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Introduction
In this contribution, we raise the issues of confusing UE behavior in CSI reporting and propose solutions to resolve these confusing issues.  This contribution is a revision of [1].
Timing offset from A-CSI trigger to A-CSI reporting
Discussion
In the email discussion following RAN1#91, it was agreed to introduce a value of 𝑍 in units of symbols regarding the timing offset for PUSCH carrying A-CSI only.  The value of Z is defined as the minimum required number of symbols for PDCCH detection/decoding, channel (and interference) estimation, and CSI calculation.  However, the CSI-only PUSCH timeline cannot be characterized just by Z.  As shown in Figure 1(a), after CSI calculation, the UE needs additional time, t3, to prepare the PUSCH transmission, e.g., UCI channel coding etc., which is not counted in Z.      
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	(a)
	(b)


[bookmark: _Ref503472557]Figure 1.  Timeline for A-CSI-only PUSCH transmission.
Essentially, there are two timing requirements, one for a valid PUSCH resource allocation, and the other one for generating a valid CSI report.  For PUSCH resource allocation, we propose to use a new value, , in units of symbols to replace Z.  As shown in Figure 1(b),  is the number of OFDM symbols required from the end of the PDCCH containing the UL grant triggering a single A-CSI report to the start of the corresponding PUSCH transmission from UE perspective, when the PUSCH only carries the A-CSI report without multiplexing with UL-SCH or HARQ-ACK.  It includes 𝑍 and along with TX preparation and interference estimation with guaranteed max symbol offset between last symbol of PDCCH and CSI-RS location.  This value is independent from N2 or N2' defined in the scheduling session.  If the CSI report is multiplexed with data, the minimum UE processing time would be = +1.  When a UE receives a UL grant with PUSCH allocation for CSI-only case, if the PUSCH allocation invalidates the requirement of  , the UE may ignore the UL grant.  
To define cases in which a UE is not required to update the CSI, we need to introduce a new value N3 in units of symbols.  As shown in Figure 1(b), N3 is define as the minimum time required for CSI calculation and TX preparation.  A UE is not expected to update CSI, when the gap from the end of the CSI-RS/CSI-IM resource(s) for channel/interference measurement to the start of the PUSCH carrying A-CSI is smaller than N3.
Both  and  are dependent on the subcarrier spacing, the CSI latency class, and UE capability.  A set of baseline values should be fixed in the specification and is mandatory to all UEs.  For a given subcarrier spacing, the baseline value for low and high latency CSI can be the same.   Depending on UE capability, a UE can report a set of values to the gNB to indicate a more aggressive CSI reporting timing.  This UE capability report can be either a single bit report to indicate a second set of values defined in the specification for more capable UEs, or individual values for both low and high latency CSIs for each subcarrier spacing.  
[bookmark: _Toc506381330][bookmark: _Toc506390806][bookmark: _Toc507235364]Proposal 1:	Specify two UE CSI processing parameters, N2CSI and N3, both depending on subcarrier spacing and CSI latency class.
[bookmark: _Toc506381331][bookmark: _Toc506390807][bookmark: _Toc507235365]Proposal 2:	A UE may ignore the scheduling DCI for CSI reporting on PUSCH, if the gap from the end of PDCCH containing the CSI request to the start of the corresponding PUSCH transmission is less than N2CSI OFDM symbols, when the A-CSI report is not multiplexed with any UL-SCH or HARQ-ACK.
[bookmark: _Toc506381332][bookmark: _Toc506390808][bookmark: _Toc507235366]Proposal 3:	A UE may ignore the scheduling DCI for CSI reporting on PUSCH, if the gap from the end of PDCCH containing the CSI request to the start of the corresponding PUSCH transmission is less than (N2CSI + 1) OFDM symbols, when the A-CSI report is multiplexed with UL-SCH.
[bookmark: _Toc506381333][bookmark: _Toc506390809][bookmark: _Toc507235367]Proposal 4:	A UE is not expected to update A-CSI report if the gap from the end of the CSI-RS and CSI-IM resources associated with the A-CSI report to the start of the corresponding PUSCH transmission is less than N3 OFDM symbols.
In Table 1 and Table 2, we provide the baseline values for these UE processing timing parameters which should be mandatory to all UEs.
[bookmark: _Ref503547592]Table 1.  UE PUSCH preparation procedure time N2CSI.
	CSI latency
	Parameter
	Units
	15kHz SCS
	30kHz SCS
	60kHz SCS
	120kHz SCS

