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Introduction
At RAN1 #82bis, CSI reporting related issues were discussed. Some agreements and working assumptions were achieved, but there are still some open problems that need further discussions [1], such as periodic Class A CSI report on PUCCH, and BI feedback of K>1 Class B CSI report with PUCCH.
In this contribution, we present our views on the design of CSI report for FD-MIMO, including periodic class A CSI report and class B CSI reports. 
Periodic Class A CSI report
UE is configured to periodically feedback CSI on the PUCCH. In Rel-10 and Rel-12, the CSI reports related with 8 CSI-RS ports and 4 CSI-RS ports using the sub-sampled codebook in order to ensure that the total RI/PMI/CQI payload does not exceed a total of 11bits, using PUCCH mode 1-1 submode 1, PUCCH mode 1-1 submode 2,  and PUCCH mode 2-1.
For class A CSI report in EB/FD-MIMO, PMI bits increased with more antenna ports and greater codebook size in FD-MIMO. 
Number of long term PMI bits depends on oversampling factor, antenna ports, and beam skipping factor and short term PMI bits depend on CSS config. The following Table 1gives a possible list of first PMI bits according to the oversampling factor proposed in [2].
[bookmark: _Ref434474890]Table 1 bits width of first PMI feedback
	antenna


	oversampling


	config 1
	config 2-4

	
	
	i1,1
	i1,2
	Total i1
	i1,1
	i1,2
	Total i1

	(8,1)
	(4,-)
	5
	0
	5
	4
	0
	4

	
	(8,-)
	6
	0
	6
	5
	0
	5

	(2,2)
	(4,4)
	3
	3
	6
	2
	2
	4

	
	(8,8)
	4
	4
	8
	4
	4
	8

	(3,2)
	(8,4)
	5
	3
	8
	4
	2
	6

	
	(4,4)
	4
	3
	7
	3
	2
	5

	(2,3)
	(8,4)
	4
	4
	8
	3
	3
	6

	
	(8,8)
	4
	5
	9
	3
	4
	7

	(4,2)
	(8,4)
	5
	3
	8
	4
	2
	6

	
	(4,4)
	4
	3
	7
	3
	2
	5

	(2,4)
	(8,4)
	4
	4
	8
	3
	3
	6

	
	(8,8)
	4
	5
	9
	3
	4
	7



The following Table 2 summarized agreed Rank 1[3] and several proposed second PMI bits from email discussion[4]~[10]. Second PMI bits depend on the different config and the design of long term codebook. And these contributions all suggest that no second PMI payload is needed for rank 5-8 as same as the Rel-10 codebook design. 
[bookmark: _Ref434474930]Table 2 bits width of second PMI feedback
	
	Samsung[4][5]
	Huawei[6][7]
	CMCC[8][9][10]

	rank
	config1
	config2,3,4
	config1
	config2,3,4
	config1
	config2,3,4

	1
	2
	4
	2
	4
	2
	4

	2
	1
	4
	2
	4
	2
	4

	3
	1
	4
	2
	4
	2
	4

	4
	1
	3
	2
	4
	2
	4

	5~8
	0
	0
	0



In this paper, we discuss the Class A CSI feedback design based on the Table 1 and Table 2. With increased codebook size and limited feedback payload, subsampling should be carefully designed for  periodic Class A CSI report.
PUCCH Mode 2-1 
PUCCH mode 2-1 supports joint coding of subband CQI and W2. From Table 2 and Table 3, it can be seen that when layer-2, layer-3 and layer-4 CSI reports, W2 exceeds the maximum bits according to newly designed codebook under config 2,3,4. Under this mode, W2 needs to be subsampled to 2 bits, i.e., the signaling should only support a subset of the all possible beams or cophasing factors.

