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1. Introduction

This contribution discusses some issues that need to be addressed for CSI acquisition and reporting and provides the corresponding text proposals.
2. Discussion
2.1. Section 5.2.1 Channel state information framework of TS 38.214
In section 5.2.1, some RRC parameters use the names different from that in TS 38.331. Thus, in this text proposal, we propose the update of the following RRC parameters so that they are aligned with the counterparts of TS 38.331:
· aperiodicTriggerStateList -> CSI-AperiodicTriggerStateList

· semiPersistentOnPUSCH-TriiggerStateList -> CSI-SemiPersistentOnPUSCH-TriggerStateList
/************************* Start of Text Proposal for 38.214***************************/
5.2.1
Channel state information framework

The time and frequency resources that can be used by the UE to report CSI are controlled by the gNB. CSI may consist of Channel Quality Indicator (CQI), precoding matrix indicator (PMI), CSI-RS resource indicator (CRI), SS/PBCH Block Resource indicator (SSBRI), layer indicator (LI), rank indicator (RI) and/or L1-RSRP.

For CQI, PMI, CRI, SSBRI, LI, RI, L1-RSRP, a UE is configured by higher layers with N≥1 CSI-ReportConfig Reporting Settings, M≥1 CSI-ResourceConfig Resource Settings, and one or two list(s) of trigger states (given by the higher layer parameters CSI-AperiodicTriggerStateList and CSI-SemiPersistentOnPUSCH-TriggerStateList). Each trigger state in CSI-AperiodicTriggerStateList contains a list of associated CSI-ReportConfigs indicating the Resource Set IDs for channel and optionally for interference. Each trigger state in CSI-SemiPersistentOnPUSCH-TriggerStateList contains one associated CSI-ReportConfig.
/************************* End of Text Proposal for 38.214***************************/
2.2. Section 5.2.1.4.2 Report Quality Configurations of TS 38.214
The sentence of “ … resources can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters” are providing unnecessary details on UE implementation, which should not be part of specification. Thus we propose to 
· Remove such description on UE implementation in Section 5.2.1.4.2

Regarding the case of non-PMI feedback, we need to clarify the association of non-PMI-PortIndication and CSI-RS resource. In the current spec, the CSI-RS resources are linked to CSI-ReportConfig, rather than non-PMI-PortIndication. Moreover the contents of non-PMI-PortIndication is not clear in the current specification, since
· The RRC paramenter non-PMI-PortIndication consists of one or more sequences, each sequence is associated with one CSI-RS resource, and each sequence consists of 
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 of port indices
Thus we propose to
· Link the CSI-RS resources to non-PMI-PortIndication
· Refine the description on contents of non-PMI-PortIndication
/************************* Start of Text Proposal for 38.214***************************/
5.2.1.4.2
Report Quantity Configurations

If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RSRP', 'cri-RI-PMI-CQI ', 'cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI' or 'cri-RI-LI-PMI-CQI', and [image: image3.png]


resources are configured in the corresponding resource set for channel measurement, then the UE shall derive the CSI parameters other than CRI conditioned on the reported CRI, where CRI k (k ≥ 0) corresponds to the configured (k+1)-th entry of associated nzp-CSI-RSResource in the corresponding nzp-CSI-RS-ResourceSet for channel measurement, and (k+1)-th entry of associated csi-IM-Resource in the corresponding csi-IM-ResourceSet (if configured) If [image: image5.png]


CSI-RS resources are configured, each resource shall contain at most 16 CSI-RS ports. If [image: image7.png]2<K.<8



CSI-RS resources are configured, each resource shall contain at most 8 CSI-RS ports. 

If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RSRP' or 'ssb-Index-RSRP'
-
if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'disabled', the UE is not required to update measurements for more than 64 CSI-RS and/ or SSB resources, and the UE shall report in a single report nrofReportedRS (higher layer configured) different CRI or SSBRI (SSB Resource Indicator) for each report setting. 

