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1 Introduction
Rel-18 study item on AI/ML for NR air interface has been agreed in RAN#94-e-Meeting. Specifically, CSI feedback enhancement was agreed as an initial use case. Among the objectives, the scope of this SI mainly includes finalizing representative sub use cases in the agreed use case and assessing potential specification impact for the agreed sub use cases.
In this contribution, we mainly provided our views on potential specification impact of CSI compression using two-sided model and CSI prediction using UE-side model.
2 Discussion on CSI compression
In this section, we present our suggestions on potential specification impact of CSI compression using two-sided model.
2.1 Data collection
[bookmark: OLE_LINK27]In RAN1#112 [3], the following agreements were reached for data collection.
	[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Agreement
· In CSI compression using two-sided model use case, further study the necessity, feasibility, and potential specification impact of UE side data collection enhancement including at least  
· Enhancement of CSI-RS configuration to enable higher accuracy measurement.
· Assistance information for UE data collection for categorizing the data in forms of ID for the purpose of differentiating characteristics of data due to specific configuration, scenarios, site etc.
· The provision of assistance information needs to consider feasibility of disclosing proprietary information to the other side.
· Signaling for triggering the data collection
Agreement
· In CSI compression using two-sided model use case, further discuss the necessity, feasibility, and potential specification impact for NW side data collection including at least:   
· Enhancement of SRS and/or CSI-RS measurement and/or CSI reporting to enable higher accuracy measurement. 
· Contents of the ground-truth CSI including:  
· Data sample type, e.g., precoding matrix, channel matrix etc.
· Data sample format: scaler quantization and/or codebook-based quantization (e.g., e-type II like). 
· Assistance information (e.g., time stamps, and/or cell ID, Assistance information for Network data collection for categorizing the data in forms of ID for the purpose of differentiating characteristics of data due to specific configuration, scenarios, site etc., and data quality indicator)
· Latency requirement for data collection
· Signaling for triggering the data collection


For data collection in model training, model update or model monitoring, the specific or dedicated RSs (called as “training RS”) for acquiring CSI that is used as AI/ML input/output is necessary. On the one hand, gNB can configure the training RS explicitly for UE because the training RS may need to satisfy specific requirements. For example, the configured training RS must be sufficient to obtain the precoding matrix (e.g., a group of eigenvectors) or raw channel as accurately as possible. On the other hand, the training RS can be obtained implicitly rather than being configured explicitly due to additional overhead. For example, it can be acquired based on the configured RSs for CSI measurement and reporting that satisfy the specified requirements of model training, model update or model monitoring.
[bookmark: OLE_LINK277][bookmark: OLE_LINK278][bookmark: OLE_LINK28][bookmark: OLE_LINK29]Proposal 1: Study the mechanism of obtaining RSs specific for data collection in model training, model update and model monitoring, e.g., explicit configuration, implicit acquirement.
2.2 Model monitoring
[bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK259][bookmark: OLE_LINK260]In RAN1#110bis [1], RAN1#112 [3] and RAN1#112bis-e [4], the following agreements were reached for model monitoring.
	Agreement
In CSI compression using two-sided model use case, study potential specification impact for performance monitoring including: 
· NW-side performance monitoring:  NW monitors the performance and make decisions of model activation/ deactivation/updating/switching    
· UE-side performance monitoring: UE monitors the performance and reports to Network, NW makes decisions of model activation/ deactivation/updating/switching    
Agreement
In CSI compression using two-sided model use case, further study potential specification impact related to assistance signaling and procedure for model performance monitoring. 
Agreement
In CSI compression using two-sided model use case, further study at least the following options for performance monitoring metrics/methods:
· Intermediate KPIs as monitoring metrics (e.g., SGCS)
· Eventual KPIs (e.g., Throughput, hypothetical BLER, BLER, NACK/ACK).
· Legacy CSI based monitoring: schemes using additional legacy CSI reporting
· Other monitoring solutions, at least including the following option:
· Input or Output data based monitoring: such as data drift between training dataset and observed dataset and out-of-distribution detection
Agreement
In CSI compression using two-sided model use case, further study the necessity, feasibility, and potential specification impact for intermediate KPIs based monitoring including at least:
· NW-side monitoring based on the target CSI with realistic channel estimation associated to the CSI report, reported by the UE or obtained from the UE-side. 
· UE-side monitoring based on the output of the CSI reconstruction model, subject to the aligned format, associated to the CSI report, indicated by the NW or obtained from the network side.
· Network may configure a threshold criterion to facilitate UE to perform model monitoring. 
· UE-side monitoring based on the output of the CSI reconstruction model at the UE-side
· Note: CSI reconstruction model at the UE-side can be the same or different comparing to the actual CSI reconstruction model used at the NW-side. 
· Network may configure a threshold criterion to facilitate UE to perform model monitoring. 
· FFS: Other solutions, e.g., UE-side uses a model that directly outputs intermediate KPI. Network-side monitoring based on target CSI measured via SRS from the UE.
Note: Monitoring approaches not based on intermediate KPI are not precluded
Note: the study of intermediate KPIs based monitoring should take into account the monitoring reliability (accuracy), overhead, complexity, and latency.
Agreement
In CSI compression using two-sided model use case, for UE-side monitoring, further study potential specification impact on triggering and means for reporting the monitoring metrics, including periodic/semi-persistent and aperiodic reporting, and other reporting initiated from UE.



