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Introduction
Currently, two main codebooks are discussed in DL MIMO Rapp. One is 16e codebook [1], and the other is DFT codebook or enhanced DFT codebook [2][3]. It is well known that 16e codebook has better performance for uncorrelated channel and DFT codebook has better performance for correlated channel.  But in practical system, the channels of MSs are mixture of correlated channel and uncorrelated channel. Specifically, some MSs’ channel are correlated, and some MSs’ channel are uncorrelated at the same time. Even for the same MS, the correlation of channel is varied. Hence, the codebook designed shall get pretty good performance both in correlated channel and uncorrelated channel. In this contribution, we propose a new codebook based on 16e codebook and DFT codebook. Simulation results show that it can achieve pretty good performance both in correlated channel and uncorrelated channel for close-loop SU/MU MIMO. 

Codebook generation method
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 denotes grassmann manifold, it is the set of all one-dimension subspaces in 
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 as one candidate codeword in the mixed codebook 
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. Otherwise, we will use the closest DFT codeword in the ball as one candidate codeword in the mixed codebook 
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Table 1: 
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[image: image27.emf]Vector

Index

v1v2v3v4

10.50.0000+0.5000i-0.5000+0.0000i-0.0000-0.5000i

20.50.4926+0.0855i0.4708+0.1684i0.4350+0.2464i

30.5-0.4819+0.1334i0.4289-0.2571i-0.3448+0.3621i

40.50.0855+0.4926i-0.4708+0.1684i-0.2464-0.4350i

50.50.4289+0.2571i0.2357+0.4410i-0.0245+0.4994i

60.5-0.4619-0.1913i0.3536+0.3536i-0.1913-0.4619i

70.50.4224+0.2675i0.2138+0.4520i-0.0612+0.4962i

80.50.0490-0.4976i-0.4904-0.0975i-0.1451+0.4785i

90.5-0.2879+0.4088i-0.1684-0.4708i0.4819+0.1334i

100.50.4946+0.0734i0.4785+0.1451i0.4520+0.2138i

110.50.0855-0.4926i-0.4708-0.1684i-0.2464+0.4350i

120.5-0.1096+0.4879i-0.4520-0.2138i0.3076-0.3942i

130.5-0.3865+0.3172i0.0975-0.4904i0.2357+0.4410i

140.50.4088-0.2879i0.1684-0.4708i-0.1334-0.4819i

150.50.2357+0.4410i-0.2778+0.4157i-0.4976-0.0490i

160.5-0.2675+0.4224i-0.2138-0.4520i0.4962+0.0612i

170.5-0.4926-0.0855i0.4708+0.1684i-0.4350-0.2464i

180.50.1913+0.4619i-0.3536+0.3536i-0.4619-0.1913i

190.5-0.0855-0.4926i-0.4708+0.1684i0.2464+0.4350i

200.5-0.4350-0.2464i0.2571+0.4289i-0.0123-0.4998i

210.50.4350+0.2464i0.2571+0.4289i0.0123+0.4998i

220.50.3266-0.3786i-0.0734-0.4946i-0.4224-0.2675i

230.5-0.3076-0.3942i-0.1215+0.4850i0.4571-0.2026i

240.5-0.4289+0.2571i0.2357-0.4410i0.0245+0.4994i

250.50.2978-0.4016i-0.1451-0.4785i-0.4708-0.1684i

260.5-0.0975+0.4904i-0.4619-0.1913i0.2778-0.4157i

270.5-0.4571+0.2026i0.3358-0.3705i-0.1568+0.4748i

280.5-0.0490+0.4976i-0.4904-0.0975i0.1451-0.4785i

290.50.4157+0.2778i0.1913+0.4619i-0.0975+0.4904i

300.5-0.2248+0.4466i-0.2978-0.4016i0.4926-0.0855i

310.5-0.4289-0.2571i0.2357+0.4410i0.0245-0.4994i

320.50.3865+0.3172i0.0975+0.4904i-0.2357+0.4410i

330.50.0975+0.4904i-0.4619+0.1913i-0.2778-0.4157i

340.5-0.3621-0.3448i0.0245+0.4994i0.3266-0.3786i

350.5-0.4994+0.0245i0.4976-0.0490i-0.4946+0.0734i

360.50.0975-0.4904i-0.4619-0.1913i-0.2778+0.4157i

370.5-0.2357-0.4410i-0.2778+0.4157i0.4976+0.0490i

380.5-0.4224+0.2675i0.2138-0.4520i0.0612+0.4962i

390.50.4520-0.2138i0.3172-0.3865i0.1215-0.4850i

400.50.0368-0.4986i-0.4946-0.0734i-0.1096+0.4879i