	Low
	N2CSI
	Symbols
	22
	24
	33
	36

	High
	N2CSI
	Symbols
	35
	35
	39
	N/A


 
[bookmark: _Ref506382264]Table 2. UE CSI processing time N3.
	CSI latency
	Parameter
	Units
	15kHz SCS
	30kHz SCS
	60kHz SCS
	120kHz SCS

	Low
	N3
	Symbols
	14
	16
	25
	25

	High
	N3
	Symbols
	27
	27
	31
	N/A


The SCS in Table 1 and Table 2 may refer to the SCS of PDCCH, PUSCH, or CSI-RS.  In some scenarios, the SCS of the PDCCH might be different to CSI-RS, e.g., cross-carrier scheduling or CSI-RS being on a different beam (which would lead to CSI-RS to be in a different slot hence a different numerology).  If different SCS is used in the duration from the start of the PDCCH to the end of the PUSCH or in the duration from the start of the CSI-RS or CSI-IM resource to the end of the PUSCH, the SCS in Table 1 and Table 2 should be the minimum SCS in the duration.
Text proposal
--- Start of text proposal to Section 5.4 in TS 38.214 ---

[bookmark: _Hlk506629320]When the CSI request field on a DCI triggering aan aperiodic CSI report on PUSCH not multiplexed with HARQ-ACK, if [TBD: the first symbol to carry the corresponding CSI report starts no earlier than at symbol Z’] the UE shall provide a valid CSI report, [where Z’ is defined as the next uplink symbol with its CP starting after  after the last symbol of the PDCCH triggering the CSI report.] the NZP CSI-RS resource(s) in the corresponding NZP CSI-RS resource set and the CSI-IM resource(s) in the corresponding CSI-IM resource set. Otherwise the UE is not expected to update the CSImay not provide a valid CSI report. If the CSI to be transmitted corresponds to wideband frequency-granularity where the CSI corresponds to at most 4 CSI-RS ports without CRI reporting and where CodebookType is set to 'TypeI-SinglePanel' or to 'TypeI-MultiPanel' or where ReportQuantity is set to ‘CRI/RI/CQI’, Z is defined as Z1 of the table Tables 5.4-1 and 5.4-2 depending on UE capability, otherwise Z is defined as the Z2 of the table Tables 5.4-1 and 5.4-2 depending on UE capability.  In Table 5.4-2, the values of Z1, µ, 2 and Z1, µ, 2 , µ = 0, 1, 2, 3, are reported in UE capability.
[-	µ of table Tables 5.4-1 and 5.4-2 corresponds to the min (µDL, µUL) where the µDL corresponds to min (µPDCCH, µCSI-RS) given µPDCCH  is the subcarrier spacing of the PDCCH with which the DCI was transmitted, µCSI-RS is the subcarrier spacing of the CSI-RS intended to the A-CSI process respectively, and µUL corresponds to the subcarrier spacing of the PUSCH with which the CSI report is to be transmitted


-	If µUL < µDL then , else ]
Table 5.4-1: CSI computation delaytime for CSI computation capability 1
	

	Z1 [symbols]
	Z2 [symbols]

	0
	[TBD]14
	[TBD]27

	1
	[TBD]16
	[TBD]27

	2
	[TBD]25
	[TBD]31

	3
	[TBD]25
	[TBD]N/A



Table 5.4-2: CSI computation time for CSI computation capability 2
	

	Z1 [symbols]
	Z2 [symbols]

	0
	Z1,0,2
	Z2,0,2

	1
	Z1,1,2
	Z2,1,2

	2
	Z1,2,2
	Z2,2,2

	3
	Z1,3,2
	N/A



--- End of text proposal ---

--- Start of text proposal to Section 6.4 in TS 38.214 ---

[bookmark: _Hlk496825264][bookmark: _Hlk496824447][bookmark: _Hlk496824026]If the first symbol in the PUSCH allocation, including the DM-RS, is no earlier than at symbol K2 the UE shall follow the scheduling DCI, where K2 is defined as the next uplink symbol with its CP starting  after the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, where N2 is defined by Tables 6.4-1, 6.4-2, 6.4-3, and 6.4-4 depending on UE capability and the multiplexing of CSI on PUSCH.
When the PUSCH is not carrying CSI report, N2 is defined by tables 6.4-1 and 6.4-2 depending on UE capability, where
-	N2 and K2 are based on the numerology of the PUSCH to be transmitted, 


