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1 Introduction
In this contribution, we summarize companies’ views on remaining open issues for CSI measurement.
2 CSI derivation
Issue 2.1: CSI derivation based on multiple CSI-RS resources
In the current specifications, CRI is part of CSI reporting. However, it hasn’t been decided how CSI is derived when multiple resources are configured in the corresponding resource set. The following proposal is proposed by Qualcomm and ZTE/Sanechips to derive CRI and remaining CSI parameters following the approach in LTE Class B K>1.
Proposal 1: When the UE is configured 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’, and multiple resources are configured in the corresponding resource set for channel measurement, the UE shall derive the CSI parameters other than CRI conditioned on the CRI.
TP for proposal 1 in TP1 of [2] in Appendix
3 Interference measurement
Issue 3.1: Association between IMR and NZP CSI-RS for channel measurement
As pointed out by ZTE/Sanechips/Ericsson/Samsung, for each CSI derivation, only single CSI-IM resource is needed. Hence, same as LTE, the resources in the set for channel measurement and the resources in the set of CSI-IM should form a one-to-one mapping.

Proposal 2: 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.
TP for proposal 2 in TP2 of [2] in Appendix
[Comment from Samsung]: Interference accumulation is already agreed feature. In that sense, co-existence of this association and interference accumulation should be considered.
Further discuss on whether multiple NZP CSI-RS resources for interference measurement is allowed for CSI measurement of one CSI report.
Issue 3.2: Consideration of other signals and interference accumulation for NZP based IMR

In RAN1#91, the following is agreed

· UE performs accumulation of interference estimated on the following

· All interference layers on NZP IMR(s) taking into account the associated Pc power boosting; and

· Other interference signal on REs of CMR/IMR 

· Notes: this does not mandate specific UE implementation

Companies have different views on how to capture the above agreement in specifications. The major divergence comes from how to consider other interference signals for CMR, IMR or both. The following options are summarized from companies’ contributions.

Option 1: Supported by Huawei

TP for Option 1 in [1A] 
	For CSI measurement(s), a UE assumes: 

-
each non-zero power CSI-RS port configured for interference measurement corresponds to an interference transmission layer.

-
all interference transmission layers on non-zero power CSI-RS ports for interference measurement, taking into account the associated EPRE ratios configured in 5.2.2.3.1; and

-
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.

The UE assumes all interference transmission layers and other interference signal to be accumulated for interference calculation.


Option 2: Supported by Ericsson, Qualcomm, Samsung
TP for Option 2 in [13] in Appendix. 
	For CSI measurement(s), a UE assumes: 

-
each non-zero power CSI-RS port configured for interference measurement corresponds to an interference transmission layer.

A UE shall perform accumulation of interference estimated on the following 
-
all interference transmission layers on non-zero power CSI-RS ports configured for interference measurement, taking into account the associated EPRE ratios configured in 5.2.2.3.1; 
· UE may assume other interference signal is present on non-zero power CSI-RS ports for the purpose of aiding CSI-RS channel estimation 
-
other interference signal on REs of CSI-IM resource.



Option 3: Supported by CATT
	For CSI measurement(s), a UE assumes:
-     each non-zero power CSI-RS port configured for interference measurement corresponds to an interference transmission layer.
A UE shall perform accumulation of interference estimated on the following
-     all interference transmission layers on non-zero power CSI-RS ports indicated for interference measurement, taking into account the associated EPRE ratios configured in 5.2.2.3.1;
-          UE may assume other interference signal is present on non-zero power CSI-RS ports
-     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


Issue 3.3: Whether NZP CSI-RS based IMR can be applied on semi-persistent and periodic CSI reporting

In RAN1#91, how the resource setting for channel measurement and resource setting(s) for interference measurement are associated is agreed for aperiodic CSI. This association can be configured in trigger states. The remaining issue is how interference measurement is performed for semi-persistent and periodic CSI reporting. Based on the contributions, the following alternatives can be identified.

Alt 1: Supported by Huawei, Ericsson
For the resource setting(s) linked to a periodic or semi-persistent ReportConfig, 
-
When one resource setting is configured, the resource setting is for channel measurement for L1-RSRP computation.

-
When two resource settings are configured, the first one resource setting is for channel measurement and the second one is for interference measurement performed on CSI-IM or on non-zero power CSI-RS.

-
When three resource settings are configured, the first one resource setting is for channel measurement, the second one is for CSI-IM based interference measurement and the third one is for non-zero power CSI-RS based interference measurement.

Alt 2: Supported by Qualcomm, CATT, ZTE/Sanechips, MTK, LGE
For semi-persistent and periodic CSI reporting, NZP CSI-RS based IMR is not supported.
Issue 3.4: Whether ZP CSI-RS can be indicated to rate match around CSI-IM

In RAN1#91, it has been agreed that the rate matching around NZP CSI-RS resources can be indicated by ZP CSI-RS. It hasn’t been decided yet how the rate matching around CSI-IM should be performed. Based on the contributions, the following alternatives can be identified.  
Alt 1: Supported by Huawei, Qualcomm, Samsung, Intel
A UE is not expected to receive CSI-IM resource configuration(s) that are not all completely overlapping with one zero-power CSI-RS resource configuration which can be configured for the UE.
Alt 2: Supported by Ericsson
Whether aperiodic CSI-IM REs are rate matched around or not is conveyed by the CSI request field.
Alt 3: Supported by CATT

CSI-IM REs are not rate matched around unless they are covered by ZP CSI-RS resources.
Issue 3.5: RRC parameter details for CSI-IM configuration
Question 1: Whether parameters of BWP/CC-Info are needed?  Or just use the info from the linked CSI-RS?
Question 2: Whether parameter of density is needed?  Or just assume full density?
i.e. For each CSI-IM resource, all the 4 CSI-IM REs appear in every RB in the configured frequency band of CSI-IM.
For the details of CSI-IM periodicity, the following alternatives are identified.
Alt 1: Supported by Ericsson, Huawei
Periodicity and slot offset of CSI-IM are the same as NZP CSI-RS.

