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1 Introduction

In our companion contribution [1], the codebook design for rank2 and the performance evaluation have been provided. In this contribution, we discuss the codebook design for rank3-8. 

2 Codebook design for Rank 3-4
For rank 3-4 codebook design, we proposed two alternatives [2]. In the Alternative-1, multiple configurations are used, which is similar as rank-1/2. In the Alternative-2, one uniform configuration is applied, which is a combination of the 4 configurations in rank-1/2. 
Alternative-1:  Rank 3/4 codebook design with multiple configurations
For rank3-4 transmission in Rel.10 8Tx, one codebook contains a pair of orthogonal beams. We can follow this principle to design the codebook for EBF-MIMO. However, due to the introduction of 2D beams, for a beam, its orthogonal beam can be from the first or second dimension. Thus, if we chose one pair of orthogonal beams to construct rank3/4 codebook, the number of candidates will be larger than that of codebook for Rel.10 8Tx. 
To decrease the number of candidates, one solution is to specify the dimension that the orthogonal beam is from according the deployment scenario. For example, in the scenario with large angle spread in horizontal domain while small angle spread in vertical dimension, it is reasonable to specify the pair of orthogonal beams in the same vertical direction. In other words, the high rank codebook is constructed by the orthogonal beams in horizontal domain. Four beam patterns indicated by PMI-configs are defined for rank1/2, and each of them is optimized for one specific scenario. Thus, the principle of codebook design for Alternative-1 is to design the structure of orthogonal beams according to configurable parameter PMI-config.  
For PMI-config1, the beam pattern is suitable for the scenario with small angle spread in both vertical and horizontal domains. In this case, one beam can cover most of the frequency band without obvious performance loss. However, in the case of more than rank2 transmission, high rank should be caused by large angle spread and high channel quality. For PMI-config1, one beam cannot cover the large angle spread cases for high ranks. So, it seems the PMI-config1 is not suitable for the high rank cases.
Observation: PMI-config1 is not suitable for high rank codebooks.

For PMI-config4, the deployment scenario should have large angle spread in the first dimension and small angle spread in the second dimension. In our codebook design for rank3/4, pairs of orthogonal beams are distributed in the first dimension (with larger number of antenna ports) as (1,1’), (2, 2’), (3, 3’), (4,4’) in Figure1.
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Figure1. Orthogonal beam pattern for PMI-config4
Compared with PMI-config4, the beam pattern of PMI-config2 covers larger space in the second dimension and smaller space in the first dimension. We think the deployment scenario should have larger angle spread in second dimension and smaller angle spread in the first dimension. Thus, in our proposed codebook design, the layer3/4 percoding weights are constructed by the orthogonal beam in the second dimension. The orthogonal beam combinations are (1,1’), (2, 2’), (3, 3’), (4,4’) as shown in Figure 2.
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Figure2. Orthogonal beam pattern for config2
For each of the beam combination in PMI-config2 and PMI-config4, the rank3 codebook has 4 candidates as
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And the 2 candidates for rank4 are 
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can be (1,1’), (2, 2’), (3, 3’), (4,4’) illustrated in Figure1/2.
For PMI-config3, the checkerboard pattern shows that two dimensions have the comparable distribution of angle spread. The best way to construct rank3/4 codebook is to include orthogonal beams both in the first and second dimensions. However, it will increase the number of candidates for rank3/4 codebook. In our codebook design, we try to cover pairs of orthogonal beams as much as possible. For example, there are 8 orthogonal beam combinations covering both dimension, as (1, 1’), (1,1’’), (2,2’) , (2,2’’), (3,3’), (3,3’’),(4,4’), and (4,4’’).
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Figure3. Orthogonal beam pattern for config3
For each beam combination, the rank3 codebook has two candidates, 


[image: image8.wmf]ï

ï

î

ï

ï

í

ì

=

ú

û

ù

ê

ë

é

Ä

-

Ä

Ä

-

Ä

Ä

Ä

=

ú

û

ù

ê

ë

é

Ä

-

Ä

Ä

-

Ä

Ä

Ä

=

1

,

6

1

0

,

6

1

2

1

2

1

2

1

2

1

2

1

2

1

2

1

2

1

2

1

2

1

2

1

2

1

2

1

2

1

~

~

~

~

~

~

~

~

2

1

~

~

~

~

2

1

)