-	If µUL < µDL then , else 
-	If the first symbol of the PUSCH allocation consists of DM-RS only, then d2=0,
-	Otherwise d2=1. 
When the PUSCH is carrying CSI report, N2 is defined by tables 6.4-3 and 6.4-4 depending on UE capability, where
-	N2 and K2 are based on the numerology of the PUSCH to be transmitted, 
-	If the CSI to be transmitted corresponds to wideband frequency-granularity where the CSI corresponds to at most 4 CSI-RS ports without CRI reporting and where CodebookType is set to 'TypeI-SinglePanel' or where ReportQuantity is set to ‘CRI/RI/CQI’, N2 is defined as N2,1 of the Tables 6.4-3 and 6.4-4, otherwise N2 is defined as the N2,2 of the Tables 6.4-1 and 6.4-2.  In Table 6.4-2, the values of N2,1,µ,2 and N2,2,µ,2 , µ = 0, 1, 2, 3, are reported in UE capability.
-	µ of Tables 6.4-3 and 6.4-4 corresponds to the min (µDL, µUL) where the µDL corresponds to min (µPDCCH, µCSI-RS) given µPDCCH  is the subcarrier spacing of the PDCCH with which the DCI was transmitted, µCSI-RS is the subcarrier spacing of the CSI-RS intended to the A-CSI process respectively, and µUL corresponds to the subcarrier spacing of the PUSCH with which the CSI report is to be transmitted


[bookmark: _GoBack]- 	If µUL < µDL then , else 
-	If the first symbol of the PUSCH allocation consists of DM-RS only, then d2=0,
-	Otherwise d2=1. 
 Otherwise the UE may ignore the scheduling DCI. 
Table 6.4-1: PUSCH preparation time for PUSCH timing capability 1 (without CSI)
	

	PUSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36



Table 6.4-2: PUSCH preparation time for PUSCH timing capability 2 (without CSI)
	

	PUSCH preparation time N2 [symbols]

	0
	[2.5-6]

	1
	[2.5-6]

	2
	

	3
	



Table 6.4-3: PUSCH preparation time for PUSCH timing capability 1 (with CSI)
	

	PUSCH preparation time N2,1 [symbols]
	PUSCH preparation time N2,2 [symbols]

	0
	22
	35

	1
	24
	35

	2
	33
	39

	3
	36
	N/A



Table 6.4-4: PUSCH preparation time for PUSCH timing capability 2 (with CSI)
	

	PUSCH preparation time N2,1 [symbols]
	PUSCH preparation time N2,2 [symbols]

