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Introduction
In this contribution, we raise the issues of confusing UE behaviour in CSI measurement and propose solutions to resolve these confusing issues.  
Discussion
Clarification on CRI dependency
According to Section 5.2.1 in [1], when a CSI reporting setting is associated with a NZP CSI-RS resource set for channel measurement and when the higher layer parameter CSI-RS-ResourceRep is set to ‘OFF’, the UE shall report a CRI.  In addition, the UE shall report CSI (e.g., RI, PMI, CQI, LI, etc.), when the higher layer parameter ReportQuantity set to ‘CRI/RI/PMI/CQI’, ‘CRI/RI/i1’, ‘CRI/RI/i1/CQI’, ‘CRI/RI/CQI’, or ‘CRI/RI/LI/PMI/CQI’ for the CSI reporting setting.  However, the definition of CRI and the relationship between the reported CRI and the reported CSI are not specified in current specification.  To fix this, we propose to clarify that the CRI report indicates the selection of a NZP CSI-RS resource in the CSI resource set and that the reported CSI is calculated conditioned on the reported CRI.  The text proposal is in the Appendix.
Combination of resources for channel and interference measurements
In RAN1#AH3 and #90bis, the combination of channel measurement resources (NZP CSI-RS resources) and the CSI-IM resources were agreed for aperiodic, semi-persistent, and periodic CSI reporting as follows.  
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However, the agreement for periodic CSI reporting is not captured in [1].  Besides CSI-IM resources, a UE may be configured with NZP CSI-RS resources for interference measurement.  But it’s unclear how to combine the NZP CSI-RS resource for channel measurement and the NZP CSI-RS resource for interference measurement for different time-domain behaviour.  One straightforward solution is to follow the same combination rules as CSI-IM resources.  It’s worth noting that the NZP CSI-RS based interference measurement is mainly used for measuring MU interference via pre-scheduled beamformed CSI-RS.  Since MU interference layer on NZP CSI-RS is typically dynamically generated, it’s unlikely that semi-persistent and periodic NZP CSI-RS resources would be used for interference measurement.  So, we propose
[bookmark: _Toc503611892]Proposal 1:	For aperiodic CSI reporting, support combination of AP CMR and AP NZP IMR; For semi-persistent and periodic CSI reporting, NZP IMR is not supported.
The corresponding text proposal is in the Appendix.
Number of CSI-IM resources per resource set
In [1], NZP CSI-RS resources and CSI-IM resources are configured via separate Resource Settings.  Each Resource Setting may contain S ≥ 1 Resource Sets and each Resource Set can consist of Ks ≥ 1 resources.  
Current specification provides a mechanism to identify a single Resource Set and a single CSI-RS resource in the Resource Set in the Resource Setting for channel measurement.  For periodic and semi-persistent Resource Settings containing NZP CSI-RS resources, S = 1.  For aperiodic Resource Settings containing NZP CSI-RS resources, one Resource set can be selected by the CSI request field in DCI based on RRC configured resource set bitmap in the corresponding trigger state.  A UE can be configured to report a CRI to indicate which NZP CSI-RS resource in the Resource Set is selected for channel measurement when reporting CSI.   
For aperiodic Resource Setting for interference measurement, one Resource Set for interference measurement can be indicated according to [1].  However, the mechanism for identifying the Resource Set in semi-persistent and periodic Resource Settings and for identifying the resource in the Resource Set is missing.  To address this issue, we propose:
[bookmark: _Toc503611893]Proposal 2:	For periodic and semi-persistent Resource Setting for interference measurement, S = 1.
[bookmark: _Toc503611894]Proposal 3:	For Resource Settings for interference measurement, each set s contains Ks = 1 resource.
The related text proposal can be found in the Appendix.
Timing offset from A-CSI-RS trigger to A-CSI-RS transmission
In current specification [1], when aperiodic CSI-RS is used with aperiodic reporting, the CSI-RS offset is configured per resource set in the higher layer parameter AperiodicNZP-CSI-RS-TriggeringOffset. The CSI-RS triggering offset X is measured in slots.  Notice that the PDCCH carrying A-CSI-RS trigger may or may not be front-loaded.  As shown in Figure 1, when the PDCCH is not front-loaded in a slot, X = 0 may indicate non-causal A-CSI-RS triggering, i.e., the A-CSI-RS is transmitted before the UE receiving the PDCCH carrying CSI request.  The UE at least needs to buffer the received signal on the OFDM symbols before the PDCCH.  Even if the A-CSI transmission happened after PDCCH, the UE may still need to buffer the signals received on the OFDM symbols after the PDCCH if the A-CSI-RS is transmitted before the PDCCH decoding is completed.  
[image: ]
[bookmark: _Ref503366842]Figure 1.  Illustration of causal- and non-causal triggering of A-CSI-RS transmission.
To avoid large buffering, we propose:
[bookmark: _Toc503611895]Proposal 4:	Non-causal A-CSI-RS triggering is not supported.
The related text proposal is provided in the Appendix.
When A-CSI request is issued together with BWP switch trigger, that CSI-RS should be delayed enough to be transmitted in the new BWP.  Details are discussed in Section 2.1.7 of [4].
Timing offset from A-CSI trigger to A-CSI reporting
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 2(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.    
	[image: ]
	[image: ]

