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[bookmark: _Ref503452710]Introduction
In regard of TS38.214 V15.0.0 on trigger state definition for A-CSI reporting, this contribution proposes some refinement on the text to remove ambiguities. In RAN1#90bis (along with its follow-up thread NR-13) and 91, the following agreements on CSI-RS resource activation were made [1][2]: 
	[WA] Working Assumption:
· Aperiodic CSI-RS is triggered by RRC+DCI or RRC+MAC-CE+DCI
· If number of RRC configured resource sets across all CCs is less than 2N, RRC+DCI is used.  Otherwise, RRC+MAC-CE+DCI is used.
· FFS on the value of N
· The triggering is done per CSI-RS resource set
[A1] Agreements: Confirm the working assumption with the following refinement 
· N = {0, 1, 2, …, Nmax}  is configurable via RRC signaling 
· Decide in RAN1#91 the value of Nmax from one of {3,4,5,6,7,8} taking into account both carrier aggregation and MIMO aspects 
· Note: N is the bitwidth of a CSI request field in DCI which includes signaling at least the triggering of CSI report setting(s) and/or aperiodic CSI-RS resource set(s) for channel and/or interference measurement on one or more CCs. 
· When the number of RRC configured CSI triggering states for the CSI request field Sc >2^N–1, MAC CE activation signaling maps the (2^N–1) code points of the CSI request field to a subset of the Sc RRC configured CSI triggering states. 
· If Sc <2^N, MAC CE activation does not apply 
· The first code point is mapped to “no CSI request” 
[A2] Agreements:
· Nmax=6 
· Including both CMR and/or NZP/ZP CSI-RS based IMR
· Each trigger state is associated one or multiple ReportConfigs where each ReportConfig is linked to one or two or three P/SP/AP CSI-RS resource setting(s)
· When one resource setting is configured, the resource setting is for channel measurement for beam management.
· When two resource settings are configured, the first one resource setting is for channel measurement and the 2nd one is for interference measurement (for ZP or NZP).
· When three resource settings are configured, the first one resource setting is for channel measurement, the 2nd one is for ZP based interference measurement and the 3rd one is for NZP based interference measurement.
· 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 bitmap (with the bitwidth Nbit =number of resource sets in a resource setting.  Number of one(s) in the bitmap None = 1 for CSI acquisition) is RRC configured per trigger state per resource setting to select CSI-IM/NZP CSI-RS resource set(s) from the resource setting.    
· FFS on None for multiple TRP cases
· FFS: 1<= None <=Nonemax (FFS) for beam management



The above agreements are reflected in sections 5.2.1.4.1 (Resource Setting configuration) and 5.2.1.5.1 (CSI selection and activation for aperiodic CSI) of TS 38.214V15.0.0. The pertinent text is given below.
	…
[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 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.
…
[bookmark: _Toc501048186]5.2.1.5		CSI selection and activation
[bookmark: _Toc501048187]5.2.1.5.1		Aperiodic CSI 
[bookmark: _Hlk500778920]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.





[bookmark: _Hlk498207844]-	When the number of configured CSI triggering states in AperiodicReportTrigger 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 DCI CSI request field.  is configured by the higher layer parameter ReportTriggerSize and .

-	When the number of CSI triggering states in AperiodicReportTrigger is less than or equal to , 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.
[bookmark: _Hlk500779216]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.
…
[bookmark: _Toc501048200]5.2.3	CSI reporting using PUSCH




[bookmark: _Hlk500827675]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  reports are scheduled, let  be the ith allowed value for Report Setting j (). Then the ith codepoint of the DCI field corresponds to the allowed value .
…



When a UE is configured with multiple CSI reports, a related issue is PUCCH resource configuration for P/SP-CSI reporting. The following agreement was made in RAN1 NR-AH 1801:
	Agreement:
· Support configuring the UE with J>=1 PUCCH resource configuration per UL BWP candidate used for carrying multiple CSI reports (associated with a PUCCH resource config (Format 2/3/4 and its Maximum Code rate))
· In case the PUCCH resources for two or more PUCCH-based CSI reports collide (at least partially overlap in time), the colliding CSI reports with the highest priorities are carried in a multi-CSI PUCCH resource and remaining CSI reports are dropped
· The number of included CSI reports is determined by the configured maximum code rate of the multi-CSI PUCCH resource 
· This applies to CSI only transmission on PUCCH, i.e. not multiplexed with HARQ-ACK
· The PUCCH resource for carrying multiple CSI reports does not need to be configured to a UE
· FFS if periodicity of multi-CSI resource needs to be defined
· FFS value of J
· Exact mechanism TBD in RAN1#92



This contribution points out some ambiguities on trigger state definition and proposes solutions to rectify them. In addition, resolution on the open issues on multi-CSI PUCCH resource is proposed. 

Issues on trigger state definition and solutions
The following issues can be observed from the three working assumptions/agreements and the current text in TS 38.314.