	0
	N2,1,0,2
	N2,2,0,2

	1
	N2,1,1,2
	N2,2,1,2

	2
	N2,1,2,2
	N2,2,2,2

	3
	N2,1,3,2
	N2,2,3,2



--- End of text proposal ---
Timing offset for SP-CSI reporting triggered by DCI
Discussion
According to Section 5.2.1.5.2 in [2], the SP-CSI reporting via PUSCH is triggered by DCI just like A-CSI reporting.  A set of candidate slot offsets for A-CSI reporting is configured by higher layer signaling and one value in the set is dynamically indicated together with the A-CSI triggering.  However, the slot offset for SP-CSI reporting triggered by DCI is yet defined.  It’s worth noting that the initial reporting of a semi-persistent CSI behalves like an A-CSI reporting.  The same mechanism can be introduced to indicating the slot offset for SP-CSI triggered by DCI.  To avoid introducing a new RRC parameter to configure candidate slot offset values for SP-CSI, we can either 
· Alt-1: reuse the values defined for A-CSI, or 
· Alt-2: define a set of fixed values in the specification.  
Notice that the candidate values for A-CSI can be configured in aperiodic ReportConfig.  If a UE is not configured with an aperiodic ReportConfig, but is configured with a semi-persistent ReportConfig, then a UE cannot be configured with candidate timing offset values for the semi-persistent report.  So, Alt-2 is preferred.
[bookmark: _Toc506477511][bookmark: _Toc506478251][bookmark: _Toc507235368]Proposal 5:	For SP-CSI reporting triggered by DCI, the timing offset value Y is dynamically indicated.  The value of Y in slots is selected from a set of fixed candidate values, defined in the specification.      
As discussed in our companion contribution [3], the initial report of SP-CSI after triggering and the non-initial report have different timing requirement.  For the initial SP-CSI reporting via PUSCH, the timing requirement should follow that for A-CSI.  For non-initial SP-CSI reporting, the timing requirement should follow that for P-CSI.  As illustrated in Figure 2, the SP-CSI reporting is triggered by a DCI in slot n – Y, and the slot offset indicated in the DCI is Y slots.  The UE shall report the initial SP-CSI in slot n, if the gap from the end of the PDCCH carrying the trigger to the start of the PDSCH carrying the SP-CSI is at least N2CSI symbols, and if the occasion of CSI-RS and CSI-IM resource(s) associated with the SP-CSI report after the PDCCH satisfies that the gap from the end of the resource(s) to the start of the PUSCH is at least N3 symbols.  Otherwise the UE is not expected to update the CSI.
[image: ]
[bookmark: _Ref506559423]Figure 2.  Timeline for SP-CSI triggered by DCI.
[bookmark: _Toc507235369]Proposal 6:	For SP-CSI reporting triggered by DCI, the timing offset of the initial report after the trigger should meet the PUSCH preparation procedure time for A-CSI reporting.
Text proposal
--- Start of text proposal to Section 5.4 in TS 38.214 ---

When the CSI request field on a DCI triggering an semi-persistent CSI report on PUSCH, if the first symbol to carry the corresponding semi-persistent CSI report starts no earlier than at symbol Z’ the UE shall provide a valid CSI report, where Z’ is defined as the next uplink symbol with its CP starting  after the last symbol of the corresponding NZP CSI-RS resource(s) and CSI-IM resource(s) associated with the report. Otherwise the UE is not expected to update the CSI. If the CSI to be transmitted corresponds to wideband frequency-granularity where the CSI corresponds to at most 4 CSI-RS ports without CRI reporting and where CodebookType is set to 'TypeI-SinglePanel' or where ReportQuantity is set to ‘CRI/RI/CQI’, Z is defined as Z1 of the Tables 5.4-1 and 5.4-2 depending on UE capability, otherwise Z is defined as the Z2 of the Tables 5.4-1 and 5.4-2 depending on UE capability.
--- End of text proposal ---
Activation/deactivation of SP-CSI triggered by DCI
As summarized in [4], the number of activate SP-CSI on PUSCH needs to be clarified. There are two alternatives:
· Alt 1: At most one PUSCH-based SP-CSI report can be activated at a time
· Alt 2: More than one PUSCH-based SP-CSI report can be activated at a time
Although Alt.2 provides additional flexibility to activate or deactivate multiple SP-CSI reports, the benefit is unclear.  Not to mention the complication on timing offset for SP-CSI reporting.  One SP-CSI report to be activated or deactivated at a time should be sufficient.
In addition, dynamic updates on the PUSCH configuration was proposed in [5].  However, it does not solve the issue that UE error decodes the DCI signaling.  The gNB still needs to detect whether UE has correctly received the DCI activation or deactivation commands.  Since the activation is done by DCI signaling, it can be leveraged to support deactivation, rather than separately define extra DCI fields or codepoints.
[bookmark: _Toc507235370]Proposal 7:	Only one SP-CSI is activated at a time.
[bookmark: _Toc507235371]Proposal 8:	Semi-persistent PUSCH resource allocation is used for SP-CSI triggered by DCI.
[bookmark: _Toc507235372]Proposal 9:	SP-CSI activated by DCI is deactivated by DCI.
LI reporting
Discussion
One remaining issue for LI reporting is when to report LI.  There are two possible solutions:
· Alt 1: LI is only reported when PT-RS is transmitted and PDSCH has multiple-layers. Therefore, UE does not to report LI when PT-RS is “Off” or single layer
· Alt 2: LI is reported when indicated by ReportQuantity in the CSI report setting
Since the ReportQuantity can be configure with ‘cri-RI-LI-PMI-CQI’ or ‘cri-RI-PMI-CQI’, there’s no need to “turn off” LI reporting based on PT-RS transmission.
[bookmark: _Toc507235373]Proposal 10:	 LI reporting is indicated in ReportQuantity by higher layer configuration. 
Remaining issue of 2nd part CSI reporting omission 
[bookmark: _Ref506568283]Discussion
According to Section 5.2.3 of [2], when CSI is multiplexed with UL-SCH on PUSCH, Part 2 CSI is omitted only when the UCI code rate for transmitting all of Part 2 would be greater than a threshold code rate.  However, there’s an ambiguity in how to calculate the number of PUSCH REs for Part 2 CSI reporting, which shall be carefully addressed.  According to the definition in [3], the resource for Part 2 CSI is defined in working assumption:
Note: The number of PUSCH REs for UCI with CSI Part 2 is given by  and PUSCH resource allocation according to UL control and maximum UCI payload size
Note: Working assumption assuming LTE type UCI on PUSCH resource allocation is supported
To clarify the calculation of number of PUSCH REs for Part 2 CSI, we propose to adopt the text proposal in Section 6.1.
Text proposal
--- Start of text proposal to Section 5.2.3 in 38.214 ---

