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Introduction
In this contribution, we discuss some remaining issues related CSI measurements.
[bookmark: _Ref178064866]Discussion
Clarification on resource set selection 
In current 38.331, an aperiodic NZP CSI-RS resource set in a CSI-RS resource setting is selected by the aperiodic NZP CSI-RS resource set ID in an aperiodic triggering state.  Similarly, an aperiodic CSI-IM resource set in a CSI-IM resource setting is selected by the aperiodic CSI-IM resource set ID in an aperiodic triggering state.  Since only one resource set can be selected from a resource setting for each aperiodic triggering state, bitmap is not needed and is not defined in RRC. Therefore, the current description in 38.214 needs to be updated. 
[bookmark: _Toc510809734]Current description on CSI-RS resource set selection with a bitmap in 38.214 is accurate and needs to be updated.
We have the following text proposal:
------------ Start of proposed TP1 for 38.214 ----------
[bookmark: _Toc501048187]5.2.1.5.1	Aperiodic CSI Reporting/Aperiodic CSI-RS
For a UE configured with a list of aperiodic trigger states by the higher layer parameter AperiodicReportTrigger CSI-AperiodicTriggerStateList, if a Resource Setting linked to a CSI-ReportConfig has multiple aperiodic resource sets, and only one of the aperiodic CSI-RS resource sets is associated with each of the trigger states, 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. The CSI-RS resource set per Resource Setting associated with an aperiodic trigger state is selected by a higher layer parameter resourceSet configured in each CSI-AperiodicTriggerState.
-------------- End of proposed TP1--------
[bookmark: _Toc510431493][bookmark: _Toc510809752]Adopt proposed TP1.
Clarification on aperiodic CSI report triggering

For aperiodic CSI reporting, the exact mapping between a codepoint in the CSI request field in DCI and an aperiodic CSI triggering state out of the up to  triggering states is missing in 38.214 and needs to be clarified.  

[bookmark: _Toc510809735]Mapping between codepoints in the CSI request field in DCI and aperiodic CSI trigger states are missing in 38.214.


One way would be to map the codpoints to the triggering states based on the order in the list of the triggering states. However, when the number of RRC configrued triggering states is more than , a bitmap in a MAC CE is used to down select states from the RRC configured states, in which the order is less clear. An alternative way  is to map according to the order of the aperiodic triggering state ID. The proposed TP is shown below:

-----Start of proposed TP2 for 38.214----
5.2.1.5.1	Aperiodic CSI Reporting/Aperiodic CSI-RS
[bookmark: _Hlk500778920]For CSI-RS resource sets associated with Resource Settings configured with the higher layer parameter ResourceConfigType resourceType set to 'aperiodic', ‘periodic’, or ‘semi-persistent’, aperiodic trigger states for Reporting Setting(s) and/or Resource Setting for channel and/or interference measurement on one or more component carriers are configured using the higher layer parameter AperiodicReportTrigger CSI-AperiodicTriggerState. 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 any candidate DL BWP. A UE is not expected to receive more than one aperiodic CSI report request for a given slot. 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 CSI request field in DCI.
-	When all the bits of CSI request field in DCI are set to zero, no CSI is requested.





[bookmark: _Hlk498207844]-	When the number of configured CSI triggering states in AperiodicReportTrigger CSI-AperiodicTriggerStateList is greater than , where  is the number of bits in the DCI CSI request field, the UE receives a selection command [10, TS 38.321] used to map up to  trigger states to the codepoints of the CSI request field in DCI.  is configured by the higher layer parameter ReportTriggerSize where .

-	When the number of CSI triggering states in AperiodicReportTrigger CSI-AperiodicTriggerStateList is less than or equal to , 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 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-AperiodicReportingTrigger 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 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.

-	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 CSI triggering state ID in the up to   trigger states with codepoint “1” mapped to the triggering state having the smallest triggering state ID. 
-----End of proposed TP2 ------

[bookmark: _Toc510809753]Adopt proposed TP2.
Clarification on triggering aperiodic ZP CSI-RS
For aperiodic ZP CSI-RS triggering, the exact mapping between a codepoint of the ZP CSI-RS triggering field in DCI and an aperiodic ZP CSI-RS resource set is missing in 38.214 and needs to be clarified.  There are also some higher layer parameters that do not match the ones in 38.331.