410.5-0.2778+0.4157i-0.1913-0.4619i0.4904+0.0975i

420.50.4619-0.1913i0.3536-0.3536i0.1913-0.4619i

430.5-0.0123+0.4998i-0.4994-0.0245i0.0368-0.4986i

440.50.4785+0.1451i0.4157+0.2778i0.3172+0.3865i

450.5-0.4224-0.2675i0.2138+0.4520i0.0612-0.4962i

460.50.2464+0.4350i-0.2571+0.4289i-0.4998-0.0123i

470.5-0.2879-0.4088i-0.1684+0.4708i0.4819-0.1334i

480.5-0.4850+0.1215i0.4410-0.2357i-0.3705+0.3358i

DFT

Part
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Index

v1v2v3v4

490.50.2571+0.4289i-0.2357+0.4410i-0.4994+0.0245i

500.5-0.1096-0.4879i-0.4520+0.2138i0.3076+0.3942i

510.5-0.4016+0.2978i0.1451-0.4785i0.1684+0.4708i

520.5-0.3621+0.3448i0.0245-0.4994i0.3266+0.3786i

530.50.3358-0.3705i-0.0490-0.4976i-0.4016-0.2978i

540.5-0.1684+0.4708i-0.3865-0.3172i0.4289-0.2571i

550.50.2879-0.4088i-0.1684-0.4708i-0.4819-0.1334i

560.1673-0.8917-0.2667i0.1501+0.2390i0.1110+0.1177i

570.19630.0907+0.0726i0.5718+0.7828i0.0911+0.0031i

580.20190.8742-0.1494i-0.1557+0.1842i0.2608-0.2157i

590.3227-0.1524+0.1959i0.7728-0.1445i0.4423+0.1431i

600.74110.5741+0.0764i-0.2356+0.0499i0.2345+0.0474i

610.7806-0.4453+0.0626i-0.4039-0.0513i-0.1043+0.1089i

620.2051-0.1721+0.0352i-0.1656-0.1100i-0.9339-0.1241i

630.28460.2029+0.0401i0.7669-0.0053i-0.5189-0.1376i

640.8254-0.1916-0.0197i0.4524-0.1277i0.2452-0.0239i

16e

part

DFT

Part


In Table 1, we give a 6-bit codebook for 4 Tx and one stream. For more than one stream, we can use 16e method to get. In the following sections, we give simulation results to justify the efficiency of the proposed codebook.
Simulation results

Performance for MU MIMO
In this section, we evaluate the performance of different codebook with the parameters shown in Table 2. 

	Transmission bandwidth
	10 MHz

	Centre frequency
	2.5 GHz

	Subframe duration
	0.6171 ms

	Subcarrier spacing
	10. 938 kHz

	FFT size
	1024

	Number of occupied subcarriers
	1008

	Number of OFDM symbols per subframe
	6

	Number of subcarriers per Resource Unit
	18

	Spatial channel environment
	Modified PedB channel, 3 km/h

Spatially Correlated Channel : 4 lambda antenna spacing 
with angular spread of 3 degree 
Uncorrelated Channel : Zero Correlation 

	
	

	
	

	
	

	Frequency 
granularity of feedback
	LLRU (4 adjacent PRU)

	Feedback load
	Full feedback (for every resource unit), 20 users

	Channel estimation
	ideal

	MIMO schemes
	Zero-forcing MU MIMO schemes

	CQI Feedback
	Philip's channel feedback [4]

	User selection
	Greedy user selection schemes [4]


Simulation results are shown in Figure 1~Figure 2. From Figure 1 and Figure 2, the proposed codebook can get better performance than 16e codebook for correlated channel and obtain better performance than DFT codebook for uncorrelated channel. It is a good tradeoff of these two kinds of channel. 
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Figure 1: Sum-rate of 6 bits DFT, 16e and proposed codebook in uncorrelated channel
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Figure 2: Sum-rate of 6 bits DFT, 16e and proposed codebook in correlated channel

Conclusion

In this contribution, we proposed the codebook based on the mixture of 16e codebook and DFT codebook for SU MIMO and MU MIMO, and we proposed to use one unified codebook for correlated channel and uncorrelated channel. 
------------------------------------Start text proposal------------------------------------
Codebooks are defined for the feedback of MIMO precoding. The notation 
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The codebook for 4x1 with 6-bit feedback index is listed in Table 1.