[bookmark: _Hlk503278119]When CSI is multiplexed with UL-SCH on PUSCH, Part 2 CSI is omitted only when the UCI code rate for transmitting all of Part 2 would be greater than a threshold code rate , where

	

-	 is the target PUSCH code rate from Table 6.1.4.1-1.

-	 is the CSI offset value from Table 9.3-2 of [6, TS 38.213].

Part 2 CSI is omitted level by level beginning with the lowest priority level until the lowest priority level is reached which causes the UCI code rate to be less than or equal to .
Part 2 CSI is omitted when

, where
	- 	OCSI-2 is reduced according to the CSI priority level in Table 5.2.3-1
	-	The parameters in the condition follow the definition in Section 6.3.2.4.1.3 in 38.212, if OCSI-2 > 19; otherwise follow the definition in Section 6.3.2.4.2.3 in 38.212.
CRI report for Type II CSI 
Discussion
According to current specification, a UE may be configured with a CSI reporting based on a NZP CSI-RS resource set with more than one NZP CSI-RS resources, regardless of the codebook type configured in that CSI reporting.  CSI reporting based on multiple CSI-RS resources is useful when each resource consisting of a small number of ports.  On the other hand, Type II CSI is benefit from combining multiple beams to provide accurate CSI.  When the number of ports is small, Type I and Type II feedback provide comparable performance.  Type II feedback based on multiple CSI-RS resources would increase the CSI processing time significantly due to the CRI hypothesis testing and the Type II feedback structure.  
[bookmark: _Toc507235374]Proposal 11:	No CRI reporting for Type-II CSI reporting.
Text proposal
--- Start of text proposal to Section 5.2.1.4 in TS 38.214 ---
When the UE is configured with a ReportConfig wherein the higher layer parameter CodebookType set to ‘TypeII’ or ‘TypeII-PortSelection’, the UE is not expected to report CRI for that ReportConfig.
--- End of text proposal ---
CSI encoding scheme when PUCCH is piggybacked on PUSCH
Discussion
According to Sections 5.2.4 in [2], a UE can be configured with periodic and semi-persistent CSI reporting via PUCCH.  Depending on the time-domain behaviour and the content of the report, different CSI encoding strategy is adopted as summarized in Table 3.  According to Section 5.2.4 in [2], a UE can be configured with semi-persistent CSI reporting via PUSCH with CSI encoding schemes listed in Table 3.  As shown in Table 3, for Type I CSI with subband frequency granularity and Type II CSI, the same CSI encoding schemes are used for semi-persistent CSI reporting regardless of the configured channel carrying the report.  
[bookmark: _Ref506581895]Table 3. Supported CSI reporting format.
	Type
	Content
	Configured via PUCCH
	Configured via PUSCH

	P-CSI
	Type I
WB
	Formats 2, 3, 4
	Single part (padding)
	N/A

	SP-CSI
	Type I
WB
	Format 2
	Single part (padding)
	Part 1: RI/CRI, CQI for 1st CW
Part 2: PMI, CQI for 2nd CW

	SP-CSI
	Type I
SB
	Format 3, 4
	Part 1: RI/CRI, CQI for 1st CW
Part 2: PMI, CQI for 2nd CW
	Part 1: RI/CRI, CQI for 1st CW
Part 2: PMI, CQI for 2nd CW