	(a)
	(b)


[bookmark: _Ref503472557]Figure 2.  Timeline for A-CSI-only PUSCH transmission.
To address this issue, we propose to define a new value, , in units of symbols to replace Z.  As shown in Figure 2(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. 
To define cases in which a UE doesn’t need to update CSI, we need to introduce a new value N3 in units of symbols.  As shown in Figure 2(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 PDCCH containing the A-CSI trigger to the start of the corresponding PUSCH carrying A-CSI report without UL-SCH or HARQ-ACK is smaller than , or
-	when the gap from the end of PDCCH containing the A-CSI trigger to the start of the corresponding PUSCH carrying A-CSI report multiplexed with UL-SCH is smaller than , or
-	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 and the CSI complexity.  In Table 1 and Table 2, we provide template tables for these new UE processing timing parameters.
[bookmark: _Ref503547592]Table 1.  UE CSI processing timing N2CSI
	CSI complexity
	Parameter
	Units
	15kHz SCS
	30kHz SCS
	60kHz SCS
	120kHz SCS

	Low
	N2CSI
	Symbols
	[14]
	[14]
	[14] or [18]*
	[18]

	High
	N2CSI
	Symbols
	[28]
	[28]
	[28]**
	N/A


[bookmark: _Ref503547595][bookmark: _Hlk504134457]*	N2CSI = [14] for sub-6, and N2CSI = [18] for mmWave.
**	N2CSI = [28] is only applicable for sub-6.  For mmWave, high complexity CSI is not supported.
Table 2.  UE CSI processing timing N3
	CSI complexity
	Parameter
	Units
	15kHz SCS
	30kHz SCS
	60kHz SCS
	120kHz SCS

	Low
	N3
	Symbols
	[2]
	[2]
	[2] or [4]*
	[4]

	High
	N3
	Symbols
	[14]
	[14]
	[14]**
	N/A


[bookmark: _Toc503611896]*	N3 = [2] for sub-6, and N3 = [4] for mmWave.
**	N3 = [14] is only applicable for sub-6.  For mmWave, high complexity CSI is not supported.

