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Introduction
Non-PMI CSI feedback was introduced (with report quantity set to “cri-ri-cqi”) as introduced to NR since Rel-15. In non-PMI CSI feedback, CRI, RI, LI and CQI are reported, but their bit-width and mapping order are not clearly defined in 212 spec. In this contribution, we will discuss related issues and propose solutions to clarify them in the spec.
Issue 1: bit-width of UCI components for non-PMI CSF
In current TS38.212 spec (sec 6.3.1.1.2 and 6.3.2.1.2), the bitwidth for UCI components are defined for each codebook, none of the table from 6.3.1.1.2-1 to 6.3.1.1.2-6 are defined for non-PMI based CSI feedback. In non-PMI based CSI feedback, the report quantity is set to “cri-ri-cqi”. It means that UE should report CRI, RI, LI and CQI, and the maximum allowable rank could be upto 8. With that, one can see that the UCI components of non-PMI CSI is similar to that of Type I CSI part 1, and it is straightforward to reuse the bit-width defined in table 6.3.1.1.2-3. 
For the bitwidth of RI, it is widely used in all codebook type that the bitwidth is dependent on the number of allowable rank, however this may not feasible for non-PMI based CSI with the following reason. In non-PMI based CSI, the allowable rank and the port-sequence is provided by the higher layer parameter non-PMI-PortIndication. This parameter comprises upto 128 PortIndexFor8Ranks configurations for all the resources in the CSI-RS resource config, meaning that the allowable rank and port-sequence is CSI-RS resource specific. This leads to varying bitwidth of RI which depends on the CSI-RS resource indicated by CRI. To solve this issue, we think there are two ways
· Alt1: the bitwidth of RI is dependent on the total number of different allowable rank across all the resources associated to the non-PMI based CSI report config. And the codepoints are mapped to the allowable ranks across all resources in increasing order where codepoint 0 is mapped to the smallest allowable rank across all resources.
· Alt2: the bitwidth of RI is always 3-bit (regardless of the higher layer parameter non-PMI-PortIndication) assuming smallest rank is rank-1 and largest rank is rank-8. And the codepoints are mapped to the allowable rank in increasing order. UE only report the valid codepoints of the selected CSI-RS resource
To take a deeper look at these two alternatives, let us consider following example: there are totally two resources, resource 1 is configured allowable rank 2 and 3, resource 2 is configured with allowable rank 2, 4 and 6. 
· With Alt1, RI is reported using 2-bit because total number of different allowable ranks is 4, i.e., {2, 3, 4, 6}. The codepoints are mapped to ranks in increasing order with codepoint “00” mapped to rank-2. If resource 1 is selected, UE is expected to report “00” or “01”; if resource 2 is selected, UE is expected to report “00”, “10” or “11”.
· With Alt2, RI is reported using 3-bit. The codepoints are mapped to ranks in increasing order with codepoint “000” mapped to rank-1. If resource 1 is selected, UE is expected to report “001” or “010”; if resource 2 is selected, UE is expected to report “001”, “011” or “101”.
In our view, Alt2 seems better as it achieves lower overhead than Alt3. Hence, based on the discussion, we propose
Proposal 1: In Rel-15 non-PMI CSI feedback, clarify that the CRI, LI and CQI are similar to Type I CSI. For RI reporting, its bitwidth is dependent on the total number of different allowable rank across all the resources associated to the non-PMI based CSI report config. And the codepoints are mapped to the allowable rank in increasing order with 0 mapped to the smallest rank across all resources.
Following spec change can be considered for TS38.212 spec:
[bookmark: _Toc4508140]6.3.1.1.2 CSI only
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
The bitwidth for RI/LI/CQI/CRI of codebookType=typeI-SinglePanel and reportQuantity set to 'cri-RI-CQI' is provided in Tables 6.3.1.1.2-3.
Table 6.3.1.1.2-3: RI, LI, CQI, and CRI of codebookType=typeI-SinglePanel, or reportQuantity set to 'cri-RI-CQI'
	Field
	Bitwidth

	
	1 antenna port
	2 antenna ports
	4 antenna ports
	>4 antenna ports

	
	
	
	
	Rank1~4
	Rank5~8

	Rank Indicator
	0
	

	

	

	


	Layer Indicator
	0
	

	

	

	


	Wide-band CQI for the first TB
	4
	4
	4
	4
	4

	Wideband CQI for the second TB
	0
	0
	0
	0
	4

	Subband differential CQI for the first TB
	2
	2
	2
	2
	2

	Subband differential CQI for the second TB
	0
	0
	0
	0
	2

	CRI
	

	

	

	

	