	SP-CSI
	Type II
WB/SB
	Formats 3, 4
	Part 1: RI, CQI, non-zero beams
	Part 1: RI, CQI, non-zero beams


In RAN1#AH1801, it was agreed in MIMO session that when the CSI configured via PUCCH is piggybacked on PUSCH, the encoding scheme and omission follows that of PUCCH.  It was also agreed that when HARQ-ACK/SR and CSI report are simultaneously transmitted using PUCCH format 2, 3, or 4, the UE drops the CSI bits using the same priority rules for CSI omission as for CSI on PUSCH.  However, the CSI omission rule for CSI on PUSCH is defined for CSI encoded into Part 1 and Part 2.  There’s no dropping rule for single part CSI.  That is, when a periodic or semi-persistent Type I CSI with wideband granularity configured via PUCCH is piggybacked on PUSCH, the CSI omission rule is undefined.  To address this issue, there could be two possible solutions.
· Alt-1: Define a new UCI code rate threshold and drop the entire CSI when the UCI code rate for transmitting the CSI is greater than the threshold.
· Alt-2: When Type I CSI with wideband granularity configured via PUCCH is piggybacked on PUSCH, the CSI encoding follows that for PUSCH, i.e., the CSI is split into Part 1 with RI/CRI and CQI for the 1st CW and Part 2 with PMI and CQI for the 2nd CW if RI > 4.  
With Alt-1, if the resource allocated for PUSCH is not enough, the entire CSI is dropped.  Also, a new RRC parameter may be needed to define the new UCI code rate threshold.  With Alt-2, if the resource allocated for PUSCH is not enough, the Part 1 CSI may still be reported.  Since the Part 1 CSI includes RI, the incomplete CSI can still be useful.  Not to mention that no new RRC parameter needs to be introduced in Alt-2.
[bookmark: _Toc507235375]Proposal 12:	When Type I CSI with wideband granularity originally configured for PUCCH reporting is piggybacked on PUSCH, the CSI payload is split into two parts.  The first part contains RI (if reported), CRI (if reported), CQI for the first codeword.  The second part contains PMI and contains the CQI for the second codeword when RI > 4.  
Text proposal
--- Start of text proposal to Section 5.2.3 in TS 38.214 ---
For both Type I and Type II reports configured for PUCCH but piggybacked on PUSCH, the encoding scheme follow that of PUCCH as described in Subclause 5.2.4.
For semi-persistent CSI report configured for PUCCH but piggybacked on PUSCH, the encoding scheme follow that of PUSCH.
For periodic CSI report consisting Type I CSI with wideband granularity configured for PUCCH but piggybacked on PUSCH, the CSI payload is split into two parts.  The first part contains RI (if reported), CRI (if reported), CQI for the first codeword.  The second part contains PMI and contains the CQI for the second codeword when RI > 4.
--- End of text proposal ---
CSI processing capability
Discussion
One open issue in CSI reporting is how to define CSI processing capability for a UE.  In LTE, the number of CSI processes supported by a UE can be used to characterize the CSI processing capability.  However, in NR, due to the flexible CSI framework, the CSI processing capability cannot be easily defined by a single number.  For example, a UE may be configured with 1 periodic CSI reporting setting, 2 semi-persistent CSI reporting settings, 3 aperiodic CSI reporting settings, and an SRS resource set for non-codebook based UL transmission.  The UE needs to maintain the CSI measurement for the periodic CSI and for the SRS precoding, but it only needs to maintain the CSI measurement for activated semi-persistent CSI and triggered aperiodic CSI.  For another example, a UE may be able to report three 8-port aperiodic Type I CSI without CRI for 3 different CCs at the same time, but it can only handle a single 16 port aperiodic Type I without CRI for 1 CC at a time.
[bookmark: _Toc507235376]Proposal 13:	UE CSI reporting capability should be defined across CCs.
To avoid complex UE capability definition, we can characterize the CSI computation capability by a combination of a maximum number of CSI processes across all CCs and a maximum number of ports of the NZP CSI-RS resource(s) in all active CSI Resource Set(s) per CSI process.  In addition to DL CSI measurement, the SRS precoding based on CSI-RS shall also be counted in the CSI processing capability.  CSI processes are allocated for configured ReportConfigs and SRS resource sets for non-codebook based UL as follows.
· When a periodic CSI ReportConfig is configured, one CSI process is reserved exclusively for this periodic CSI ReportConfig.
