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In previous RAN1 meetings, the following major agreements have been achieved for the CSI configuration framework:

Agreements: [1]
· Refine the agreement on RS and IM settings as follows:
· “RS setting” is renamed as “Resource setting”, comprising configuration for signal for channel and/or interference measurement
· Remove “IM setting”
· Terminology clarification
· A UE can be configured with N≥1 CSI reporting settings, M≥1 Resource settings, and 1 CSI measurement setting, where the CSI measurement setting includes L ≥1 links
· Each of the L links corresponds to a CSI reporting setting and a Resource setting
· At least the following configuration parameters are signaled via RRC at least for CSI acquisition: 
· N, M, and L – indicated either implicitly or explicitly
· In each CSI reporting setting, at least: reported CSI parameter(s), 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
· In each Resource setting: 
· A configuration of S≥1 CSI-RS resource set(s) 
· Note: each set corresponds to different selections from a “pool” of all configured CSI-RS resources to the UE
· A configuration of Ks ≥1 CSI-RS resources for each set s, including at least: mapping to REs, the number of ports, time-domain behavior, etc.
· In each of the L links in CSI measurement setting: CSI reporting setting indication, Resource setting indication, quantity to be measured (either channel or interference)
· One CSI reporting setting can be linked with one or multiple Resource settings
· Multiple CSI reporting settings can be linked with the same Resource setting
· At least following are dynamically selected by L1 or L2 signaling, if appilicable
· One or multiple CSI reporting settings within the CSI measurement setting
· One or multiple CSI-RS resource sets selected from at least one Resource setting
· One or multiple CSI-RS resources selected from at least one CSI-RS resource set
· FFS until the next meeting about details of dynamic triggering

Agreements: [2]
· RAN 1 should support common configuration framework for beam management and CSI acquisition
· Aspects specifically related to beam management into the merged framework to be incorporated
· Note: maximum number of simultaneously triggered report settings and the maximum number of links corresponding to those triggered settings can be different for reporting types (e.g. beam reporting, CSI reporting)

Agreements: [3]
· Maximum value of Ks for CSI acquisition is no more than 8

Agreements: [4]
· For both CSI acquisition and beam management, an aperiodic Resource Settings can contain more than one CSI-RS Resource set
· For CSI acquisition, periodic and semi-persistent Resource Settings contain only one CSI-RS Resource set

Agreement: [4]
For ZP CSI-RS based IMR, following combinations of P/SP/AP CMR and IMR are supported
For semi-persistent CSI reporting,
	
	PR CMR
	SP CMR
	AP CMR

	PR IMR
	YES
	NO
	NO

	SP IMR
	NO
	YES
	NO

	AP IMR
	NO
	NO
	NO


For aperiodic CSI reporting,
	
	PR CMR
	SP CMR
	AP CMR

	PR IMR
	YES
	NO
	NO

	SP IMR
	NO
	YES
	NO

	AP IMR
	NO
	NO
	YES



Agreements: [4]
· 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” 

Agreement: [5]
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
Support CSI-RS configuration (including aperiodic triggering) with or without report at least for P3 BM, and for the case of non-codebook based UL transmission (FFS for TRS).  This can be achieved by configuring “No report” in reportQuantity in ReportConfig.

In this contribution, we discuss the current CSI configuration framework, the potential ways to simplify/improve, and its impact to RAN1 specification workload.
[bookmark: _Ref129681832]Discussion
Overall design of current CSI configuration framework
According to the RAN1 agreements, the top-level CSI framework configuration is a Measurement setting (MeasConfig), which contains at least three lists of sub-level configurations:
· The list (ReportConfigList) of Reporting settings (ReportConfig)
· The list (ResourceConfigList) of Resource settings (ResourceConfig)
· The list (MeasLinkConfigList) of Link configurations (MeasLinkConfig)


