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Introduction
At the RAN1 NR#3 meeting [1], the CSI encoding issues were discussed and the agreements are captured as followings [2]:
	Agreements:
Encoding for short PUCCH-based reporting
· Short PUCCH is only used for the following cases:
· Wideband and partial-band reporting (one CSI for all the subbands in the CSI reporting band)
· The same information payload irrespective of RI/CRI in a given slot (to avoid blind decoding)
· Note: the size of information payload can be different according to the largest number of CSI-RS ports of the CSI-RS resources configured within a CSI-RS resource set
· Details to be decided in the channel coding session.  For example: 
· When PMI+CQI payload varies with RI/CRI, padding bits are added to RI/CRI/PMI/CQI prior to encoding to equalize the payload associated with different RI/CRI values
· RI/CRI/PMI/CQI, along with padding bits when necessary, is jointly encoded
Encoding for long PUCCH-based reporting
· For wideband or partial-band reporting, use the same solution as short PUCCH
· The same payload irrespective of RI/CRI


In this contribution, we discuss the channel coding aspects of CSI reporting for wideband or partial-band PUCCH-based reporting.
Joint encoding for CSI reporting
[bookmark: OLE_LINK1]In this section, we show two methods of joint encoding for CSI. Both methods are using the same payload size and try to avoid blind decoding.
Method 1: Mapping based on all cases
Although CSI is denoted by different components such as RI, PMI, the CSI information has internal correlation between these components. We can use such correlation to reduce the total payload sizes, multiple layers’ CSI parameters can be jointly encoded, which is also similar to joint encoding of RI and i1 in LTE (Table 7.2.2-1E in TS 36.213).




Simple source coding can be used for this method, the CSI information can be mapped to all the components’ combination by natural order. For example, when RI/PMI/CQI reporting are configured, and the (, ) is configured to larger or equal to 16, N2 is not equal to 2, we can calculate the cases used for CSI components reporting, shown in Table 1. In the calculation, N1 is the antenna number for first dimension, while N2 is the antenna number for second dimension, wideband CSI reporting is assumed. (,)is the oversampling factor for first dimension and second dimension and L is beam number. 4 bits CQI is assumed for each codeword and differential CQI reporting is assumed. 
Table 1 CSI components reporting cases
	Field
	Combination cases

	
	Rank = 1
	Rank = 2
	Rank = 3
	Rank = 4

	
	L=1
	L=4
	L=1
	L=4
	
	

	Wideband CQI codeword 0
	16
	16
	16
	16

	Wideband CQI codeword 1
	-
	-
	-
	-

	Wideband first PMI i1,1
	

	

	

	

	

	


	Wideband first PMI i1,2
	

	

	

	

	

	


	Wideband first PMI i1,3
	-
	4
	4
	4

	Wideband
second PMI i2
	

	

	2
	

	

	


	Field
	Bit width

	
	Rank = 5
	Rank = 6
	Rank = 7
	Rank= 8

	Wideband CQI codeword 0
	16
	16
	16
	16

	Wideband CQI codeword 1
	8
	8
	8
	8

	Wideband first PMI i1,1
	

	

	

	


	Wideband first PMI i1,2
	

	

	

	


	Wideband first PMI i1,3
	-
	-
	-
	-

	Wideband
second PMI i2
	

	

	

	







Based on the calculation in Table 1, if we set (, ) to (4,3), then (, ) is (4, 4), we can obtain the overhead for RI/PMI/CQI reporting in Table 2 (unit: cases).
Table 2 Mapping of Method 1
	Parameters
	PMI i1,1
	PMI i1,2
	PMI i1,3
	PMI i2
	PMI
	CQI
	Total

	RI=1
	L=1
	16
	12
	-
	4
	768
	16
	12288(14 bits)

	
	L=4
	8
	6
	-
	16
	768
	
	

	RI=2
	L=1
	16
	12
	4
	2
	1536
	
	36864(16 bits)

	
	L=4
	8
	6
	4
	8
	1536
	
	

	RI=3
	8
	12
	4
	2
	768
	
	49152(16 bits)

	RI=4
	8
	12
	4
	2
	768
	
	61440(16 bits)

	RI=5
	16
	12
	-
	2
	384
	128
	110592(17 bits)

	RI=6
	16
	12
	-
	2
	384
	
	159744(18 bits)

	RI=7
	16
	12
	-
	2
	384
	
	208896(18 bits)

	RI=8
	16
	12
	-
	2
	384
	
	258048(18 bits)


Method 2: Mapping by separated information
Another method is padding. Zero bits will be padded to make total payload is the same for all the cases. For example, as illustrated in Figure 1, due to the different number of precoders and CWs, the PMI and CQI payload size vary as RI varies (the ordering of UCI bits can be different). The payload size for rank 1, rank 2, rank 3/4 and rank 5/6/7/8 have 1 or 2 bits difference. With padding bits, the same payload size can be obtained, e.g., by padding 2 bits for rank 1/3/4, 1 bit for rank 1, the payload size for each layer is the same. 
[image: ]

Fig. 1 Padding bits for Type I CSI (WB)
We take the same examples for Method 2, If the components are not joint mapped, Table 3 (unit: bits) will be obtained.
Table 3 Mapping of Method 2
	RI
	PMI i1,1
	PMI i1,2
	PMI i1,3
	PMI i2
	PMI
	CQI
	Total

	RI=1(3)
	L=1
	4
	4
	-
	2
	10
	4
	17

	
	L=4
	3
	3
	-
	4
	10
	
	

	RI=2(3)
	L=1
	4
	4
	2
	1
	11
	
	18

	
	L=4
	3
	3
	2
	3
	11
	
	

	RI=3 (3)
	3
	4
	2
	1
	11
	
	18

	RI=4 (3)
	3
	4
	2
	1
	9
	
	16

	RI=5 (3)
	4
	4
	-
	1
	9
	7
	19

	RI=6 (3)
	4
	4
	-
	1
	9
	
	19

	RI=7 (3)
	4
	4
	-
	1
	9
	
	19

	RI=8 (3)
	4
	4
	-
	1
	9
	
	19


Compare Table 2 and Table 3, it can be seen that even by simple source coding, 1 bit can be saved.
From Table 2, we have following Observation.
Observation 1: Method 1 has the same or less payload size compared to Method 2.
Note that both methods need to store the mapping table and both mappings are based on cases. 
Performance comparison
Based on the above examples, the coding gain of Method 1 over Method 2 is shown in Fig. 2.
[image: ]
Fig. 1 Coding gain of Method 1 over Method 2
It can be seen from the results, about 0.1 ~ 0.3 dB gain can be achieved.
Based on the results, we have following Proposals.
Proposal 1: Joint encoding of CSI based on all cases mapping is supported in NR.
Summary
In this contribution, we discuss some remaining issues on CSI reporting, and we have following Observation and Proposal.
Observation 1: Method 1 has the same or less payload size compared to Method 2.
Proposal 1: Joint encoding of CSI based on all cases mapping is supported in NR.
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