-
if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'enabled', the UE is not required to update measurements for more than 64 [CSI-RS and or SSB] resources, and the UE shall report in a single reporting instance two different CRI or SSBRI for each report setting, where CSI-RS or SSB resources can be received simultaneously by the UE. 

If the UE is configured with a CSI-ReportConfig with 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', then the UE is not expected to be configured with more than 8 CSI-RS resources in a CSI-RS resource set contained within a resource setting that is linked to the CSI-ReportConfig.

If the UE is configured with a CSI-ReportConfig with higher layer parameter reportQuantity set to 'cri-RSRP' or 'none' and the CSI-ReportConfig is linked to a resource setting configured with the higher layer parameter resourceType set to 'aperiodic', then the UE is not expected to be configured with more than 16 CSI-RS resources in a CSI-RS resource set contained within the resource setting. 

If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-PMI-CQI', or 'cri-RI-LI-PMI-CQI', the UE shall report a preferred precoder matrix for the entire reporting band, and/or a preferred precoder matrix per subband, according to Subclause  5.2.2.2.

If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-CQI': 
-
the UE is configured with higher layer parameter non-PMI-PortIndication contained in a CSI-ReportConfig, where r ports are indicated in the order of layer ordering for rank r and each CSI-RS resource in the CSI resource setting is linked to the non-PMI-PortIndication based on the order of the associated NZP-CSI-RS-ResourceId in the linked CSI resource setting for channel measurement given by higher layer parameter resourcesForChannelMeasurement. The higher layer parameter non-PMI-PortIndication contains one or more sequences, each consisting of 
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 is the number of ports in the CSI-RS resource.

-
When calculating the CQI for a rank, the UE shall use the ports indicated for that rank for the selected CSI-RS resource. The precoder for the indicated ports shall be assumed to be the identity matrix.

If the UE is configured with a CSI-RS resource is configured with the higher layer parameter reportQuantity set to 'none', then the UE shall not report any quantity for the CSI-ReportConfig associated with the reportQuantity. Otherwise, the UE shall report the quantity for the CSI-ReportConfig as configured by the associated reportQuantity. 

The LI indicates which column of the precoder matrix of the reported PMI corresponds to the strongest layer of the codeword corresponding to the largest reported wideband CQI. If two wideband CQIs are reported and have equal value, the LI corresponds to strongest layer of the first codeword
/************************* End of Text Proposal for 38.214***************************/
2.3. Section 5.2.1.5.2 Semi-persistent CSI/Semi-persistent CSI-RS of TS 38.214
When a UE receives an activation command and if TCI-RS-SetConfig in the list is configured, QCL information can be inferred to. In contrast, when a UE receives a deactivation command, there is no need for the existing of TCI-RS-SetConfig to indicate related QCL info. Thus the sentence of “If a TCI-State referred to in the list is configured with a reference to an RS associated with 'QCL-TypeD', that RS can be an SS/PBCH block, periodic or semi-persistent CSI-RS located in same or different CC/DL BWP.” is not necessarily duplicated in the paragraph regarding deactivation command. 
Thus we propose to 
· Remove the above-mentioned sentence.

/************************* Start of Text Proposal for 38.214***************************/
5.2.1.5.2
Semi-persistent CSI/Semi-persistent CSI-RS

For semi-persistent reporting on PUSCH, a set of semi-persistent Reporting settings are higher layer configured by CSI-SemiPersistentOnPUSCH-TriggerStateList, the CSI request field in DCI scrambled with SP-CSI-RNTI activates one of the semi-persistent CSI reports and the PUSCH transmission occasion used for transmitting the CSI report are configured by reportConfigType.

