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1 Introduction  
At RAN1#82bis meeting, the following agreements were made, 

Agreement:

· BI on PUCCH

· BI is reported on PUCCH 2/2a/2b.

· FFS additional support of PUCCH format 3

· BI periodicity is RRC configured as an integer multiple of RI periodicity (can be equivalent)

· PUCCH mode 1-1: study the following alternatives

Alt1: BI is separately reported with RI (and other CSI)

Alt2: BI is jointly reported with RI 

· FFS joint coding of BI + RI/W1 (PUCCH mode 1-1 submode 1)

· BI is not jointly coded with any other CSI without RI 

Alt3: BI is jointly reported with PMI

· FFS: details for PUCCH mode 2-1

· Reported BI bitwidth 

· Depends on configured value of K

· Maximum 3 bits

In this contribution, BI on PUCCH reporting in case of PUCCH mode 1-1 and 2-1 is discussed and the related proposal is given. 
2 Discussion on Class B CSI report
Based on the agreement for BI on PUCCH, there are three alternatives for BI on PUCCH in case of PUCCH mode 1-1 as below, 
Alt1:   BI is separately reported

Alt2:  BI is jointly reported with RI
Alt3:  BI is jointly reported with PMI
As  BI periodicity is an integer multiple of RI periodicity, the PMI and CQI calculation shall be determined upon the latest BI and RI report.  When the BI is selected, actually the RI for the selected beam can be obtained as well. Hence, BI can be jointly reported with RI.   

For Alt1, a new CSI reporting instance for BI needs to be introduced. The collision between BI report and other CSI report may occur. In this case, more efforts are needed to define the priority rule of CSI dropping. In addition,  the BI and RI information for PMI and CQI calculation may mismatch.  For example, in Figure  1, the rank associated with beam 1 and beam 2 reported at different instance may be different.  The first BI report is labeled with BI_1 and the associated RI is RI_1. Between the subframe of  BI_2 and RI_2, the PMI/CQI calculation needs to be upon RI_1 because RI is not updated according to new BI yet. In this case, the PMI/CQI does not correspond to BI-2 because there is the mismatch between the new BI and the assumed RI.      
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                                         Figure  1: Illustration of mismatch between BI and RI 
For Alt3,  BI is jointly reported with PMI. Because PMI calculation is upon the latest RI and RI is based on the latest BI, it is not reasonable to report BI and PMI together without RI. 

Proposal 1: BI is jointly reported with RI
Currently, there are three types related to RI, i.e., Type 3 (RI only), Type 5 (RI and wideband PMI) and Type 6 (RI and PTI). Type 3 and Type 5 are for PUCCH mode 1-1 and Type 6 is for PUCCH mode 2-1. In case of jointly reporting BI and RI, the update on the three types related to RI report is discussed separately.

Case 1: PUCCH mode 1-1 with Nk = 2 or 4 with alternativeCodeBookEnabledFor4TX-r12=FALSE 
In this case, the CSI reports in PUCCH mode 1-1 include the following three reporting types

· Report type 3a: RI and BI (new reporting type related to BI)
·  Report type 3: RI
·  Report type 2: Wideband CQI + Wideband PMI

where, the periodicity of report type 3a is an integer multiple of report type 3 periodicity, which is illustrated in the following Figure 2. 
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                                        Figure  2: Illustration of PUCCH mode 1-1 in Rel-13
Case 2: PUCCH mode 1-1 with Nk = 8, or 4 with alternativeCodeBookEnabledFor4TX-r12=True 
In this case,  there are two submodes which are submode 1 (joint encoding of RI and the first PMI) and submode 2 (separate RI report).  There are the following two options for BI report
Option 1:   BI is jointly reported with RI

Option 2:   BI is jointly reported with RI and the first PMI
PMI/CQI calculation is based on the latest BI and RI report. The robustness of BI and RI should be guaranteed. Therefore Option 1 is better than option 2 from BI and RI performance perspective. The following three reporting types are included and the corresponding reporting instance is illustrated in the Figure  3 REF _Ref433738378 \h 


 REF _Ref433738378 \h 
. 