Proposal 5:	Specify two UE CSI processing parameters, N2CSI and N3, both depending on subcarrier spacing and CSI complexity.
[bookmark: _Toc503611897][bookmark: _GoBack]Proposal 6:	A UE is not expected to update A-CSI report 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: _Toc503611898]Proposal 7:	A UE is not expected to update A-CSI report 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: _Toc503611899]Proposal 8:	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.
CSI reference resource
In current specification, for a UE configured with a single CSI resource set for the serving cell, the CSI reference resource for the CSI reported in slot n is defined by a single downlink slot n – nCQI_ref.  For periodic and semi-persistent CSI reporting nCQI_ref is the smallest value greater than or equal to a value which is TBD, such that it corresponds to a valid downlink slot.  However, the condition “for a UE configured with a single CSI resource set” is confusing.  To clarify, it means for the report setting which is linked with a single NZP CSI-RS Resource Setting for channel measurement and a single CSI-IM Resource Setting for interference measurement.  Regarding the TBD value, notice that this value shall be applied regardless the value of ‘ReportQuantity,’ we propose
[bookmark: _Toc503611900]Proposal 9:	For periodic and semi-persistent CSI reporting linked with a single NZP CSI-RS Resource Setting and a single CSI-IM resource setting, nCQI_ref is the smallest value greater than or equal to 5, such that it corresponds to a valid downlink slot.
[bookmark: _Toc503611901]Proposal 10:	For aperiodic and semi-persistent CSI reporting linked with a single NZP CSI-RS Resource Setting and a single CSI-IM resource setting, if the UE is indicated by the DCI to report CSI in the same slot as the CSI request, nCQI_ref is such that the reference resource is in the same valid downlink slot as the corresponding CSI request, otherwise nCQI_ref is the smallest value greater than or equal to 5, such that slot n-nCQI_ref corresponds to a valid downlink slot. 
CSI trigger state selection
In current specification, when the number of configured CSI triggering states in AperiodicReportTrigger is greater than , where   is the number of bits in the DCI CSI request field, the UE receives a selection command [3] used to map up to   trigger states to the codepoints of the DCI CSI request field.  But when the selected CSI trigger states can be applied is not specified.  We propose:
[bookmark: _Toc503611902][bookmark: _Hlk503447891]Proposal 11:	When a UE receives a selection command in slot n for mapping the CSI trigger state(s) to the codepoints of the DCI CSI request field, the corresponding action in and UE assumption on the mapping of the selected CSI trigger state(s) to the codepoint(s) of DCI CSI request field shall be applied no earlier than slot n + 20. 
Similarly, MAC CE is used to activate/deactivate semi-persistent CSI-RS/CSI-IM resource(s).  When the activated/deactivated CSI-RS/CSI-IM resource(s) can be applied needs to be specified.
[bookmark: _Toc503611903]Proposal 12:	When a UE receives an activation command for CSI-RS resource(s) for channel measurement and CSI-IM/NZP CSI-RS resource(s) for interference measurement associated with configured CSI resource setting(s) in slot n, the corresponding action in [3] and UE assumptions (including quasi-co-location assumptions provided by a reference to a TCI-RS-SetConfig) on CSI-RS/CSI-IM transmission corresponding to the configured CSI-RS/CSI-IM resource configuration(s) shall be applied no earlier than slot n + 20. 
[bookmark: _Toc503611904]Proposal 13:	When a UE receives a deactivation command for CSI-RS resource(s) for channel measurement and CSI-IM/NZP CSI-RS resource(s) for interference measurement associated with configured CSI resource setting(s) in slot n, the corresponding action in [3] and UE assumptions (including quasi-co-location assumptions provided by a reference to a TCI-RS-SetConfig) on cessation of CSI-RS/CSI-IM transmission corresponding to the configured CSI-RS/CSI-IM resource configuration(s) shall be applied no earlier than slot n + 20. 
Interference measurement
According to current specification, for CSI measurement(s), a UE assumes other interference signal on REs of non-zero power CSI-RS resource for channel measurement, non-zero power CSI -RS resource for interference measurement, or CSI-IM resource for interference measurement.  It is clear that the “other interference signal” on CSI-IM resource is the background interference generate by neighboring cells and UE shall count this background interference measured from CSI-IM resource.  This interference can be easily measured by collecting the signal power observed on the CSI-IM resources.  However, it’s unclear what’s the UE behavior in interference measurement when assuming the existence of “other interference signal.”  The received signal on NZP CSI-RS resource can be written as

where   is the CSI-RS and  is the “other interference signal.”  The only way to get  from  is to first perform channel estimation to get  and then get the estimate of  