For UE-side performance monitoring, NW needs to make decision based on the performance metrics monitored by UE. Obviously, it is necessary that UE reports to NW the monitored performance metrics. However, from the current agreed potential performance metrics, e.g., SGCS, throughput, it seems difficult to directly report these performance metrics. Therefore, we should study how to report the performance metrics.
[bookmark: OLE_LINK279][bookmark: OLE_LINK280][bookmark: OLE_LINK30][bookmark: OLE_LINK31]Proposal 2: For UE-side performance monitoring, study how to report the performance metric(s).
Generally, for model monitoring of one AI/ML model, UE only needs to monitor and report one performance metric. But in some cases, multiple performance metrics may be monitored and reported for the same AI/ML model. For instance, for the AI/ML model of CSI compression, different SGCSs may be monitored for different ranks. Accordingly, these SGCSs need to be reported to NW. Otherwise, NW cannot be aware of the performances corresponding to different ranks, which will affect the configuration of the allowable ranks. Therefore, we should study model monitoring for multiple ranks.
[bookmark: OLE_LINK240][bookmark: OLE_LINK241][bookmark: OLE_LINK281][bookmark: OLE_LINK282]Proposal 3: Study to monitor the performances corresponding to multiple different ranks.
[bookmark: OLE_LINK243][bookmark: OLE_LINK244]Different ranks, layers or compressed bits may be designed as different AI/ML models. Although the main purpose of model monitoring is to determine whether the current AI/ML model is available, if the model monitoring is only aimed at the current AI/ML model and does not consider other candidate models having the same functionality, it may lead to some undesirable situations. For example, the performance of the current AI/ML model meets certain predefined performance conditions, but the performance of other candidate models are far better than the current AI/ML model. In this case, it seems unwise to continue to apply the current AI/ML model. Therefore, to avoid the situation, we can consider monitoring multiple AI/ML models at the same time to ensure that an AI/ML model with better or optimal performance is applied.
Proposal 4: Study simultaneous model monitoring for multiple AI/ML models.
2.3 UE capability
In RAN1#112bis [4], the following agreement was reached for UE capability.
	[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Agreement
The study of AI/ML based CSI compression should be based on the legacy CSI feedback signaling framework. Further study potential specification enhancement on 
· CSI-RS configurations (No discussion on CSI-RS pattern design enhancements)
· CSI reporting configurations 
· CSI report UCI mapping/priority/omission
· CSI processing procedures.   
· Other aspects are not precluded. 


