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Introduction
In RAN1#87 [1], the following working assumption about advanced CSI codebook was made.

Working Assumption: 
To be confirmed automatically at RAN1#88 if no significant issues are identified with UE complexity. 
Precoders are to be normalized in the equations below.
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· Feedback on PUSCH is supported
· Feedback on PUCCH is supported
· Details FFS until RAN1#88.
In this contribution, periodic reporting of advanced CSI on PUCCH (highlighted) is discussed. The other remaining issues about the advanced CSI codebook are discussed in the companion contribution [2].
Periodic reporting on PUCCH
1 
2 
[bookmark: _Ref473793520]Table 1: W1 payload for (i1,1, i1,2) reporting
	Port layouts
	Number of ports
	(N1, N2)
	Number of bits to select leading beam (
B0
	Number of bits to select 2nd beam (,
B1
	Number of bits to select beam power for 2nd beam,
B2
	Total number of bits for (i1,1,i1,2) reporting
B = B0+B1+B2

	1D
	4
	(2,1)
	3
	0
	2
	5

	
	8
	(4,1)
	4
	2
	
	8

	
	16
	(8,1)
	5
	3
	
	10

	
	20
	(10,1)
	6
	3
	
	11

	
	24
	(12,1)
	6
	3
	
	11

	
	28
	(14,1)
	6
	3
	
	11

	
	32
	(16,1)
	6
	3
	
	11

	2D
	8
	(2,2)
	6
	2
	
	10

	
	12
	(2,3), (3,2)
	7
	3
	
	12

	
	16
	(2,4), (4,2)
	7
	3
	
	12

	
	20
	(2,5), (5,2)
	8
	3
	
	13

	
	24
	(2,6), (6,2), (3,4), (4,3)
	8
	3
	
	13

	
	28
	(2,7), (7,2)
	8
	3
	
	13

	
	32
	(2,8), (8,2), (4,4)
	8
	3
	
	13



[bookmark: _Ref467114082]Table 2: W2 payload for i2 reporting
	Rank
	Number of bits for i2 reporting

	1
	6

	2
	12



The W1 and W2 payload sizes for the rank 1 and rank 2 advanced CSI codebook (cf. Introduction) are summarized in Table 1 and Table 2, respectively. For rank > 2, the payloads are the same as rank > 2 Class A codebook. Similar to the proposal in the companion contribution [3], if RI and (i1,1, i1,2) are reported together in one reporting instance, and i2 and CQI are reported together in another reporting instance, then the maximum number of CSI bits to report in the two reporting instances are 3 + 13 = 16 bits and 12 + 7 = 19 bits respectively which are within the limit of the maximum number of CSI bits that can be reported using PUCCH Format 3 (hence, no codebook subsampling is needed). Therefore, we prefer that periodic advanced CSI reporting is supported using PUCCH Format 3.    


However, if RAN1 decides to support PUCCH Format 2 based periodic advanced CSI reporting, then codebook subsampling is applied if the number of CSI bits exceeds the limit of 11 bits to report CSI using PUCCH Format 2. In this case, advanced CSI is reported in three CSI reporting instances (similar to Rel. 13 Class A based periodic CSI reporting)
· 1st reporting instance: RI (3 bits);
· 2nd reporting instance: subsampled (i1,1, i1,2) if the number of bits to report (i1,1, i1,2) > 11; (details below) and
· 3rd reporting instance: subsampled i2 if the number of bits to report (i2, CQI) > 11 (details below).

Proposal 1: It is preferred that periodic advanced CSI be reported using PUCCH Format 3 in two reporting instances:
· 1st reporting instance: RI and (i1,1, i1,2)    
· 2nd reporting instance: i2 and CQI
Otherwise, periodic advanced CSI is reported using PUCCH Format 2 in three reporting instances:
· 1st reporting instance: RI 
· 2nd reporting instance: subsampled (i1,1, i1,2) if the number of bits to report (i1,1, i1,2) > 11    
· 3rd reporting instance: subsampled i2 and CQI, if the number of bits to report (i2, CQI) > 11.

