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1. Introduction

This contribution discusses some remaining issues that need to be addressed for CSI acquisition and reporting and suggests corresponding text proposals.
2. Discussion
2.1. Section 5.2.1.2 Resource Settings of TS 38.214
When NZP CSI-RS resource(s) is used for interference measurement, there will be three different kinds of resources:

· NZP CSI-RS resource for channel measurement

· NZP CSI-RS resource(s) for interference measurement

· CSI-IM resource for interference measurement
However, in the last paragraph of section 5.2.1.2, CSI-IM resource is replaced by CSI-RS resource by mistake. Thus we propose to fix the problem as follows:
· CSI-RS resource ->  CSI-IM resource
/************************* Start of Text Proposal for 38.214***************************/
5.2.1.2
Resource Settings
Each CSI Resource Setting CSI-ResourceConfig contains a configuration of a list of S≥1 CSI Resource Sets (given by higher layer parameter csi-RS-ResourceSetList), where the list is comprised of references to either or both of NZP CSI-RS resource set(s) and SS/PBCH block set(s) or the list is comprised of references to CSI-IM resource set(s). Each CSI Resource Setting is located in the DL BWP identified by the higher layer parameter bwp-id, and all CSI Resource Settings linked to a CSI Report Setting have the same DL BWP.

The time domain behavior of the CSI-RS resources within a CSI Resource Setting are indicated by the higher layer parameter resourceType and can be set to aperiodic, periodic, or semi-persistent. For periodic and semi-persistent CSI Resource Settings, the number of CSI-RS Resource Sets configured is limited to S=1. For periodic and semi-persistent CSI Resource Settings, the configured periodicity and slot offset is given in the numerology of its associated DL BWP, as given by bwp-id. When a UE is configured with multiple CSI-ResourceConfigs consisting the same NZP CSI-RS resource ID, the same time domain behavior shall be configured for the CSI-ResourceConfigs. When a UE is configured with multiple CSI-ResourceConfigs consisting the same CSI-IM resource ID, the same time-domain behavior shall be configured for the CSI-ResourceConfigs.
The following are configured via higher layer signaling for one or more CSI Resource Settings for channel and interference measurement:

-
CSI-IM resource for interference measurement as described in Subclause 5.2.2.4. 
-
NZP CSI-RS resource for interference measurement as described in Subclause 5.2.2.3.1.
-
NZP CSI-RS resource for channel measurement as described in Subclause 5.2.2.3.1.

The UE may assume that the NZP CSI-RS resource(s) for channel measurement and the CSI-IM resource(s) for interference measurement configured for one CSI reporting are resource-wise QCLed with respect to 'QCL-TypeD'. When NZP CSI-RS resource(s) is used for interference measurement, the UE may assume that the NZP CSI-RS resource for channel measurement and the CSI-IM resource and/or NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD'.
/************************* End of Text Proposal for 38.214***************************/
2.2. Section 5.2.1.4.1 Resource Setting Configuration of TS 38.214
In section 5.2.1.4.1, the reportQuality of ‘cqi-RI-CQI’ is a typo. It should be ‘cri-RI-CQI’. Thus we propose to fix the problem as follows:

· ‘cqi-RI-CQI’ ->  ‘cri-RI-CQI’
/************************* Start of Text Proposal for 38.214***************************/
5.2.1.4.1
Resource Setting Configuration
<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 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.

A UE is not expected to be configured with more than one CSI-RS resource in resource set for channel measurement for a CSI-ReportConfig with the higher layer parameter codebookType set to ‘typeII’ or to ‘typeII-PortSelection’. A UE is not expected to be configured with more than 64 NZP CSI-RS resources in resource setting for channel measurement for a CSI-ReportConfig with the higher layer parameter reportQuantity set to ‘none’,  ‘cri-RI-CQI’, ‘cri-RSRP’ or ‘ssb-Index-RSRP’. If interference measurement is performed on CSI-IM, each CSI-RS resource for channel measurement is resource-wise associated with a CSI-IM resource by the ordering of the CSI-RS resource and CSI-IM resource in the corresponding resource sets. The number of CSI-RS resources for channel measurement equals to the number of CSI-IM resources.