When the UL transmission resources are insufficient to feedback all CSI information, the priority rule and omission rule need to be defined. Specifically,
· [bookmark: OLE_LINK1][bookmark: OLE_LINK6][bookmark: OLE_LINK7]When multiple CSI reports collide, the priority value corresponding to each CSI report should be determined and compared with each other. The existing priority rule is only based on non-AI/ML based CSI report vs. non-AI/ML based CSI report. If the AI/ML based CSI report is introduced, both non-AI/ML based CSI report vs. AI/ML based CSI report and AI/ML based CSI report vs. AI/ML based CSI report should be considered.
· When there is no enough UL transmission resource for feedback all report contents in the CSI reporting, CSI omission should be performed. It means that, fewer (binary) bits will be used to transmit the CSI information. For the CSI reporting for CSI compression, CSI omission should mainly be performed for the compressed bits. In this case, the compressed bits need to be truncated before transmitting it. If the performance loss caused by truncation is acceptable, truncation will be a promising approach for CSI omission.
[bookmark: OLE_LINK32]Proposal 5: Study the priority rules for AI/ML based CSI reporting, at least the following cases should be considered:
· Non-AI/ML based CSI report vs. AI/ML based CSI report
· AI/ML based CSI report vs. AI/ML based CSI report
Proposal 6: Study feasibility and potential specification impact of CSI omission based on truncation approach.
3 [bookmark: _Hlk101866643][bookmark: OLE_LINK14][bookmark: OLE_LINK64][bookmark: OLE_LINK65][bookmark: OLE_LINK108][bookmark: OLE_LINK109]Discussion on time domain CSI prediction 
In RAN1#111 [2] and RAN#112bis [4], the following agreement was reached. In this section, we present our suggestions on potential specification impact of CSI prediction using UE-side model.
	Agreement
Time domain CSI prediction using UE sided model is selected as a representative sub-use case for CSI enhancement.   
Note: Continue evaluation discussion in 9.2.2.1.
Note: RAN1 Defer potential specification impact discussion at 9.2.2.2 until the RAN1#112b-e, and RAN1 will revisit at RAN1#112b-e whether to defer further till the end of R18 AI/ML SI.
Note: LCM related potential specification impact follow the high level principle of other one-sided model sub-cases.
Agreement
In CSI prediction using UE-side model use case, whether to address the potential spec impact of CSI prediction depends on RAN#100 final conclusion, focusing on the following
· data collection procedure, mainly including RS configuration, measurement and report configuration, reusing as much as possible what is defined for UE side use cases
· monitoring procedure and metric for AI-based CSI prediction.
· Model/functionality selection/switching and finetuning procedure.
· Note: Discussion on potential specification impact is limited to aspects which would NOT duplicate the work in Rel-18 MIMO WI.
· Note: Minimize LCM related potential specification impact discussion that follow the high-level principle of other one-sided model sub-cases.


