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1. Introduction
At the RAN plenary meeting 3GPPRAN#78 first 5G NR specs were approved. In this contribution possible corrections to the NR specifications related to CSI acquisition are discussed. Also, several proposals on the UE capability signaling needed to consider practical implementation of NR CSI feedback are provided.
2. Discussion
2.1. Parameters for UE capability signaling
Since the complexity of CSI calculation depends on the number of CSI-RS ports and number of CSI-RS resources, two parameters should be defined for the signaling of the corresponding UE capabilities: first, maximum number of CSI-RS resources in a CSI-RS resource set denoted as ; second, maximum number of CSI-RS ports in one CSI-RS resource defined per different number of CSI-RS resources  within CSI-RS resource set denoted as  (e.g. 32 ports in case of 1 resources, 32 ports in case of 2 resources, 24 ports in case of 3 resources, etc.). 
Proposal 1: 
· Support UE capability signaling for the following parameters 
· Maximum number of CSI-RS resources in a CSI-RS resource set 
· Maximum number of CSI-RS ports per CSI-RS resource per different number of CSI-RS resources  in a Resource Set 
At the email discussion [91-NR-06] Email discussion regarding CSI timing offset for PUSCH [1], the minimum required CSI calculation time was defined and denoted as Z, however the exact conditions if UE is required to update CSI are still not defined. The conditions if UE is required to update CSI with a certain timing are discussed below.
For aperiodic CSI with periodic and semi-persistet CSI-RS and CSI-IM, UE can only start CSI computation after UE receive and decode DCI. Thus, the time available for CSI computation should be counted from the end of the PDCCH with aperiodic CSI triggering.
For aperiodic CSI with aperiodic CSI-RS and CSI-IM, UE can only start CSI computation after the following events: 1) UE receives and decodes DCI; 2) UE receives CSI-RS and CSI-IM, measures channel and interference. Thus, the time available for CSI computation should be counted from the later symbol between the last symbol of CSI-RS, the last symbol of CSI-IM and the last symbol of PDCCH.
 Proposal 2: 
· UE is not required to update the CSI for the aperiodic CSI report if 
· M is the starting symbol of PUSCH with the corresponding CSI report
· For aperiodic CSI report with periodic or semi-persistent CSI-RS and CSI-IM
· N is the last symbol of PDCCH with aperiodic CSI triggering
·  For aperiodic CSI report with aperiodic CSI-RS and CSI-IM
· N is the later symbol between the last symbol of aperiodic CSI-RS,  the last symbol of aperiodic CSI-IM and the last symbol of PDCCH with aperiodic CSI triggering
NR supports flexible CSI framework. Multiple periodic, aperiodic and semi-persistent CSI Reporting Settings may be configured to one UE. Moreover, UCI on PUCCH and PUSCH can carry multiple CSI reports. In order to consider practical constraints of CSI computation, CSI relaxation mechanism should be supported and applied not only for aperiodic, but also for periodic and semi-persistent CSI. Thus, UE capability on the maximum number of simultaneous CSI updates should be specified.
Proposal 3: 
· Support UE capability on the maximum number of simultaneous CSI updates denoted as X
· If CSI processing time intervals of  CSI reports are overlapping in time, UE is not required to update  CSI reports
· CSI processing time interval is time interval from the start of symbol S to the end of symbol E, where
· For periodic and semi-persistent CSI reporting
· S is the starting symbol of CQI reference resource slot
· E is the starting symbol of the CSI report
· For aperiodic CSI report with periodic or semi-persistent CSI-RS and CSI-IM
· S is the last symbol of corresponding PDCCH
· , where Z is the corresponding requirement on CSI processing time
· For aperiodic CSI report with aperiodic CSI-RS and CSI-IM
· S is the later symbol between the last symbol of aperiodic CSI-RS, the last symbol of aperiodic CSI-IM and the last symbol of PDCCH with aperiodic CSI triggering
· , where Z is the corresponding requirement on CSI processing time
At the previous RAN1 meeting two CSI latency classes were defined for CSI computation capability [2]. 
	Agreement:
· The terminologies for Low Complexity CSI and High Complexity CSI are changed to Low Latency CSI and High Latency CSI, respectively
· For CSI computation capability,
· Two CSI latency classes are supported. 
· Low Latency CSI class is defined as WB CSI including maximum 4 ports
· Only applicable for Type-I codebook or when PMI is not configured
· High Latency CSI class is defined as the superset of all CSI that is supported by the UE
· Above does not apply for L1 RSRP.