Alt 2: Supported by Intel

For the periodicity and slot offset of CSI-IM, support periodicity of 1 slot in addition to the periodicity and slot offset of NZP CSI-RS.
The value range of CSI-IM resource mapping and frequency band is to be decided. Companies’ views are summarized as follows.

Alt 1: Supported by Ericsson
For CSI-IM resource mapping, support the following two parameters indicating the lower-left RE of a CSI-IM resource.
	Parameter
	Value range

	CSI-IM-freqDomain-Mapping
	Integer (0,…,10)

	CSI-IM-timeDomain-Mapping
	Integer (0,…,13)


Details of frequency occupancy of CSI-IM. Companies’ view are summarized as follows.
Alt 1: Supported by Ericsson

Value range of CSI-IM frequency band is the same as NZP CSI-RS.
Issue 3.6:  Value range of MR RRC parameters
Whether MR should just indicate ON/OFF or a set of slots has been discussed in a few meetings. We have the following proposal to finish the details of MR.
Huawei/HiSilicon, Samsung: the measurement restriction values should be RRC configurable [R1-1800094]
Proposal 3: For both channel measurement restriction and interference restriction (RRC parameters MeasRestrictionConfig-time-channel, MeasRestrictionConfig-time-interference), value range of MR is a Boolean to indicate ‘ON’ or ‘OFF’.
Issue 3.7: whether aperiodic IMR (A-IMR) can be triggered alone
In the current agreements, triggering A-IMR without associated CMR(s) is not allowed. MTI proposes to support the feature to triggering A-IMR without associated CMR(s). Companies’ views are summarized as follows.
Alt 1: Supported by MTI 
Support triggering A-IMR without associated CMR(s).

Alt 2: Supported by Huawei,
Triggering A-IMR without associated CMR(s) is not supported.

4 Aperiodic/semi-persistent CSI/CSI-RS triggering
Issue 4.1: Trigger state configuration
Several companies discuss issues on configuration details on trigger state for aperiodic CSI. The following proposal from Samsung is proposed to have better specification support of triggering LTE Class B K>1 case.  
Proposal 4: Remove any restriction on None agreed in RAN1#91 (note: this hasn’t been captured in the specification)

· For all scenarios especially CSI acquisition (None restricted to 1)

· Only if needed, discuss UE capability in relation to the total number of CSI-RS resource sets (across all the configured trigger states) 

Issue 4.2: MAC CE timing
The timing between CSI request DCI, SP CSI-RS/CSI-IM transmission and their associated MAC CE signaling hasn’t been addressed yet. The following proposal is from Qualcomm but the particular value of Z needs further discussion.
Proposal 5: 

· 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 + Z. 

· 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 [TS 38.321] 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 + Z. 

· 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 [TS 38.321] 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 + Z. 
· FFS value(s) of Z, Z=20 (Qualcomm), Z<=8 or depends on HARQ timing (ZTE) 
Issue 4.3: Aperiodic/Semi-persistent ZP CSI-RS
The DCI size for aperiodic ZP CSI-RS and the corresponding triggering mechanism haven’t been addressed yet. It’s already agreed that each ZP CSI-RS resource can be mapped the REs to a list of NZP CSI-RS resources, and a RRC configured aperiodic ZP CSI-RS resource list contains a list of ZP CSI-RS resources. As suggested by Ericsson, considering 2-bit PQI in LTE, we propose to remain 2 bits for the aperiodic ZP CSI-RS triggering.

Proposal 6: The DCI bitwidth for aperiodic ZP CSI-RS triggering is 2 bits. 
For the detailed triggering mechanism of aperiodic ZP CSI-RS, the following two alternatives are proposed.

Alt 1: Supported by Ericsson, Qualcomm, Huawei
Each DCI codepoint triggers one ZP CSI-RS resource from the RRC configured aperiodic ZP CSI-RS resource list.
Alt 2: Supported by ZTE, Sanechips, LGE, Samsung
Each DCI codepoint triggers one ZP CSI-RS resource from the aperiodic ZP CSI-RS resources selected by MAC CE.

· MAC CE maps DCI codepoints to the RRC configured aperiodic ZP CSI-RS resource list.
Further, another issue is whether to support semi-persistent ZP CSI-RS.
Alt 1: Supported by Ericsson, ZTE, Sanechips, LGE, Qualcomm, Samsung, Huawei
Semi-persistent ZP CSI-RS is supported, and its activation/deactivation is informed by MAC CE.
Alt 2: Supported by
Semi-persistent ZP CSI-RS is not supported.

Proposal 7: Semi-persistent ZP CSI-RS is supported, and its activation/deactivation is informed by MAC CE.
Issue 4.4: Candidate values for aperiodic CSI-RS triggering offset
It has been agreed that the triggering offset of aperiodic CSI-RS is configured per CSI-RS resource set. The candidate values for these triggering offset is still one. Some companies consider different requirements for beam management and CSI acquisition. Views for CSI acquisition are summarized as follows.
Alt 1: Supported by CATT, Samsung
For CSI acquisition, aperiodic triggering offset is fixed to zero 

Alt 2: Supported by Ericsson, Qualcomm, Intel, Huawei
For CSI acquisition, aperiodic triggering offset can be non-zero
Issue 4.5: Causal v.s. non-causal CSI-RS

It is discussed whether aperiodic CSI-RS can be transmitted before the OFDM symbol carrying its triggering DCI.
Alt 1: Supported by Qualcomm, Samsung, Ericsson, Intel, Huawei
Aperiodic CSI-RS cannot be transmitted before the OFDM symbol carrying its triggering DCI.
Alt 2: Supported by
Aperiodic CSI-RS can be transmitted before the OFDM symbol carrying its triggering DCI.