Notice that  and  are correlated.  The other interference power captured by  may be dominated by the channel estimation error, e, depending on the geometry, CSI-RS transmission bandwidth, CSI-RS density, and the channel selectivity, etc.  For example,  can be several dBs higher than  in some cases.
If a reporting setting is configured with a NZP CSI-RS resource for channel measurement and a NZP CSI-RS for interference measurement, the SNR on two NZP CSI-RS resources can be different, e.g., the NZP CSI-RS for channel measurement may exhibits a higher SNR than the NZP CSI-RS for interference measurement.  Thus, the “other interference” estimated from each NZP CSI-RS resources would be different.  Then it is confusing how to count the “other interference” estimated from different NZP CSI-RS resources in the interference measurement.  If the SNRs on both NZP CSI-RS for channel measurement and for interference measurement are low, the background interference cannot be measured from either of these two NZP CSI-RS resources.  This makes the configuration useless. 
[bookmark: _Toc503611905]Proposal 14:	When the ReportQuantity is not set to “no report” or “CRI/L1-RSRP,” a ReportConfig shall be linked with at least one a CSI-IM resource. 
[bookmark: _Toc503611906]Proposal 15:	Interference measurement based on NZP CSI-RS is a UE capability. 
Conclusion
In this contribution, we raise the issues of confusing UE behavior in CSI measurement and propose solutions to resolve these confusing issues.  We made following proposals and the text proposal in the Appendix.
Proposal 1:	For aperiodic CSI reporting, support combination of AP CMR and AP NZP IMR; For semi-persistent and periodic CSI reporting, NZP IMR is not supported.
Proposal 2:	For periodic and semi-persistent Resource Setting for interference measurement, S = 1.
Proposal 3:	For Resource Settings for interference measurement, each set s contains Ks = 1 resource.
Proposal 4:	Non-causal A-CSI-RS triggering is not supported.
Proposal 5:	Specify two UE CSI processing parameters, N2CSI and N3, both depending on subcarrier spacing and CSI complexity.
Proposal 6:	A UE is not expected to update A-CSI report 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 7:	A UE is not expected to update A-CSI report 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 8:	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 9:	For periodic and semi-persistent CSI reporting linked with a single NZP CSI-RS Resource Setting and a single CSI-IM resource setting, nCQI_ref is the smallest value greater than or equal to 5, such that it corresponds to a valid downlink slot.
Proposal 10:	For aperiodic and semi-persistent CSI reporting linked with a single NZP CSI-RS Resource Setting and a single CSI-IM resource setting, if the UE is indicated by the DCI to report CSI in the same slot as the CSI request, nCQI_ref is such that the reference resource is in the same valid downlink slot as the corresponding CSI request, otherwise nCQI_ref is the smallest value greater than or equal to 5, such that slot n-nCQI_ref corresponds to a valid downlink slot.
Proposal 11:	When a UE receives a selection command in slot n for mapping the CSI trigger state(s) to the codepoints of the DCI CSI request field, the corresponding action in and UE assumption on the mapping of the selected CSI trigger state(s) to the codepoint(s) of DCI CSI request field shall be applied no earlier than slot n + 20.
Proposal 12:	When a UE receives an activation command for CSI-RS resource(s) for channel measurement and CSI-IM/NZP CSI-RS resource(s) for interference measurement associated with configured CSI resource setting(s) in slot n, the corresponding action in [3] and UE assumptions (including quasi-co-location assumptions provided by a reference to a TCI-RS-SetConfig) on CSI-RS/CSI-IM transmission corresponding to the configured CSI-RS/CSI-IM resource configuration(s) shall be applied no earlier than slot n + 20.
