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1 Introduction

In RAN1#82bis meeting [1], the design of rank1 codebook was agreed. The codebook design for rank2 has been submitted by companies in the email discussion [82b-13]. In this contribution, we discuss the codebook design for rank2 and periodic feedback schemes. Then the performance evaluation is provided. 

2 Discussion on Codebook design
2.1 Codebook design for Rank2
The principle in our proposed codebook design is to reuse the beam combinations as much as possible between different configurations, which aim to decrease the total number of codebook hypotheses. 
The beam patterns for 4 configurations are shown in Figure1.
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Figure1. Beam pattern for PMI-config1-4
For PMI-config1, the agreement from RAN1 #82bis meeting is to use 2 bits for W2 feedback, which means 4 W2 hypotheses should be defined for this configuration. It is known that the structure in W2 in rank2 codebook is 
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. In the PMI-config1, the beam selection 
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 is fixed, while only one beam in each W1. Therefore, the 2-bits feedback corresponds to the co-phasing can be 
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, i.e., 8PSK based co-phasing. With the finer co-phasing granularity is anticipated to have good performance.

Proposal1:  8PSK based co-phasing should be used for rank2 codebook in the case of PMI-config1.
For PMI-config4, the beam pattern is similar to Rel-10 8TX. The design principle of Rel-10 codebook can be used for codebook of config4. The legacy beam combinations for rank2 codebook are 

(0, 0), (1, 1), (2, 2), (3, 3), (4, 4), (0, 1), (1, 2), (0, 3), (1, 3).

However, PMI-config4 and PMI-config3 have the common beams 0 and 2. If the beam combination (0, 2) is shared between PMI-config3 and PMI-config4, it will decrease the codebook size. Therefore, the beam combination (1, 3) is replaced by (0, 2), where the two combinations are similar to each other with the same beam spacing.
For PMI-config3, there are total 10 beam combinations, including (0,0), (2,2), (5,5), (7,7), (0,2), (5,7), (0,5), (5,2),(2,7) and (0,7). Among these candidates, there is large possibility that two precoding weights are from the same beam. Thus, beam combinations of (0,0), (2,2), (5,5) and (7,7) are selected as rank2 codebook. Beam combinations of (0, 5) and (0, 2) are selected because they are reused with PMI-config2 and PMI-config4. Beam combination of (2,7) is discarded as it can be covered by next W1 due to overlapping. So the beam combinations of PMI-config3 are expressed as
(0, 0), (2, 2), (5, 5), (7, 7), (0, 2), (5, 7), (0, 5), (0, 7)
Following the same principle, the beam combinations of PMI-config2 are 
(0, 0), (1, 1), (4, 4), (5, 5), (0, 1), (4, 5), (0, 4), (0, 5)
The beam combinations for all configurations are summarized in table1, which composes the rank2 codebook with 32 hypotheses.

Table 1. Beam combinations for config1-4
	
[image: image8.wmf]1

,

0

'

2

=

i


	
[image: image9.wmf]3

,

2

'

2

=

i


	
[image: image10.wmf]5

,

4

'

2

=

i


	
[image: image11.wmf]7

,

6

'

2

=

i



	
[image: image12.emf]0 1 2 3

4 5 6 7


	
[image: image13.emf]0 1 2 3

4 5 6 7


	
[image: image14.emf]0 1 2 3

4 5 6 7


	
[image: image15.emf]0 1 2 3

4 5 6 7



	
[image: image16.wmf]9

,

8

'

2

=

i


	
[image: image17.wmf]11

,

10

'

2

=

i


	
[image: image18.wmf]13

,

12

'

2

=

i


	
[image: image19.wmf]15

,

14

'

2

=

i



	
[image: image20.emf]0 1 2 3

4 5 6 7


	
[image: image21.emf]0 1 2 3

4 5 6 7


	
[image: image22.emf]0 1 2 3

4 5 6 7


	
[image: image23.emf]0 1 2 3

4 5 6 7



	
[image: image24.wmf]17

,

16

'

2

=

i


	
[image: image25.wmf]19

,

18

'

2

=

i


	
[image: image26.wmf]21

,

20

'

2

=

i


	
[image: image27.wmf]23

,

22

'

2

=

i



	
[image: image28.emf]0 1 2 3

4 5 6 7


	
[image: image29.emf]0 1 2 3

4 5 6 7


	
[image: image30.emf]0 1 2 3

4 5 6 7


	
[image: image31.emf]0 1 2 3

4 5 6 7



	
[image: image32.wmf]25

,

24

'

2

=

i


	
[image: image33.wmf]27

,

26

'

2

=

i


	
[image: image34.wmf]29

,

28

'

2

=

i


	
[image: image35.wmf]31

,

30

'