5 TP for correction issues
Besides the issues listed in the above sections, several companies proposal text proposals to correct the unclear and non-consistent part of the specifications. The detailed TPs are listed in Appendix. The issues are summarized as follows.
Issue 5.1: Description of CSI framework

TPs to correct unclear/inconsistent part of description of CSI framework can be found in [1][3][4][6][7][11].  Most of them seem to be editorial changes.
Issue 5.2: QCL among CMR(s) and IMR(s)

TPs on this issue can be found in [1][2][3]. We suggest to endorse TP1 in [3] and TP4 in [2].
Proposal 8: Endorse TP1 in [3] and TP4 in [2].
Delete the description in 5.2.2.1 if it is not needed.  Otherwise endorse the following TP from [1B].
TP from [1B] on 38.214:  5.2.2.1
Channel quality indicator (CQI) 

	For the CQI derivation the UE assumes the same quasi co-location properties with respect to spatial RX parameters between the CSI-IM and/or non-zero power CSI-RS configured for interference measurements and the non-zero power CSI-RS configured for channel measurements.


Issue 5.3: CSI-IM pattern
In [3], a TP is proposed to correct the description on the agreed CSI-IM pattern. We suggest to endorse it.
Proposal 9: Endorse TP 2 in [3].

Issue 5.4:  Issues on trigger state definition
Corrections on issues on trigger state definition are proposed in [6] including the following updates. 

· Clarify that it is only related to CSI-RS resource sets and association of a report setting with a component carrier

· Clarify that the number of reports configured for a triggered state corresponds to number of reporting settings for the triggered state.
 Proposal 10: Endorse TP in [6].

Appendix
In this section, we list all the TPs from companies’ contributions in this agenda item.

[1]. R1-1800094
Summary of remaining issues on CSI measurement
Huawei, HiSilicon
The following draft CRs are submitted to ‘Others’ agenda item related to this tDoc

[1A] R1-1800912, “Correction on CSI measurement in 38.214”, Huawei, HiSilicon, 3GPP TSG RAN WG1 Ad Hoc Meeting, Vancouver, Canada, January 22nd – 26th, 2018.
	5.2.2.1
Channel quality indicator (CQI) 

If a UE is configured with higher layer parameter MeasRestrictionConfig-time-interference the UE shall derive the interference measurements for computing the CQI value reported in uplink slot n and corresponding to the MeasLinkConfig in the CSI measurement setting, based on the most recent, no later than the CSI reference resource, occasion of CSI-IM and non-zero power CSI-RS (defined in [4, TS 38.211]) within configured MeasLinkConfig associated with the CSI resource setting. 


[1B] R1-1800911, “Correction on QCL properties between multiple CSI-RS within one CQI derivation in 38.214”, Huawei, HiSilicon, 3GPP TSG RAN WG1 Ad Hoc Meeting, Vancouver, Canada, January 22nd – 26th, 2018.
[1C] R1-1800932, “Correction on for CSI-RS/IM configuration in 38.214”, Huawei, HiSilicon, 3GPP TSG RAN WG1 Ad Hoc Meeting, Vancouver, Canada, January 22nd – 26th, 2018.
	5.2.2.3.1
Non-zero power CSI-RS

The UE can be configured with one or more non-zero power CSI-RS resource set configuration(s) as indicated by the higher layer parameter ReourceSetConfig NZP-CSI-RS-ResourceSet. Each non-zero power CSI-RS resource set consists of K≥1 non-zero power CSI-RS resource(s).

5.2.2.4
Channel State Information – Interference Measurement (CSI-IM) 

The UE can be configured with one or more CSI-IM resource set configuration(s) as indicated by the higher layer parameter CSI-IM-ResourceSet. Each CSI-IM resource set consists of K≥1 CSI-IM resource(s).


[1D] R1-1800937, “Correction on relationship between ZP CSI-RS and CSI-IM in 38.214”, Huawei, HiSilicon, 3GPP TSG RAN WG1 Ad Hoc Meeting, Vancouver, Canada, January 22nd – 26th, 2018.
[2]. R1-1800108
Remaining details on CSI measurement
ZTE, Sanechips
TP 1: For TS 38.214 Subclause 5.2.1.4 Report configurations

	When the UE is configured 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’, and multiple resources are configured in the corresponding resource set for channel measurement, the UE shall derive the CSI parameters other than CRI conditioned on the CRI.
When the UE is configured with the higher layer parameter ReportQuantity set to ‘CRI/RSRP’
-
if the UE is configured with the higher layer parameter group-based-beam-reporting set to ‘OFF’, 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 and SSBRI (SSB Resource Indicator)] for each report setting. If the higher layer parameter nrofReportedRS is configured to be one, the reported L1-RSRP value is defined by a 7-bit value in the range [-140, -44] dBm with 1dB step size. If the higher layer parameter nrofReportedRS is configured to be larger than one, the UE shall use largest L1-RSRP and differential L1-RSRP based reporting, where the largest value of L1-RSRP uses a 7-bit value and the differential L1-RSRP uses a 4-bit value. The differential L1-RSRP values are computed with 2 dB step size with a reference to the largest L1-RSRP value which is part of the same L1-RSRP reporting instance. 

-
if the UE is configured with the higher layer parameter group-based-beam-reporting set to ‘ON’, the UE may report in a single reporting instance up to number-of-beams-reporting L1-RSRP and CSI reports, where up to number-of-beams-reporting [CSI-RS and or SSB] resources can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters.

For L1-RSRP computation

-
the UE may be configured with CSI-RS resources, SS/PBCH Block resources or both CSI-RS and SS/PBCH Block resource.
-
the UE may be configured with CSI-RS resource setting up to 16 CSI-RS resource sets having up to 64 resources within each set. The total number of different CSI-RS resources over all resource sets is no more than 128.




