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[bookmark: _Ref494215420]Introduction
In RAN1#93 [1], with the great effort of each MIMO experts, the definition of CSI processing capability was finalized on time. However, some remaining issues on this topic need to be discussed and solved. Besides, according to the latest specifications, some un-identified issues need to be addressed, and some editorial errors also need to be corrected.
A-CSI report based on P/SP CSI-RS
It has been discussed for several meetings on whether P/SP CSI-RS before triggering DCI can be used to calculate aperiodic CSI report, i.e. causal or non-causal case.
On the other hand, during RAN1#93, CPU occupacy rules for each kind of CSI reports were agreed. For A-CSI based on P/SP CSI-RS, CPU occupacy rules can be found below,
	Agreement:
· CPU occupancy rules for Table 2
· When single DCI triggers N>=1 A-CSI reports based on A-CSI-RS (each with single CSI-RS resource in the set for channel measurement), 
· min(M, N) CPUs are occupied from the first symbol after the PDCCH triggering the report until the last symbol of the PUSCH carrying the report
· For A/P/SP CSI reporting based on P/SP CSI-RS
· The CSI reporting setting associated with P/SP CSI-RS/CSI-IM resource is assigned [one or Ks] CSI processing unit(s) and occupiedy [it or them] from the earliest one of the first symbol of the latest CSI-RS/CSI-IM resource earlier than the corresponding CSI reference resource until the last symbol of the PUSCH/PUCCH carrying the report



If non-causal case is supported, according to CPU occupancy rules, CPU is occupied before triggering DCI, as shown below,


Figure 2-1 CPU occupation for non-causal case
In UE implementation point of view, for each P/SP CSI-RS transmission occasion, UE shall buffer the CSI-RS, and determines that Ks CPUs are hypothetically occupied. If triggering DCI is present, the occupied CPUs remain occupied and the UE shall start the CSI calculation. However, if triggering DCI is not present, the hypothetically occupied CPUs should be released.  Before releasing the CPUs, if another CSI report is present, for example P CSI report, whether to start the P CSI calculation is not clear. Which may also affect the calculation of the future A-CSI report.
Observation 1: If P/SP CSI-RS before triggering DCI can be used to calculate aperiodic CSI report, the CPU occupation rules may cause unexpeted behavior for different CSI reports.
To solve this issue, several alternatives can be considered,
Alternative 1: Refine the CPU occupation for A-CSI report based on  P/SP CSI-RS as starting from the first symbol after the PDCCH triggering the report until the last symbol of the PUSCH/PUCCH carrying the report.
Alternative 2: For A-CSI report based on  P/SP CSI-RS, UE is not expected to calculate CSI based on CSI-RS before the OFDM symbol carrying its triggering DCI.
Proposal 1: Adopt either one of the following alternatives
· Alternative 1: Refine the CPU occupation for A-CSI report based on  P/SP CSI-RS as starting from the first symbol after the PDCCH triggering the report until the last symbol of the PUSCH/PUCCH carrying the report.
· Alternative 2: For A-CSI report based on  P/SP CSI-RS, UE is not expected to calculate CSI based on CSI-RS before the OFDM symbol carrying its triggering DCI.
Correction on the condition of exception handling for CSI calculation
In the latest TS 38.214 [2], the condition for UE to ignore a CSI request is not correctly stated.
	When the CSI request field on a DCI triggers a CSI report(s) on PUSCH, if the first uplink symbol to carry the corresponding CSI report(s) including the effect of the timing advance, starts no earlier than at symbol Zref,
-	the UE may ignore the scheduling DCI if no HARQ-ACK or transport block is multiplexed on the PUSCH, or
-	the UE drops the CSI for the triggered CSI reports if either HARQ-ACK or transport block is multiplexed on the PUSCH,
When the CSI request field on a DCI triggers a CSI report(s) on PUSCH, if the first uplink symbol to carry the corresponding CSI report including the effect of the timing advance, starts no earlier than at symbol Z'ref,
-	the UE may ignore the scheduling DCI if the number of triggered reports is one and no HARQ-ACK or transport block is multiplexed on the PUSCH
-	Otherwise, the UE is not required to update the CSI for the triggered CSI report n.