(i1,1, i1,2) subsampling:
Since (i1,1, i1,2) payload for all 1D port layouts, i.e., N1 > 1, N2 = 1, and 8 ports, 2D port layout, i.e., (N1, N2) = (2, 2) is within 11 bits limit (Table 1), no subsampling is applied. For 2D port layouts for {12, 16, 20, 24, 28, 32} ports, the following subsampling is applied. 
· 2D port layouts for 12 ports: (i1,1, i1,2) payload is reduced by 1 bit.
· (N1, N2) = (3, 2): subsample by reducing the number of leading (stronger) beam candidates so that the effective oversampling factor is (O1, O2) = (4, 2). In other words, the 1st and 2nd indices of the leading (stronger) beam are  and , respectively.
· (N1, N2) = (2, 3); subsample by reducing the number of leading (stronger) beam candidates so that the effective oversampling factor is (O1, O2) = (2, 4). In other words, the 1st and 2nd indices of the leading (stronger) beam are  and .
· 2D port layouts for {20, 24, 28, 32} ports: (i1,1, i1,2) payload is reduced by 2 bits.
· Subsample by reducing the number of leading (stronger) beam candidates so that the effective oversampling factor is (O1, O2) = (2, 2). In other words, the 1st and 2nd indices of the leading (stronger) beam are,  and .
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Proposal 2: (i1,1, i1,2) subsampling for periodic advanced CSI reported using PUCCH Format 2 is as follows:
· All 1D port layouts and 8 port, 2D port layout: no subsampling  
· 2D port layouts for {12, 16, 20, 24, 28, 32} port: subsample by reducing the number of leading (stronger) beam candidates so that the effective oversampling factor 
· (O1, O2) = (4, 2) for (N1, N2) = (3, 2)
·  and 
· (O1, O2) = (2, 4) for (N1, N2) = (2, 3)
·  and 
· (O1, O2) = (2, 2) for 2D port layouts for {16, 20, 24, 28, 32} ports
·  and .

i2 subsampling:
For rank 1, (i2, CQI) is reported without any subsampling, because it requires (6 bits for i2 + 4 bits for CQI) 10 bits to report rank 1 (i2, CQI) which is within the 11 bits limit. For rank 2, (i2, CQI) is reported with subsampling considering BPSK alphabet for coefficients. Since rank 2 CQI requires 7 bits, there are 4 remaining bits to report rank 2 i2, which is reported as follows:
· The subsampled rank-2 W2 pre-coder is given by either  or , where  which requires 4 bits in total.

Proposal 3: i2 subsampling for periodic advanced CSI reported using PUCCH Format 2 is as follows.
· Rank 1: no subsampling
· Rank 2: the subsampled rank-2 W2 pre-coder is given by either  or , where .
[bookmark: _Ref446598642]Conclusions
In this contribution, periodic CSI reporting according to the advanced CSI codebook [1] is presented. The proposals made are summarized as follows. 

Proposal 1: It is preferred that periodic advanced CSI be reported using PUCCH Format 3 in two reporting instances:
· 1st reporting instance: RI and (i1,1, i1,2)    
· 2nd reporting instance: i2 and CQI
Otherwise, periodic advanced CSI is reported using PUCCH Format 2 in three reporting instances:
· 1st reporting instance: RI 
· 2nd reporting instance: subsampled (i1,1, i1,2) if the number of bits to report (i1,1, i1,2) > 11    
· 3rd reporting instance: subsampled i2 and CQI, if the number of bits to report (i2, CQI) > 11.

Proposal 2: (i1,1, i1,2) subsampling for periodic advanced CSI reported using PUCCH Format 2 is as follows:
· All 1D port layouts and 8 port, 2D port layout: no subsampling  
· 2D port layouts for {12, 16, 20, 24, 28, 32} port: subsample by reducing the number of leading (stronger) beam candidates so that the effective oversampling factor 
· (O1, O2) = (4, 2) for (N1, N2) = (3, 2)
·  and 
· (O1, O2) = (2, 4) for (N1, N2) = (2, 3)
·  and 
· (O1, O2) = (2, 2) for 2D port layouts for {16, 20, 24, 28, 32} ports
·  and .

Proposal 3: i2 subsampling for periodic advanced CSI reported using PUCCH Format 2 is as follows.
· Rank 1: no subsampling
· Rank 2: the subsampled rank-2 W2 pre-coder is given by either  or , where .
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