TP 2: For TS 38.214 Subclause 5.2.1.3 Measurement link

	Each Link MeasLinkConfig in the higher layer-configured CSI measurement setting contains the CSI Reporting Setting indication, CSI Resource Setting Indication, and MeasQuantity an indication of the quantity to be measured which can be either channel measurement or interference measurement. ReportConfigMax indicates the maximum number of report configurations, ResourceConfigMax indicates the maximum number of resource configurations, MeasLinkConfigMax indicates the maximum number of link configurations, ResourceSetMax indicates the maximum number of resources sets per resource configuration, CSI-RS-ResourcePerSetMax indicates the maximum number of NZP-CSI-RS resources per NZP-CSI-RS resource set, NZP-CSI-RS-ResourceMax indicates the maximum number of NZP-CSI-RS resources, CSI-IM-ResourcePerSetMax indicates the maximum number of CSI-IM resources per CSI-IM resource set, CSI-IM-ResourceMax indicates the maximum number of CSI-IM resources, and AperiodicReportTrigger contains trigger states for dynamically selecting one or more aperiodic reporting configurations.   
Each ReportConfig is linked to periodic, or semi-persistent, or aperiodic resource setting(s): 

-
When one resource setting is configured, the resource setting is for channel measurement for L1-RSRP computation.

-
When two resource settings are configured, the first resource setting is for channel measurement and the second one is for interference measurement performed on CSI-IM or on non-zero power CSI-RS. 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 NZP-CSI-RS-ResourceConfigID and CSI-IM-ResourceId in the corresponding resource sets.
-
When three resource settings are configured, the first one resource setting is for channel measurement, the second one is for CSI-IM based interference measurement and the third one is for non-zero power CSI-RS based interference measurement. Each CSI-RS resource for channel measurement is resource-wise associated with a CSI-IM resource by the ordering of NZP-CSI-RS-ResourceConfigID and CSI-IM-ResourceId in the corresponding resource sets.


TP 3: For TS 38.214 Subclause 5.2.1.4.1 Resource setting configuration
	Each trigger state configured using the higher layer parameter ReportTrigger is associated one or multiple ReportConfig where each ReportConfig is linked to periodic, or semi-persistent, or aperiodic resource setting(s) according to Subclause 5.2.1.3.




For CSI measurement(s), a UE assumes: 

-    the CSI-RS resource(s) for channel measurement is not overlapped with the CSI-IM resource(s) or non-zero power CSI-RS resource(s) for interference measurement.
-    the CSI-RS resource(s) for channel measurement and the NZP CSI-RS/CSI-IM resource(s) for interference measurement are spatially quasi co-located. 
-    same spatial QCL assumption for PDSCH and NZP CSI-RS/CSI-IM resource(s) in the same symbol.
-
each non-zero power CSI-RS port configured for interference measurement corresponds to an interference transmission layer.
-
all interference transmission layers on non-zero power CSI-RS ports for interference measurement, taking into account the associated EPRE ratios configured in 5.2.2.3.1; and

-
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”


TP 4: For TS 38.214 Subclause 5.2.1.5.2 Semi-persistent CSI

	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]. 

-
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].

-




[3]. R1-1800183
Remaining issues and text proposals on CSI measurement
vivo
TP 1: 

	5.2.1.5.1
Aperiodic CSI Reporting
-
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.
5.2.1.2 Resource settings

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 5.2.2.43.3. 

-
Non-zero power CSI-RS resource for interference measurement as described in Subclause 5.2.2.3.1. [see Table [TBD] in [4, TS 38.211] ]
-
Non-zero power CSI-RS resource for channel measurement as described in Subclause 5.2.2.3.1. [see Table [TBD] in [4, TS 38.211] ]
-
Non-zero power CSI-RS resource for channel measurement as described in Subclause 5.2.2.3.1. [see Table [TBD] in [4, TS 38.211] ]
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 configured for one CSI reporting are spatially quasi co-located.



TP 2: 

	5.2.2.4
Channel State Information – Interference Measurement (CSI-IM) 

-
CSI-IM-RE-Pattern configured by csi-IM-ResourceElementPattern as given in Subclause TBD7.4.1.5.3 of [4, TS 38.211].



TP 3: 

	5.2.1.4.1
Resource Setting configuration

For CSI measurement(s), a UE assumes: 

-
each non-zero power CSI-RS port configured for interference measurement corresponds to an interference transmission layer.

-
there is interference on all interference transmission layers on non-zero power CSI-RS ports for interference measurement, taking into account the associated EPRE ratios configured in 5.2.2.3.1; and
-
there is 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”.
5.2.2.1
Channel quality indicator (CQI)
If a UE is not configured with higher layer parameter MeasRestrictionConfig-time-channel, the UE shall derive the channel measurements for computing CSICQI value reported in uplink slot n and corresponding to the MeasLinkConfig, based on only the non-zero power CSI-RS no later than the CSI reference resource, (defined in TS 38.211[4]) within a configured MeasLinkConfig associated with the CSI resource setting. 

If a UE is configured with higher layer parameter MeasRestrictionConfig-time-channel, the UE shall derive the channel measurements for computing CQI value reported in uplink slot n and corresponding to the MeasLinkConfig, based on only the most recent, no later than the CSI reference resource, occasion of non-zero power CSI-RS (defined in [4, TS 38.211]) within a configured MeasLinkConfig associated with the CSI resource setting. 

If a UE is not configured with higher layer parameter MeasRestrictionConfig-time-interference, the UE shall derive the interference measurements for computing CQI value reported in uplink slot n and corresponding to the MeasLinkConfig in the CSI measurement setting, based on only the configured CSI resource setting, no later than the CSI reference resource, within a configured MeasLinkConfig associated with the CSI resource setting. 

If a UE is configured with higher layer parameter MeasRestrictionConfig-time-interference the UE shall derive the interference measurements for computing the CQI value reported in uplink slot n and corresponding to the MeasLinkConfig in the CSI measurement setting, based on the most recent, no later than the CSI reference resource, occasion of CSI-IM and/or NZP CSI-RS for IM (defined in [4, TS 38.211]) within configured MeasLinkConfig associated with the CSI resource setting.




