The final precoder W is a 
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 is the househould matrix defined in 3GPP TS 36.211.
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Rank-2 Codebook
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where,

· The final precoder W is a 4x2 matrix

· Only partial Rel-8 4Tx rank-2 codebook is enhanced. 

· 3-bit index i2 is used for indication of the W2 codeword. W2 codebook is selected depending on index of W1 i1.
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where the expression 
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NOTE: Rank2_W2.codeword(:,:,1:8) corresponds to this W2 codebook 
Table B.5 
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NOTE: Rank2_W2.codeword(:,:,9:16) corresponds to this W2 codebook. 
_1424259318.unknown

_1424271820.unknown

_1424330954.unknown

_1424330958.unknown

_1424330960.unknown

_1426081657.unknown

_1424330959.unknown

_1424330956.unknown

_1424330957.unknown

_1424330955.unknown

_1424330946.unknown

_1424330950.unknown

_1424330952.unknown

_1424330953.unknown

_1424330951.unknown

_1424330948.unknown

_1424330949.unknown

_1424330947.unknown

_1424274853.unknown

_1424330942.unknown

_1424330944.unknown

_1424330945.unknown

_1424330943.unknown

_1424325144.unknown

_1424330941.unknown

_1424330940.unknown

_1424324739.unknown

_1424270990.unknown

_1424270996.unknown

_1424271197.unknown

_1424271000.unknown

_1424270993.unknown

_1424270053.unknown

_1424270135.unknown

_1424270181.unknown

_1424270202.unknown

_1424270074.unknown

_1424270122.unknown

_1424263576.unknown

_1424269960.unknown

_1424270009.unknown

_1424261827.unknown

_1424263559.unknown

_1424263575.unknown

_1424263556.unknown

_1424261815.unknown

_1424246109.unknown

_1424246117.unknown

_1424246125.unknown

_1424246129.unknown

_1424246131.unknown

_1424246133.unknown

_1424246134.unknown

_1424246132.unknown

_1424246130.unknown

_1424246127.unknown

_1424246128.unknown

_1424246126.unknown

_1424246121.unknown

_1424246123.unknown

_1424246124.unknown

_1424246122.unknown

_1424246119.unknown

_1424246120.unknown

_1424246118.unknown

_1424246113.unknown

_1424246115.unknown

_1424246116.unknown

_1424246114.unknown

_1424246111.unknown

_1424246112.unknown

_1424246110.unknown

_1424246101.unknown

_1424246105.unknown

_1424246107.unknown

_1424246108.unknown

_1424246106.unknown

_1424246103.unknown

_1424246104.unknown

_1424246102.unknown

_1424246097.unknown

_1424246099.unknown

_1424246100.unknown

_1424246098.unknown

_1424246095.unknown

_1424246096.unknown

_1424246094.unknown