1.1 [bookmark: _Ref503466990]Issue 1 – Functional ambiguity
Looking at the three agreements outlined in section 1, changes on the entity being triggered and selected can be observed. In particular: 
· In the working assumption WA, A-CSI-RS selection and triggering are performed on the resource set level. 
· This WA was later generalized and ‘refined’ (amended) in A1 to selection and triggering on the “trigger state” level to accommodate, e.g. A-CSI triggering of multiple component carriers (CCs). In A1, a trigger state comprises CSI Reporting setting(s) and aperiodic CSI-RS resource set(s). Since one CC corresponds to one CSI reporting setting, A-CSI triggering of multiple CCs amounts to triggering a state with multiple CSI Reporting settings.
· As resource set is a part of Resource setting (not CSI Reporting setting), A2 attempts to draw some correspondence between resource set selection and Resource setting. To allow associating only a subset of CSI-RS resource sets included in a Resource setting, ResourceSetBitmap is used for each Resource setting and each trigger state.   
· A2 includes setting None=1 (the number of elements with 1) for CSI acquisition. Although an agreement, this is not yet captured in TS 38.214. 
· At the same time, in 5.2.1.4.1, up to 3 Resource settings can be configured for a given CSI Reporting setting with restrictions related to channel and interference measurements.  
Note that the original intention of resource set selection (using DCI triggering and, if needed, MAC CE) is to at least accommodate a simple use case (of CSI acquisition with 1 CC) with K>1 NZP CSI-RS resources in one Resource setting and one CSI Reporting setting (e.g. akin to Class B K>1 of LTE FD-MIMO). The following issues, however, are present:
· With the current text interpreted together with None=1, a CSI Reporting setting linked to K>1 Resource settings is needed for this use case. Since the number of Resource settings is a factor in UE capability (perceived as a measure of complexity), the current specification becomes too restrictive for a simple use case, yet unnecessarily complex and ‘flexible’ just to accommodate high-end use cases such as triggering A-CSI for multiple CCs – while maintaining a desired level of UE complexity.
· Even worse, the current text doesn’t seem to describe any functional linkage between a CSI Reporting setting and multiple Resource settings other than the particular linkages with 1, 2, or 3 Resource settings (which would be fine without the None restriction). 
Indeed the current composition in the specification is unnecessarily convoluted. To remedy the above functional ambiguity without overhauling the specification, the following simpler proposal is made.

Proposal: 
· 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) 

1.2 Issue 2 – Form ambiguity
From the current text of TS 38.214, the following can be observed:
· RRC nomenclature mismatch on trigger state configuration between 5.2.1.4.1 (ReportTrigger) and 5.2.1.5.1 (AperiodicReportTrigger) with 38.331 using ReportTrigger
· In 5.2.1.5.1, a trigger state is defined in relation with CSI Report setting(s), CSI-RS resource set(s), and component carriers (CCs)
· However, as discussed in section 2.1, resource set(s) are included in Resource setting and triggering A-CSI for multiple CCs simply amounts to triggering A-CSI for multiple CSI Reporting settings. Furthermore, a bitmap is used for each Resource Setting to select a subset of CSI-RS resource sets within.
· Section 5.2.3 uses the parameter NRep to indicate the number of reports. In the current version of TS 38.214, this parameter seems isolated and has no relation with other entities. 


Proposal:
· Clarify trigger state definition as follows:
· A trigger state j is characterized by: 1) Nj CSI Reporting setting(s), 2) Mj Resource setting(s), 3) For each of the Mj Resource setting(s), a bitmap to select a subset of CSI-RS resource sets
· The number of reports NRep in 5.2.3 is trigger-state-specific and equal to Nj 

Multi-CSI PUCCH resource configuration
When a UE is configured with multiple CSI reports, each CSI report can be associated with one cell or component carrier. For future applications, multi-TRP scenarios (either coherent or non-coherent joint transmission) also require such setups. Each of these CSI reports is expected to be configured independently. For example, a periodicity for a P-CSI report associated with a macro-cell and be longer than a reporting periodicity of a P-CSI associated with a small cell, as mobility support and channel variations are more robust for the macro-cell. For example, a periodicity for a P-CSI report for a cell using a wide beam can be longer than for a cell using a narrow beam. 
[bookmark: _GoBack]Therefore, constraining the all cells use the same configurations for CSI reporting is not reasonable and utilizing multiple (J>1) independent PUCCH resource configurations is required. In LTE, it is J=2. Considering that NR needs to support a wider range of operating conditions, a maximum of J=4 is preferred.

Proposal: When a UE is configured with multiple CSI reports, NR supports up to J=4 independent PUCCH resource configurations per UL BWP. 

Conclusion
The following proposals are made:
· 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) 
· Clarify trigger state definition as follows:
· A trigger state j is characterized by: 1) Nj CSI Reporting setting(s), 2) Mj Resource setting(s), 3) For each of the Mj Resource setting(s), a bitmap to select a subset of CSI-RS resource sets
· The number of reports NRep in 5.2.3 is trigger-state-specific and equal to Nj 
· When a UE is configured with multiple CSI reports, NR supports up to J=4 independent PUCCH resource configurations per UL BWP.

Text proposal for TS38.214
…
5.2.3	CSI reporting using PUSCH
…



When CSI reporting on PUSCH comprises two parts, the UE may omit a portion of the Part 2 CSI. Omission of Part 2 CSI is according to the priority order shown in Table 5.2.3-1, where  is the number of CSI reports in one slot. Priority 0 is the highest priority and priority  is the lowest priority and the CSI report numbers correspond to the order of the associated ReportConfigID. The number of reports  is configured for each trigger state (section 5.2.1.5.1) and corresponds to the number of Reporting Settings for the trigger state. When omitting Part 2 CSI information for a particular priority level, the UE shall omit all of the information at that priority level. 
…
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