Proposal 13:	When a UE receives a deactivation command for CSI-RS resource(s) for channel measurement and CSI-IM/NZP CSI-RS resource(s) for interference measurement associated with configured CSI resource setting(s) in slot n, the corresponding action in [3] and UE assumptions (including quasi-co-location assumptions provided by a reference to a TCI-RS-SetConfig) on cessation of CSI-RS/CSI-IM transmission corresponding to the configured CSI-RS/CSI-IM resource configuration(s) shall be applied no earlier than slot n + 20.
Proposal 14:	When the ReportQuantity is not set to “no report” or “CRI/L1-RSRP,” a ReportConfig shall be linked with at least one a CSI-IM resource.
Proposal 15:	Interference measurement based on NZP CSI-RS is a UE capability.
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Appendix: Text proposal (TS 38.214)
[bookmark: _Toc501048181][bookmark: _Toc501048183]5.2.1.2	Resource settings
Each Resource Setting ResourceConfig contains a configuration of S≥1 CSI-RS Resource Sets (higher layer parameter ResourceSetConfig), with each Resource Set consisting of either a set of NZP CSI-RS resources (higher layer parameters NZP-CSI-RS-ResourceConfigList) or a set of CSI-IM resources (higher layer parameter and CSI-IM-ResourceConfigList) and or a set of SS/PBCH Block resources used for L1-RSRP computation (higher layer parameter resource-config-SS-list). Each Resource setting is located in the BWP identified by the higher layer parameter BWP-info, and all linked Resource Settings of a CSI Report Setting have the same BWP.
For periodic and semi-persistent CSI Resource Settings consisting of NZP CSI-RS resources, S = 1. Each set s contains Ks ≥1 NZP CSI-RS resources (higher layer parameter NZP-CSI-RS-ResourceConfig) each of which includes at least mapping to REs, number of ports and time-domain behavior as described in Subclause 5.2.2.3.1. The allowable antenna port values and resource mapping patterns are given in Subclause 7.4.1.5 of [4, TS 38.211]. The time domain behavior of the CSI-RS resources which are part of sets within a CSI-RS Resource Setting are indicated by the higher layer parameter ResourceConfigType and can be aperiodic, periodic, or semi-persistent.  If a Resource Setting consisting of NZP CSI-RS resources is associated with a MeasLinkConfig where the higher layer parameter MeasQuantity is set to ‘interference,’ each set s in the Resource Setting contains Ks = 1 NZP CSI-RS resource.
For Resource Settings consisting of CSI-IM resources, S = 1.  Each set s contains Ks = 1 CSI-IM resource which includes at least mapping to REs and time-domain behavior as described in Subclass 5.2.2.4.  The time domain behavior of the CSI-IM resources which are part of sets within a CSI-IM Resource Setting are indicated by the higher layer parameter ResourceConfigType and can be aperiodic, periodic, or semi-persistent.
The following are configured via higher layer signaling for one or more CSI resource settings for channel and interference measurement:
…
5.2.1.4	Reporting configurations
The Reporting configuration for CSI can be aperiodic (using PUSCH), periodic (using PUCCH) or semi-persistent (using PUCCH, and DCI activated PUSCH). The CSI-RS Resources can be periodic, semi-persistent, or aperiodic. Table 5.2.1.4-1 shows the supported combinations of CSI Reporting configurations and CSI Resource configurations and how the CSI Reporting is triggered for each CSI-RS configuration. Periodic CSI-RS is configured by higher layers. Semi-persistent CSI-RS is activated and deactivated as described in Subclause 5.2.2.3.4. Aperiodic CSI-RS is configured and selected as described in Subclause 5.2.2.3.4. 
[bookmark: _Hlk498445902]Table 5.2.1.4-1: Triggering/Activation of CSI Reporting for the possible CSI-RS Configurations.
	CSI-RS Configuration
	Periodic CSI Reporting
	Semi-Persistent CSI Reporting
	Aperiodic CSI Reporting