[4]. R1-1800239
Remaining issues on CSI measurement
CATT

TP 1:

	5.2.1.1
Reporting settings

Each Reporting Setting ReportConfig is associated with a single downlink BWP (higher layer parameter bandwidthPartId) and contains the reported related parameter(s) configuration for one CSI reporting band: CSI Type (I or II) if reported, codebook configuration, time-domain behavior, frequency granularity for CQI and PMI, measurement restriction configurations, the strongest layer indicator (SLI), the reported L1-RSRP parameter(s), CRI, and SSBRI (SSB Resource Indicator). Each ReportConfig contains a ReportConfigID to identify the ReportConfig, a ReportConfigType to specify the time domain behavior of the report (either aperiodic, semi-persistent, or periodic), a ReportQuantity to indicate the CSI-related or L1-RSRP-related quantities to report, a ReportFreqConfiguration to indicate the reporting granularity in the frequency domain. For periodic/semi-persistent reporting, a ReportConfig contains a ReportSlotConfig to specify the periodicity and slot offset. For aperiodic reporting, a ReportConfig contains an AperiodicReportSlotOffset to specify a set of allowed values of the timing offset for aperiodic reporting (a particular value is indicated in DCI). The ReportFreqConfiguration contains parameters to enable configuration of at least subband or wideband PMI and CQI reporting separately. The ReportConfig can also contain MeasRestrictionConfig-time-channel to specify parameters to enable configuration of time domain measurement restriction for channel. The ReportConfig can also contain MeasRestrictionConfig-time-interference to specify parameters to enable separate configuration of time domain measurement restriction for interference. The ReportConfig can also contain CodebookConfig, which contains configuration parameters for Type-I or Type II CSI including codebook subset restriction.




TP 2: 

	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 CSI-RS resources (higher layer parameters NZP-CSI-RS-ResourceConfigList and CSI-IM-ResourceConfigList) and SS/PBCH Block resources used for L1-RSRP computation (higher layer parameter resource-config-SS-list). Each CSI-RS resource 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.




TP 3: 

	5.2.1.4

Reporting configurations

                                                            -------------------   omitted  -----------------

if the UE is configured with the higher layer parameter group-based-beam-reporting set to 'ON', the UE may report in a single reporting instance up to nrofReportedRS L1-RSRP and CSI reports, where up to nrofReportedRS [CSI-RS and or SSB] resources can be received simultaneously by the UE.




TP 4: 

	5.2.1.4.1
Resource Setting configuration

                                                            -------------------   omitted  -----------------
-
When two resource settings are configured, one resource setting is for channel measurement and the other is for interference measurement performed on CSI-IM or on non-zero power CSI-RS.

-
When three resource settings are configured, one resource setting is for channel measurement, another one is for CSI-IM based interference measurement and the third one is for non-zero power CSI-RS based interference measurement.



TP 5: 

	5.2.1.5.1
Aperiodic CSI 

For Resource Setting 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.

                                                            -------------------   omitted  -----------------
For a UE configured with the higher layer parameter AperiodicReportTrigger, if a resource setting linked to a ReportConfig has multiple aperiodic resource sets and only a subset of the aperiodic resource sets is associated with the trigger state, a higher layer configured bitmap ResourceSetBitmap is configured per trigger state per resource setting to select the CSI-IM/NZP CSI-RS resource set(s) from the resource setting. Number of one(s) in the bitmap is 1.



TP 6:

	5.2.1.5.2
Semi-persistent CSI

For semi-persistent reporting on PUSCH, a set of semi-persistent CSI report settings are higher layer configured by Semi-persistent-on-PUSCHReportTrigger and the CSI request field in DCI scrambled with SP-CSI C-RNTI activates one of the semi-persistent CSI reports.  
For semi-persistent reporting on PUCCH, a set of semi-persistent CSI report settings are higher layer configured by reportConfigType with the PUCCH resource used for transmitting the CSI report. Semi-persistent reporting on PUCCH is activated by an activation command [10, TS 38.321], which selects one of the semi-persistent CSI Report settings for use by the UE on the PUCCH. 




[5]. R1-1800309
Remaining issues on interference measurement for CSI
Intel Corporation

[6]. R1-1800424
Issues on trigger state definition
Samsung
	5.2.1.4.1

Resource Setting configuration

Each trigger state configured using the higher layer parameter ReportTrigger is associated one or multiple ReportConfig where each ReportConfig is linked to periodic, or semi-persistent, or aperiodic resource setting(s): 

-
When one resource setting is configured, the resource setting is for channel measurement for L1-RSRP computation.

-
When two resource settings are configured, the first one resource setting is for channel measurement and the second one is for interference measurement performed on CSI-IM or on non-zero power CSI-RS.

-
When three resource settings are configured, the first one resource setting is for channel measurement, the second one is for CSI-IM based interference measurement and the third one is for non-zero power CSI-RS based interference measurement.

…

5.2.1.5

CSI selection and activation

5.2.1.5.1

Aperiodic CSI 

For Resource Sets CSI-RS resource sets associated with Resource Settings configured with the higher layer parameter ResourceConfigType set to 'aperiodic', trigger states for Reporting Setting(s) and/or Resource SettingSet(s) for channel and/or interference measurement on one or more component carriers are configured using the higher layer parameter AperiodicReportTrigger. A component carrier is associated with a Reporting Setting. 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.

-
When the number of configured CSI triggering states in AperiodicReportTrigger 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 DCI CSI request field. 
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 is configured by the higher layer parameter ReportTriggerSize and 
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-
When the number of CSI triggering states in AperiodicReportTrigger is less than or equal to 
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, the DCI CSI request field directly indicates the triggering state and the UE's quasi-colocation assumption.

-
For each aperiodic CSI-RS resource 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-aPerodicReportingTrigger which contains a list of references to TCI-RS-SetConfig's for the aperiodic CSI-RS resources associated with the CSI triggering state. If a TCI-RS-SetConfig in the list is configured with a reference to an RS associated with QCL-TypeD, that RS may be an SS/PBCH block or a CSI-RS resource configured as periodic or semi-persistent.
For a UE configured with the higher layer parameter AperiodicReportTrigger, if a resource setting Resource Setting linked to a ReportConfig has multiple aperiodic resource sets and only a subset of the aperiodic CSI-RS resource sets is associated with the trigger state, a higher layer configured bitmap ResourceSetBitmap is configured per trigger state per resource setting Resource Setting to select the CSI-IM/NZP CSI-RS resource set(s) from the resource setting Resource Setting.