Fig. 1 Hierarchy of Reporting settings, Resource settings, and Link configurations
The original design philosophy of NR CSI framework is to decouple the reporting-related configurations from the resource-related configurations, and enable the flexible association between reporting and measurement resource(s), in order to support and switch among various transmission methods/schemes. In this case, current CSI framework configuration reflects this design philosophy by (see Fig. 1)
· Configuring the reporting-related configurations into Reporting setting(s)
· Configuring the resource-related configurations into Resource setting(s)
· Associating the reporting-related configurations to the resource-related configurations via Link configurations between Reporting setting and Resource setting
Observation 1: Current NR CSI framework reflects the RAN1 design philosophy by
· Decoupling the reporting-related configurations into Reporting setting(s)
· Decoupling the resource-related configurations into Resource setting(s)
· Coupling the reporting-related configurations and the resource-related configurations via Link configurations between Reporting setting and Resource setting
The Resource setting serves as a container to maintain list(s) of NZP-CSI-RS/CSI-IM/SSB resource sets, and Resource-setting-wise common configurations, e.g. 
· Resource configuration type: either periodic, or semi-persistent, or aperiodic, which restricts the included CSI-RS resource(s) to be the same type
· BWP-info: identify in which BWP the included CSI-RS resource(s) located
· CC-info: identify in which CC the included CSI-RS resource(s) located
The resource set maintains a list of NZP-CSI-RS or CSI-IM or SSB resources, and resource-set-wise common configurations, e.g.
· CSI-RS-Resource Rep: defines whether a repetition in conjunction with spatial domain transmission filter is ON/OFF at gNB-side
· AperiodicNZP-CSI-RS-TriggeringOffset: defines the transmission slot offset for the aperiodic NZP CSI-RS resource(s) within a resource set
According to RAN1 agreements, there can be up to 16 resource sets configured for an aperiodic Resource setting, and an up-to-16-bit bitmap is assigned for resource set selection within the resource setting. In this case, the resource set indexing is localized, which reduces the configuration complexity while keep adequate flexibility for resource set selection, comparing to a globalized resource set indexing and selection design.
Observation 2: NR hierarchical design features that the CSI-RS/IM resources configured within a Resource set share the same properties such as Repetition ON/OFF, Aperiodic triggering offset, etc.
Observation 3: NR hierarchical design features that the CSI-RS/IM resources configured within a Resource setting share the same properties such as Resource configuration type, BWP info., CC info., etc.
For aperiodic/semi-persistent (on PUSCH) CSI reporting, there are also additional lists (ReportTrigger) of aperiodic/semi-persistent (on PUSCH) trigger states (aperiodicReportTrigger/Semi-persistent-on-PUSCHReportTrigger) to be configured within the Measurement setting. A basic configuration of an aperiodic trigger state contains (see Fig. 2)
· A CSI reporting setting ID
· A resource set bitmap to select one-out-of-S resource sets, corresponds to the associated NZP CSI-RS resource setting for channel measurement (optional)
· A resource set bitmap to select one-out-of-S resource sets, corresponds to the associated NZP CSI-RS resource setting for interference  measurement (optional)
· A resource set bitmap to select one-out-of-S resource sets, corresponds to the associated CSI-IM resource setting for interference  measurement (optional)
· The corresponding resource-wise QCL information
For aperiodic CSI reporting, upon detecting the CSI request field in PDCCH, a UE composes and transmits the CSI report(s) based on the channel/interference measurement on the CSI-RS resource(s). The CSI-RS resource(s) transmission can be either higher layer configured (periodic), or MAC CE activated/deactivated (semi-persistent), or DCI triggered (via CSI request field, aperiodic), in a per resource set manner.
For semi-persistent CSI reporting on PUSCH, the CSI reporting is triggered via the CSI request filed in PDCCH, and the corresponding CSI-RS resource(s) transmission can be either higher layer configured (periodic) or MAC CE activated/deactivated (semi-persistent), in a per resource set manner.
For semi-persistent CSI reporting on PUCCH, the CSI reporting is activated/deactivated via MAC CE signaling, and the corresponding CSI-RS resource(s) transmission can be either higher layer configured (periodic) or MAC CE activated/deactivated (semi-persistent), in a per resource set manner.
For periodic CSI reporting, the CSI reporting is higher layer configured, and the corresponding CSI-RS resource(s) transmission is higher layer configured as well, in a per resource set manner.