	Periodic CSI-RS
	No dynamic triggering/activation
	Reporting on PUCCH: the UE receives a selection command [10, TS 38.321]
Reporting on PUSCH: DCI
	DCI

	Semi-Persistent CSI-RS
	Not Supported
	Reporting on PUCCH: the UE receives a selection command [10, TS 38.321]
Reporting on PUSCH: DCI
	DCI

	Aperiodic CSI-RS
	Not Supported
	Not Supported
	DCI



When the UE is configured with the higher layer configured parameter Number-CQI set to '1', a single CQI is reported for one codeword per CSI report. When '2' is configured, one CQI for each codeword is reported per CSI report. The Number-CQI is contained in ReportConfig.
When the UE is configured with a CSI-RS resource set and when the higher layer parameter CSI-RS-ResourceRep is set to 'OFF', the UE shall determine a CRI from the supported set of CRI values as defined in Subclause [TBD] of [5, TS 38.212] and report the number in each CRI report. When the higher layer parameter CSI-RS-ResourceRep is set to 'ON', CRI is not reported. 
When reporting CRI the UE reports a single instance of a selected NZP CSI-RS resource for channel measurement.  
When the UE is configured with a CSI-RS resource set for channel measurement 
-	if the UE is configured with the higher layer parameter ReportQuantity set to ‘CRI/RI/PMI/CQI’, the reported RI, PMI, and CQI values are calculated conditioned on the reported CRI. 
-	if the UE is configured with the higher layer parameter ReportQuantity set to ‘CRI/RI/i1’, the reported RI and i1 values are calculated conditioned on the reported CRI. 
-	if the UE is configured with the higher layer parameter ReportQuantity set to ‘CRI/RI/i1/CQI’, the reported RI, i1 and CQI values are calculated conditioned on the reported CRI. 
-	if the UE is configured with the higher layer parameter ReportQuantity set to ‘CRI/RI/CQI’, the reported RI and CQI values are calculated conditioned on the reported CRI. 
-	if the UE is configured with the higher layer parameter ReportQuantity set to ‘CRI/RI/LI/PMI/CQI’, the reported RI, LI, PMI, and CQI values are calculated conditioned on the reported CRI.
For periodic or semi-persistent CSI reporting, the following periodicities (measured in slots) are configured by the higher layer parameter ReportPeriodicity: {5, 10, 20, 40, 80, 160, 320}. 
When the higher layer parameter ReportQuantity is configured with one of the values 'CRI/RI/PMI/CQI’ or 'CRI/RI/i1' or ‘CRI/RI/i1/CQI’ or ‘CRI/RI/CQI’ or ‘CRI/RI/LI/PMI/CQI’, the ReportConfig shall be associated with a Resource Setting containing at least one CSI-IM resource.
When the UE is configured with the higher layer parameter ReportQuantity set to 'CRI/RSRP'
…
If a UE is configured with semi-persistent CSI reporting, the UE shall report CSI when both CSI-IM and non-zero power CSI-RS resources are configured as periodic or semi-persistent. If a UE is configured with aperiodic CSI reporting, the UE shall report CSI when both CSI-IM and non-zero power CSI-RS resources are configured as periodic, semi-persistent or aperiodic.
If a UE is configured with a CSI reporting setting linked to one NZP CSI-RS resource setting and one CSI-IM resource setting, the UE shall report CSI
-	when the higher layer parameter ReportConfigType set to ‘periodic’ and when the higher layer parameter ResourceConfigType set to ‘periodic’ for both resource settings.
- 	when the higher layer parameter ReportConfigType set to ‘semi-persistent’ and when the higher layer parameter ResourceConfigType for both resource settings set to identical value of either ‘periodic’ or ‘semi-persistent’.
- 	when the higher layer parameter ReportConfigType set to ‘aperiodic’ and when the higher layer parameter ResourceConfigType for both resource settings set to identical value of either ‘periodic’ or ‘semi-persistent’ or ‘aperiodic’.
If a UE is configured with a CSI reporting setting linked to one NZP CSI-RS resource setting for channel measurement and one NZP CSI-RS resource setting for interference measurement, the UE shall report CSI
- 	when the higher layer parameter ReportConfigType set to ‘aperiodic’ and when the higher layer parameter ResourceConfigType for both resource settings set to ‘aperiodic’.
If a UE is configured with a CSI reporting setting linked to one NZP CSI-RS resource setting for channel measurement and one NZP CSI-RS resource setting for interference measurement and one CSI-IM resource setting for interference measurement, the UE shall report CSI
- 	when the higher layer parameter ReportConfigType set to ‘aperiodic’ and when the higher layer parameter ResourceConfigType for both NZP CSI-RS resource settings set to ‘aperiodic’.
…
[bookmark: _Toc501048186]5.2.1.5	CSI selection and activation
[bookmark: _Toc501048187]5.2.1.5.1	Aperiodic CSI 
[bookmark: _Hlk500779216][bookmark: _Hlk500778920]For Resource Sets configured with the higher layer parameter ResourceConfigType set to 'aperiodic', trigger states for Reporting Setting(s) and/or Resource Set(s) for channel and/or interference measurement on one or more component carriers are configured using the higher layer parameter AperiodicReportTrigger. For aperiodic CSI report triggering, a single set of CSI triggering states are higher layer configured, wherein the CSI triggering states can be associated with either candidate DL BWP. A UE is not expected to be triggered with a CSI report for a non-active DL BWP. A trigger state is initiated using the DCI CSI request field.
-	When the value of the DCI CSI request field is zero, no CSI is requested.