2

=

i



	
[image: image36.emf]0 1 2 3

4 5 6 7


	
[image: image37.emf]0 1 2 3

4 5 6 7


	
[image: image38.emf]0 1 2 3

4 5 6 7


	
[image: image39.emf]0 1 2 3

4 5 6 7




Furthermore, another feature in the proposed rank2 codebook design is that an additional [image: image40.wmf]a

 co-phasing rotation is introduced in W2. The motivation of introducing [image: image41.wmf]a

is to enhance the system performance by increasing the granularity of co-phasing in the overlapped beams in configuration 3 and 4. For each W1 with [image: image42.wmf]a
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To illustrate the scheme clearly, we give an example as follows. For configuration 4, two adjacent W1, e.g., W1(0)={b0,b1,b2,b3}, W1(1)={b2,b3,b4,b5}, include the overlapped beams {b2, b3}. With the co-phasing rotation[image: image47.wmf]a

, the two overlapped beams will be experienced 8PSK co-phasing.
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Figure 2. Phase rotation with [image: image49.wmf]a


However, for rank2, the co-phasing needs to be kept the same for different layers (to guarantee the orthogonality), so we use phase rotation on the cases with the beams in the beam combination are both selected from the last two beams in a W1. For example, if i2=4 in Table 1, the beam combination is (2, 2), i.e., both of the two beams are the third beam in a W1, so [image: image50.wmf]2/8
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It is worth noting that the co-phasing rotation with [image: image51.wmf]a

is depend on the beams selection in W1, there is no additional feedback overhead and complexity.

Proposal2:  [image: image52.wmf]a

 rotation should be introduced in rank2 codebook design.
3 Comparison between codebooks
For codebook of rank2, companies design their codebook based on four config patterns agreed in RAN1 #82bis meeting. The difference of these codebook schemes are summarized in table2.

Table 2. Difference in rank2 codebook between companies

	
	Number of W2 hypotheses

(config1, other configs)
	Co-phasing granularity

(config1, other configs)

	Source-1 [2]
	(4,16)
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	Source-2 [3]
	(2,16)
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	Source-3 [4]
	(2,16)
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	Source-6 [7]
	(4,16)
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	Source-5 [6]
	(4,16)
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	Source-4 [5]
	(2,16)
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	Source-7 [8]
	(2,16)
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	Source-8 [9]
	(4,16)
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For PMI-config1, the scheme in [2], [6], [7] and [9] are for 2 bits feedback, which matches the agreement of RAN1 #82bis meeting. Schemes in [2], [6], and [7] propose to adopt 
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co-phasing. Additional performance gain will be obtained from the finer granularity of co-phasing. In [9], the beams of rank2 can be from other beam groups. It seems out of the definition of PMI-config1, since only one beam is included in each W1 in PMI-config1.
For PMI-config3, [3] provides two Alternatives. For Alt2, the beam pattern is not same to that defined for rank1. Thereby, codebook of rank2 is not nested in that of rank1, which may bring some issues for eNB scheduling, i.e. rank fallback. 
In addition, both Alt.1 and Alt.2 in [3], the selected beams with W2 restriction are not in the range of codebook with PMI-Config3. For example, for codebook indexed with 8, 9 in Alt1, the beam combination is (0, 1). It is clear that beam 1 is not available in the beam pattern of PMI-config3.
Based on the above codebook design, it can be seen that the bit width for the PMI has increased significantly.W1 requires 9 bits, and W2 requires 2 bits in case of PMI-Config1 with (N1, N2) = (2, 4), (O1, O2) = (8, 8). If taking additional 7bits for CQI into consideration, the total bits of W1, W2 and CQI are 18 bits which exceeds the maximum payload of 11 bits for PUCCH format 2.Therefore, we propose to design codebook subsampling scheme. 

In the following, we focus on the discussion of the subsampling schemes of W1 for PUCCH feedback.
There are two subsampling alternatives to be down-selected.

· Alternative1: Codebook subsampling with a checkerboard manner in W1: In Alt.1, the W1 is selected uniformly in horizontal and vertical domains with checkerboard manner, where an detailed example is shown in Appendix-3. 
· Alternative2: Codebook subsampling with decreasing the oversampling factors in W1: In Alt.2, the oversampling factors are decreased in PUCCH feedback mode, so that the number of W1 is reduced and the beam spacing in each W1 is enlarged With the oversampling factor decreasing, the beams can be uniformly distributed in horizontal and vertical domain. 
4 Performance evaluation results
In the following, we provide performance evaluation results for rank-1 to rank-2 codebook. The codebook configuration is selected as (N1, N2, O1, O2) = (2, 4, 8, 4) and (4, 2, 8, 4), which are more general cases. The detailed simulation conditions are provided in Appendix.