Semi-persistent reporting on PUCCH is activated by an activation command [10, TS 38.321], which selects one of the semi-persistent Reporting Settings for use by the UE on the PUCCH. When the HARQ-ACK corresponding to the PDSCH carrying the activation command is transmitted in slot n, the indicated semi-persistent Reporting Setting should be applied starting from slot [image: image13.png]n + 3NZirramen



+1. If the field reportConfigType is not present, the UE shall report the CSI on PUSCH. 
For a UE configured with the higher layer parameter reportConfigType set to 'semiPersistentOnPUCCH' . 

-
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), and when the HARQ-ACK corresponding to the PDSCH carrying the selection command is transmitted in slot n, the corresponding actions in [10, TS 38.321] and the UE assumptions (including QCL assumptions provided by a list of reference to TCI-State's, one per activated resource) on CSI-RS/CSI-IM transmission corresponding to the configured CSI-RS/CSI-IM resource configuration(s) shall be applied starting from slot [image: image15.png]n 4 3NSLEIramen 4 g



 If a TCI-State referred to in the list is configured with a reference to an RS associated with 'QCL-TypeD', that RS can be an SS/PBCH block, periodic or semi-persistent CSI-RS located in same or different CC/DL BWP.

-
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), and when  the HARQ-ACK corresponding to the PDSCH carrying the selection command is transmitted 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 starting from slot [image: image17.png]n 4 3NSLEIramen 4 g



 
<Unchanged parts omitted>
/************************* End of Text Proposal for 38.214***************************/
2.4. Section 5.2.1.6 CSI processing criteria of TS 38.214
/************************* Start of Text Proposal for 38.214***************************/
2.4.1.1  
CSI processing criteria

The UE indicates the number of supported simultaneous CSI calculations [image: image19.png]


. If a UE supports [image: image21.png]


 simultaneous CSI calculations it is said to have [image: image23.png]


 CSI processing units for processing CSI reports across all configured cells. If L CPUs are occupied for calculation of CSI reports in a given OFDM symbol, the UE has [image: image25.png]


 unoccupied CPUs. If a UE receives an aperiodic CSI request for N CSI reports, where each CSI report [image: image27.png]


 has [image: image29.png]


CSI-RS resources in the CSI-RS resource set for channel measurement, the UE is not required to update the [image: image31.png]


 requested CSI reports with lowest priority (according to Subclause 5.2.5), where [image: image33.png]


is the largest value such that [image: image35.png]


 holds. 

The UE is not required to update a periodic or semi-persistent CSI report if [image: image37.png]Ncpy

—L=K,



 on the earliest one of the first symbol of the latest CSI-RS/CSI-RS resource no later than the corresponding CSI reference resource of the CSI report. 

Processing of a CSI report occupies a number of CPUs for a number of symbols as follows:

-

-
A CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'cri-RSRP' or 'none' occupies [image: image39.png]


CPUs, where [image: image41.png]


is the number of CSI-RS resources in the CSI-.RS resource set for channel measurement. 

-
A CSI report aperiodically triggered without transmitting a PUSCH with either transport block or HARQ-ACK or both when L = 0 CPUs are occupied, where the CSI corresponds to wideband frequency-granularity and to at most 4 CSI-RS ports in a single resource without CRI report and where codebookType is set to 'TypeI-SinglePanel' or where reportQuantity is set to 'cri-RI-CQI', occupies [image: image43.png]


CPUs.

The CPU(s) are occupied for a number of OFDM symbols as follows:

-
A periodic or semi-persistent CSI report occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM resource for channel or interference measurement, respective latest CSI-RS/CSI-IM occasion no later than the corresponding CSI reference resource until the last symbol of the PUSCH/PUCCH carrying the report.

-
An aperiodic CSI report used with periodic or semi-persistent CSI-RS occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM resource for channel or interference measurement respective latest CSI-RS/CSI-IM occasions no later than the corresponding CSI reference resource until the last symbol of the PUSCH carrying the report.

-
An aperiodic CSI report used with aperiodic CSI-RS occupies a CPU from the first symbol after the PDCCH triggering the CSI report until the last symbol of the PUSCH carrying the report.