3

(

,

~

,

~

,

,

n

u

v

u

v

u

v

u

v

u

v

u

v

N

N

n

u

v

u

v

u

v

u

v

u

v

u

v

N

N

W

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

m

n

m

m

m

m


Then the number of candidates for W2 maintains 16, same to legacy rank3 codebook. 
The same principle is adopted for rank4 codebook and the precoding matrix is 
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The benefits of our codebook design is to specify the rank3/4 codebook according to deployment scenario, which maintain the same number of W2 hypotheses for each configuration as legacy Rel.10 8 Tx meanwhile keep good performance in the suitable scenario.
According to the discussion above, the codebooks of rank3/4 are defined in table1-4.

Table1: Codebook for rank3 for CLASS A CSI reporting
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For each PMI-config, the codebook subsets are defined in table2.

Table2: Codebook subsets for rank3
	PMI-Config
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Table3: Codebook for rank4 for CLASS A CSI reporting
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For each configuration, the codebook subsets are defined in table4.

Table4: Codebook subsets for rank4
	PMI-config
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Alternative-2 for the rank 3-4 codebook design:
The main principle of the codebook design is to combine the 4 configurations in Rank1/2 into one combined uniform configuration, such as follows,
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Figure4. Grid of beams in Rank3/4
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[image: image88.wmf]12

,

OO

) are the oversampling factors in 1st and 2nd dimensions, respectively. If the index spacing is 
[image: image89.wmf]1

O

or 
[image: image90.wmf]2

O

, the two related beams are orthogonal, e,g., beam0 is orthogonal with beam2, and beam 0 is orthogonal with beam 4. 

The values for 
[image: image91.wmf]1,1

i

and 
[image: image92.wmf]1,2

i

can be selected as

For 
[image: image93.wmf]2

x

N

=

, 
[image: image94.wmf]1,

0~

2

x

x

O

i

=

, where 
[image: image95.wmf]12

xor

=


For 
[image: image96.wmf]3/4/8

x

N

=

, 
[image: image97.wmf]1,

0~

2

xx

x

NO

i

=

, where 
[image: image98.wmf]12

xor

=

.

In the rank 3 codebook design, the beam combinations include:

For 
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, the beam combination are: 

(b0,[ b0, b2]),  (b1,[ b1, b3]), (b4,[ b4, b6]),  (b5,[ b5, b7]),

(b0,[ b0, b4]),  (b2,[ b2, b6]), (b0,[ b0, b5]),  (b2,[ b2, b7]);
For 
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, the beam combination are: 
([b0, b2], b2]), ([b1, b3], b3]), ([b4, b6], b6]), ([b5, b7], b7),

([b0, b4], b4]), ([b2, b6], b6]), ([b0, b5], b5]), ([b2, b7], b7]);
In the codebook design, we introduce the orthogonal beams in the both dimensions, i.e., horizontal and vertical. In horizontal domain, it is similar as the orthogonal beams design in legacy Rel-10 8Tx codebook. In the vertical domain, due to the antenna spacing is large than horizontal domain and there exists virtualization to antenna port, so the effective antenna port spacing is larger than horizontal domain. To obtain the robust performance, the same design principle of Rel-12 4Tx codebook, the orthogonal beams are introduced in the vertical domain. So, the orthogonal beams are used in both the two dimensions as shown in Figure6. In addition, in the design we also introduce the adjacent beams in the first domain to cover the case with the same beam direction which is similar as rank2 codebook design.
The codebook design for Alt2 is summarized in table 5-7.