[bookmark: _Toc510809736]Mapping between codepoints in the ZP CSI-RS trigger field in DCI and aperiodic ZP CSI-RS resource sets are missing in 38.214.
A straight forward way is to map a codepoints to an aperiodic ZP CSI-RS resource set according to the order of the aperiodic ZP CSI-RS resource set ID in the list of aperiodic ZP CSI-RS resource sets configured by the higher layer parameters aperiodic-ZP-CSI-RS-ResourceSetsToAddModList and aperiodic-ZP-CSI-RS-ResourceSetsToReleaseList. The proposed TP is shown below:

------Start of proposed TP3 for 38.214 ----
[bookmark: _Toc501048170][bookmark: _Hlk510706557]5.1.4.2	PDSCH resource mapping with RE level granularity
To decode PDSCH according to a decoded PDCCH, a UE may be configured with any of higher layer parameters:
-	LTE-carrier configuring common RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell. The configuration contains rate-match-resources-v-shift consisting of LTE-CRS-vshift(s), rate-match-resources-numb-LTE-CRS-antenna-port consisting of LTE-CRS antenna ports 1, 2 or 4 ports, rate-match-centre-subcarrier-location representing the LTE carrier centre subcarrier location determined by offset from (reference) point A, rate-match-LTE-CRS-BW representing the LTE carrier bandwidth, and may also configure rate-match-LTE-CRS-MBSFN-subframeconfig representing MBSFN subframe configuration.
-	within a BWP, the UE can be configured with one or more ZP CSI-RS resource set configuration(s) (higher layer parameter ZP-CSI-RS-ResourceSetConfigList ZP-CSI-RS-ResourceSet), with each ZP-CSI-RS resource set consisting of at most [64] 16 ZP CSI-RS resources (higher layer parameter ZP-CSI-RS-ResourceConfig) in numerology of the BWP. The following parameters are configured via higher layer signaling for each ZP CSI-RS resource configuration:
-	ZP-CSI-RS-ResourceConfigId determines ZP CSI-RS resource configuration identity.
-	ZP-CSI-RS-Density defines the zero-power CSI-RS frequency density, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
-	ZP-CSI-RS-FreqBand parameters enabling configuration of frequency occupancy of a ZP-CSI-RS resource within a BWP as defined in Subclause 7.4.1.5 of [4, TS 38.211].
-	ZP-CSI-RS-ResourceMapping resourceMapping defines the OFDM symbol and subcarrier occupancy of the ZP-CSI-RS resource within a slot, the ZP CSI-RS frequency density, and the frequency occupancy within a BWP of the ZP-CSI-RS resource. The allowed values that are given in Subclause 7.4.1.5 of [4, TS 38.211]. 
-	ZP-CSI-RS-timeConfig periodicityAndOffset defines the ZP-CSI-RS periodicity and slot offset for periodic/semi-persistent ZP-CSI-RS. 
The following parameters are configured via higher layer signaling for each ZP CSI-RS resource set configuration
-	zp-CSI-RS-ResourceSetId determines ZP CSI-RS resource set configuration identity
-	zp-CSI-RS-ResourceIdList defines a list of ZP CSI-RS resources in the ZP CSI-RS resource set
[bookmark: _Hlk508179525]-	ZP-CSI-RS-ResourceConfigType resourceType defines the ZP-CSI-RS time domain behavior of ZP-CSI-RS resource configuration as described in Subclause 7.4.1.5 of [4, TS 38.211]. The ZP-CSI-RS-ResourceConfigType can be periodic, semi-persistent or aperiodic. All the resources in a ZP CSI-RS resource set are configured with the same ResourceConfigType (periodic, semi-persistent, aperiodic).
[bookmark: _Hlk510705984]The UE may be configured with a DCI field for triggering the aperiodic ZP-CSI-RS. A list of aperiodic ZP-CSI-RS resource sets IDs, provided by higher layer parameters Aperiodic-ZP-CSI-RS-Resource-List aperiodic-ZP-CSI-RS-ResourceSetsToAddModList and aperiodic-ZP-CSI-RS-ResourceSetsToReleaseList, is configured for aperiodic triggering. The maximum number of aperiodic ZP CSI-RS resource sets configured per BWP is 3. The bit-length of DCI field ZP CSI-RS trigger depends on the number of aperiodic ZP CSI-RS resource sets configured (up to 2 bits). Each triggering state none-zero codepoint of ZP CSI-RS trigger in DCI is to trigger one ZP CSI-RS resource set in the list according to the order of aperiodic ZP CSI-RS resource set ID, with codepoint “1” triggers the aperiodic ZP CSI-RS resource set with the smallest ID. The first state Codepoint “0” is reserved for not triggering aperiodic ZP CSI-RS. 
------End of proposed TP3-----