In any slot, the UE is not expected to have more active CSI-RS ports or active CSI-RS resources than reported as capability. NZP CSI-RS resource is active in a duration of time defined as follows. For aperiodic CSI-RS, starting from the end of the PDCCH containing the request and ending at the end of the PUSCH containing the report associated with this aperiodic CSI-RS. For semi-persistent CSI-RS, starting from the end of when the activation command is applied, and ending at the end of when the deactivation command is applied. For periodic CSI-RS, starting when the periodic CSI-RS is configured by higher layer signalling, and ending when the periodic CSI-RS configuration is released.
/************************* End of Text Proposal for 38.214***************************/
2.5. Section 5.2.2.1.1 CSI reference resource definition of TS 38.214
For the definition of CSI reference resource, the current description will encounter some problems when the UL and DL have different numerologies. Here is an example where DL has larger SCS than that of UL for a FDD NR system:

[image: image44.emf]DL (30KHz) 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

UL (15KHz)
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Consider the case where a CSI reporting with a single CSI-RS resource for channel estimation is reported in uplink slot #8 (Green). The valid DL subframe for CSI reference resource should be DL slot #8 (Yellow). However according to the current specification, the valid DL subframe for CSI reference resource is DL slot #4 (Red) .
Another example where DL has smaller SCS than that of UL for a FDD NR system:

[image: image45.emf]DL (15KHz)

UL (30KHz) 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
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Assume that a CSI reporting with a single CSI-RS resource for channel estimation is reported in uplink slot #10 (Green). The valid DL subframe for CSI reference resource should be DL slot #1 (Yellow). However according to the current specification, the valid DL subframe for CSI reference resource is DL slot #6 (Red) , which is later than the UL slot #10. 
Thus the current specification are not valid for the two examples. In order to address the illustrated problems, we have the following proposals
· nCQI_ref is determined based on the numerology of DL BWP 
· CSI reference resource for a CSI reporting in uplink slot n is defined by a single downlink slot [image: image47.png]


[image: image49.png]



/************************* Start of Text Proposal for 38.214***************************/
5.2.2.1.1
CSI reference resource definition

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.

-
In the time domain, for a UE configured with a single CSI resource set for the serving cell, the CSI reference resource for a CSI reporting in uplink slot n is defined by a single downlink slot [image: image50.png]



-
where for periodic and semi-persistent CSI reporting

-
if a single CSI-RS resource is configured for channel measurement nCQI_ref is the smallest value greater than or equal to 
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-
if multiple CSI-RS resources are configured for channel measurement nCQI_ref is the smallest value greater than or equal to 
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2

5

m

×

, such that it corresponds to a valid downlink slot.

-
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 
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, such that slot corresponds to a valid downlink slot, where Z' corresponds to the delay requirement as defined in Subclause 5.4.

-
when periodic or semi-persistent CSI-RS/CSI-IM is used for channel/interference measurements, the UE is not expected to measure channel/interference on the CSI-RS/CSI-IM whose last OFDM symbol is received up to Z' symbols before transmission time of the first OFDM symbol of the aperiodic CSI reporting.

A slot in a serving cell shall be considered to be a valid downlink slot if:

-
it comprises at least one higher layer configured downlink or flexible symbol, and

-
it does not fall within a configured measurement gap for that UE, and

-
the active DL BWP in the slot is the same as the DL BWP for which the CSI reporting is performed, and

-
there is at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement in DRX Active Time no later than CSI reference resource for which the CSI reporting is performed. 

If there is no valid downlink slot for the CSI reference resource corresponding to a CSI Report Setting in a serving cell, CSI reporting is omitted for the serving cell in uplink slot n.

When deriving CSI feedback, the UE is not expected that a NZP CSI -RS resource for channel measurement overlaps with CSI-IM resource for interference measurement or NZP CSI -RS resource for interference measurement.