Table 5. Beam spacing and beam group spacing design
	Parameters
	Values

	Beam spacing
	d1={1,O1}, d2= O2

	Beam group spacing
	s1=2, s2=2


.
Table6. Rank3 codebook
	
[image: image101.wmf]2

,

1

1

,

1

,

i

i



	
[image: image102.wmf]2

i



	
	0
	1
	2
	3

	
	
[image: image103.wmf]1,11,21,111,2

(2)

2,2,2,2

iiiOi

W

+


	
[image: image104.wmf]1,11,21,111,2

(2)

21,2,21,2

iiiOi

W

+++


	
[image: image105.wmf]1,11,21,111,2

(2)

2,2,2,2

iiiOi

W

+

%


	
[image: image106.wmf]1,11,21,111,2

(2)

21,2,21,2

iiiOi

W

+++

%



	
[image: image107.wmf]2

,

1

1

,

1

,

i

i



	
[image: image108.wmf]2

i



	
	4
	5
	6
	7

	
	
[image: image109.wmf]1,11,221,111,22

(2)

2,2,2,2

iiOiOiO

W

+++


	
[image: image110.wmf]1,11,221,111,22

(2)

21,2,21,2

iiOiOiO

W

+++++


	
[image: image111.wmf]1,11,221,111,22

(2)

2,2,2,2

iiOiOiO

W

+++

%


	
[image: image112.wmf]1,11,221,111,22

(2)

21,2,21,2

iiOiOiO

W

+++++

%



	
[image: image113.wmf]2

,

1

1

,

1

,

i

i



	
[image: image114.wmf]2

i



	
	8
	9
	10
	11

	
	
[image: image115.wmf]1,11,21,11,22

(2)

2,2,2,2

iiiiO

W

+


	
[image: image116.wmf]1,111,21,111,22

(2)

2,2,2,2

iOiiOiO

W

+++


	
[image: image117.wmf]1,11,21,11,22

(2)

2,2,2,2

iiiiO

W

+

%


	
[image: image118.wmf]1,111,21,111,22

(2)

2,2,2,2

iOiiOiO

W

+++

%



	
[image: image119.wmf]2

,

1

1

,

1

,

i

i


	
[image: image120.wmf]2

i



	
	12
	13
	14
	15

	
	
[image: image121.wmf]1,11,21,11,22

(2)

2,2,21,2

iiiiO

W

++


	
[image: image122.wmf]1,111,21,111,22

(2)

2,2,21,2

iOiiOiO

W

++++


	
[image: image123.wmf]1,11,21,11,22

(2)

2,2,21,2

iiiiO

W

++

%


	
[image: image124.wmf]1,111,21,111,22

(2)

2,2,21,2

iOiiOiO

W

++++

%



	where 
[image: image125.wmf]''

1212

12

''

1212

''

1212

12

(2)

,,,

12

1

6

mmmm

mm

mmmm

mmmm

mm

vvvvvv

W

vvvvvv

NN

ÄÄÄ

éù

êú

=

Ä-Ä-Ä

êú

ëû

, 
[image: image126.wmf]''''

12

1212

''

1212

''''

12

1212

(2)

,,,

12

1

6

mm

mmmm

mmmm

mm

mmmm

vvvvvv

W

vvvvvv

NN

ÄÄÄ

éù

êú

=

ÄÄ-Ä

êú

ëû

%




Table7. Rank4 codebook
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3 Codebook design for Rank5-8
The design of codebook requires carefully performance evaluation and comparison. However, there is very limited time for the WI of FD-MIMO in Rel-13. So, the codebook design for rank 5~8 can be lower priority than the rank 1~4 codebook design. If there is still time to discuss the rank5~8, we propose the following rank 5~8 codebook design.
Considering the scenario of rank5-8 transmission, it requires high channel quality and large angle spread. We think it worth nothing to specify the rank5-8 codebook for each configuration, since it is hard to classify the scenario according to the distribution of angel spread in the case of such large angle spread. Thus we propose to design one uniform codebook for rank 5-8 transmission.
With the same codebook design principle as rank3 and 4 in Alternative-2, the rank5~8 codebook design is given as follows,
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Figure5. Grid of beams in Rank 5~8
Then the codebooks for rank5-8 are summarized in table8-11.