------------------------------------End text proposal------------------------------------
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Table � SEQ Table \* ARABIC �2�: Simulation parameters
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				Vector
Index		v1		v2		v3		v4

		DFT
Part		1		0.5		0.0000+0.5000i		-0.5000+0.0000i		-0.0000-0.5000i

				2		0.5		0.4926+0.0855i		0.4708+0.1684i		0.4350+0.2464i

				3		0.5		-0.4819+0.1334i		0.4289-0.2571i		-0.3448+0.3621i

				4		0.5		0.0855+0.4926i		-0.4708+0.1684i		-0.2464-0.4350i

				5		0.5		0.4289+0.2571i		0.2357+0.4410i		-0.0245+0.4994i

				6		0.5		-0.4619-0.1913i		0.3536+0.3536i		-0.1913-0.4619i

				7		0.5		0.4224+0.2675i		0.2138+0.4520i		-0.0612+0.4962i

				8		0.5		0.0490-0.4976i		-0.4904-0.0975i		-0.1451+0.4785i

				9		0.5		-0.2879+0.4088i		-0.1684-0.4708i		0.4819+0.1334i

				10		0.5		0.4946+0.0734i		0.4785+0.1451i		0.4520+0.2138i

				11		0.5		0.0855-0.4926i		-0.4708-0.1684i		-0.2464+0.4350i

				12		0.5		-0.1096+0.4879i		-0.4520-0.2138i		0.3076-0.3942i

				13		0.5		-0.3865+0.3172i		0.0975-0.4904i		0.2357+0.4410i

				14		0.5		0.4088-0.2879i		0.1684-0.4708i		-0.1334-0.4819i

				15		0.5		0.2357+0.4410i		-0.2778+0.4157i		-0.4976-0.0490i

				16		0.5		-0.2675+0.4224i		-0.2138-0.4520i		0.4962+0.0612i

				17		0.5		-0.4926-0.0855i		0.4708+0.1684i		-0.4350-0.2464i

				18		0.5		0.1913+0.4619i		-0.3536+0.3536i		-0.4619-0.1913i

				19		0.5		-0.0855-0.4926i		-0.4708+0.1684i		0.2464+0.4350i

				20		0.5		-0.4350-0.2464i		0.2571+0.4289i		-0.0123-0.4998i

				21		0.5		0.4350+0.2464i		0.2571+0.4289i		0.0123+0.4998i

				22		0.5		0.3266-0.3786i		-0.0734-0.4946i		-0.4224-0.2675i

				23		0.5		-0.3076-0.3942i		-0.1215+0.4850i		0.4571-0.2026i

				24		0.5		-0.4289+0.2571i		0.2357-0.4410i		0.0245+0.4994i

				25		0.5		0.2978-0.4016i		-0.1451-0.4785i		-0.4708-0.1684i

				26		0.5		-0.0975+0.4904i		-0.4619-0.1913i		0.2778-0.4157i

				27		0.5		-0.4571+0.2026i		0.3358-0.3705i		-0.1568+0.4748i

				28		0.5		-0.0490+0.4976i		-0.4904-0.0975i		0.1451-0.4785i

				29		0.5		0.4157+0.2778i		0.1913+0.4619i		-0.0975+0.4904i

				30		0.5		-0.2248+0.4466i		-0.2978-0.4016i		0.4926-0.0855i

				31		0.5		-0.4289-0.2571i		0.2357+0.4410i		0.0245-0.4994i

