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1 Introduction
In this contribution we focus on remaining issues for CSI acquisition and provide proposals for the following topics:

· Remaining issues for CSI reference resource and valid slot;

· Over-sized L1-parameters related to NZP-CSI-RS resources;
· CSI reporting with mixed numerologies;

· Capability signalling for CSI-RS resources and CSI reporting.
2 CSI reference resource with respect to active BWP
The following conclusion was made in RAN1#94 for further discussion:

	For the next RAN1 meeting:

· Discuss the following issues in RAN1#94bis:

· CPU occupancy starting time for L1-RSRP reporting

· Z timing requirement (from triggering PDCCH to start of PUSCH) for L1-RSRP reporting

· Solution to avoid transmission of CSI for inactive/suspended BWP without changing the definition of valid downlink slot of the CSI reference resource.


This contribution provides our view on avoiding the CSI transmission when BWP is changed. In RAN1#94 it was concluded that the transmission of the CSI for inactive/suspended BWP should be avoided. Our paper in the previous meeting was also discussing similar issue [3], namely avoiding the use of outdated resources. In Figure 1, we present a scenario with BWP switch. In this example, following the latest 38.214 [2], the value of  nCQI_ref needs to correspond to a valid downlink slot. As a result, the CSI measurement resource for the first CSI report on BWP#1 (CSI report#0) after the active BWP is switched back from BWP#2 to BWP#1 is likely outdated. We propose to drop such a CSI report with outdated CMR/IMR. 

[image: image1]
Figure 1. Reporting example when active BWP is changed. 
One solution to handle the issue without changing the definition of valid downlink slot of the CSI reference resource is to define that after the report (re)configuration, BWP change or activation of SP-CSI, the UE reports CSI only after receiving the CSI resources for channel and/or interference measurement at least once before the first report transmission and drops the reports otherwise. Similar condition can be used to avoid the transmission of CSI for inactive/suspended BWP. The related TP is provided below.

Proposal 1: Define that after the CSI report (re)configuration, BWP change or activation of SP-CSI, the UE reports CSI only after receiving the CSI resources for channel and/or interference measurement at least once before the first CSI report transmission and drops the reports otherwise. 

-------------------------------- Begin of text proposal Section 5.2.2.1.1 of 38.214 ---------------------------------
< Unchanged part 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 DRSX 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.

After the CSI report (re)configuration, BWP change or activation of SP-CSI, the UE reports a CSI report only after receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement and drops the report otherwise.
-------------------------------- End of text proposal Section 5.2.2.1.1 of 38.214 ---------------------------------
3 Over-sized L1-parameters related to NZP-CSI-RS resources
Number of configured NZP-CSIRS resources

TS 38.331 specifies the following limitation on the “total number” of configured NZP-CSIRS resources per CC:

maxNrofNZP-CSI-RS-Resources



INTEGER ::= 192

-- Maximum number of Non-Zero-Power (NZP) CSI-RS resources
Our understanding on the number 192 is based on 128 resources for beam-management, 32 resources for CSI-acquit ion, and 32 resources for TRS; network has the flexibility to allocate NZP-CSI-RS resources for multiple functionalities under the total number constraint. 

In contrast, for UE capability reporting, the number of configured NZP-CSIRS resources are separately reported by each functionality, including CSI acquisition (FG 2-33) and for TRS (FG 2-51). Following current CSI framework and RRC structure, it is possible to configure NZP-CSIRS resources without being linked to a report setting for CSI acquisition, beam-management, or TRS. A UE cannot rely on capability reporting to reduce memory cost for configurations of NZP-CSIRS resources, because configuring NZP-CSIRS resources not associated with report settings is still allowed, and it is beyond the scope of defined UE capability reporting. As a result a UE may need to take maxNrofNZP-CSI-RS-Resources = 192 as a basic requirement; we believe this is unnecessary in real network deployment. We have the following proposal to preclude resources with no functionality:
Proposal 2: To avoid configuring NZP-CSI-RS resources without functionality, clarify that: 
A configured NZP-CSIRS resource falls under at least one of the following cases:

1) a NZP-CSI-RS resource is included in a configured NZP-CSI-RS resource set with a configured field “repetition” or “trs-info” 

2) a NZP-CSI-RS resource is included in a configured NZP-CSI-RS resource set  which  is included by a configured CSI-ResourceConfig included in a configured CSI-ReportConfig 

3)  a NZP-CSI-RS resource is included in a configured “RadioLinkMonitoringRS” 
4) a NZP-CSI-RS resource is  included in a configured BeamFailureRecoveryConfig

5) a NZP-CSI-RS resource is  included in a configured PUSCH-PathlossReferenceRS

6) a NZP-CSI-RS resource is  included in a configured PUCCH-PathlossReferenceRS

7) a NZP-CSI-RS resource is  included in a configured SRS-ResourceSet 
8) a NZP-CSI-RS resource is  included in a configured SRS-SpatialRelationInfo
9) a NZP-CSI-RS resource is  included in a configured PUCCH-SpatialRelationInfo

Non-PMI feedback

In RAN1#94, following agreements were reached to reduce the number of ‘non-PMI-port-indication’ fields and specify a default assumption for cases when the port-indication field is not present:

Agreement
UE is not expected to be configured with more than 64 NZP CSI-RS resources in a resource setting for channel measurement linked to non-PMI feedback.