If the first uplink symbol to carry the corresponding CSI report including the effect of the timing advance PUSCH starts no earlier than at symbol Zref/ Z'ref, the CSI request should be valid and the triggerred CSI report should be calculated and reported.
This part if specification was proposed during email discussion through a TP. According to the TP, we think that these erroneous statements are typos and should be corrected as below.
Proposal 2: Adopt the following text proposal for TS 38.214.
/************************ Start of Text Proposal **************************/
5.4 UE CSI computation time
/************************ Unchanged parts omitted**************************/
When the CSI request field on a DCI triggers a CSI report(s) on PUSCH, if the first uplink symbol to carry the corresponding CSI report(s) including the effect of the timing advance, starts no earlier than at symbol Zref,
-	the UE may ignore the scheduling DCI if no HARQ-ACK or transport block is multiplexed on the PUSCH, or
-	the UE drops the CSI for the triggered CSI reports if either HARQ-ACK or transport block is multiplexed on the PUSCH,
When the CSI request field on a DCI triggers a CSI report(s) on PUSCH, if the first uplink symbol to carry the corresponding CSI report including the effect of the timing advance, starts no earlier than at symbol Z'ref,
-	the UE may ignore the scheduling DCI if the number of triggered reports is one and no HARQ-ACK or transport block is multiplexed on the PUSCH
-	Otherwise, the UE is not required to update the CSI for the triggered CSI report n.
/************************ Unchanged parts omitted**************************/
/************************ End of Text Proposal **************************/
Subband differential CQI reporting
In LTE, subband CQI value is calculated by
Subband differential CQI offset level = subband CQI index – wideband CQI index
It is clearly stated that for each CSI reporting modes with subband CQI, UE shall report a wideband CQI value and one subband CQI value for each subband. 
In NR, the calculation of subband differential CQI is the same as LTE, 
Sub-band Offset level (s) = sub-band CQI index (s) - wideband CQI index
However, if subband CQI is configured, it’s not clear whether wideband CQI should be reported or not. Althougth it’s a common understanding that wideband CQI should be reported together with subband CQI, we think it’s helpful to make it more clear.
Proposal 3: It should be clearly stated in specifiction that wideband CQI is still reported when subband differential CQI is reported.
CSI reporting associated with only one resource setting
In the latest specification [2], the following highlighted context is misleading.
	For aperiodic CSI, each trigger state configured using the higher layer parameter CSI-AperiodicTriggerState is associated with one or multiple CSI-ReportConfig where each CSI-ReportConfig is linked to periodic, or semi-persistent, or aperiodic resource setting(s): 
-	When one Resource Setting is configured, the Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel measurement for L1-RSRP computation.
-	When two Resource Settings are configured, the first one Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel measurement and the second one (given by either higher layer parameter csi-IM-ResourcesForInterference or higher layer parameter nzp-CSI-RS-ResourcesForInterference) is for interference measurement performed on CSI-IM or on NZP CSI-RS.
-	When three Resource Settings are configured, the first Resource Setting (higher layer parameter resourcesForChannelMeasurement) is for channel measurement, the second one (given by higher layer parameter csi-IM-ResourcesForInterference) is for CSI-IM based interference measurement and the third one (given by higher layer parameter nzp-CSI-RS-ResourcesForInterference) is for NZP CSI-RS based interference measurement.
For semi-persistent or periodic CSI, each CSI-ReportConfig is linked to periodic or semi-persistent Resource Setting(s):
-	When one Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is configured, the Resource Setting is for channel measurement for L1-RSRP computation.
-	When two Resource Settings are configured, the first Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel measurement and the second Resource Setting (given by higher layer parameter csi-IM-ResourcesForInterference) is used for interference measurement performed on CSI-IM.