…

5.2.3
CSI reporting using PUSCH

A UE shall perform aperiodic CSI reporting using PUSCH in slot n+Y on serving cell c upon successful decoding in slot n of an uplink DCI format for serving cell c, where Y is indicated in the decoded uplink DCI. The higher layer parameter AperiodicReportSlotOffset contains the allowed values of Y for a given Reporting Setting. When 
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 is configured for each trigger state (section 5.2.1.5.1) and corresponds to the number of Reporting Settings for the trigger state.
…




[7]. R1-1800426
Terminology mismatch for CSI framework
Samsung
	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 consists of Channel Quality Indicator (CQI), precoding matrix indicator (PMI), CSI-RS resource indicator (CRI), strongest layer indication (SLI), rank indication (RI) and/or and L1-RSRP.

For CQI, PMI, CRI, SLI, RI, L1-RSRP, a UE is configured by higher layers with N≥1 CSI-ReportConfig Reporting Settings, M≥1 CSI-ResourceConfig Resource Settings, and a single CSI-MeasConfig measurement setting containing L≥1 Links. A CSI-MeasConfig contains a list of reporting configurations (ReportConfigList), a list of resource configurations (ResourceConfigList), a list of link configurations (MeasLinkConfigList) and a list of trigger states (ReportTrigger).
5.2.1.1
Reporting settings

Each Reporting Setting CSI-ReportConfig is associated with a single downlink BWP (higher layer parameter bandwidthPartId) and contains the reported parameter(s) for one CSI reporting band: CSI Type (I or II) if reported, codebook configuration including codebook subset restriction, time-domain behavior, frequency granularity for CQI and PMI, measurement restriction configurations, the strongest layer indicator (SLI), the reported L1-RSRP parameter(s), CRI, and SSBRI (SSB Resource Indicator). Each CSI-ReportConfig contains a ReportConfigID to identify the CSI-ReportConfig, a ReportConfigType to specify the time domain behavior of the report (either aperiodic, semi-persistent, or periodic), a ReportQuantity to indicate the CSI-related or L1-RSRP-related quantities to report, a ReportFreqConfiguration to indicate the reporting granularity in the frequency domain. For periodic/semi-persistent reporting, a CSI-ReportConfig contains a ReportSlotConfig to specify the periodicity and slot offset. For aperiodic reporting, a CSI-ReportConfig contains an AperiodicReportSlotOffset to specify a set of allowed values of the timing offset for aperiodic reporting (a particular value is indicated in DCI). The ReportFreqConfiguration contains parameters to enable configuration of at least subband or wideband PMI and CQI reporting separately. The CSI-ReportConfig can also contain MeasRestrictionConfig-time-channel to specify parameters to enable configuration of time domain measurement restriction for channel. The CSI-ReportConfig can also contain MeasRestrictionConfig-time-interference to specify parameters to enable separate configuration of time domain measurement restriction for interference. The CSI-ReportConfig can also contain CodebookConfig, which contains configuration parameters for Type-I or Type II CSI including codebook subset restriction.

5.2.1.2
Resource settings

Each Resource Setting CSI-ResourceConfig contains a configuration of S≥1 CSI-RS Resource Sets (higher layer parameter ResourceSetConfig), with each Resource Set consisting of CSI-RS resources (higher layer parameters NZP-CSI-RS-ResourceConfigList and CSI-IM-ResourceConfigList) and 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 Reporting Setting have the same BWP.

…

5.2.1.3
Measurement link

Each Link MeasLinkConfig in the higher layer-configured CSI measurement setting contains the CSI Reporting Setting indication, CSI Resource Setting Indication, and MeasQuantity an indication of the quantity to be measured which can be either channel measurement or interference measurement. ReportConfigMax indicates the maximum number of report configurationsReporting settings, ResourceConfigMax indicates the maximum number of resource configurations, MeasLinkConfigMax indicates the maximum number of link configurations, ResourceSetMax indicates the maximum number of resources sets per resource configuration, CSI-RS-ResourcePerSetMax indicates the maximum number of NZP-CSI-RS resources per NZP-CSI-RS resource set, NZP-CSI-RS-ResourceMax indicates the maximum number of NZP-CSI-RS resources, CSI-IM-ResourcePerSetMax indicates the maximum number of CSI-IM resources per CSI-IM resource set, CSI-IM-ResourceMax indicates the maximum number of CSI-IM resources, and AperiodicReportTrigger contains trigger states for dynamically selecting one or more aperiodic reporting configurations. 

…

5.2.1.4
Reporting configurations

…

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 CSI-ReportConfig.
…

When the UE is configured with the higher layer parameter ReportQuantity set to 'CRI/RSRP'
-
if the UE is configured with the higher layer parameter group-based-beam-reporting set to 'OFF', 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 and SSBRI (SSB Resource Indicator)] for each report Reporting setting. If the higher layer parameter nrofReportedRS is configured to be one, the reported L1-RSRP value is defined by a 7-bit value in the range [-140, -44] dBm with 1dB step size. If the higher layer parameter nrofReportedRS is configured to be larger than one, the UE shall use largest L1-RSRP and differential L1-RSRP based reporting, where the largest value of L1-RSRP uses a 7-bit value and the differential L1-RSRP uses a 4-bit value. The differential L1-RSRP values are computed with 2 dB step size with a reference to the largest L1-RSRP value which is part of the same L1-RSRP reporting instance. 

…

The ReportFreqConfiguration contained in a CSI-ReportConfig indicates the frequency granularity of the CSI Report. For CSI reporting, a UE can be configured via higher layer signaling with one out of two possible subband sizes, where a subband is defined as 
[image: image12.wmf]SB

PRB

N

 contiguous PRBs and depends on the total number of PRBs in the carrier bandwidth part according to Table 5.2.1.4-2.