In order to consider different UE implementations, the required time for CSI computation (Z values) should be a part of UE capability signalling. For example, two tables with Z-values can be defined, there the first table is mandatory for all UEs and second table is optional with UE capability signalling. Since the difference of computation time between low latency CSI and high latency CSI for all the UEs is not expected to be significant, only high latency CSI should be considered for the first table. 
 Proposal 4:
· Support two tables for the minimum required CSI calculation time (Z-values)
· The first table is mandatory for all UEs
· Only high latency CSI is considered in the first table
· The second table is optional with UE capability signaling
· High and low latency CSI is considered in the second table
Since the time available for CSI computation for semi-persistent and periodic CSI reporting is determined by the CSI reference resource position, we propose to calculate the CSI reference resource position from the corresponding Z value. 
Proposal 5: 
· 
The position of CSI reference resource is calculated from the Z value corresponding to the report configuration according to the following equation: .
2.2. Miscellaneous corrections to the specification
At the last RAN1 meeting it is agreed that explicit rule to calculate the number of padding bits should be defined in the section 6.3.1.1 of TS 38.212 [2].
	<START OF TEXT PROPOSAL 1>
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

	
	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, 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 




For wideband CSI reporting on PUCCH, the number of padding bits, denoted as , is determined as follows:


where



[bookmark: _GoBack]-	,  and  is the maximum possible bitwidth for LI, PMI and CQI report according to Tables 6.3.1.1.2-1/2/3/5 for the corresponding codebook configuration, taking into account only the allowed rank indicator values according to Subclause X.X [6, TS38.214];



-	,  and  is the bitwidth for the actual LI, PMI and CQI report according to Tables 6.3.1.1.2-1/2/3/5.
Table 6.3.1.1.2-8: Mapping order of CSI fields of one report for CRI/RSRP or SSBRI/RSRP reporting
	CSI report number
	CSI fields

	CSI report #n
	CRI or SSB index #1 as in Table 6.3.1.1.2-6, if reported

	
	CRI or SSB index #2 as in Table 6.3.1.1.2-6, if reported

	
	CRI or SSB index #3 as in Table 6.3.1.1.2-6, if reported

	
	CRI or SSB index #4 as in Table 6.3.1.1.2-6, if reported

	
	RSRP #1 as in Table 6.3.1.1.2-6, if reported

	
	RSRP #2 as in Table 6.3.1.1.2-6, if reported

	
	Differential RSRP #2 as in Table 6.3.1.1.2-6, if reported

	
	Differential RSRP #3 as in Table 6.3.1.1.2-6, if reported

	
	Differential RSRP #4 as in Table 6.3.1.1.2-6, if reported


<END OF TEXT PROPOSAL 1>


The conditions on whether CSI Reporting Setting is said to have a wideband frequency-granularity are defined in the section 5.2.1.4 of TS 38.214. First, in case of ‘CRI/RI/i1’ report quantity all the CSI components are wideband, so the corresponding CSI Reporting Settings should always have wideband frequency-granularity. Second, since the CSI reporting band can comprise of only one subband, such CSI Reporting Settings should always have wideband frequency-granularity.
	<START OF TEXT PROPOSAL 2>
A CSI Reporting Setting is said to have a wideband frequency-granularity if either
-	ReportQuantity is set to ‘CRI/RI/PMI/CQI’, ‘CRI/RI/i1/CQI’ or 'CRI/RI/LI/PMI/CQI', CQI-FormatIndicator indicates single CQI reporting and PMI-FormatIndicator indicates single PMI reporting, or
-	ReportQuantity is set to ‘CRI/RI/i1’ and PMI-FormatIndicator indicates single PMI reporting, or
-	ReportQuantity is set to ‘CRI/RI/CQI’ and CQI-FormatIndicator indicates single CQI reporting, or
-	ReportQuantity is set to ‘CRI/RSRP’, or
-	CSI-ReportingBand indicates that CSI shall be reported for one subband only
otherwise, the CSI Reporting Setting is said to have a subband frequency-granularity.
<END OF TEXT PROPOSAL 2>