[bookmark: _Ref434476283]Table 3 Payload of PUCCH 2-1 with L-bit subband indication
	Rank
	CQI
	L-bit Subband Indication
	max Payload
	allowed bits of W2

	Rank=1
	4 bits
	1 – 2 bits 
	6
	5 bits

	Rank>1
	4 + 3 bits
	1 – 2 bits
	9
	2 bits



Observation 1: For rank-2, rank-3 and rank-4 CSI reports of PUCCH mode 2-1, W2 needs to be subsampled to 2 bits under config 2, 3, 4.
There would be two sub-sampling methods to reduce the number of bits from 4 to 2 for PUCCH 2-1. 
Scheme 1: 
For rank-2, rank-3 and rank-4, reduce the number of possible beams in each beam group.
Scheme 2:
For rank-2, rank-3 and rank-4, reduce possible co-phasing factors together with possible beams in each beam group..
Table 4 shows an example of W2 subsampling of the codebook designed in [4][5]. 



[bookmark: _Ref434483152]Table 4 Example of subsampling in PUCCH 2-1 using the first beam in the beam group
	
	Scheme1
	Scheme2

	
	config2
	config3
	config4
	config2
	config3
	config4

	rank2
	0-3
	0-3
	0-3
	0，8，16，22
	0，8，18，24
	0，4，8，12

	rank3
	0-3
	0-3
	0-3
	0-3
	0-3
	0-3

	rank4
	0-3
	0-3
	0-3
	0-3
	0-3
	0-3



Proposal 1: Number of possible co-phasing factors and beams could be reduced to subsample W2.
PUCCH Mode 1-1 submode 1
For the PUCCH mode 1-1 submode 1, where W1 is jointly coded with RI, the design problem is constrained by the total number of bits available for the rank indication, where there is a tradeoff between W1 accuracy and increased transmission error probability. As in Rel-10 8Tx codebook, total number of W1+RI hypotheses across ranks 1-8 is 32, using 5 bits. With regard to 2D antenna array of 8Tx, it is meaningful to still use 5 bits for all the ranks, and for 12Tx and 16Tx, one more bit could be used for RI and W1 joint coding, which adds up to 6 bits.
Proposal 2: For RI and WI joint coding in PUCCH 1-1 submode 1, 5 bits should be used for 8Tx, and 6 bits should be used for 12Tx and 16 Tx.
Considering higher ranks (5 to 7), precoding gain is expected to be small. Hence, utilizing only 1 or 2 out of all the possible W1 matrices is also a feasible overhead reduction venue for PUCCH mode 1-1 without significant performance loss.  Such Table 5 is proposed as to shown detail allocations for Rank1~Rank8.
[bookmark: _Ref434484614]Table 5 Sub-sampled W1 codebook bits for PUCCH 1-1 submode 1
	RI
	8 antenna ports
	12 antenna ports
	16 antenna ports

	1
	8
	16
	16

	2
	8
	16
	16

	3
	2
	8
	8

	4
	2
	8
	8

	5
	2
	2
	2

	6
	2
	2
	2

	7
	2
	2
	2

	8
	1
	1
	1

	Total bits
	5bit
	6bit
	6bit



The following method could be used to sub-sample W1: 
Step 1: Subsampling W1 codebook without the overlapping beams in both of first and second dimension. 


Step 2: If constraint in Table 5 is not satisfied, then calculate a beam sub-sampling factor  based on the reduced W1 size and allowed size, and then sub-sample W1 according to  in the vertical and horizontal dimensions.
Table 6 gives a possible sub-sampling result using the above method based on the codebook of 8Tx in [4][5].

[bookmark: _Ref434486082]Table 6 Example of subsampling of W1 in  for PUCCH 1-1
	RI
	config1
	config2-3
	No.W1

	
	(O1,O2)= (4,4)
	(O1,O2)= (8,8)
	(O1,O2)= (4,4)
	(O1,O2)= (8,8)
	

	
	