<Unchanged parts omitted>
/************************* End of Text Proposal for 38.214***************************/
2.3. Section 5.2.1.4.2 Report Quality Configurations of TS 38.214
Regarding the case of non-PMI feedback, we need to clarify the description of non-PMI-PortIndication since the contents of non-PMI-PortIndication is not correct in the current specification. 
According to TS 38.331, we have the following observations
· The RRC parameter 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
· Refine the description on contents of non-PMI-PortIndication to make it be consistent with TS 38.331
/************************* Start of Text Proposal for 38.214***************************/
5.2.1.4.2
Report Quantity Configurations

<Unchanged parts omitted>
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, 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': 
-
if the UE is configured with higher layer parameter non-PMI-PortIndication contained in a CSI-ReportConfig, 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 CSI-ReportConfig 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 configured higher layer parameter non-PMI-PortIndication contains one or more sequence(s), each consisting of  
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 of port indices, where 
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-
if the UE is not configured with higher layer parameter non-PMI-PortIndication, the UE assumes, for each CSI-RS resource in the CSI resource setting linked to the CSI-ReportConfig, that the CSI-RS port indices 
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-
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 scaled by 
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If the UE is configured with a CSI-RS resource 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***************************/
2.4. Section 5.2.1.5 Triggering/activation of CSI Reports and CSI-RS of TS 38.214
In the last meeting [7], RAN1 agreed to map codepoints of DCI to a SP-CSI triggering state according to the CSI triggering state ID, which is captured in the latest version of 38.214.  However, TS 38.331 does not define the triggering state ID: 

CSI-SemiPersistentOnPUSCH-TriggerStateList information element

-- ASN1START

-- TAG-CSI-SEMIPERSISTENTONPUSCHTRIGGERSTATELIST-START

CSI-SemiPersistentOnPUSCH-TriggerStateList ::=  SEQUENCE(SIZE (1..maxNrOfSemiPersistentPUSCH-Triggers)) OF CSI-SemiPersistentOnPUSCH-TriggerState

CSI-SemiPersistentOnPUSCH-TriggerState ::=      SEQUENCE {

    associatedReportConfigInfo                      CSI-ReportConfigId,

    ...

}

-- TAG-CSI-SEMIPERSISTENTONPUSCHTRIGGERSTATELIST-STOP 

-- ASN1STOP

To address this issue, one straight forward way is to replace the triggering state ID with the position of triggering state in the IE configuration.  
For aperiodic CSI reporting, there is the same issue as well. Thus we propose to

· Fixed the mapping between codepoints of DCI field and triggering states for aperiodic and semi-persistent CSI reporting
/************************* Start of Text Proposal for 38.214***************************/
5.2.1.5.1
Aperiodic CSI Reporting/Aperiodic CSI-RS

<Unchanged parts omitted>

-
When all the bits of CSI request field in DCI are set to zero, no CSI is requested.

-
When the number of configured CSI triggering states in CSI-AperiodicTriggerStateList is greater than 
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 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 
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 trigger states to the codepoints of the CSI request field in DCI. 
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. When the HARQ/ACK corresponding to the PDSCH carrying the selection command is transmitted in the slot n, 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 starting from slot [image: image16.png]n 4 3NSLEIramen 4 g
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-
When the number of CSI triggering states in CSI-AperiodicTriggerStateList is less than or equal to 
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, the CSI request field in DCI directly indicates the triggering state and the UE's quasi co-location assumption.