For codebookType=typeI-SinglePanel,  in Table 6.3.1.1.2-3 is the number of allowed rank indicator values according to Clause 5.2.2.2.1 [6, TS 38.214]. For higher layer parameter reportQuantity set to 'cri-RI-CQI',  in Table 6.3.1.1.2-3 is the number of different allowable rank indicator values according to Clause 5.2.1.4.2 [6, TS 38.214] across all CSI-RS resources associated to the CSI reporting setting.  is the value of the rank. The value of  is the number of CSI-RS resources in the corresponding resource set. The values of the rank indicator field are mapped to allowed rank indicator values with increasing order, where '0' is mapped to the smallest allowed rank indicator value. 
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
Issue 2: UCI mapping order and PMI format
For UCI on PUCCH with CSI in wideband granularity where both PMI format and CQI format are set to wideband, the UCI contains one part and the components’ mapping order is defined in Table 6.3.1.1.2.7 of TS38.212. However, for non-PMI feedback, since no PMI is reported, it seems more reasonable that the higher layer parameter pmi-FormatIndicator is not configured. In this way, the current Table 6.3.1.1.2.7 cannot be used directly to clarify the UCSI mapping order for non-PMI CSI feedback. To solve this issue, a simple way is to change its title to accommodate the UCI mapping order for non-PMI feedback. Thus, we propose
Proposal 2: Clarify that UE is not expected to be configured with pmi-FormatIndicator for non-PMI based CSI feedback. 
Following text proposal can be considered for TS38.214 spec:
5.2.1.4 Reporting configurations
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
-	wideband PMI or subband PMI reporting as configured by the higher layer parameter pmi-FormatIndicator. When wideband PMI reporting is configured, a wideband PMI is reported for the entire CSI reporting band. When subband PMI reporting is configured, except with 2 antenna ports, a single wideband indication (i1 in Clause 5.2.2.2) is reported for the entire CSI reporting band and one subband indication (i2 in clause 5.2.2.2) is reported for each subband in the CSI reporting band. When subband PMIs are configured with 2 antenna ports, a PMI is reported for each subband in the CSI reporting band. 
	- 	a UE is not expected to be configured with pmi-FormatIndicator if reportQuantity set to ‘cri-ri-cqi'.

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
Proposal 3: Clarify that the UCI mapping table 6.3.1.1.2.7 also applies to non-PMI based CSI feedback. 
Following text proposal can be considered for TS38.212 spec
6.3.1.1.2 CSI only
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
Table 6.3.1.1.2-7: Mapping order of CSI fields of one CSI report, pmi-FormatIndicator=widebandPMI and cqi-FormatIndicator=widebandCQI, or reportQuantity set to 'cri-RI-CQI' and cqi-FormatIndicator=widebandCQI
	CSI report number
	CSI fields

	CSI report #n
	CRI as in Tables 6.3.1.1.2-3/4, if reported

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

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

	
	
Zero 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 information fields , from left to right as in Tables 6.3.1.1.2-1/2, or codebook index for 2 antenna ports according to Clause 5.2.2.2.1 in [6, TS38.214], if reported

	
	Wideband CQI for the first TB as in Tables 6.3.1.1.2-3/4, if reported 

	
	Wideband CQI for the second TB as in Tables 6.3.1.1.2-3/4, if reported


>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
Moreover, for UCI on PUCCH with CSI in subband granularity (PMI format or CQI format is set to subband), the UCI contains two parts and the components’ mapping order is defined in Table 6.3.1.1.2-9 to Table 6.3.1.1.2-11 of TS38.212. These tables can be used to provide the UCI mapping order for non-PMI with CQI format set to subband (after issue 1 is solved), so no specification change is needed.
For UCI on PUSCH, both wideband CSI and subband CSI have two-part CSI, Table 6.3.2.1.2-3 to Table 6.3.2.1.2-5 of TS38.212 can be used to provide the UCI mapping order for non-PMI (after issue 1 is solved), so no specification change is needed.
Conclusion
In this contribution, we discuss issues in UCI mapping order for non-PMI CSI feedback. Following is the summary of proposals and we suggest the text proposal in Section 2 and 3. 
Proposal 1: In Rel-15 non-PMI CSI feedback, clarify that the CRI, LI and CQI are similar to Type I CSI. For RI reporting, its bitwidth is dependent on the total number of different allowable rank across all the resources associated to the non-PMI based CSI report config. And the codepoints are mapped to the allowable rank in increasing order with 0 mapped to the smallest rank across all resources.
Proposal 2: Clarify that UE is not expected to be configured with pmi-FormatIndicator for non-PMI based CSI feedback.
Proposal 3: Clarify that the UCI mapping table 6.3.1.1.2.7 of TS38.212 also applies to non-PMI based CSI feedback. 
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