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1. Introduction
In this contribution, some recommendations of improving 3GPP TS 38.212 v1.2.1 [1] are discussed including the following: 
· Padding bits quantity for CSI report coding
· Joint coding of multiple CSI reports
· Interlacing of segments at RE-level in case of frequency hopping
· Clarification of text in square brackets.
2. Padding bits quantity for CSI report coding
At RAN1#91 meeting, the following was agreed [2]: Agreement: 
UCI field order is  CRI → RI → Padding bits (if present) → PMI → CQI
	Note: Where any newly defined parameters are placed can be decided purely from a MIMO perspective

After that, the following table describing wideband CSI fields mapping order was added to 3GPP TS 38.212:Table 6.3.1.1.2-7: Mapping order of CSI fields of one CSI report, PMI-FormatIndicator=widebandPMI and CQI-FormatIndicator=widebandCQI
CSI report number
CSI fields
CSI report #n
CRI as in Tables 6.3.1.1.2-3/4/5, if reported

Rank Indicator as in Tables 6.3.1.1.2-3/4/5, if reported

Layer Indicator as in Tables 6.3.1.1.2-3/4/5, if reported

Padding bits, if needed


PMI wideband information fields , from left to right as in Tables 6.3.1.1.2-1/2, if reported


PMI wideband/partial band information fields , from left to right as in Tables 6.3.1.1.2-1/2, if reported

Wideband CQI as in Tables 6.3.1.1.2-3/4/5, if reported 



Indicator of the number of non-zero wideband amplitude coefficients  for layer  as in Table 6.3.1.1.2-5, if reported 


Then the tables specifying bitwidth of CRI, RI, LI, PMI and CQI was also added. However, the bitwidth of padding bits block is still not specified, which leads to CSI payload size ambiguity. It is needed to specify quantity of padding bits to make specification complete.
Observation 0: In 38.212, the bitwidth of padding bits block is still not specified, which leads to CSI payload size ambiguity. It is needed to specify quantity of padding bits to make specification complete.
Since the purpose of padding bits’ insertion is equalization of CSI payload size among different CRI/RI vales, the number of bits needed should be



where is a current CSI payload

and  is the maximum possible CSI payload among different CRI/RI values.

 can be defined in different ways:
Alt1. As maximum possible CSI payload defined in the standard.
Alt2. As maximum possible CSI payload under current RI-Restriction and ResourceConfig higher layer parameters.
Let us define the following symbols:
	

	a set of possible rank values allowed by higher layer parameter RI‑Restriction

	

	a set of all possible rank values defined in the standard

	

	a number of possible rank values allowed by higher layer parameter RI‑Restriction

	

	a number of possible rank values in the standard

	

	a number of different CSI-RS resource sets available according to higher layer parameter ResourceConfig

	

	CSI-RS resource set s used for current CSI report according to higher layer parameter ResourseSetBitmap

	

	is a set of all possible CSI-RS resources defined in the standard

	

	a number of CSI-RS resources in the resource set s

	

	a maximum number of CSI-RS resources in the resource set defined in the standard

	

	bitwidths of PMI parts (PM indices)


Below we discuss two alternatives of maximum CSI payload definition in detail.
1. 
maximum possible CSI payload defined in the standard
In this case the maximum payload of CSI fields will be:










Looking over the tables of CSI components bitwidth from the current version of specification TS 38.212 v1.2.1, we can simplify that:










Then the final definition of padding bits amount will be:






This definition looks simple, but on the other hand, it makes the info bit sequence longer than it could be taking into account RI-Restriction and ResourceConfig. Thus, the effective code rate is higher with this definition.
Observation 1: Padding bits quantity definition without consideration of RI-Restriction and ResourceConfig parameters leads to higher effective code rate.
2. 
maximum possible CSI payload under current RI-Restriction and ResourceConfig.
In this case the maximum payload of CSI fields will be:

current RI payload

current CRI payload

maximum over the columns of Table 6.3.1.1.2-3(4,5) allowed by RI-Restriction

maximum sum over rows of Table 6.3.1.1.2-1(2) allowed by RI‑Restriction

 maximum over the columns of Table 6.3.1.1.2-3(4,5) allowed by RI-Restriction
Then the final definition of padding bits amount will be:




This definition may be more complicated, but the effective code rate is lower in this case.
Observation 2: Padding bits quantity definition considering RI-Restriction and ResourceConfig parameters leads to lower effective code rate.
Proposal 1: In 38.212, adopt the definition of padding bits quantity considering RI-Restriction and ResourceConfig higher layer parameters.
3. Joint coding of multiple CSI reports
The following table was defined in [1] to describe the multiplexing of multiple CSI reports in one codeword: 
Table 6.3.1.1.2-12: Mapping order of CSI reports to UCI bit sequence , without two-part CSI report(s) 
UCI bit sequence
CSI report number