3.1 [bookmark: _Hlk101861291][bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK107][bookmark: OLE_LINK264][bookmark: OLE_LINK265]CSI configuration and reporting
In order to improve accuracy and allow fast adaptation to changing channel conditions, a relatively small CSI reporting periodicity is needed (resulting in an increased CSI reporting frequency), which may lead to increased signaling overhead and increased power consumption. A relatively frequent periodic CSI feedback from the UE to the scheduler may need CSI reporting in every few transmission time intervals (TTIs), even though there may be little (or no) variation in the CSI during certain periods. In other words, there may be periods when the same or a similar CQI values are reported at relatively short intervals. In case of aperiodic CSI feedback, more frequent feedback would require more frequent DCI transmissions from the gNB to the UE. Thus, the current CSI feedback mechanism is not ideal. With the introduction of AI/ML, it is desirable that the CSI feedback timing may autonomously adapt to traffic arrival rate and channel condition.
[bookmark: OLE_LINK43]A UE may experience periodic or repetitive/repeatable CSI variation, for example, a moving object (mechanical arm or a vehicle with fixed route) in a controlled environment such as in the setting of factory automation. The fixed trajectory of the UE makes it possible to perform time-domain UE-side CSI prediction reliably. For example, UE may predict the points of variation based on some historical information. As discussed in [4] 9.2.2.1 ‘Evaluation on AI/ML for CSI feedback enhancement’, UE can predict CSI information (e.g., raw channel, eigenvector) corresponding to future time instance(s). UE can then derive the time domain points of variation based on this output from the AI/ML model. 
As shown in the figure below, UE can obtain CSI variation points (i.e., a future time instance with significant changes in CSI information) based on the predicted CSI information corresponding to future time instances. Actually, the CSI variation point can be regarded as a CSI update point. Multiple CSI update points can be represented as a set of CSI update time or location by UE. Only at the CSI update time or location is it necessary for UE to report the predicted CSI information. Furthermore, the CSI feedback rate may also be influenced by the CSI variation points.
[image: ]
Figure 1 CSI predication and reporting
[bookmark: _Hlk134708812][bookmark: OLE_LINK111]The adjustment of CSI feedback rate or CSI reporting pattern can be based on the derived CSI variation points and corresponding CSI update time/location. This method of CSI data collection and reporting configuration has the advantage of reduced complexity and improved accuracy and can be supported for UE-side time-domain CSI prediction.
Observation 1: Regarding CSI prediction using UE-side model, only at the future time instance where CSI information significantly changes (i.e., CSI variation point), reporting the corresponding predicted CSI information is necessary.
Proposal 7: Study potential specification impact of CSI reporting/feedback based on the CSI variation point.
[bookmark: OLE_LINK132][bookmark: OLE_LINK133][bookmark: OLE_LINK127][bookmark: OLE_LINK103][bookmark: OLE_LINK138][bookmark: OLE_LINK159][bookmark: OLE_LINK160][bookmark: OLE_LINK163][bookmark: OLE_LINK256][bookmark: _Hlk101800229][bookmark: OLE_LINK284][bookmark: OLE_LINK285]In order to ensure the real-time performance of CSI, especially in some scenarios of high speed movement (e.g., HST, freeway), gNB can trigger a P/SP CSI reporting, and UE needs to perform CSI measurement and reporting frequently. Based on time domain CSI prediction, it becomes a reality to use the historical CSIs to predict the future CSI(s), which will greatly save overhead of CSI measurement and reporting. Specifically, the CSIs measured in multiple historical time instances are be used to predict the CSI(s) in one or more future time instance(s). And the time interval between the historical or future time instances is generally is the same. It means that, for a triggered P/SP CSI report, UE only needs to receive the CSI-RSs transmitted in partial time instances and measure the CSIs. And for the future time instance(s) corresponding to the predicted CSI(s), UE does not need to receive the CSI-RS(s) or (and) perform CSI reporting. For this purpose, gNB can release or deactivate the P/SP CSI report. However, due to acquiring CSI may be a long-term, continuous and periodic behavior, gNB needs to configure/release or activate/deactivate the same CSI report frequently. Obviously, it will lead to huge and unnecessary overhead of signaling (e.g., RRC, MAC CE). Therefore, for reduction of unnecessary signaling overhead, we should study the mechanism of discontinuous P/SP CSI report.
[bookmark: OLE_LINK273][bookmark: OLE_LINK274]Proposal 8: Study discontinuous periodic or semi-persistent CSI report.
To support UE-side time-domain CSI prediction based on the points of CSI variation, a set of CSI reporting points may be calculated by the UE based on time or location. A timing set or location set may be collected by each UE or UE group following the initial training: 
Timing set {t0, t1,t2,t3,t4,…tn} where CSI feedback time tn is configurable within a longer validity duration, instead of fixed CSI reporting periodicity.
Location set {p0, p1, p2, p3, p4,…pn} or Distance set {d0, d1, d2, d3, d4, …dn} where CSI feedback is based on UE’s location Pn or distance dn travelled within a duration, replacing reporting based on timing interval. Significant location represents where there is a significant change in channel condition. 
UE may need to update the Time/Location/Distance set following model training. UE knows its own location/distance travelled or when it reaches certain position for CSI reporting update.
In many cases, a combined time and location/distance set, where certain area has certain timing set, can be applicable.  
For the CSI timing set, a UE can be provided with a periodic CSI reporting pattern for CSI reporting, such as csi-reportingPattern. Each bit of the pattern corresponds to a normal CSI reporting with a value of ‘0’ or a value of ‘1’ indicating, respectively, the skipping of CSI reporting or the normal CSI feedback during the validity duration of the CSI reporting pattern. 
For the CSI location/distance set, a UE can be provided with a CSI reporting positioning pattern for CSI reporting, such as csi-reportingPosition. Each bit of the pattern corresponds to a pre-configured significant location/distance, with a value of ‘0’ or a value of ‘1’ indicating, respectively, ‘No change’ or ‘Update’ of csi-reportingPattern/CSI periodicity.
The time/position/distance may be reset to ‘0’ or the starting point after a configurable time duration, number of positions or length of distance, and CSI feedback may be skipped if no traffic is expected.
[bookmark: _Hlk101294943]Upon reaching a significant point of variation (determined by time, location or distance), the CSI Feedback pattern may be updated autonomously based on a trained/configured/reconfigurable Location/Distance Set Index and Timing Set Index mapping table as shown in Table 1.