The problem dates back to RAN1#91 [5], where the following agreements were reached with ambiguity.
	· Each trigger state is associated one or multiple ReportConfigs where each ReportConfig is linked to one or two or three P/SP/AP CSI-RS resource setting(s)
· When one resource setting is configured, the resource setting is for channel measurement for beam management.
· When two resource settings are configured, the first one resource setting is for channel measurement and the 2nd one is for interference measurement (for ZP or NZP).
· When three resource settings are configured, the first one resource setting is for channel measurement, the 2nd one is for ZP based interference measurement and the 3rd one is for NZP based interference measurement.



The highlighted wording “for channel measurement for beam management” should be interpreted as “for channel measurement and for beam management”. Otherwise the CSI reporting based only CMR is not supported, which is strange based on our understanding.
Proposal 4: Support CSI reporting based only on one resource setting for channel measurement, and adopt the following text proposal for TS 38.214.
/************************ Start of Text Proposal **************************/
5.2.1.4.1 Resource Setting configuration
/************************ Unchanged parts omitted**************************/
For aperiodic CSI, each trigger state configured using the higher layer parameter CSI-AperiodicTriggerState is associated with one or multiple CSI-ReportConfig where each CSI-ReportConfig is linked to periodic, or semi-persistent, or aperiodic resource setting(s): 
-	When one Resource Setting is configured, the Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel measurement or for L1-RSRP computation.
/************************ Unchanged parts omitted**************************/
For semi-persistent or periodic CSI, each CSI-ReportConfig is linked to periodic or semi-persistent Resource Setting(s):
-	When one Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is configured, the Resource Setting is for channel measurement or for L1-RSRP computation.
/************************ Unchanged parts omitted**************************/
/************************ End of Text Proposal **************************/
Correction on CSI-IM
In the latest specification [2], the higher layer parameter of OFDM symbol location for CSI-IM pattern1 is wrongly captured.
	[bookmark: _Hlk498639079]The following parameters are configured via higher layer parameter CSI-IM-Resource for each CSI-IM resource configuration:
-	csi-IM-ResourceId determines CSI-IM resource configuration identity
-	subcarrierLocation-p0 or subcarrierLocation-p1 defines subcarrier occupancy of the CSI-IM resource within a slot for csi-IM-ResourceElementPattern set to 'pattern0' or 'pattern1', respectively. 
-	symbolLocation-p0 or subcarrierLocation-p1 defines OFDM symbol location of the CSI-IM resource within a slot for csi-IM-ResourceElementPattern set to 'pattern0' or 'pattern1', respectively.
-	periodicityAndOffset defines the CSI-IM periodicity and slot offset for periodic/semi-persistent CSI-IM.
-	freqBand  includes parameters to enable configuration of frequency-occupancy of CSI-IM



For this typo, the correct word should be ‘symbolLocation-p1’, the TP is provided below.
Proposal 5: Adopt the following text proposal for TS 38.214.
/************************ Start of Text Proposal **************************/
5.2.2.4 Channel State Information – Interference Measurement (CSI-IM)
/************************ Unchanged parts omitted**************************/
The following parameters are configured via higher layer parameter CSI-IM-Resource for each CSI-IM resource configuration:
-	csi-IM-ResourceId determines CSI-IM resource configuration identity
-	subcarrierLocation-p0 or subcarrierLocation-p1 defines subcarrier occupancy of the CSI-IM resource within a slot for csi-IM-ResourceElementPattern set to 'pattern0' or 'pattern1', respectively. 
-	symbolLocation-p0 or symbolLocation-p1subcarrierLocation-p1 defines OFDM symbol location of the CSI-IM resource within a slot for csi-IM-ResourceElementPattern set to 'pattern0' or 'pattern1', respectively.
-	periodicityAndOffset defines the CSI-IM periodicity and slot offset for periodic/semi-persistent CSI-IM.
-	freqBand  includes parameters to enable configuration of frequency-occupancy of CSI-IM
/************************ Unchanged parts omitted**************************/
/************************ End of Text Proposal **************************/

