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1. Introduction
In RAN1#84, the following conclusions regarding rank 5-8 codebook have been made:
Conclusions:
· Companies are requested to evaluate rank 5–8  codebook design for class A based on R1-161355, R1-160850, and R1-160613 until the next meeting
· Companies should take into account the correction of R1-161355
· RAN1 will decide a final conclusion related rank 5–8 codebook design issues for class A based on evaluation results and technical analysis before or in the next meeting 
· RAN1 also will decide a final conclusion related to  R1-161204 before or in the next meeting
In this contribution, we further evaluate the performance of codebook proposed in R1-157789 and our proposed codebook in R1-160850.
2. Evaluations of rank 5-8 codebook
In this section, we compare our proposed codebook in [1] and the codebook in [2] from the points of complexity and performance. 
2.1  Complexity 

In [1], we have compared the complexity of the codebook in [2] and our proposed codebook. As shown in the table 1, the number of codewords of R1-157789 is significantly increased compared to the proposed codebook which only has 4 codewords for rank 5-7 and 1 codeword for rank 8.  The maximum size of the codebook in R1-157789 is 512 codewords per rank.  This means the UE complexity on rank adaptation and codeword searching is significantly increased.  In addition, there are 4 configurations and multiple (N1, N2, O1, O2) layouts in each configuration.  The UE complexity on the codebook storage is tremendously higher. 
Table 1. Comparison of codebook size between proposed codebook and that in R1-157789
	Codebook configuration (N1,N2,O1,O2)
	Number of codewords per rank

	
	R1-157789
	Proposed codebook

	16 ports Config 1- (4,2,4,4)
	128
	4 (for rank 5-7)

1 (for rank 8)

	16 ports Config 1 - (4,2,8,4)
	256
	

	16 ports Config 1 - (2,4,8,4)
	256
	

	16 ports Config 1 - (4,2,8,8)
	512
	

	16 ports Config2-4 - all layouts
	128
	

	12 ports Config 1- (3,2,4,4)
	96
	

	12 ports Config 1- (3,2,8,4)
	192
	

	12 ports Config 1- (2,3,8,4)
	192
	

	12 ports Config 1- (2,3,8,8)
	384
	

	12 ports Config2-4 for all layouts
	96
	

	8 ports Config 1- (2,2,4,4)
	64
	

	8 ports Config 1- (2,2,8,8)
	256
	

	8 ports Config2-4 - for all layouts
	64
	

	Sub-band feedback overhead
	none
	none


2.2  Performance
In [1], we interpret the approach of constructing the 12/16-port precoding with the legacy 8-port codebook and zero entries. Based on numerous simulations, we observe that the port selection schemes have large impact on the performance. 
For the case that 8 ports are selected from 16 ports, the port selection scheme in the right-hand side of Fig. 1 outperforms other port selection schemes. Compared with the port selection scheme in the left-hand side of Fig.1, which is the port selection scheme used in [1], the selected ports are distributed in a more uniform manner. Since the DFT vectors used in legacy 8Tx codebook sample the whole beam space uniformly, the new port selection scheme matches the codebook better. Moreover, as the legacy 8Tx codebook is a 1D codebook, it’s not necessary to keep the selected ports in a rectangular layout.

[image: image1.emf]
Fig. 1 Port selection schemes for 16Tx
For 12Tx, if we choose the similar port selection scheme as in the case of 16Tx, i.e., the port selection scheme shown in the right-hand side in Fig.2, the ports are not distributed as uniformly as in 16Tx due to the larger antenna spacing along the vertical domain. Simulation results also show that the port selection scheme in the left-hand side achieves better performance. 

[image: image2.emf]
Fig. 2 Port selection schemes for 12Tx
Besides the port selection scheme, the indexing of the selected ports also has a major impact on the performance. Since the indexing of the selected ports decides the mapping of the selected ports to the legacy 8 ports, different port indexing gives the selected ports different precoding weights in the precoding vector 
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Fig. 3 Two possible port indexing schemes
Note that all the port selection and indexing schemes reuse the legacy 8Tx codebook. The differences among all the schemes include the location of zero entries and the order of non-zero entries in the precoding vectors. 
Table 2.1 – 2.2 show the system-level simulation results of different codebook for 16Tx ports under different scenarios. The presented schemes are 
Scheme 1: Config 3 of the codebook in [2] for rank 1-8, 
Scheme 2: Config 3 of the codebook in [2] for rank 1-4, and reuse legacy 8Tx codebook as in [1] for rank 5-8,

Scheme 3: Config 3 of the codebook in [2] for rank 1-4, and reuse legacy 8Tx codebook with port selection and indexing in Fig.3(a) for rank 5-8. 
Table 2.1
	16 Tx with 3D-Umi SU scenario, FTP service

	(N1, N2, O1, O2) = (4,2,4,4)

	Config 
	scheme
	RU
	Mean
	5%
	50%

	Config 3
	Scheme 1
	0.1530
	87.44
	27.21
	83.50

	
	Scheme 2
	0.1538
	87.20(-0.3%)
	25.81(-5.1%)
	81.31(-2.6%)