<Unchanged parts omitted>
/************************* End of Text Proposal for 38.214***************************/
2.6. Section 5.4 UE CSI computation time of TS 38.214
In Section 5.4, there are two cases where UE don’t need to update CSI reporting or report CSI. In this cases, UE don’t have enough time to process the decoding of DCI or measurement, where the uplink channels starts earlier than some specific point. Thus we propose to
· Change “no earlier” to “earlier”

For the Low Latency CSI class, there are two different cases: one is no CPU is occupied and the other is some CPUs is occupied. In the current spec, the second case doesn’t mention the occupation of CPU, which is incomplete and confusing. Thus we propose to

· Clarify the two cases of Low Latency CSI class by adding description on the occupation of CPU.

/************************* Start of Text Proposal for 38.214***************************/
5.4
UE CSI computation time

When the CSI request field on a DCI triggers a CSI report(s) on PUSCH, the UE shall provide valid CSI report(s), 

-
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 , and

-
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, 

where Zref is defined as the next uplink symbol with its CP starting after 
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 after the end of the last symbol of the PDCCH triggering the CSI report, and where Z'ref, is defined as the next uplink symbol with its CP starting after  
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after the end of the last symbol in time of: the last symbol of aperiodic CSI-RS resource for channel measurements, the last symbol of aperiodic CSI-IM used for interference measurements, and the last symbol of aperiodic NZP CSI-RS for interference measurement, when aperiodic CSI-RS is used for channel measurement for triggered CSI report n, 

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 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  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.
Z and Z' are defined as: 

[image: image61.png]


 and [image: image63.png]


, where M is the number of updated CSI report(s) according to Subclause 5.2.1.6, [image: image65.png](Z,Z1)



 corresponds to the m-th requested CSI report and is defined as

-
[image: image67.png](Z,,Z9)



 of the table 5.4-1 if the CSI is triggered without a PUSCH with either transport block or HARQ-ACK or both when L = 0 CPUs are occupied (according to Subclause 5.2.1.6) and the CSI to be transmitted corresponds to wideband frequency-granularity where the CSI corresponds to at most 4 CSI-RS ports in a single resource without CRI report and where CodebookType is set to 'TypeI-SinglePanel' or where reportQuantity is set to 'cri-RI-CQI', or

-
[image: image69.png](Z,,Z9)



 of the table 5.4-2 if the CSI is triggered without a PUSCH with either a transport block or HARQ-ACK or both when L>=1 CPU(s) are occupied (according to Subclause 5.2.1.6) and the CSI to be transmitted corresponds to wideband frequency-granularity where the CSI corresponds to at most 4 CSI-RS ports in a single resource without CRI report and where CodebookType is set to 'TypeI-SinglePanel' or where reportQuantity is set to 'cri-RI-CQI', or

-
If reportQuantity is set to 'cri-RSRP' or 'ssb-Index-RSRP', [image: image71.png]


is according to UE reported capability and [image: image73.png]


is FFS, or
-
[image: image75.png](Z,,Z%)



 of table 5.4-2 otherwise.

-
µ of table 5.4-1 and table 5.4-2  corresponds to the min (µPDCCH, µCSI-RS, µUL) where the µPDCCH corresponds to the subcarrier spacing of the PDCCH with which the DCI was transmitted and µUL corresponds to the subcarrier spacing of the PUSCH with which the CSI report is to be transmitted and µCSI-RS corresponds to the minimum subcarrier spacing of the aperiodic CSI-RS triggered by the DCI

-
d = 0 if the CSI is not multiplexed with a PUSCH with either a transport block or HARQ-ACK of both. If CSI is multiplexed with a PUSCH with either a transport block or HARQ-ACK of both, d = 2 for µ = 0,1, d = 3 for µ = 2 and d = 3 for µ = 4

<Unchanged parts omitted>
/************************* End of Text Proposal for 38.214***************************/
3. Conclusion

In this contribution, we provide some TPs for CSI acquisition and reporting. 
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