=0-7
	
=0-7
	
=0-15
	
=0-15
	
=0-3
	
=0-3
	
=0-7
	
=0-7
	

	1 -2
	0,4
	0,2,4,6
	0,8
	0,4,8,12
	0,2,
	0,1,2,3
	0, 4
	0,2,4,6
	8

	3 -7
	0
	0，4
	0
	0,8
	0
	0，4
	0
	0,4
	2

	8
	0
	0
	0
	0
	0
	0
	0
	0
	1



Proposal 3: For W1 and RI joint coding in PUCCH 1-1 submode 1, W1 could be subsampled without the overlapping beams.
PUCCH Mode 1-1 submode 2
For PUCCH Mode 1-1 submode 2, W1 and W2 are jointly coded. Also note that codebook subsampling is still necessary in order to keep the maximum allowable payload of 11 bits. Since the CQI may take up to 7 bits when rank>1, the reported W1+W2 cannot be greater than 4 bits.  When rank=1, the reported W1+W2 cannot be greater than 7 bits. 
The following method could be used to reduce the number of W1+W2 bits. 
Step1: Subsample W2 through reduction of possible co-phasing factors together with possible beams. If still not satisfied, go to step 2. 
Step 2: Subsample W1 codebook without overlapping beams.


The following Table 7 gives an example subsampling codebook of 16 antenna ports. And the configuration and oversampling factors are , .
[bookmark: _Ref434487843]Table 7 Example subsampling codebook of 16 antenna port
	
	max bits
	config 1
	config 2,3,4

	
	
	i2(bits)
	i1,1(bits)
	i1,2(bits)
	i2(bits)
	i1,1(bits)
	i1,2(bits)

	Rank1
	7
	0
	5
	2
	1
	4
	2

	Rank2,3,4
	4
	0
	3
	1
	0
	3
	1

	Rank5-8
	4
	0
	3
	1
	0
	3
	1



Proposal 4: For W1 and W2 joint coding in PUCCH 1-1 submode 2, number of possible co-phasing factors and beams in W2 could be subsampled first, and then W1 could be sub-sampeld based on the results of W2 sub-sampling.
Periodic K>1 Class B CSI report
BI report is needed for Class B CSI report. Basically, there are two methods.
Method 1: Configure additional BI feedback periods


Based on the existing reporting modes, configure one new BI reporting pattern for Class B CSI process PUCCH reporting modes. Additional periodicity  and offset  for BI reporting is configured. Its granularity should be less than or equal to RI.






As shown in Figure 1-Figure 3, there are some direct extensions of Rel-12 PUCCH CQI/PMI/RI reporting modes. The following parameters are used in the depicted feedback patterns: , , , ,and additional , . 
· PUCCH Mode 1-1 submode 1

 
Figure 1: Example extensions of PUCCH Mode 1-1 submode 1
· PUCCH Mode 1-1 submode 2


Figure 2: Example extensions of PUCCH Mode 1-1 submode 2
· PUCCH Mode 2-1 


[bookmark: _Ref434590765]Figure 3: Example extensions of PUCCH Mode 2-1
Method 2: Reuse legacy feedback periods and jointly code BI with RI
The other method is to reuse legacy reporting period, and feedback the joint coding of BI and other CSI in the reporting subframes. But considering the full usage of 11 bit in one subframe with CQI/PMI and RI reporting types, joint coding with RI is a suitable method, which can be easily combined with RI.
It is noted that method 1 simplifies the specification effort and makes it consistent. But for method 2, it does not need new RRC configurations for new feedback pattern and consumes less resources. So we have the following proposals: 
Proposal 5: With K>1 Class B CSI report, reuse legacy feedback periods and jointly code BI with RI. 

Conclusions
In this contribution we give a further discussion on periodic reporting on the PUCCH to support Class A and Class B CSI report. Observations and proposals are given below. 
Observation 1: For rank-2, rank-3 and rank-4 CSI reports of PUCCH mode 2-1, W2 needs to be subsampled to 2 bits under config 2, 3, 4.
Proposal 1: Number of possible co-phasing factors and beams could be reduced to subsample W2
Proposal 2: For RI and WI joint coding in PUCCH 1-1 submode 1, 5 bits should be used for 8Tx, and 6 bits should be used for 12Tx and 16 Tx.
Proposal 3: For W1 and RI joint coding in PUCCH 1-1 submode 1, W1 could be subsampled with no overlapping beams.
Proposal 4: For W1 and W2 joint coding in PUCCH 1-1 submode 2, number of possible co-phasing factors and beams in W2 could be subsampled first, and then W1 could be sub-sampeld based on the results of W2 sub-sampling.
Proposal 5: With K>1 Class B CSI report, reuse legacy feedback periods and jointly code BI with RI.
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