Figure 3 shows the cell edge and cell average UTP of PMI-config1. From the simulation results, the performance of PMI-config1 is beneficial from more finer co-phasing granularity. The proposed codebook for rank-2 is out performance than the codebook design in [3]. 
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Figure 3. Cell average and edge UTP for PMI-config1
In Figure 4, the evaluation results for PMI-config2 are provided based on the antenna configuration of (N1, N2)=(2,4), which should be the common case for this antenna configuration. The simulation results show the codebook in [2] and [3] almost have the same performance. It is reasonable because only the last beam combination, (0,5) in our proposed codebook and (1,5) in codebook [3], is difference between two schemes. 
However, considering the beam combination of (0,5) can be reused by PMI-config3, which is beneficial to other PMI-configurations. So the proposed codebook design in [2] is prefered.
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Figure 4. Cell average and edge UTP for PMI-config2
Figure 5 and 6 show the performance of codebook with PMI-config=3 and 4. For PMI-config=3/4, the co-phasing rotation 
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 is introduced in our proposed rank-2 codebook to increase the granularity of co-phasing in the overlapped beams. From Figure 7 and Figure 8, we can see that the performance of the proposed scheme [2] is better than [3], where up to 4% performance gain in cell average and 3% gain in cell edge.
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Figure 5. Cell average and edge UTP for PMI-config3
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Figure 6. Cell average and edge UTP for PMI-config4
In the following, we give a comparison of subsampled codebooks by system level simulation in Figure 7. The baseline is shown in Figure 9-a in the Appendix-3, where the subsampling scheme is without neither checkerboard manner nor oversampling decreasing. The enhanced scheme is shown in Figure 9-b with decreasing the oversampling factors. The antenna is assumed as (N1, N2) = (2, 4) with configure 3, and the other simulation assumptions are given in Appendix-2.
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Figure 7. Performance gain with uniformly selected W1 and beams
5 Conclusions

In this contribution, we discuss the codebook design for rank2. The evaluation results are provided on the condition of two kinds of configurations, i.e. (N1,N2,O1,O2)=(2,4,8,4)/(4,2,8,4). We have two proposals
Proposal1: 8PSK based co-phasing should be used for rank2 codebook in the case of PMI-config1.
Proposal2: [image: image72.wmf]a

 rotation should be introduced in rank2 codebook design.
Proposal3: Adopt the proposed rank-2 codebook design in [2]. 
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Appendix-1: Codebook design for rank-2；

For rank-2 codebook design, we maintain the same design for the parameters of beam spacing and beam group spacing, i.e., 

	Parameters
	Values

	Beam spacing
	Config 1~4
	d1=1, d2=1

	Beam group spacing 
	Config 1
	s1=1, s2=1

	
	Config2~4
	s1=2, s2=2


In the following, we give the details of codebook design for rank2. For config=1, the rank2 codebook is shown in table 1.  
Table 1: rank2 Codebook for Config 1
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For config=2/3/4, the codebook for rank2 are shown in table2, 16 candidates are selected for the PMI 
[image: image81.wmf]2
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 based on the configurable parameter config.
Table2. Rank2 codebook for Config 2-4
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For each value of configurable parameter config, the subsets of codebook are selected. 
Table3. Codebook subset mapping
	Config
	Selected [image: image131.wmf]2
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	Config 2
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	Config 3
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	0-1, 4-5, 14-15, 18-19,20-21, 24-25, 28-31

	Config 4
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Appendix-2: 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: image135.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 rank2, and rank1

	Scheduler
	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: 2/4

	Receiver
	Non-Ideal channel estimation

	
	Non-Ideal interference modeling

	
	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


Appendix-3: Codebook subsampling Examples
Alternative-1: Codebook subsampling with checkerboard manner
In Alt.1, to uniformly select beams in the 2D space, i.e., horizontal and vertical dimensions, a subsampling scheme with a checkerboard manner is proposed, where each block stands for a W1. As shown in Figure 8, the selected beams in W1 are uniformly distributed in the 2D space. With the checkerboard manner, the uniformly distributed beams can provide robust system performance. 
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Figure 8. subsampling for PUCCH mode 1-1 submode 1
Assuming (N1, N2, O1, O2) = (4, 2, 8, 4), there are 16 and 4 W1 in the 1st and 2nd dimensions, respectively. With the checkerboard subsampling scheme, the W1 is selected as 
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 are selected, which is illustrated in Figure 8. The corresponding formulas in PUCCH 1-1 submode 1 is shown in Table 3.
Table3. Joint encoding of RI and PMI1 for PUCCH mode 1-1 submode 1

	RI 
	RI and PMI1joint encoding
（
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	The first PMI index, 
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Alternative-2: Codebook subsampling with decreasing oversampling factor
Alt.2 provides another codebook down-sampling scheme, i.e., decreasing the oversampling factors for PUCCH reporting, which corresponds to define PUCCH specific oversampling, i.e. (O1, O2) = (4,2) for (N1,N2)=(2,4)/(4,2)/(3,2)/(2,3). The subsampling manner of Alternative-2 is illustrated in Figure 9-b, wherein the beam subset of PMI-config3 with configurable parameters (N1, N2, O1, O2) = (2, 4, 8, 8) is shown. Comparing with the scheme of subsampling without checkerboard manner, shown in Figure 9-a, Alternative-2 makes the subsampled beams uniformly distributed in the 2D space. 
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a. A subsampling scheme.                    b. Subsampling with decreased oversampling 
Figure 9. Comparison of codebook subsampling
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