· Report type 3a: RI and BI
· Report type 3: RI
· Report type 2c: wideband CQI and wideband W1 and  W2
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  Figure  3: Illustration of PUCCH mode 1-1 submode 2 in Rel-13

Case 3: PUCCH mode 2-1 with Nk = 2, or 4 with alternativeCodeBookEnabledFor4TX-r12=FALSE
Similar to the above discussions for PUCCH mode 1-1, the proposed reporting types and the corresponding reporting are illustrated in Figure  4. 
· Report  type 3a: RI and BI
· Report  type 2: Wideband CQI  and Wideband PMI
· Report type 1:  Sub-band CQI
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                                           Figure  4: Illustration of PUCCH mode 2-1 in Rel-13

Case 4: PUCCH mode 2-1 with Nk = 8, or 4 with alternativeCodeBookEnabledFor4TX-r12=True 
A proposed CSI report types can be found below  and the corresponding CSI reporting instance is illustrated in Figure  5.  
·  Report type 6a: RI, BI and 1-bit precoder type indication (PTI) 
·  Report type 6: RI and 1-bit precoder type indication (PTI)
·  Report type 2a/2b: 

· PTI = 0: W1will be reported 
· PTI = 1: wideband CQI and wideband W2 will be reported 

· Report type 2b/1a: 

· PTI = 0: wideband CQI and wideband W2 will be reported 

· PTI = 1: subband CQI, subband W2
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Figure  5:  Illustration of PUCCH mode 2-1 in Rel-13
Based on the above discussion, for PUCCH mode 1-1 and PUCCH mode 2-1 configured with CSI report class B and K >1, it is proposed to introduce the following types: 

Proposal 2: The following two report types are supported for PUCCH mode 1-1 and 2-1 

· Report type 3a: RI and BI 

·  Report type 6a: RI, BI and 1-bit precoder type indication (PTI)
In case Nk = 1 for CSI reporting Classe B with K>1, there is no PMI and RI. The related reporting mode is PUCCH mode 1-0 and 2-0. As there is no RI, only type with only BI report is needed.

Proposal 3: The following report type is supported for PUCCH mode 1-0 and 2-0

·  Report type 7: BI  
3 PUCCH new reporting type payload size 

The new PUCCH report types include PUCCH format 3a, PUCCH format 6a and PUCCH format 7. For CSI reporting Class B, the payload size for BI+RI/BI+RI+PTI is related to K and the number of spatial multiplexing layers. In order to decrease the feedback overhead for high rank and make sure that the maximum number of feedback bits with RI/BI/PTI is no more than 5 (the maximum of payload size of RI related reporting type is 5 bits in Rel-12), the value of  K in one CSI process can be restricted to 2 when NK = 8, i.e., NTOTAL is restricted to be 16. 
· K={1, 2, ..., 8} conditioned upon N1+…+NK≤NTOTAL
The PUCCH new reporting type payload size for each PUCCH reporting mode is summarized in Table 2. 

   Table 2 New PUCCH reporting type payload size for CSI reporting  Class B
	PUCCH Format
	Reported
	Mode State 
	PUCCH Reporting Modes

	
	
	
	Mode 1-1
	Mode 2-1
	Mode 1-0
	Mode 2-0

	
	
	
	(bits/BP)
	(bits/BP)
	(bits/BP)
	(bits/BP)

	3a
	BI/RI
	 K <=2, 2 layer spatial multiplexing
	2
	2
	NA
	NA

	
	
	 2<K<= 4, 2 layer spatial multiplexing, or K <=2, 4 layer spatial multiplexing 


	3
	3
	NA
	NA

	
	
	2<K<= 4, 4 layer spatial multiplexing, or, K <=2, 8 layer spatial multiplexing, or K >4, 2 layer spatial multiplexing
	4
	4
	NA
	NA

	
	
	 K <=2, 2 layer spatial multiplexing
	3
	3
	NA
	NA

	6a
	BI/RI/PTI
	 2<K<= 4, 2 layer spatial multiplexing, or K <=2, 4 layer spatial multiplexing 


	4
	4
	NA
	NA

	
	
	2<K<= 4, 4 layer spatial multiplexing, or, K <=2, 8 layer spatial multiplexing, or K >4, 2 layer spatial multiplexing
	5
	5
	NA
	NA

	7
	BI
	K <=2
	2
	2
	NA
	NA

	
	
	2<K<= 4
	3
	3
	NA
	NA

	
	
	K >4
	4
	4
	NA
	NA


Proposal 4:  Table 2 is proposed as payload size of new PUCCH reporting types  3a, 6a and 7 .
4 Conclusions
In the contribution, BI on PUCCH for CSI reporting Class B is discussed and there are the following proposals:

Proposal 1: BI is jointly reported with RI
Proposal 2: The following two report types are supported for PUCCH mode 1-1 and 2-1

· Report type 3a: RI and BI 

· Report type 6a: RI, BI and 1-bit precoder type indication (PTI)
Proposal 3: The following report type is supported for PUCCH mode 1-0 and 2-0

·  Report type 7: BI  
Proposal 4:  Table 2 is proposed as payload size of new PUCCH reporting types  3a, 6a and 7 .
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