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1. Introduction
Kronecker Product (KP) type codebook for non-precoded CSI-RS has been approved in [1]. In WF [2], the structure of  and class A rank 1 codebook is determined upon four configurations. In RAN1#82bis [3], the valid  combinations for each antenna array layout  was finalized. For rank 2 codebook design, companies provide various codebook schemes via e-mail discussion. For rank 3 and rank 4 codebook design, a new parameter  was introduced to construct different orthogonal beam groups [4].
In this contribution, we first discuss the aspects involved in rank 3 and 4 codebook design. Then we simulate the performance of the discussed aspects. Our proposal on rank 3 and 4 codebook is given based on both the discussion and simulation.
2. Discussion on Rank 3-4 codebook Design
A proposal on rank 3 and 4 codebook is given in [4]. We also proposed our codebook during email discussion, which can be seen in Appendix (Note: we just change the codeword order compared with the submitted proposal). The differences between our codebook and the one proposed in [4] are listed as follows. 
(1). The feedback mode of (δ1, δ2): in [4], (δ1, δ2), which is mapped to the value of k, is fed back in wideband, whereas in our codebook, (δ1, δ2) is fed back in sub-band. Performance gain can be observed with sub-band (δ1, δ2) feedback.
(2). The value of (δ1, δ2): our suggestion on (δ1, δ2) mapping is shown in Table 1.
Table 1: Orthogonal beam type to (δ1, δ2) mapping
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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Note that available number of (δ1, δ2) is different for different type of antenna topology. Hence the value of (δ1, δ2) should be combined with (N1, N2). According to the description of the feed-back mode in (1), the combination of (δ1, δ2) and (N1, N2) can be indicated in sub-band PMI. Take  as an example. The rules for codeword selection from codebook config 1 is illustrated in Table 2. 
Table 2: Codeword selected for different 
	
	Selected i2 index in Table 6-2
	Corresponding valid (δ1, δ2) combinations

	(2, 2)
	0-5
	, , 

	(3, 2)
	0-9
	, , , , 

	(4, 2)
	0-13
	, , , , , , 


(3). The design of : in our codebook,  for all the configs. However in [4],  for config 1,  for config 2 and 3, and  for config 4. If , master beam group is constructed by non-consecutive beams, which means each codeword in is distributed in discrete beam grids.  seems unreasonable due to the following two reasons. The first is that it does not conform to the design rules of  in rank 1 and 2 codebook, though for all configs it has either 1 column or 4 columns. In order to reserve the design rules as much as possible,   is a more reasonable choice. The second is that non-consecutive structure brings performance loss. Since the purpose of UE feeding back wide-band  is to give a most probable master beam direction which changes little through the wide band. If the beams in  is distributed discretely, the original motivation of wide-band feed-back is lost. Therefore, selecting the beams near the master beam direction, instead of other discrete points, in helpful to increase the performance of wide-band feed-back. 
(4). The choice of codeword type: Four rank 3 codeword can be constructed by two orthogonal beams  and , which can be classified into two types：


Type 1:   and 


Type 2:   and 
In [4], all the four codewords can be selected as a rank 3 codeword. However, in our codebook, only  and  can be selected, since simulation results show that the co-phasing between two pols does not have essential impacts on the system performance. 
Note that the difference between two codewords within the same Type, i.e.,  and , is only the polarization directions. For the codewords in different Types, i.e.,  and ,   takes  as the beam which has more contribution on the master beam, whereas  takesas the beam which has more contribution on the master beam. Based on the discussion above, the selection of appropriate mater beam direction has relatively obvious performance gain. Thus under the constraint on the bits of feed-back overhead, the selection of codeword Type has higher priority than the co-phasing between two pols. 
3. Performance Evaluation 
We conduct system level simulations for all the aspects mentioned above. The scenario is 3D-Umi SU, and the service model is FTP1 with medium load. The antenna topology and oversampling factor are as follows: (N1, N2, O1, O2) = (4,2,8,4) for config 1 and config 2, (N1, N2, O1, O2) = (8,1,4,-) for config 4. We compare the performance of the codebook in [4] and our codebook. The simulation results are shown in Table 3. It can be seen from table 3 that our proposed codebook outperform the codebook proposed in [4], especially the cell edge performance.  Performance gain in the range of 12-17% can be obtained for all configs on cell edge performance.
Table 3. Evaluation results of the proposed codebook 
	3D Umi scenario, SU-MIMO, FTP Traffic with medium load

	
	Codebook in [4]
	Proposed codebook

	
	Alt 1 with k=0,1
	Alt 2 with k=0-7
	

	Config 1
	RU
	0.4930
	0.4867
	0.4841

	
	5%
	11.45(+100%)
	12.03(+105.7%)
	12.85(+112.2%)

	
	50%
	38.72(+100%)
	38.96(+100.7%)
	38.84 (+100%)

	
	Mean
	42.48(+100%)
	43.07(+101%)
	43.19(+101.4%)

	
	Overhead
(W1+W2) bits
	9+1 bits for both rank 3 and rank 4
	13+1 bits for both rank 3 and rank 4
	6+4 bits for both rank 3 and rank 4

	Config 2

	RU
	0.4857
	0.4804
	0.4731

	
	5%
	12.38(+100%)
	13.49(+109%)
	14.18(+114.5%)

	
	50%
	38.98(+100%)
	40.01(+102.6%)
	39.07(+100%)