Fig. 2 Trigger state description and the associated CSI configuration
As shown in Fig. 2, to trigger aperiodic Reporting setting 1, the corresponding resource set bitmap(s) should also be properly configured at higher layer. Since resource set indexing is localized within each resource setting, the trigger state itself cannot tell where to locate a resource set to be triggered. Instead, it is the link configuration that provides the association information between a Reporting setting and a Resource setting. The link configuration can also serve the periodic/semi-persistent Resource settings, where a single resource set is to be configured.
Observation 4: NR design on link configuration, trigger state, and resource set selection is a unified approach to support periodic/semi-persistent/aperiodic CSI reporting and the corresponding CSI-RS transmission, which achieves trade-off between flexibility and configuration complexity.
Resource configuration details
There was a RAN2 agreement on the resource configuration [6]
Agreements
1	Define pools of NZP-CSI-RS-,  CSI-IM- and CSI-SSB-Resources on the top level (CSI-MeasConfig) with unique IDs so that they can be referred to widely and easily (e.g. from within sets, settings, TCI-RS-Sets (TCI-States)...)

Since no agreements in RAN1 on whether the CSI-RS/IM resources (also the SSB resources) are instantiated within each resource set or not, there exists confusion on the relevant configuration signaling design. As shown in Fig. 1, the NZP CSI-RS resources, and the CSI-IM resources (also the SSB resources) are pointed to from various resource sets, avoiding duplicating configuration of the same resources. From our understanding, the proposal by RAN2 has its impact only on the higher layer signaling design, while no changes will be made to RAN1 specifications. It is thus quite natural for NR to adopt this design.
Observation 5: RAN2 agreement on top-level configurations of resource pools has its impact only on the higher layer signaling design, which makes no changes to RAN1 specifications.
Link configuration details
One of the benefits for configuring the link configuration associating a Reporting setting to a Resource setting, is to achieve flexible association while keep the configuration complexity low. As shown in Fig. 3, different Reporting settings can be associated with the same Resource setting(s), which corresponds to the situation for instance where different CSI reports are intended to be measured on the same CSI-RS resource configurations, e.g. CSI report 1 with Type I CSI feedback, CSI report 2 with Type II CSI feedback, whereas both are measured on the same CSI-RS resource(s).


Fig. 3 Configurations of multiple Reporting settings associated to the same Resource setting(s)
A counter example is also shown in Fig. 3(b) where resource (set) configurations are included in the Reporting setting, and no link configurations are presented. This approach actually adopts the LTE way of CSI configuration, where each Reporting setting now approximates the function of an LTE CSI process. While it seems to be more “compact” than the NR reporting-link-resource approach as in Fig. 3(a), the configuration is obviously more likely to be redundant, and heavy loaded.
Observation 6: The NR adoption of Link configurations and Resource settings is much more flexible and light weighted, compare to per Reporting setting configuration of CSI-RS resources (sets).
A possible simplification and improvement can be revealed by Fig. 4(b) on the list of configurations for Fig. 3(a), which refers to the corresponding Resource settings directly from a Reporting setting, thus eliminates the explicit Link configurations while keep the flexible and light weighted association to resources (sets).