	
	Scheme 3
	0.1536
	87.37(-0%)
	27.33(+0.4%)
	82.03(-1.8%)

	(N1, N2, O1, O2) = (2,4,8,4)

	Config 
	scheme
	RU
	Mean
	5%
	50%

	Config 3
	Scheme 1
	0.1949
	82.75
	22.10
	78.36

	
	Scheme 2
	0.1977
	77.85(-5.9%)
	22.35(+1.1%)
	76.66(-2.2%)

	
	Scheme 3
	0.1968
	80.05(-3.3%)
	22.47(+1.7%)
	76.28(-2.7%)


Table 2.2
	16 Tx with 3D-Uma SU scenario, FTP service

	(N1, N2, O1, O2) = (4,2,4,4)

	Config 
	scheme
	RU
	Mean
	5%
	50%

	Config 3
	Scheme 1
	0.1217
	98.41
	46.51
	97.56

	
	Scheme 2
	0.1276
	93.72(-4.8%)
	45.98(-1.1%)
	89.34(-8.4%)

	
	Scheme 3
	0.1238
	98.16(-0.3%)
	47.62(+2.4%)
	95.24(-2.4%)

	(N1, N2, O1, O2) = (2,4,8,4)

	Config 
	scheme
	RU
	Mean
	5%
	50%

	Config 3
	Scheme 1
	0.1593
	88.17
	39.42
	86.96

	
	Scheme 2
	0.1569
	85.20(-3.4%)
	38.46(-2.4%)
	85.41(-1.8%)

	
	Scheme 3
	0.1449
	88.33(+0.2%)
	42.30(+7.3%)
	86.95(-0%)


Table 3.1 – 3.2 show the system-level simulation results of different codebook for 12Tx ports under different scenarios. The presented schemes are 
Scheme 1: Config 3 of the codebook in [2] for rank 1-8, 
Scheme 2: Config 3 of the codebook in [2] for rank 1-4, and reuse the legacy 8Tx codebook as in [1] for rank 5-8,
Scheme 3: Config 3 of the codebook in [2] for rank 1-4, and reuse the legacy 8Tx codebook with port selection and indexing in Fig.3(c) for rank 5-8.
Table 3.1
	12 Tx with 3D-Umi SU scenario, FTP service

	(N1, N2, O1, O2) = (3,2,4,4)

	Config 
	scheme
	RU
	Mean
	5%
	50%

	Config 3
	Scheme 1
	0.1799
	83.69
	27.87
	79.90

	
	Scheme 2
	0.1812
	82.60(-1.3%)
	29.10(+4.4%)
	78.95(-1.2%)

	
	Scheme 3
	0.1714
	83.59(-0.1%)
	25.62(-8.1%)
	80.00(+0.1%)

	(N1, N2, O1, O2) = (2,3,8,4)

	Config 
	scheme
	RU
	Mean
	5%
	50%

	Config 3
	Scheme 1
	0.1865
	84.06
	25.85
	79.51

	
	Scheme 2
	0.1741
	81.69(-2.8%)
	25.52(-1.2%)
	79.07(-0.6%)

	
	Scheme 3
	0.1746
	82.13(-2.3%)
	24.95(-3.5%)
	78.54(-1.2%)


Table 3.2
	12 Tx with 3D-Uma SU scenario, FTP service

	(N1, N2, O1, O2) = (3,2,4,4)

	Config 
	scheme
	RU
	Mean
	5%
	50%

	Config 3
	Scheme 1
	0.1598
	89.42
	35.71
	88.53

	
	Scheme 2
	0.1525
	88.35(-1.2%)
	38.59(+8.1%)
	86.54(-2.2%)

	
	Scheme 3
	0.1473
	88.88(-0.6%)
	39.22(+9.8%)
	87.04(-1.7%)

	(N1, N2, O1, O2) = (2,3,8,4)

	Config 
	scheme
	RU
	Mean
	5%
	50%

	Config 3
	Scheme 1
	0.1742
	87.55
	32.39
	82.86

	
	Scheme 2
	0.1644
	85.35(-2.5%)
	36.66(+13.2%)
	84.90(+2.5%)

	
	Scheme 3
	0.1639
	85.58(-2.3%)
	37.49(+15.7%)
	84.15(+1.6%)


Additionally, for the case of 8Tx, port selection is not necessary to reuse the legacy 8Tx, and the legacy 8Tx codebook can be reused directly and completely including the port indexing. Table 4.1 and 4.2 show the simulation results of the codebook in [2] and proposed codebook for 8Tx ports under different scenarios. The presented schemes are
Scheme 1: Config 3 of the codebook in [2] for rank 1-8,

Scheme 2: Config 3 of the codebook in [2] for rank 1-4, and reuse the legacy 8Tx codebook directly with the same port indexing for rank 5-8.
Table 4.1
	8 Tx with 3D-Umi SU scenario, FTP service