Conclusion
In this contribution, we summarize the remaining issues on CSI acquisition from our perspective. Based on the discussion, we have the following observations and proposals:
Observation 1: If P/SP CSI-RS before triggering DCI can be used to calculate aperiodic CSI report, the CPU occupation rules may cause unexpeted behavior for different CSI reports.
Proposal 1: Adopt either one of the following alternatives
· Alternative 1: Refine the CPU occupation for A-CSI report based on  P/SP CSI-RS as starting from the first symbol after the PDCCH triggering the report until the last symbol of the PUSCH/PUCCH carrying the report.
· Alternative 2: For A-CSI report based on  P/SP CSI-RS, UE is not expected to calculate CSI based on CSI-RS before the OFDM symbol carrying its triggering DCI.
Proposal 2: Adopt the following text proposal for TS 38.214.
/************************ Start of Text Proposal **************************/
5.4 UE CSI computation time
/************************ Unchanged parts omitted**************************/
When the CSI request field on a DCI triggers a CSI report(s) on PUSCH, if the first uplink symbol to carry the corresponding CSI report(s) including the effect of the timing advance, starts no earlier than at symbol Zref,
-	the UE may ignore the scheduling DCI if no HARQ-ACK or transport block is multiplexed on the PUSCH, or
-	the UE drops the CSI for the triggered CSI reports if either HARQ-ACK or transport block is multiplexed on the PUSCH,
When the CSI request field on a DCI triggers a CSI report(s) on PUSCH, if the first uplink symbol to carry the corresponding CSI report including the effect of the timing advance, starts no earlier than at symbol Z'ref,
-	the UE may ignore the scheduling DCI if the number of triggered reports is one and no HARQ-ACK or transport block is multiplexed on the PUSCH
-	Otherwise, the UE is not required to update the CSI for the triggered CSI report n.
/************************ Unchanged parts omitted**************************/
/************************ End of Text Proposal **************************/
Proposal 3: It should be clearly stated in specifiction that wideband CQI is still reported when subband differential CQI is reported.
Proposal 4: Support CSI reporting based only on one resource setting for channel measurement, and adopt the following text proposal for TS 38.214.
/************************ Start of Text Proposal **************************/
5.2.1.4.1 Resource Setting configuration
/************************ Unchanged parts omitted**************************/
For aperiodic CSI, each trigger state configured using the higher layer parameter CSI-AperiodicTriggerState is associated with one or multiple CSI-ReportConfig where each CSI-ReportConfig is linked to periodic, or semi-persistent, or aperiodic resource setting(s): 
-	When one Resource Setting is configured, the Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel measurement or for L1-RSRP computation.
/************************ Unchanged parts omitted**************************/
For semi-persistent or periodic CSI, each CSI-ReportConfig is linked to periodic or semi-persistent Resource Setting(s):
-	When one Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is configured, the Resource Setting is for channel measurement or for L1-RSRP computation.
/************************ Unchanged parts omitted**************************/
/************************ End of Text Proposal **************************/
Proposal 5: Adopt the following text proposal for TS 38.214.
/************************ Start of Text Proposal **************************/
5.2.2.4 Channel State Information – Interference Measurement (CSI-IM)
/************************ Unchanged parts omitted**************************/
The following parameters are configured via higher layer parameter CSI-IM-Resource for each CSI-IM resource configuration:
-	csi-IM-ResourceId determines CSI-IM resource configuration identity
-	subcarrierLocation-p0 or subcarrierLocation-p1 defines subcarrier occupancy of the CSI-IM resource within a slot for csi-IM-ResourceElementPattern set to 'pattern0' or 'pattern1', respectively. 
-	symbolLocation-p0 or symbolLocation-p1subcarrierLocation-p1 defines OFDM symbol location of the CSI-IM resource within a slot for csi-IM-ResourceElementPattern set to 'pattern0' or 'pattern1', respectively.
-	periodicityAndOffset defines the CSI-IM periodicity and slot offset for periodic/semi-persistent CSI-IM.
-	freqBand  includes parameters to enable configuration of frequency-occupancy of CSI-IM
/************************ Unchanged parts omitted**************************/
/************************ End of Text Proposal **************************/
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