Table8. Rank5 codebook
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Table9. Rank6 codebook
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Table10. Rank7 codebook
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Table11. Rank8 codebook
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For rank5~8, to reduce the feedback overhead of first PMI, one of examples is to use the following values for 
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For rank 8, to further reduce the feedback overhead, the values of 
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can be selected as 
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4 System evaluation

According to the email discussion [82b-13], the rank3-4 codebook in [3] is designed based on the variable k carried on 
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 indicating the orthogonal beam grouping. Two alternatives in [3] were proposed. Alternative-1 use k=0,1 and Alternative-2 uses k=0~7 if 
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. It seems Altermative-2, supporting 8 orthogonal beam grouping, is over-designed considering the large feedback overhead. Thus, Alternative-1in [3] is selected for comparison with our proposals. The 
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 feedback overhead for PMI-configs2-4 for each design is provided in Table 12 with the antenna configuration (N1, N2) = (4, 2).
Table12. PMI1 feedback overhead
	
	PMI-config2
	PMI-config3
	PMI-config4

	Proposed Alt1 
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	Proposed Alt2 
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	Same to PMI-config2

	Source [3] 
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System simulation was preformed to compare the performance between different proposals. The codebook with configurable parameter (N1, N2, O1, O2) = (4, 2, 8, 4) is investigated under UMi channel model. The simulation conditions are detailed in Appendix.
The simulation results for PMI-config4 and PMI-config3 are summarized in Table13 and Table 14 respectively.
Table13. Simulation results for PMI-config4
	
	5% UPT
	50% UPT
	Cell average
	
[image: image177.wmf]1

i

 overhead (bits)

	Source [3] 
	6.66(100%)
	25.8 (100%)
	30.1(100%)
	5

	Proposed Alt1 
	6.99(104.8%)
	25.16(97.5%)
	30.48(101%)
	4

	Proposed Alt2 
	6.62(99.3%)
	26.85(104%)
	31.93(106%)
	4


Table14. Simulation results for PMI-config3
	
	5% UPT
	50% UPT
	Cell average
	
[image: image178.wmf]1

i

 overhead (bits)

	Source [3] 
	7.07(100%)
	26.7 (100%)
	31.9(100%)
	4

	Proposed Alt1 
	7.42(105%)
	27.2(102%)
	32.04(100.5%)
	3


In Table13, the proposed Alt1 has about 5% gain on 5% UPT but 3% loss on 50% UPT against the codebook in [3]. In addition, the two designs almost have the same cell average performance. The proposed Alt2 provides about 6% cell average gain over [3] due to the adjacent beams providing finer granularity in the 1st dimension.

In Table14, the proposed Alt1 has about 5% gain on cell edge UPT over that in [3]. In addition, the two codebooks have the same performance with respect to the cell average UPT. However considering our proposed Alt1 has less feedback overhead than [3], the codebook design of proposed Alt1 is slight better than that of [3].

5 Conclusions

In this contribution, we proposed the rank3~8 codebook design for class A CSI reporting. For rank3~4, two codebook designs were provided, i.e., Alternative-1 is with multiple configurations, Alternative-2 is with uniform configuration. Then, we also discussed the rank5~8 codebook design and provided our view and codebook design. In this contribution, we have the follow observations and proposals:
Observation: PMI-config1 is not suitable for high rank codebooks.

Proposal-1: Adopt the proposed Alt.1 or Alt.2 codebook design for rank 3-4.  

Proposal-2: Adopt the proposed codebook design for rank 5-8.
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Appendix: 
Simulation Assumptions

	Parameter
	Value

	Central Frequency
	2GHz

	Antenna configuration
	8 vertical antenna elements, X-pol (+/-45), 0.5λ and 0.8λ spacing separately for horizontal dimension and vertical dimension, θetilt = 100 degrees.

	
	2 Rx at UE with 
[image: image179.wmf]0.5

l

spacing
X-polarized: 0/+90 degrees

	
	3D antenna pattern defined in TR36.873

	UE configurations

	Speed: 3km/h

	
	UE attachment: Based on RSRP from CRS port 0

	
	UE distribution: Follows 36.873 3D-UMi

	System Bandwidth
	10MHz (50RBs)

	PMI
	Proposed codebook design for rank1-4

	Scheduler
	SU-PF 

	traffic model
	FTP with package size 0.5MB

	Transmit Mode
	TM10 with a single CSI process

	
	Dynamic SU/MU: rank-adaption, 
Max paired UE number: 4

	Receiver
	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUSCH 3-2 

	
	CQI and PMI reporting triggered per 5ms

	
	Feedback delay is 5 ms

	
	Codebook based feedback

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Handover margin
	3 dB
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