				32		0.5		0.3865+0.3172i		0.0975+0.4904i		-0.2357+0.4410i

				33		0.5		0.0975+0.4904i		-0.4619+0.1913i		-0.2778-0.4157i

				34		0.5		-0.3621-0.3448i		0.0245+0.4994i		0.3266-0.3786i

				35		0.5		-0.4994+0.0245i		0.4976-0.0490i		-0.4946+0.0734i

				36		0.5		0.0975-0.4904i		-0.4619-0.1913i		-0.2778+0.4157i

				37		0.5		-0.2357-0.4410i		-0.2778+0.4157i		0.4976+0.0490i

				38		0.5		-0.4224+0.2675i		0.2138-0.4520i		0.0612+0.4962i

				39		0.5		0.4520-0.2138i		0.3172-0.3865i		0.1215-0.4850i

				40		0.5		0.0368-0.4986i		-0.4946-0.0734i		-0.1096+0.4879i

				41		0.5		-0.2778+0.4157i		-0.1913-0.4619i		0.4904+0.0975i

				42		0.5		0.4619-0.1913i		0.3536-0.3536i		0.1913-0.4619i

				43		0.5		-0.0123+0.4998i		-0.4994-0.0245i		0.0368-0.4986i

				44		0.5		0.4785+0.1451i		0.4157+0.2778i		0.3172+0.3865i

				45		0.5		-0.4224-0.2675i		0.2138+0.4520i		0.0612-0.4962i

				46		0.5		0.2464+0.4350i		-0.2571+0.4289i		-0.4998-0.0123i

				47		0.5		-0.2879-0.4088i		-0.1684+0.4708i		0.4819-0.1334i

				48		0.5		-0.4850+0.1215i		0.4410-0.2357i		-0.3705+0.3358i

		DFT
Part		49		0.5		0.2571+0.4289i		-0.2357+0.4410i		-0.4994+0.0245i

				50		0.5		-0.1096-0.4879i		-0.4520+0.2138i		0.3076+0.3942i

				51		0.5		-0.4016+0.2978i		0.1451-0.4785i		0.1684+0.4708i

				52		0.5		-0.3621+0.3448i		0.0245-0.4994i		0.3266+0.3786i

				53		0.5		0.3358-0.3705i		-0.0490-0.4976i		-0.4016-0.2978i

				54		0.5		-0.1684+0.4708i		-0.3865-0.3172i		0.4289-0.2571i

				55		0.5		0.2879-0.4088i		-0.1684-0.4708i		-0.4819-0.1334i

		16e
part		56		0.1673		-0.8917-0.2667i		0.1501+0.2390i		0.1110+0.1177i

				57		0.1963		0.0907+0.0726i		0.5718+0.7828i		0.0911+0.0031i

				58		0.2019		0.8742-0.1494i		-0.1557+0.1842i		0.2608-0.2157i

				59		0.3227		-0.1524+0.1959i		0.7728-0.1445i		0.4423+0.1431i

				60		0.7411		0.5741+0.0764i		-0.2356+0.0499i		0.2345+0.0474i

				61		0.7806		-0.4453+0.0626i		-0.4039-0.0513i		-0.1043+0.1089i

				62		0.2051		-0.1721+0.0352i		-0.1656-0.1100i		-0.9339-0.1241i

				63		0.2846		0.2029+0.0401i		0.7669-0.0053i		-0.5189-0.1376i

				64		0.8254		-0.1916-0.0197i		0.4524-0.1277i		0.2452-0.0239i
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				Vector
Index		v1		v2		v3		v4