-
For each aperiodic CSI-RS resource in a CSI-RS resource set associated with each CSI triggering state, the UE is indicated the quasi co-location configuration of quasi co-location RS source(s) and quasi co-location type(s), as described in Subclause 5.1.5, through higher layer signaling of qcl-info which contains a list of references to TCI-State's for the aperiodic CSI-RS resources associated with the CSI triggering state. If a State referred to in the list is configured with a reference to an RS associated with 'QCL-TypeD', that RS may be an SS/PBCH block located in the same or different CC/DL BWP or a CSI-RS resource configured as periodic or semi-persistent located in the same or different CC/DL BWP. If the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without the higher layer parameter repetition is smaller than the UE reported threshold the UE applies a default QCL assumption.

-
A non-zero codepoint of the CSI request field in the DCI is mapped to a CSI triggering state according to the order of the  associated positions of the up to [image: image19.png]


 trigger states in CSI-AperiodicTriggerStateList with codepoint '1' mapped to the triggering state  in the first position
<Unchanged parts omitted>
/************************* End of Text Proposal for 38.214***************************/
/************************* Start of Text Proposal for 38.214***************************/
5.2.1.5.2
Semi-persistent CSI/Semi-persistent CSI-RS

<Unchanged parts omitted>

A codepoint of the CSI request field in the DCI is mapped to a SP-CSI triggering state according to the order of  the positions of the configured trigger states in CSI-SemiPersistentOnPUSCH-TriggerStateList, with codepoint '0' mapped to the triggering state in the first position. A UE validates, for semi-persistent CSI activation or release, a DL semi-persistent assignment PDCCH on a DCI only if the following conditions are met: 

-
the CRC parity bits of the DCI format are scrambled with a SP-CSI-RNTI provided by higher layer parameter sp-csi-RNTI 

-
Special fields for the DCI format are set according to Table 5.2.1.5.2-1 or Table 5.2.1.5.2-2.

If validation is achieved, the UE considers the information in the DCI format as a valid activation or valid release of semi-persistent CSI transmission on PUSCH. If validation is not achieved, the UE considers the DCI format as having been detected with a non-matching CRC.
<Unchanged parts omitted>
/************************* End of Text Proposal for 38.214***************************/
2.5. Section 5.2.1.6 CSI processing criteria of TS 38.214
/************************* Start of Text Proposal for 38.214***************************/
· 5.2.1.6
CSI processing criteria

The UE indicates the number of supported simultaneous CSI calculations [image: image21.png]


. If a UE supports [image: image23.png]


 simultaneous CSI calculations it is said to have [image: image25.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: image27.png]


 unoccupied CPUs. If a UE receives an aperiodic CSI request for N CSI reports, on an OFDM symbol with [image: image29.png]


 unoccupied CPUs, where each CSI report [image: image31.png]


 corresponds to [image: image33.png]o)



 the UE is not required to update the [image: image35.png]


 requested CSI reports with lowest priority (according to Subclause 5.2.5), where [image: image37.png]


is the largest value such that [image: image39.png]0%y < Nepy — L




 holds. 

The UE is not required to update a periodic or semi-persistent CSI report if [image: image41.png]Ncpy — L < Ocpy



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

<Unchanged parts omitted>
/************************* End of Text Proposal for 38.214***************************/
2.6. Section 5.2.2.1.1 CSI reference resource definition of TS 38.214
There is a typo “DRS”, which should be fixed.
/************************* Start of Text Proposal for 38.214***************************/
5.2.2.1.1
CSI reference resource definition

<Unchanged parts omitted>
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.
<Unchanged parts omitted>
/************************* End of Text Proposal for 38.214***************************/
2.7. Section 5.2.2.3.1 NZP CSI-RS of TS 38.214
For aperiodic TRS, the associated reportQuantity should be ‘none’ whereas no CSI-ReportConfig should not be configured for a periodic TRS.  Moreover, for the CSI-ReportConfig IE, the filed reportQuantity is mandatory rather than optional. Based on these basics, we can see that there are no case that the reportQuantity is unconfigured in the associated reporting setting.  Thus the current description in Section 5.2.2.3.1 is not accurate and we propose to fix the issue as follows:

· Remove the case that the reportQuantity is unconfigured in the associated reporting setting
bwp-Id is configured in CSI-ResourceConfig rather than in NZP-CSI-RS-Resource. Thus it is obvious that all CSI-RS resource within one set are configured with same bwp-Id. Based on this fact, it is not necessary to duplicate it as follows

[image: image42]
The above sentence may also lead to unnecessary ambiguity. For example, someone may get a misunderstanding that the NZP CSI-RS resource for interference measurement and the NZP CSI-RS resource for channel measurement can be in different DL BWP. However, it is wrong. Thus we have the following proposal to fix the inaccurate issue:

· Remove “bwp-Id” from the above-mentioned sentence
/************************* Start of Text Proposal for 38.214***************************/
<Unchanged parts omitted>
-
powerControlOffsetSS: which is the assumed ratio of SS/PBCH block EPRE to NZP CSI-RS EPRE. 
-
scramblingID defines scrambling ID of CSI-RS with length of 10 bits.

-
bwp-Id in CSI-ResourceConfig defines which bandwidth part the configured CSI-RS is located in.

-
repetition in NZP-CSI-RS-ResourceSet is associated with a CSI-RS resource set and defines whether UE can assume the CSI-RS resources within the NZP CSI-RS Resource Set are transmitted with the same downlink spatial domain transmission filter or not as described in Subclause 5.1.6.1.2. and can be configured only when the higher layer parameter reportQuantity associated with all the reporting settings linked with the CSI-RS resource set is set to 'cri-RSRP' or 'none'.

-
qcl-InfoPeriodicCSI-RS contains a reference to a TCI-State indicating QCL source RS(s) and QCL type(s). If the TCI-State is configured with a reference to an RS with 'QCL-TypeD' association, that RS may be an SS/PBCH block located in the same or different CC/DL BWP or a CSI-RS resource configured as periodic located in the same or different CC/DL BWP.

-
trs-Info in NZP-CSI-RS-ResourceSet is associated with a CSI-RS resource set and for which the UE can assume that the antenna port with the same port index of the configured NZP CSI-RS resources in the NZP-CSI-RS-ResourceSet is the same as described in Subclause 5.1.6.1.1 and can be configured when reporting setting is not configured or when the higher layer parameter reportQuantity associated with all the reporting settings linked with the CSI-RS resource set is set to 'none'.

All CSI-RS resources within one set are configured with same density and same nrofPorts, except for the NZP CSI-RS resources used for interference measurement.
<Unchanged parts omitted>
/************************* End of Text Proposal for 38.214***************************/
2.8. L1-RSRP computation time
There is a remaining issue regarding the Z timing requirement (from triggering PDCCH to start of the corresponding PUSCH) for L1-RSRP reporting. In the last meeting, there are several alternatives summarized in the feature lead summary [6], but no consensus is achieved:

· Alt 1: The value UE reports as capability 2-28 plus 1 symbols

· Alt 2: The value UE reports as capability 2-25 plus 2 symbols

· Alt 3: The value UE reports as capability 2-25 plus the value UE reports as capability 2-28. Aperiodic L1-RSRP reporting is not supported for 15kHz and 30kHz SCS

· Alt 4: Use the Z value for Low Latency CSI delay requirement 2

For sub-6 GHz (SCS=15KHz, 30KHz), aperiodic L1-RSRP reporting is an important feature for the system flexibility and efficiency. For mmWave (SCS=60KHz, 120KHz), the summation of FG 2-25 and FG 2-28 is straightforward and reasonable. Thus we have the following proposal:
· The Z time requirement for L1-RSRP is 

· The value UE reports as FG 2-25 plus 2 symbols for SCS=15KHz, 30KHz

· The value UE reports as FG 2-25 plus the value UE reports as FG 2-28 for SCS=60KHz, 120KHz.
3. Conclusion

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