On the other hand, modifications to current CSI configuration framework may not only have its impact to higher layer signaling design, but also lead to significant changes to RAN1 specifications. Take the link configuration for example, the explicit association between Reporting setting and Resource setting via link configurations has been agreed from the very first version of the CSI framework. In this case, there are extensive use of this linked association in RAN1 specifications. For 38.214, at least 8 sections (Sec. 5.2.1, 5.2.1.2, 5.2.1.3, 5.2.1.4.1, 5.2.1.4.2, 5.2.1.5.1, 5.2.2.1, 5.2.4, etc.) will be affected by the potential changes to link configuration, ranging from top-level framework hierarchy, Reporting/Resource setting configurations, triggering of CSI reports and CSI-RS, to CQI definitions. 
Given very limited time for RAN1 to finish the specification on NR core function, any change that may lead to overloaded RAN1 specification work should be carefully evaluated before it is accepted.
Observation 7: Modifications to current CSI configuration framework may not only have its impact to higher layer signaling design, but also lead to significant changes to RAN1 specifications, which should be carefully evaluated before it is accepted.
CSI trigger states details
Current NR specification has defined an integral list of trigger states in Measurement setting. Each trigger state corresponds to one or multiple Reporting settings, the resource sets (via Resource set bitmaps) in the associated Resource settings (via Link configurations) for channel/interference measurement, and the QCL configurations (via QCL-Info-AperiodicReportingTrigger) for each aperiodic CSI-RS resource within the indicated resource set(s). In this case, a signaling structure for aperiodic CSI triggering can be depicted in Fig. 4, where trigger state 1 corresponds to one Reporting setting, trigger state 2 corresponds to two Reporting settings, while trigger state 3 corresponds to more than 2 Reporting settings.
One of the benefits for configuring trigger states on the top level is that it is much more economical for a UE to monitor the list of trigger states, than monitoring all the configured aperiodic Reporting settings, since the Reporting settings (ID) to be simultaneously triggered are gathered together under one trigger state in the list.
On the other hand, if the trigger state(s) is configured per Reporting setting, instead of in the top-level list, the content of Reporting setting would grow enormously along with the number of trigger states to be considered, which leads to redundant and heavy loaded settings, as shown in Fig. 5.
Observation 8: The NR approach of top-level configured trigger-state list
· Provides much more manageable and easily comprehended triggering for multiple CSI reports
· Keep the Reporting settings configuration lean and consistent with overall framework design


 
Fig. 4 Signaling for aperiodic CSI triggering with top-level list of trigger states

 
Fig. 5 Signaling for aperiodic CSI triggering with trigger state(s) per Reporting setting
Conclusions
This contribution discussed the current CSI acquisition framework, the potential ways to simplify/improve, and its impact to RAN1 specification workload. The observations and proposals are summarized as follows:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: Current NR CSI framework reflects the RAN1 design philosophy by
· Decoupling the reporting-related configurations into Reporting setting(s)
· Decoupling the resource-related configurations into Resource setting(s)
· Coupling the reporting-related configurations and the resource-related configurations via Link configurations between Reporting setting and Resource setting
Observation 2: NR hierarchical design features that the CSI-RS/IM resources configured within a Resource set share the same properties such as Repetition ON/OFF, Aperiodic triggering offset, etc.
Observation 3: NR hierarchical design features that the CSI-RS/IM resources configured within a Resource setting share the same properties such as Resource configuration type, BWP info., CC info., etc.
Observation 4: NR design on link configuration, trigger state, and resource set selection is a unified approach to support periodic/semi-persistent/aperiodic CSI reporting and the corresponding CSI-RS transmission, which achieves trade-off between flexibility and configuration complexity.
Observation 5: RAN2 agreement on top-level configurations of resource pools has its impact only on the higher layer signaling design, which makes no changes to RAN1 specifications.
Observation 6: The NR adoption of Link configurations and Resource settings is much more flexible and light weighted, compare to per Reporting setting configuration of CSI-RS resources (sets).
Observation 7: Modifications to current CSI configuration framework may not only have its impact to higher layer signaling design, but also lead to significant changes to RAN1 specifications, which should be carefully evaluated before it is accepted.
Observation 8: The NR approach of top-level configured trigger-state list
· Provides much more manageable and easily comprehended triggering for multiple CSI reports
· Keep the Reporting settings configuration lean and consistent with overall framework design
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