· If a UE is configured with one or more semi-persistent CSI ReportConfig, one CSI process is reserved exclusively for all configured semi-persistent CSI ReportConfigs.
· When a periodic or semi-persistent SRS resource set is configured for non-codebook based UL and the SRS resource set is associated with a CSI-RS resource, one CSI process is reserved exclusively for the SRS resource set.
· A CSI process can be used for aperiodic CSI ReportConfig(s) if it is not reserved for either periodic CSI ReportConfig(s) or semi-persistent CSI ReportConfig(s) or periodic SRS resource set or semi-persistent SRS resource set.
As shown in Figure 3, for example, a UE declares that it can support 5 CSI processes and it is configured with 1 periodic, 2 semi-persistent, 3 A-CSI reporting settings, and 1 periodic SRS for non-codebook based UL.  CSI process 0 is reserved for the periodic CSI.  CSI process 1 is reserved for semi-persistent CSI 0 and 1.  Until semi-persistent CSI 0 is released, the UE may ignore the activation command for semi-persistent CSI 1, or the UE is not required to update the CSI.  CSI process 2 is reserved for periodic SRS.  CSI processes 3 and 4 can be used for aperiodic CSI 0, 1, and 2.  When aperiodic CSI 0 is triggered but both CSI processes 3 and 4 are occupied by aperiodic CSI 1 and 2, the UE either ignores the request for aperiodic CSI 0 or is not required to update the CSI.
[image: ]
[bookmark: _Ref506633765]Figure 3.  Illustration of CSI process vs P-/SP-/A-CSI reporting.
A UE is not expected to update the CSI if the total number of NZP CSI-RS ports associated with in the active CSI Resource Set(s) associated with the ReportConfig exceeds the reported capability.  The active CSI Resource Set is defined as follows.
· The CSI Resource Set in a periodic or semi-persistent Resource Setting is always active.
· The CSI Resource Set in an aperiodic Resource Setting is active when the Resource Set is triggered for CSI reporting.
[bookmark: _Toc507235377]Proposal 14:	Define a CSI process based on its association with CSI ReportConfigs, such that when a periodic CSI ReportConfig is configured, one CSI process is reserved exclusively for this periodic CSI ReportConfig; and that if a UE is configured with one or more semi-persistent CSI ReportConfig, one CSI process is reserved exclusively for all configured semi-persistent CSI ReportConfigs; and that when a periodic or semi-persistent SRS resource set is configured for non-codebook based UL and the SRS resource set is associated with a CSI-RS resource, one CSI process is reserved exclusively for the SRS resource set; and that a CSI process can be used for an aperiodic CSI ReportConfig, if it is not reserved for a  periodic CSI ReportConfig or  a semi-persistent CSI ReportConfig or a periodic SRS resource set or a semi-persistent SRS resource set.
[bookmark: _Toc507235378]Proposal 15:	Define number of active NZP CSI-RS ports as the sum of the total number of ports in the NZP CSI-RS resources associated with all active aperiodic and semi-persistent CSI ReportConfigs and the total number of ports in the NZP CSI-RS resources associated with all configured periodic CSI ReportConfigs.  
[bookmark: _Toc507235379]Proposal 16:	A UE reports a list of supported combinations of a maximum number of CSI processes across all CCs and the associated maximum number of NZP CSI-RS ports in all active CSI Resource Set(s) per CSI process.
[bookmark: _Toc507235380]Proposal 17:	A UE is not expected to update the CSI if the total number of NZP CSI-RS ports in the CSI Resource Set(s) associated with the active ReportConfig exceeds the reported capability.
Text proposal
--- Start of text proposal to Section 5.4 in TS 38.214 ---
UE CSI reporting capability is defined across CCs.  A UE reports its CSI reporting capability in a list of supported combination(s) of NmaxCSI-process and PmaxCSI-process, where NmaxCSI-process is the maximum number of CSI processes across all CCs , and PmaxCSI-process is the maximum number of NZP CSI-RS ports in all active CSI Resource Set(s) per CSI process.  
· When a periodic CSI ReportConfig is configured, one CSI process is reserved exclusively for this periodic CSI ReportConfig.
· If a UE is configured with one or more semi-persistent CSI ReportConfig, one CSI process is reserved exclusively for all configured semi-persistent CSI ReportConfigs.