Since the first PMI index  is not defined for 2 antenna ports, the report quantities ‘CRI/RI/i1/CQI’ and ‘CRI/RI/i1’ are not supported for the case of 2 antenna ports. The corresponding text in the section 5.2.1.4 of TS 38.214 should be modified to consider the above restriction.
	<START OF TEXT PROPOSAL 3>
For 4 antenna ports {3000, 3001, 3002, 3003}, 8 antenna ports {3000, 3001, …, 3007}, 12 antenna ports {3000, 3001, …, 3011}, 16 antenna ports {3000, 3001, …, 3015}, 24 antenna ports {3000, 3001, …, 3023}, and 32 antenna ports {3000, 3001, …, 3031}, whenWhen a UE is configured with higher layer parameter CodebookType set to 'TypeI-SinglePanel' and PMI-FormatIndicator is configured for single PMI reporting, the UE may be configured with CSIReportQuantity to report:

-	RI (if reported), CRI (if reported), and a PMI consisting of a single wideband indication ( in Subclause 5.2.2.2.1) for the entire CSI reporting band, or






[bookmark: _Hlk497235737]-	RI (if reported), CRI (if reported), CQI, and a PMI consisting of a single wideband indication ( in Subclause 5.2.2.2.1) for the entire CSI reporting band. The CQI is calculated conditioned on the reported assuming PDSCH transmission with  precoders (corresponding to the same but different  in sub-clause 5.2.2.2.1), where the UE assumes that one precoder is randomly selected from the set of  precoders for each PRG on PDSCH, where the PRG size for CQI calculation is configured by the higher layer parameter PDSCH-bundle-size-for-CSI 
<END OF TEXT PROPOSAL 3>


3. Conclusion
In this contribution three text proposal with corrections to the NR specifications are provided:
· Text proposal 1 to section 6.3.1.1.2 of TS 38.214 on the number of padding bits for PUCCH-based CSI reporting with one part
· Text proposal 2 to section 5.2.1.4 of TS 38.214 on the conditions of wideband frequency granularity
· 
Text proposal 3 to section 5.2.1.4 of TS 38.214 on the number of ports supported for  only reporting
The following proposals were made on UE capability signaling: 
Proposal 1: 
· Support UE capability signaling for the following parameters 
· Maximum number of CSI-RS resources in a CSI-RS resource set 
· Maximum number of CSI-RS ports per CSI-RS resource per different number of CSI-RS resources  in a Resource Set 
Proposal 2: 
· UE is not required to update the CSI for the aperiodic CSI report if 
· M is the starting symbol of PUSCH with the corresponding CSI report
· For aperiodic CSI report with periodic or semi-persistent CSI-RS and CSI-IM
· N is the last symbol of PDCCH with aperiodic CSI triggering
·  For aperiodic CSI report with aperiodic CSI-RS and CSI-IM
· N is the later symbol between the last symbol of aperiodic CSI-RS,  the last symbol of aperiodic CSI-IM and the last symbol of PDCCH with aperiodic CSI triggering
Proposal 3: 
· Support UE capability on the maximum number of simultaneous CSI updates denoted as X
· If CSI processing time intervals of  CSI reports are overlapping in time, UE is not required to update  CSI reports
· CSI processing time interval is time interval from the start of symbol S to the end of symbol E, where
· For periodic and semi-persistent CSI reporting
· S is the starting symbol of CQI reference resource slot
· E is the starting symbol of the CSI report
· For aperiodic CSI report with periodic or semi-persistent CSI-RS and CSI-IM
· S is the last symbol of corresponding PDCCH
· , where Z is the corresponding requirement on CSI processing time
· For aperiodic CSI report with aperiodic CSI-RS and CSI-IM
· S is the later symbol between the last symbol of aperiodic CSI-RS, the last symbol of aperiodic CSI-IM and the last symbol of PDCCH with aperiodic CSI triggering
· , where Z is the corresponding requirement on CSI processing time
Proposal 4:
· Support two tables for the minimum required CSI calculation time (Z-values)
· The first table is mandatory for all UEs
· Only high latency CSI is considered in the first table
· The second table is optional with UE capability signaling
· High and low latency CSI is considered in the second table
Proposal 5: 
· 
The position of CSI reference resource is calculated from the Z value corresponding to the report configuration according to the following equation: .
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