…

A CSI rReporting setting configuration defines includes a CSI reporting band defined as a subset of subbands of the bandwidth part, where the ReportFreqConfiguration indicates: 

…

5.2.1.4.1
Resource Setting configuration

Each trigger state configured using the higher layer parameter ReportTrigger is associated one or multiple CSI-ReportConfig where each CSI-ReportConfig is linked to periodic, or semi-persistent, or aperiodic resource setting(s): 

…

5.2.1.4.2
Non-PMI port indication

If a UE is configured 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 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 linked to the CSI-ReportConfig ReportConfig in a MeasLinkConfig, based on the order of the associated NZP-CSI-RS-ResourceConfigID in the linked CSI resource setting linked for channel measurement.

…

5.2.1.5.1
Aperiodic CSI 

…

For a UE configured with the higher layer parameter AperiodicReportTrigger, if a resource setting linked to a CSI-ReportConfig has multiple aperiodic resource sets and only a subset of the aperiodic resource sets is associated with the trigger state, a higher layer configured bitmap ResourceSetBitmap is configured per trigger state per resource setting to select the CSI-IM/NZP CSI-RS resource set(s) from the resource setting.

…

5.2.1.5.2
Semi-persistent CSI

For semi-persistent reporting on PUSCH, a set of semi-persistent CSI report Reporting settings are higher layer configured by Semi-persistent-on-PUSCHReportTrigger and the CSI request field in DCI scrambled with SP-CSI C-RNTI activates one of the semi-persistent CSI reports. 

For semi-persistent reporting on PUCCH, a set of semi-persistent CSI report Reporting settings are higher layer configured by reportConfigType with the PUCCH resource used for transmitting the CSI report. Semi-persistent reporting on PUCCH is activated by an activation command [10, TS 38.321], which selects one of the semi-persistent CSI report Reporting settings for use by the UE on the PUCCH. If the field reportConfigType is not present, the UE shall report the CSI on PUSCH. 

…

5.2.3
CSI reporting using PUSCH

A UE shall perform aperiodic CSI reporting using PUSCH in slot n+Y on serving cell c upon successful decoding in slot n of an uplink DCI format for serving cell c, where Y is indicated in the decoded uplink DCI. The higher layer parameter AperiodicReportSlotOffset contains the allowed values of Y for a given Reporting Setting. When 
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A UE shall perform semi-persistent CSI reporting on the PUSCH upon successful decoding an uplink DCI format. The uplink DCI format will contain one or more CSI Reporting Setting Indications where the associated CSI Measurement Links and CSI Resource Settings are higher layer configured. Semi-persistent CSI reporting on the PUSCH supports Type I and Type II CSI with wideband, partial band, and sub-band frequency granularities. The PUSCH resources and MCS shall be allocated semi-persistently by awidebandn uplink DCI.

…

5.2.4
CSI reporting using PUCCH

A UE is semi-statically configured by higher layers to perform periodic CSI Reporting on the PUCCH. A UE can be configured by higher layers for multiple periodic CSI Reports corresponding to one or more higher layer configured CSI Reporting Setting Indications, where the associated CSI Measurement Links and CSI Resource Settings are higher layer configured. Periodic CSI reporting on the short and the long PUCCH supports wideband and partial band frequency granularities. Periodic CSI reporting on the PUCCH supports Type I CSI. 

A UE shall perform semi-persistent CSI reporting on the PUCCH upon successfully decoding a selection command [10, TS 38.321]. The selection command will contain one or more CSI Reporting Setting Indications where the associated CSI Measurement Links and CSI Resource Settings are configured. Semi-persistent CSI reporting on the PUCCH supports Type I CSI. Semi-persistent CSI reporting on the Short PUCCH supports Type I CSI with wideband and partial band frequency granularities. Semi-persistent CSI reporting on the Long PUCCH supports Type I Subband CSI and Type I CSI with wideband and partial band frequency granularities. 


[8]. R1-1800427
Issues on CSI measurement
Samsung
	5.2.2.4

Channel State Information – Interference Measurement (CSI-IM) 

The UE can be configured with a single or more CSI-IM resource configuration(s). 

The following parameters for which the UE shall assume zero transmission power are configured via higher layer parameter CSI-IM-ResourceConfig for each CSI-IM resource configuration:
-
CSI-IM-ResourceId determines CSI-IM resource configuration identity
-
CSI-IM-ResourceMapping as given in Subclause TBD of [4, TS 38.211]. 

-
CSI-IM-RE-Pattern as given in Subclause TBD of [4, TS 38.211].

-
CSI-IM-timeConfig defines the CSI-IM periodicity and slot offset for periodic/semi-persistent CSI-IM according to the Subclause TBD of [4, TS 38.211].

-
CSI-IM-FreqBand includes parameters to enable configuration of frequency-occupancy of CSI-IM, as defined in Subclause TBD of [4, TS 38.211].
When UE is configured with one non-zero power resource for channel measurement, UE accumulates interference signals from the configured CSI-IM resources and non-zero power CSI-RS resources for interference measurement.
When UE is configured with multiple non-zero power resources for channel measurement, UE considers interference signals from only one configured CSI-IM resource and/or one non-zero power CSI-RS resource for interference measurement.



[9]. R1-1800580
CSI measurement for dynamic BWP switching
AT&T
[10]. R1-1800648
Remaining details on CSI measurement
MTI
[11]. R1-1800693
Corrections for CSI framework and measurement
Ericsson

	5.2 UE procedure for reporting channel state information (CSI)

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 
consists of Channel Quality Indicator (CQI), precoding matrix indicator (PMI), CSI-RS resource indicator (CRI), strongest layer indication (SLI), rank indication (RI) and/or and L1-RSRP.