[bookmark: _Toc510809754]Adopt proposed TP3.
Clarification of Interference measurements 
The currently captured UE assumptions for interference measurement in 38.214 below is a bit vague with regards to what a UE shall assume for interference measurement with configured CSI-RS resources. 
[bookmark: _Hlk500778603]For CSI measurement(s), a UE assumes: 
-	each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer.
-	all interference transmission layers on NZP CSI-RS ports for interference measurement, take into account the associated EPRE ratios configured in 5.2.2.3.1; 
-	other interference signal on REs of NZP CSI -RS resource for channel measurement, non-zero power CSI -RS resource for interference measurement, or CSI-IM resource for interference measurement
The last bullet implies there are other interference signals present in NZP CSI-RS resource for channel measurement, NZP CSI-RS for interference measurement and in CSI-IM resource, but how these interferences are related and how they should be accounted for are unclear.  For example, if the interference on NZP CSI-RS resource for channel measurement comes from the same interference source as the interference on the CSI-IM resource, then the measured interferences over the two resources should be averaged for CQI calculation. On the other hand, if they are from different interference sources, then the measured interferences should be accumulated.  It is possible that different UE implementations interpret the assumptions differently and thus it would be difficult for gNB to reliably apply the reported CQI as the gNB and UE may have different understanding on the interference measurement assumptions.  
[bookmark: _Toc503379444][bookmark: _Toc503388320][bookmark: _Toc503553775][bookmark: _Toc506196982][bookmark: _Toc506214914][bookmark: _Toc506402952][bookmark: _Toc506465918][bookmark: _Toc506466703][bookmark: _Toc506478756][bookmark: _Toc506487960][bookmark: _Toc506501514][bookmark: _Toc506554505][bookmark: _Toc506555924][bookmark: _Toc506556091][bookmark: _Toc506556238][bookmark: _Toc510809737]Current specification text makes UE interference measurement behavior ambiguous. 
While it was agreed in RAN1#92 to leave exact UE interference estimation up to UE implementation, we think that at least there is consensus to clarify that the UE shall perform accumulation of the interference estimated from the different CSI-IM and NZP CSI-RS resources. In fact, this formulation is included in the relevant agreement and should thus be non-controversial to add in 38.214. 
[bookmark: _Toc510809755]Adopt proposed TP4.
---------------------------------Start of proposed TP4 for 38.214 -------------------------------------------------------
[bookmark: _Toc501048184]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 NZP 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 NZP CSI-RS based interference measurement.
For CSI measurement(s), a UE assumes: 
-	each NZP 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 NZP CSI-RS ports for interference measurement, taking into account the associated EPRE ratios configured in 5.2.2.3.1; 
-	other interference signal on REs of NZP CSI -RS resource for interference measurement, CSI-IM resource for interference measurement. 
---------------------------------------------End of proposed TP -------------------------------------------------------

Conclusions
In this contribution, we made the following observations:
Observation 1	Current description on CSI-RS resource set selection with a bitmap in 38.214 is accurate and needs to be updated.
Observation 2	Mapping between codepoints in the CSI request field in DCI and aperiodic CSI trigger states are missing in 38.214.
Observation 3	Mapping between codepoints in the ZP CSI-RS trigger field in DCI and aperiodic ZP CSI-RS resource sets are missing in 38.214.
Observation 4	Current specification text makes UE interference measurement behavior ambiguous.

[bookmark: _In-sequence_SDU_delivery]We make the following proposals: 
Proposal 1	Adopt proposed TP1.
Proposal 2	Adopt proposed TP2.
Proposal 3	Adopt proposed TP3.
Proposal 4	Adopt proposed TP4.
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