· There is no impact to RAN2 specifications

Agreement

(-------------------------------------------- Start TP for 38.214 Section 5.2.1.4.2 ---------------------------(
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, 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 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 a sequence 
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 of port indices, where 
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 are the CSI-RS port indices associated with rank ν and 
[image: image4.wmf]{

}

)

,

8

min(

,...,

2

,

1

P

R

Î

 where
[image: image5.wmf]{

}

8

,

4

,

2

,

1

Î

P

 is the number of ports in the CSI-RS resource.

-
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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(-------------------------------------------- End TP for 38.214 Section 5.2.1.4.2 ---------------------------(
The agreements above somehow reBased on the agreement above, the RRC overhead could be significantly reduced if the port-indication field is not present. However, from a UE’s perspective, planning memory cost still needs to take the worst case into consideration by assuming port-indication would be configured. Moreover, it is still possible to have more than one reportConfig associated with non-PMI feedback; limiting to at most 64 NZP CSI-RS resources “in a resource setting” for channel measurement linked to non-PMI feedback is still not sufficient for UE’s design on memory budget. Additional constraint is needed to limit “the total number of NZP-CSI-RS resources” associated with the port indication information. 
Proposal 3: For a UE, across all configured CSI-ReportConfig IEs with present IE non-PMI-PortIndication, the total number of NZP-CSI-RS resources indicted by resourcesForChannelMeasurement included in the configured CSI-ReportConfigs is no greater than 64. 
4 CSI reporting with mixed numerologies
In RAN#81, it had been agreed that Case 1 (i.e., scheduling cell and scheduled cell have different SCS) in Figure 2 is not supported in Rel-15 NR. Note that Case 2 (i.e., scheduling cell and scheduled cell have same SCS, while different scheduling cells may have different SCS) is still supported in Rel-15 NR.
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Figure 2 [4]

Similar to cross-carrier scheduling for PDSCH, extra buffer size is expected if the PDCCH is with a smaller numerology (e.g., 15kHz) than that for the CSI-RS resources transmission (e.g., 60kHz). A trigger state can be associated with reports on multiple CCs and the reports are used for link adaptation for multiple CCs. A UE has to buffer more received signal for the carrier with larger SCS. For example, assuming that a UE needs x symbols with 15kHz SCS to finish PDCCH decoding, then at least 4x symbols with 60kHz SCS have to be buffered for possible presence of aperiodic CSIRS resources. Thus we have the following proposal:
Proposal 4: Triggering A-CSI reports whose measurement resources are with different numerology from that with PDCCH is not supported in Rel-15.
5 Capability signalling for CSI-RS resources and CSI reporting related parameters

(FG-2-33) CSI-RS and CSI-IM reception for CSI feedback 

1. Supported max # of configured NZP-CSI-RS resources per CC;

2. Supported max # of ports across all configured NZP-CSI-RS resources per CC;

3. Supported max # of configured CSI-IM resources per CC;

4. Supported max # simultaneous NZP-CSI-RS resources in active BWPs across all CCs;

5. Supported max total # of CSI-RS ports in simultaneous CSI-RS resources in active BWPs across all CCs.

The current capability signalling structure assumes UE can share its processing capability across all CCs in component-4 and component-5. However, it may not be always true for UE implementation. We propose to add the following per CC based capabilities in 2-33 CSI-RS and CSI-IM reception for CSI feedback:
· Supported max # simultaneous NZP-CSI-RS resources per active BWP;
· Supported max total # of NZP-CSI-RS ports in simultaneous CSI-RS resources per active BWP;
· Supported max # simultaneous CSI-IM resources per active BWP.

Proposal 5: Add capability components for max # simultaneous NZP-CSI-RS resources/ports and CSI-IM resources in an active BWP in FG 2-33.
(FG 2-35) CSI report framework

In FG 2-35 we have 

	CSI report framework


	1. Maximum number of periodic CSI report setting per BWP for CSI report

1a. Maximum number of periodic CSI report setting per BWP for beam report

2. Maximum number of aperiodic CSI report setting per BWP for CSI report

2a. Maximum number of aperiodic CSI report setting per BWP for beam report

3. Maximum number of semi-persistent CSI report setting per BWP for CSI report

3a. Maximum number of semi-persistent CSI report setting per BWP for beam report

4. UE can process Y CSI report(s) simultaneously in a CC. CSI reports can be P/SP/A CSI and any latency class and codebook type.
5. UE can process X CSI report(s) simultaneously across all CCs. CSI reports can be P/SP/A CSI and any latency class and codebook type. 