		DFT
Part		1		0.5		0.0000+0.5000i		-0.5000+0.0000i		-0.0000-0.5000i

				2		0.5		0.4926+0.0855i		0.4708+0.1684i		0.4350+0.2464i

				3		0.5		-0.4819+0.1334i		0.4289-0.2571i		-0.3448+0.3621i

				4		0.5		0.0855+0.4926i		-0.4708+0.1684i		-0.2464-0.4350i

				5		0.5		0.4289+0.2571i		0.2357+0.4410i		-0.0245+0.4994i

				6		0.5		-0.4619-0.1913i		0.3536+0.3536i		-0.1913-0.4619i

				7		0.5		0.4224+0.2675i		0.2138+0.4520i		-0.0612+0.4962i

				8		0.5		0.0490-0.4976i		-0.4904-0.0975i		-0.1451+0.4785i

				9		0.5		-0.2879+0.4088i		-0.1684-0.4708i		0.4819+0.1334i

				10		0.5		0.4946+0.0734i		0.4785+0.1451i		0.4520+0.2138i

				11		0.5		0.0855-0.4926i		-0.4708-0.1684i		-0.2464+0.4350i

				12		0.5		-0.1096+0.4879i		-0.4520-0.2138i		0.3076-0.3942i

				13		0.5		-0.3865+0.3172i		0.0975-0.4904i		0.2357+0.4410i

				14		0.5		0.4088-0.2879i		0.1684-0.4708i		-0.1334-0.4819i

				15		0.5		0.2357+0.4410i		-0.2778+0.4157i		-0.4976-0.0490i

				16		0.5		-0.2675+0.4224i		-0.2138-0.4520i		0.4962+0.0612i

				17		0.5		-0.4926-0.0855i		0.4708+0.1684i		-0.4350-0.2464i

				18		0.5		0.1913+0.4619i		-0.3536+0.3536i		-0.4619-0.1913i

				19		0.5		-0.0855-0.4926i		-0.4708+0.1684i		0.2464+0.4350i

				20		0.5		-0.4350-0.2464i		0.2571+0.4289i		-0.0123-0.4998i

				21		0.5		0.4350+0.2464i		0.2571+0.4289i		0.0123+0.4998i

				22		0.5		0.3266-0.3786i		-0.0734-0.4946i		-0.4224-0.2675i

				23		0.5		-0.3076-0.3942i		-0.1215+0.4850i		0.4571-0.2026i

				24		0.5		-0.4289+0.2571i		0.2357-0.4410i		0.0245+0.4994i

				25		0.5		0.2978-0.4016i		-0.1451-0.4785i		-0.4708-0.1684i

				26		0.5		-0.0975+0.4904i		-0.4619-0.1913i		0.2778-0.4157i

				27		0.5		-0.4571+0.2026i		0.3358-0.3705i		-0.1568+0.4748i

				28		0.5		-0.0490+0.4976i		-0.4904-0.0975i		0.1451-0.4785i

				29		0.5		0.4157+0.2778i		0.1913+0.4619i		-0.0975+0.4904i

				30		0.5		-0.2248+0.4466i		-0.2978-0.4016i		0.4926-0.0855i

				31		0.5		-0.4289-0.2571i		0.2357+0.4410i		0.0245-0.4994i

				32		0.5		0.3865+0.3172i		0.0975+0.4904i		-0.2357+0.4410i

				33		0.5		0.0975+0.4904i		-0.4619+0.1913i		-0.2778-0.4157i

				34		0.5		-0.3621-0.3448i		0.0245+0.4994i		0.3266-0.3786i

				35		0.5		-0.4994+0.0245i		0.4976-0.0490i		-0.4946+0.0734i

				36		0.5		0.0975-0.4904i		-0.4619-0.1913i		-0.2778+0.4157i

				37		0.5		-0.2357-0.4410i		-0.2778+0.4157i		0.4976+0.0490i

				38		0.5		-0.4224+0.2675i		0.2138-0.4520i		0.0612+0.4962i

				39		0.5		0.4520-0.2138i		0.3172-0.3865i		0.1215-0.4850i

				40		0.5		0.0368-0.4986i		-0.4946-0.0734i		-0.1096+0.4879i

				41		0.5		-0.2778+0.4157i		-0.1913-0.4619i		0.4904+0.0975i

				42		0.5		0.4619-0.1913i		0.3536-0.3536i		0.1913-0.4619i

				43		0.5		-0.0123+0.4998i		-0.4994-0.0245i		0.0368-0.4986i

				44		0.5		0.4785+0.1451i		0.4157+0.2778i		0.3172+0.3865i

				45		0.5		-0.4224-0.2675i		0.2138+0.4520i		0.0612-0.4962i

				46		0.5		0.2464+0.4350i		-0.2571+0.4289i		-0.4998-0.0123i

				47		0.5		-0.2879-0.4088i		-0.1684+0.4708i		0.4819-0.1334i

				48		0.5		-0.4850+0.1215i		0.4410-0.2357i		-0.3705+0.3358i

				Vector
Index		v1		v2		v3		v4

		DFT
Part		49		0.5		0.2571+0.4289i		-0.2357+0.4410i		-0.4994+0.0245i

				50		0.5		-0.1096-0.4879i		-0.4520+0.2138i		0.3076+0.3942i

				51		0.5		-0.4016+0.2978i		0.1451-0.4785i		0.1684+0.4708i

				52		0.5		-0.3621+0.3448i		0.0245-0.4994i		0.3266+0.3786i

				53		0.5		0.3358-0.3705i		-0.0490-0.4976i		-0.4016-0.2978i

				54		0.5		-0.1684+0.4708i		-0.3865-0.3172i		0.4289-0.2571i

				55		0.5		0.2879-0.4088i		-0.1684-0.4708i		-0.4819-0.1334i

		16e
part		56		0.1673		-0.8917-0.2667i		0.1501+0.2390i		0.1110+0.1177i

				57		0.1963		0.0907+0.0726i		0.5718+0.7828i		0.0911+0.0031i

				58		0.2019		0.8742-0.1494i		-0.1557+0.1842i		0.2608-0.2157i

				59		0.3227		-0.1524+0.1959i		0.7728-0.1445i		0.4423+0.1431i

				60		0.7411		0.5741+0.0764i		-0.2356+0.0499i		0.2345+0.0474i

				61		0.7806		-0.4453+0.0626i		-0.4039-0.0513i		-0.1043+0.1089i

				62		0.2051		-0.1721+0.0352i		-0.1656-0.1100i		-0.9339-0.1241i

				63		0.2846		0.2029+0.0401i		0.7669-0.0053i		-0.5189-0.1376i

				64		0.8254		-0.1916-0.0197i		0.4524-0.1277i		0.2452-0.0239i
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