	
	Mean
	42.91(+100%)
	43.37(+101%)
	42.89(+100%)

	
	Overhead
(W1+W2) bits
	8+4 bits for rank 3
8+3 bits for rank 4
	9+4 bits for rank 3
9+3 bits for rank 4
	6+4 bits for both rank 3 and rank 4

	Config 4

	RU
	0.49
	0.48
	0.45

	
	5%
	12.98(+100%)
	13.94(+107.4%)
	15.26(+117.6%)

	
	50%
	37.74(+100%)
	39.45(+104.5%)
	42.05(+114.2%)

	
	Mean
	41.39(+100%)
	42.41(+102.5%)
	43.79(+103.3%)

	
	Overhead
(W1+W2) bits
	5+4 bits for rank 3
5+3 bits for rank 4
	6+4 bits for rank 3
6+3 bits for rank 4
	4+4 bits for both rank 3 and rank 4


In Table 4 we investigate into the impact of removing the cophasing between two pols with the same type on the performance gain.
scheme 1：codebook config 2 of Alt 1 in [5], and all the four codeword are used
scheme 2：codebook config 2 of Alt 1 in [5], only  and  are reserved.
It is seen that removing the cophasing between two pols hardly impacts the system performance. Only the mean throughput is 1% down. It means that cophasing has very low priority.
Table 4.  Evaluates the impact of removing co-phasing information
	Scheme X
	RU
	Mean
	5%
	50%
	Overhead
(W1+W2)bits

	Scheme 1
	0.4844
	43.33
(+100%)
	12.49
(+100%)
	38.71
(+100%)
	8+4 bits for rank 3 and
 8+3 bits for rank 4

	Scheme 2
	0.4853
	42.93
(+99.1%)
	12.33
(+98.72%)
	38.82
(+100.2%)
	7+3 bits for rank 3 and 
8+3 bits for rank 4


By combining the results in Table 3 and Table 4, it can be shown that some of the performance gain comes from removing 1 bit cophasing and putting the bit in increasing the number of (δ1, δ2) selections, and (δ1, δ2) is fed back in sub-bands. 
Base on the analysis and the evaluation, we have the following proposals:
Proposal 1: For different antenna configuration , use different number of (δ1, δ2) selections, and select (δ1, δ2) in sub-bands. 
Proposal 2: Employ  with consecutive structure. i.e. 
Proposal 3: Under the constraint on the bits of feed-back overhead, the selection of codeword Type has higher priority than the co-phasing between two pols.
Proposal 4: Adopt the rank 3 and rank 4 codebook in Appendix for Config 1,2,4.

From our rank 2 evaluation in [6], Config 3 always have lower performance than other configs. Also, rank 3 and rank 4 codebook does not seem to need so many configurations as it targets at scenarios with less correlated channel with more scatters.  Therefore, we have the following proposal:  
Proposal 5: Do not support Config 3 for higher rank codebook.
4. Rank 5-8 codebook 
From rank3-4 codebook evaluation, it can be observed that performance of higher rank codebook actually depends quite a lot on subband information. Proposal in [4] follows the principle of Rel-10 8Tx codebook with fixed W2 codeword.  In Rel-10, higher rank codebook is defined to meet the peak data rate requirement. It does not seem urgent for FD-MIMO to define rank5-8 codebook as most of the commercial UEs in the market does not even support rank4.  Therefore, more time should be spent to design a better rank5-8 codebook suitable for FD-MIMO.  Therefore, our proposal is:
Proposal 6: Rank5-8 is not supported in the new codebook in Rel-13. Further study rank5-8 codebook in the future release.
5. Conclusion
Based on the discussion and simulation results, we have the following proposals：
Proposal 1: For different antenna configuration , use different number of (δ1, δ2) selections, and select (δ1, δ2) in sub-bands. 
Proposal 2: Employ  with consecutive structure. i.e. 
Proposal 3: Under the constraint on the bits of feed-back overhead, the selection of codeword Type has higher priority than the co-phasing between two pols.
Proposal 4: Adopt the rank 3 and rank 4 codebook in Appendix.
Proposal 5: Do not support Config 3 for higher rank codebook.
Proposal 6: Rank5-8 is not supported in the new codebook in Rel-13. Further study rank5-8 codebook in the future release.
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7. Appendix





where .
The following tables are rank 3 and rank 4 codebooks constructed for . For the case , exchange  and  with  and  , respectively.
Table 6-1: Codebook for rank-3/4 CSI reporting
	Config X
	Rank 3 codebook
	Rank 4 codebook
	

	

Selected  indices for 

	Config 1
	Table 6-2
	Table 6-5
	

	0-5 for (2, 2)
0-9 for (3, 2)
0-13 for (4, 2)

	Config 2
	Table 6-3
	Table 6-6
	

	
0-15 for all 

	Config 4
	Table 6-4
	Table 6-7
	

	0-7 for (2, 2)
0-15 for (3, 2)
0-15 for (4, 2)



Table 6-2  Config 1 codebook for 3 layer CSI reporting
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Table 6-3  Config 2 codebook for 3 layer CSI reporting
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Table 6-4  Config 4 codebook for 3 layer CSI reporting
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Table 6-5  Config 1 codebook for 4 layer CSI reporting
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Table 6-6  Config 2 codebook for 4 layer CSI reporting
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Table 6-7  Config 4 codebook for 4 layer CSI reporting
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