Table 1 Location/Timing set mapping table
	Location/Distance Set Index
	Timing Set Index

	posInd1
	CSI Timing Set a

	posInd2
	CSI Timing Set b

	posInd3
	CSI Timing Set c

	posInd4
	CSI Timing Set d

	…
	…



The CSI reporting periodicity may also be updated autonomously. Upon reaching a significant point of variation (determined by time, location or distance), the CSI reporting periodicity may be updated autonomously based on a trained/configured/reconfigurable CSI-Periodicity and Location/Distance Set mapping table as shown in Table 2:

Table 2 Location/CSI periodicity table
	CSI periodicity
	Location/Distance Set

	2ms
	p0, …, pm; d0, …, dm

	5ms
	pm+1…, pn; dm+1,…,dn

	8ms
	pn+1,…, ps; dn+1, …,ds

	10ms
	ps+1, …, pt; ds+1,…,dt

	…
	…


Proposal 9: Support the location/CSI report timing set mapping table in CSI reporting configuration.
Proposal 10: Support the location/CSI periodicity mapping table in CSI reporting configuration.

4 Conclusion
[bookmark: _Hlk101889792]In this contribution, we provided our views on the finalization of representative sub use cases and potential specification impact for CSI feedback enhancements. Specifically, we have the following observations and proposals:
Proposal 1: Study the mechanism of obtaining RSs specific for data collection in model training, model update and model monitoring, e.g., explicit configuration, implicit acquirement.
Proposal 2: For UE-side performance monitoring, study how to report the performance metric(s).
Proposal 3: Study to monitor the performances corresponding to multiple different ranks.
Proposal 4: Study simultaneous model monitoring for multiple AI/ML models.
Proposal 5: Study the priority rules for AI/ML based CSI reporting, at least the following cases should be considered:
· Non-AI/ML based CSI report vs. AI/ML based CSI report
· AI/ML based CSI report vs. AI/ML based CSI report
Proposal 6: Study feasibility and potential specification impact of CSI omission based on truncation approach.
Observation 1: Regarding CSI prediction using UE-side model, only at the future time instance where CSI information significantly changes (i.e., CSI variation point), reporting the corresponding predicted CSI information is necessary.
Proposal 7: Study potential specification impact of CSI reporting/feedback based on the CSI variation point.
Proposal 8: Study discontinuous periodic or semi-persistent CSI report.
Proposal 9: Support the location/CSI report timing set mapping table in CSI reporting configuration.
Proposal 10: Support the location/CSI periodicity mapping table in CSI reporting configuration.
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