[bookmark: _Hlk498207844]-	When the number of configured CSI triggering states in AperiodicReportTrigger is greater than , where  is the number of bits in the DCI CSI request field, the UE receives a selection command [10, TS 38.321] used to map up to  trigger states to the codepoints of the DCI CSI request field.  is configured by the higher layer parameter ReportTriggerSize and . When a UE receives a selection command [10, TS 38.321] in slot n for mapping the CSI trigger state(s) to the codepoints of the DCI CSI request field, the corresponding action in [10, TS 38.321] and UE assumption on the mapping of the selected CSI trigger state(s) to the codepoint(s) of DCI CSI request field shall be applied no earlier than slot n + 20.

-	When the number of CSI triggering states in AperiodicReportTrigger is less than or equal to , the DCI CSI request field directly indicates the triggering state and the UE's quasi-colocation assumption.
…
When aperiodic CSI-RS is used with aperiodic reporting, the CSI-RS offset is configured per resource set in the higher layer parameter AperiodicNZP-CSI-RS-TriggeringOffset. The CSI-RS triggering offset X is measured in slots.
A UE is not expected aperiodic CSI-RS transmission on the OFDM symbols prior the first symbol of the PDCCH carrying the aperiodic CSI-RS trigger.
[bookmark: _Toc501048188]5.2.1.5.2	Semi-persistent CSI
[bookmark: _Hlk500780509][bookmark: _Toc501048191]…
[bookmark: _Hlk500788297]For a UE configured with the higher layer parameter ResourceConfigType set to 'semi-persistent'. 
-	when a UE receives an activation command [10, TS 38.321] for CSI-RS resource(s) for channel measurement and CSI-IM/NZP CSI-RS resource(s) for interference measurement associated with configured CSI resource setting(s) in slot n, the corresponding actions in [10, TS 38.321] and the UE assumptions (including quasi-co-location assumptions provided by a reference to a TCI-RS-SetConfig) on CSI-RS/CSI-IM transmission corresponding to the configured CSI-RS/CSI-IM resource configuration(s) shall be applied no later than the minimum requirement defined in [10, TS 38.133] and no earlier than slot n + 20. 
-	when a UE receives a deactivation command [10, TS 38.321] for activated CSI-RS/CSI-IM resource(s) associated with configured CSI resource setting(s) in slot n, the corresponding actions in [10, TS 38.321] and UE assumption on cessation of CSI-RS/CSI-IM transmission corresponding to the deactivated CSI-RS/CSI-IM resource(s) shall apply no later than the minimum requirement defined in [10, TS 38.133] and no earlier than slot n + 20.
-	the UE may assume that the CSI-RS resource(s) for channel measurement and the CSI-IM/NZP CSI-RS resource(s) for interference measurement are spatially quasi co-located.
…
5.2.2.1.1	CSI reference resource definition
[bookmark: _Hlk497821946][bookmark: _Hlk497822531]The CSI reference resource for a serving cell is defined as follows:
-	In the frequency domain, the CSI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CQI value relates.
[bookmark: _Hlk497896664]-	In the time domain, for the CSI reporting setting linked a UE configured with a single NZP CSI-RS resource Resource set Setting for channel measurement and a single CSI-IM Resource Setting for interference measurement for the serving cell, the CSI reference resource is defined by a single downlink slot n-nCQI_ref,
-	where for periodic and semi-persistent CSI reporting nCQI_ref is the smallest value greater than or equal to [TBD]5, such that it corresponds to a valid downlink slot. 
[bookmark: _Hlk497823914][bookmark: _Hlk503526363][bookmark: _Hlk503374069]-	where for aperiodic CSI reporting, if the UE is indicated by the DCI to report CSI in the same slot as the CSI request, nCQI_ref is such that the reference resource is in the same valid downlink slot as the corresponding CSI request, otherwise nCQI_ref is the smallest value greater than or equal to [TBD]5, such that slot n-nCQI_ref corresponds to a valid downlink slot. 
…
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