	(N1, N2, O1, O2) = (2,2,4,4)

	Config 
	scheme
	RU
	Mean
	5%
	50%

	Config 3
	Scheme 1
	0.2047
	76.29
	22.17
	71.43

	
	Scheme 2
	0.1919
	77.40(+1.5%)
	22.34(+0.8%)
	73.70(+3.2%)


Table 4.2
	8 Tx with 3D-Uma SU scenario, FTP service

	(N1, N2, O1, O2) = (2,2,4,4)

	Config 
	scheme
	RU
	Mean
	5%
	50%

	Config 3
	Scheme 1
	0.1769
	80.47
	32.58
	78.77

	
	Scheme 2
	0.1747
	80.65(+0.2%)
	31.48(-3.4%)
	79.14(+0.5%)


From the simulation results, we observe that
· For the case of 16Tx ports, Scheme 3, which uses the port selection scheme in Fig. 3(a), achieves the best performance among the schemes with port selection for both Umi and Uma, and the performance loss compared to the codebook in [2] is very small. Especially in the case that N1>N2, there is hardly any performance loss.
· For the case of 12Tx ports, Scheme 3, which uses the port selection scheme in Fig. 3(c), achieves the best performance among the schemes with port selection for both Umi and Uma, and the performance loss compared to the codebook in [2] is very small. Especially in the case that N1>N2, there is hardly any performance loss.
· For the case of 8Tx ports, Scheme 2, which reuses the legacy 8Tx codebook directly, achieves slightly better performance than the codebook in [2].
By evaluating both complexity and performance comprehensively, we find out that the tremendous augment of complexity and overhead caused by the rank 5-8 codebook in [2] doesn’t achieve high performance gain, even no performance gain in some scenarios. Hence the proposed codebook reusing the legacy 8Tx codebook should be adopted. The proposed codebook is presented in the Appendix.
3. Conclusions
Based on the above discussion and simulation results, we have the following proposal:
Proposal 1: Adopt the proposed codebook which reuses legacy 8Tx codebook as Rel-13 rank 5-8 codebook.
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5. Appendix
The proposed rank 5-8 codebook for different antenna port numbers are defined in the following tables.
Table 5.1: Codebook for 5-layers CSI reporting using antenna ports 15 to 14+P
	5 Layers, P=8, N1=N2
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Table 5.2: Codebook for 5-layers CSI reporting using antenna ports 15 to 14+P
	5 Layers, P=12
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Table 5.3: Codebook for 5-layers CSI reporting using antenna ports 15 to 14+P
	5 Layers, P=16
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	where 
[image: image18.wmf]432232632

10000

T

jmjmjm

m

eee

ppp

éù

=

ëû

v

 if N1 > N2 and N2>1;

[image: image19.wmf]432232632

10000

T

jmjmjm

m

eee

ppp

éù

=

ëû

v

 if N1 < N2;

[image: image20.wmf]232432632

10000

T

jmjmjm

m

eee

ppp

éù

=

ëû

v

 if N2=1;


Table 6.1: Codebook for 6-layers CSI reporting using antenna ports 15 to 14+P
	6 Layers, P=8, N1=N2
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Table 6.2: Codebook for 6-layers CSI reporting using antenna ports 15 to 14+P
	6 Layers, P=12
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	where 
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Table 6.3: Codebook for 6-layers CSI reporting using antenna ports 15 to 14+P
	6 Layers, P=16
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Table 7.1: Codebook for 7-layers CSI reporting using antenna ports 15 to 14+P
	7 Layers, P=8, N1=N2
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Table 7.2: Codebook for 7-layers CSI reporting using antenna ports 15 to 14+P
	7 Layers, P=12
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Table 7.3: Codebook for 7-layers CSI reporting using antenna ports 15 to 14+P
	7 Layers, P=16

	
[image: image45.wmf]1

i


	
[image: image46.wmf]2

i



	
	0

	0-3
	
[image: image47.wmf]1111111

1

1111111

222828216216224

(7)

222828216216224

1

56

iiiiiii

i

iiiiiii

+++++

+++++

éù

=

êú

---

êú

ëû

vvvvvvv

W

vvvvvvv



	where 
[image: image48.wmf]432232632

10000

T

jmjmjm

m

eee

ppp

éù

=

ëû

v

 if N1 > N2 and N2>1;

[image: image49.wmf]432232632

10000

T

jmjmjm

m

eee

ppp

éù

=

ëû

v

 if N1 < N2;

[image: image50.wmf]232432632

10000

T

jmjmjm

m

eee

ppp

éù

=

ëû

v

 if N2=1;


Table 8.1: Codebook for 8-layers CSI reporting using antenna ports 15 to 14+P
	8 Layers, P=8, N1=N2
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Table 8.2: Codebook for 8-layers CSI reporting using antenna ports 15 to 14+P
	8 Layers, P=12
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Table 8.3: Codebook for 8-layers CSI reporting using antenna ports 15 to 14+P
	8 Layers, P=16
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