· When a periodic or semi-persistent SRS resource set is configured for non-codebook based UL and the SRS resource set is associated with a CSI-RS resource, one CSI process is reserved exclusively for the SRS resource set.
· A CSI process can be used for aperiodic CSI ReportConfig(s) if it is not reserved for either periodic CSI ReportConfig(s) or semi-persistent CSI ReportConfig(s) or periodic SRS resource set or semi-persistent SRS resource set.
A UE is not expected to update the CSI if the total number of NZP CSI-RS ports in the active CSI Resource Set(s) associated with the ReportConfig exceeds the reported capability PmaxCSI-process.
--- End of text proposal ---
Conclusion
In this contribution, we discuss remaining issues of CSI reporting for NR-MIMO.  We made the following proposals.
Proposal 1:	Specify two UE CSI processing parameters, N2CSI and N3, both depending on subcarrier spacing and CSI latency class.
Proposal 2:	A UE may ignore the scheduling DCI for CSI reporting on PUSCH, if the gap from the end of PDCCH containing the CSI request to the start of the corresponding PUSCH transmission is less than N2CSI OFDM symbols, when the A-CSI report is not multiplexed with any UL-SCH or HARQ-ACK.
Proposal 3:	A UE may ignore the scheduling DCI for CSI reporting on PUSCH, if the gap from the end of PDCCH containing the CSI request to the start of the corresponding PUSCH transmission is less than (N2CSI + 1) OFDM symbols, when the A-CSI report is multiplexed with UL-SCH.
Proposal 4:	A UE is not expected to update A-CSI report if the gap from the end of the CSI-RS and CSI-IM resources associated with the A-CSI report to the start of the corresponding PUSCH transmission is less than N3 OFDM symbols.
Proposal 5:	For SP-CSI reporting triggered by DCI, the timing offset value Y is dynamically indicated.  The value of Y in slots is selected from a set of fixed candidate values, defined in the specification.
Proposal 6:	For SP-CSI reporting triggered by DCI, the timing offset of the initial report after the trigger should meet the PUSCH preparation procedure time for A-CSI reporting.
Proposal 7:	Only one SP-CSI is activated at a time.
Proposal 8:	Semi-persistent PUSCH resource allocation is used for SP-CSI triggered by DCI.
Proposal 9:	SP-CSI activated by DCI is deactivated by DCI.
Proposal 10:	 LI reporting is indicated in ReportQuantity by higher layer configuration.
Proposal 11:	No CRI reporting for Type-II CSI reporting.
Proposal 12:	When Type I CSI with wideband granularity originally configured for PUCCH reporting is piggybacked on PUSCH, the CSI payload is split into two parts.  The first part contains RI (if reported), CRI (if reported), CQI for the first codeword.  The second part contains PMI and contains the CQI for the second codeword when RI > 4.
Proposal 13:	UE CSI reporting capability should be defined across CCs.
Proposal 14:	Define a CSI process based on its association with CSI ReportConfigs, such that when a periodic CSI ReportConfig is configured, one CSI process is reserved exclusively for this periodic CSI ReportConfig; and that if a UE is configured with one or more semi-persistent CSI ReportConfig, one CSI process is reserved exclusively for all configured semi-persistent CSI ReportConfigs; and that when a periodic or semi-persistent SRS resource set is configured for non-codebook based UL and the SRS resource set is associated with a CSI-RS resource, one CSI process is reserved exclusively for the SRS resource set; and that a CSI process can be used for an aperiodic CSI ReportConfig, if it is not reserved for a  periodic CSI ReportConfig or  a semi-persistent CSI ReportConfig or a periodic SRS resource set or a semi-persistent SRS resource set.
Proposal 15:	Define number of active NZP CSI-RS ports as the sum of the total number of ports in the NZP CSI-RS resources associated with all active aperiodic and semi-persistent CSI ReportConfigs and the total number of ports in the NZP CSI-RS resources associated with all configured periodic CSI ReportConfigs.
Proposal 16:	A UE reports a list of supported combinations of a maximum number of CSI processes across all CCs and the associated maximum number of NZP CSI-RS ports in all active CSI Resource Set(s) per CSI process.
Proposal 17:	A UE is not expected to update the CSI if the total number of NZP CSI-RS ports in the CSI Resource Set(s) associated with the active ReportConfig exceeds the reported capability.
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