CSI report #1
as in Table 6.3.1.1.2-7/8

CSI report #2
as in Table 6.3.1.1.2-7/8

…

CSI report #n
as in Table 6.3.1.1.2-7/8


However, no alternatives was discussed regarding this topic. Below we provide two possible ways of multiplexing, which should be discussed and compared (the fields are mapped to the encoder input sequence in the order from upper to lower):

2

Table 1. Alt1 – CSI report based					Table 2 Alt2 – CSI block based
	CSI report#1
	CRI#1

	
	RI#1

	
	LI#1

	
	Padding bits#1

	
	PMI#1

	
	CQI#1

	CSI report#2
	CRI#2

	
	RI#2

	
	LI#2

	
	Padding bits#2

	
	PMI#2

	
	CQI#2

	…
	…

	CSI report#n
	CRI#n

	
	RI#n

	
	LI#n

	
	Padding bits#n

	
	PMI#n

	
	CQI#n


	CRI block
	CRI#1

	
	CRI#2

	
	…

	
	CRI#n

	RI block
	RI#1

	
	RI#2

	
	…

	
	RI#n

	LI block
	LI#1

	
	LI#2

	
	…

	
	LI#n

	Padding bits block

	

	

	

	PMI block
	PMI#1

	
	PMI#2

	
	…

	
	PMI#n

	CQI block
	CQI#1

	
	CQI#2

	
	…

	
	CQI#n




Padding bits quantity should be calculated according to Section 2:

 for Alt1 CSI report based (Table 1) 

 for Alt2 CSI field block based (Table 2)
Observation 3: Two ways of CSI reports multiplexing are possible: CSI report based and CSI field block based. Placing all padding bits together can provide benefits Polar decoding.

Proposal 2: In 38.212, Adopt CSI field block based mapping as shown in the Section 3 Alt 2.   
 
4.  Interlacing of segments at RE-level for Polar code
In UCI multiplexing, agreements were made to ensure that different types of UCI can take advantage of frequency hopping. According to current agreement, if a UCI type gets segmented into two segments, it can so happen that the two segments can each get mapped to a single hop, thus leading to performance degradation. While this topic for interlacing of segments at last meeting in coding session, there was no agreement, which led to current description in 38.212, wherein the coded bits of the two segments are concatenated serially. We think it is reasonable to allow multiplexing of the segments at RE-level. 
Proposal 3: In 38.212, to maintain benefits of frequency hopping of PUSCH for segmented UCI, adopt RE-level interlacing for the case when segmentation is applied for Polar code.
5. Text in Square brackets
In the email discussion 91-NR-212, the wording related to the following agreements made in RAN1#91 were discussed. 
Agreement:
The agreed coding scheme for UCI is applicable for UCI payloads up to at least (5/6)*(2048).

Agreement:
The maximum interleaver size per code block is 8192.
In our view, the agreements can be captured in a simple manner without requiring an assumption on the UE side. In our understating, using “may assume” could lead to different interpretations on the UE and gNB side- for example it allows UE to also not assume the maximum value of E to be no largest than 8192. Such UEs can unnecessarily transmit UCI and can cause interference to the system. Thus, we think capturing the agreements in a straightforward manner can provide clarity to implementations on both UE and gNB side. Thus, we propose the following:  
Proposal 4:
· 
In 5.4.1.3 (38.212), replace the text in [A UE may assume the value of  is no larger than 8192.] with: The value of E is no larger than 8192.
· 
In 5.2.1 (38.212), replace the text in [A UE may assume the value of  is no larger than 1706.] with: The value of A is no larger than 1706.
6. Conclusions
In this contribution, we discuss possible improvements of 3GPP TS 38.212, make the following observations and proposals:
Observation 0: In 38.212, the bitwidth of padding bits block is still not specified, which leads to CSI payload size ambiguity. It is needed to specify quantity of padding bits to make specification complete.
Observation 1: Padding bits quantity definition without consideration of RI-Restriction and ResourceConfig parameters leads to higher effective code rate.
Observation 2: Padding bits quantity definition considering RI-Restriction and ResourceConfig parameters leads to lower effective code rate.
Proposal 1: In 38.212, Adopt the definition of padding bits quantity considering RI-Restriction and ResourceConfig higher layer parameters.
Observation 3: Two ways of CSI reports multiplexing are possible: CSI report based and CSI field block based. Placing all padding bits together can provide benefits Polar decoding.
Proposal 2: In 38.212, adopt CSI field block based mapping as shown in the Section 3 Alt 2.   
Proposal 3: In 38.212, to maintain benefits of frequency hopping of PUSCH for segmented UCI, adopt RE-level interlacing for the case when segmentation is applied for Polar code.
Proposal 4:
· 
In 5.4.1.3 (38.212), replace the text in [A UE may assume the value of  is no larger than 8192.] with: The value of E is no larger than 8192.
· 
In 5.2.1 (38.212), replace the text in [A UE may assume the value of  is no larger than 1706.] with: The value of A is no larger than 1706.
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