Capability values for CSI report setting, CSI-ReportConfig, are BWP specific. However it is still not clearly specified yet on which CC this CSI-ReportConfig should be counted in the case with cross-carrier scheduling. For example, in CC#0, CSI-MeasConfig contains CSI-ReportConfig associated with resources located in CC#1. It should be proper to count based on the BWP/CC where the measurement is performed; in other words, follow the IE carrier defined in CSI-ResourceConfig [38.331]:

carrier
Indicates in which serving cell the CSI-ResourceConfig indicated below are to be found. If the field is absent, the resources are on the same serving cell as this report configuration.
Proposal 6: Capability values for CSI report setting are counted in the CC indicated by the parameter carrier in CSI-ResourceConfig.

Number of trigger states for A-CSI
Following current RRC structure for aperiodic CSI trigger state, each trigger state contains one or multiple report settings, CSI-AssociatedReportConfigInfo, and the maximum number of report settings to be associated with one trigger state could be maxNrofReportConfigPerAperiodicTrigger = 16. The number of configured trigger states could be maxNrOfCSI-AperiodicTriggers = 128. Although MAC CE activation signaling can further reduce the number of trigger states to be at most 63 and fit the bit-width of CSI request field in DCI, assuming 63 trigger states is not realistic even if we further consider the potential usage of CSI-request across multiple CCs. On the other hand, UE implementation needs to further take the number of report settings to be associated with one trigger state into account. To reduce UE’s memory cost, we propose to introduce UE capability signalling for the supported maximum number of A-CSI trigger states.    
Proposal 7: add UE capability component for the maximum number of A-CSI trigger states for DCI indication per CC in FG 2-35. Candidate values are {1, 3, 7, 15, 31, 63}.

CRI in FG 2-41 and 2-43
It had been captured in 38.214 that CRI reporting is not supported when the higher layer parameter codebookType is set to 'typeII' or to 'typeII-PortSelection'. Thus the component ‘Max # of CSI-RS resource in a resource set’ in FG 2-41 and 2-43 should be removed.

Proposal 8: Remove ‘Max # of CSI-RS resource in a resource set’ in FG 2-41 and 2-43.
6 Conclusion

In this contribution we focus on remaining issues for CSI acquisition and provide the following proposals:

Proposal 1: Define that after the CSI report (re)configuration, BWP change or activation of SP-CSI, the UE reports CSI only after receiving the CSI resources for channel and/or interference measurement at least once before the first CSI report transmission and drops the reports otherwise. 

Proposal 2: To avoid configuring NZP-CSI-RS resources without functionality, clarify that: 
A configured NZP-CSIRS resource falls under at least one of the following cases:

1) a NZP-CSI-RS resource is included in a configured NZP-CSI-RS resource set with a configured field “repetition” or “trs-info” 

2) a NZP-CSI-RS resource is included in a configured NZP-CSI-RS resource set  which  is included by a configured CSI-ResourceConfig included in a configured CSI-ReportConfig 

3)  a NZP-CSI-RS resource is included in a configured “RadioLinkMonitoringRS” 
4) a NZP-CSI-RS resource is  included in a configured BeamFailureRecoveryConfig

5) a NZP-CSI-RS resource is  included in a configured PUSCH-PathlossReferenceRS

6) a NZP-CSI-RS resource is  included in a configured PUCCH-PathlossReferenceRS

7) a NZP-CSI-RS resource is  included in a configured SRS-ResourceSet 
8) a NZP-CSI-RS resource is  included in a configured SRS-SpatialRelationInfo
9) a NZP-CSI-RS resource is  included in a configured PUCCH-SpatialRelationInfo

Proposal 3: For a UE, across all configured CSI-ReportConfig IEs with present IE non-PMI-PortIndication, the total number of NZP-CSI-RS resources indicted by resourcesForChannelMeasurement included in the configured CSI-ReportConfigs is no greater than 64. 
Proposal 4: Triggering A-CSI reports whose measurement resources are with different numerology from that with PDCCH is not supported in Rel-15.
Proposal 5: Add capability components for max # simultaneous NZP-CSI-RS resources/ports and CSI-IM resources in an active BWP in FG 2-33.
Proposal 6: Capability values for CSI report setting are counted in the CC indicated by the parameter carrier in CSI-ResourceConfig.

Proposal 7: add UE capability component for the maximum number of A-CSI trigger states for DCI indication per CC in FG 2-35. Candidate values are {1, 3, 7, 15, 31, 63}.

Proposal 8: Remove ‘Max # of CSI-RS resource in a resource set’ in FG 2-41 and 2-43.
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