For CQI, PMI, CRI, SLI, RI, L1-RSRP, a UE is configured by higher layers with N≥1 ReportConfig Reporting Settings, M≥1 ResourceConfig Resource Settings, and a single MeasConfig measurement setting containing L≥1 Links. A MeasConfig contains a list of reporting configurations (ReportConfigList), a list of resource configurations (ResourceConfigList), a list of link configurations (MeasLinkConfigList) and a list of trigger states (ReportTrigger).

5.2.1.1
Reporting settings

Each Reporting Setting defined by the higher layer parameter ReportConfig is associated with a single downlink BWP (indicated by higher layer parameter bandwidthPartId) and contains the reported parameter(s) for one CSI reporting band: CSI Type (I or II) if reported, codebook configuration including codebook subset restriction, time-domain behaviour, frequency granularity for CQI and PMI, measurement restriction configurations, the strongest layer indicator (SLI), the reported L1-RSRP parameter(s), CRI, and SSBRI (SSB Resource Indicator). Each ReportConfig contains a ReportConfigID to identify the ReportConfig, a ReportConfigType to specify the time domain behaviour of the report (either aperiodic, semi-persistent, or periodic), a ReportQuantity to indicate the CSI-related or L1-RSRP-related quantities to report, a ReportFreqConfiguration to indicate the reporting granularity in the frequency domain.  For periodic/semi-persistent reporting, a ReportConfig contains a ReportSlotConfig to specify the periodicity and slot offset.  For aperiodic reporting, a ReportConfig contains an AperiodicReportSlotOffset to specify a set of allowed values of the timing offset for aperiodic reporting (a particular value is indicated in DCI).  The ReportFreqConfiguration contains parameters to enable configuration of at least subband or wideband PMI and CQI reporting separately.  The ReportConfig can also contain MeasRestrictionConfig-time-channel to specify parameters to enable configuration of time domain measurement restriction for channel.  The ReportConfig can also contain MeasRestrictionConfig-time-interference to specify parameters to enable separate configuration of time domain measurement restriction for interference.  The ReportConfig can also contain CodebookConfig, which contains configuration parameters for Type-I or Type II CSI including codebook subset restriction.

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 CSI-RS resources (higher layer parameters NZP-CSI-RS-ResourceConfigList and CSI-IM-ResourceConfigList) and SS/PBCH Block resources used for L1-RSRP computation (higher layer parameter resource-config-SS-list). E
ach Resource setting is defined by the higher layer parameter ResourceConfig and is located in the BWP identified by the higher layer parameter BWP-info, and all linked Resource Settings of linked to a CSI Report Setting have the same BWP.

For periodic and semi-persistent CSI Resource Settings, the number of CSI-RS Resource Sets configured is limited to one. S=1. Each set s contains Ks ≥1 CSI-RS resources (higher layer parameter 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 set to 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:

-
CSI-IM resource for interference measurement as described in Subclause 5.2.2.3.3. 
-
Non-zero power CSI-RS resource for interference measurement as described in Subclause 5.2.2.3.1 [see Table [TBD] in [4, TS 38.211]]

-
Non-zero power CSI-RS resource for channel measurement as described in Subclause 5.2.2.3.1 [see Table [TBD] in [4, TS 38.211]]

5.2.1.3
Measurement link

Each Link MeasLinkConfig in the higher layer-configured CSI measurement setting contains the CSI Reporting Setting indication, CSI Resource Setting Indication, and MeasQuantity an indication of the quantity to be measured which can be either channel measurement or interference measurement. ReportConfigMax indicates the maximum number of report configurations, ResourceConfigMax indicates the maximum number of resource configurations, MeasLinkConfigMax indicates the maximum number of link configurations, ResourceSetMax indicates the maximum number of resources sets per resource configuration, CSI-RS-ResourcePerSetMax indicates the maximum number of NZP-CSI-RS resources per NZP-CSI-RS resource set, NZP-CSI-RS-ResourceMax indicates the maximum number of NZP-CSI-RS resources, CSI-IM-ResourcePerSetMax indicates the maximum number of CSI-IM resources per CSI-IM resource set, CSI-IM-ResourceMax indicates the maximum number of CSI-IM resources, and AperiodicReportTrigger contains trigger states for dynamically selecting one or more aperiodic reporting configurations.   




[12]. R1-1800694
On rate matching using ZP CSI-RS and CSI-IM
Ericsson
[13]. R1-1800695
Clarifying interference measurements
Ericsson
	For CSI measurement(s), a UE assumes: 

-
each non-zero power CSI-RS port configured for interference measurement corresponds to an interference transmission layer.
A UE shall perform accumulation of interference estimated on the following 
-
all interference transmission layers on non-zero power CSI-RS ports configured for interference measurement, taking into account the associated EPRE ratios configured in 5.2.2.3.1; 
· UE may assume other interference signal is present on non-zero power CSI-RS ports for the purpose of aiding CSI-RS channel estimation 
-
other interference signal on REs of CSI-IM resource.



[14]. R1-1800857
Remaining details on CSI measurement
Qualcomm Incorporated
	5.2.1.2
Resource settings

Each Resource Setting ResourceConfig contains a configuration of S≥1 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 CSI-IM-ResourceConfigList)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 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 MeasLinkConfigwhere 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. 

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 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’.

…

5.2.1.5
CSI selection and activation

5.2.1.5.1
Aperiodic CSI 

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.

-
When the number of configured CSI triggering states in AperiodicReportTrigger is greater than 
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, where 
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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 DCI CSI request field. 
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 is configured by the higher layer parameter ReportTriggerSize and 
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. 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 
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-

, 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.
5.2.1.5.2
Semi-persistent CSI

…

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

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 the CSI reporting setting linked with a single NZP CSI-RS Resource 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 5, 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 to5, such that slot n-nCQI_ref corresponds to a valid downlink slot. 

…


�CSI doesn’t have to include all of CQI, PMI, CRI, SLI, RI, and/or L1-RSRP


�This will be part of 38.331.  Better to delete from 38.214 to avoid spec duplication.
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