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1 Introduction
At RAN#115 a WI was agreed for AI/ML for NR Air Interface normative work in Release 19. The accompanying WID[1] includes a further study on CSI prediction via AI/ML with the following objectives:
	Study objectives with corresponding checkpoints in RAN#105 (Sept ’24):
· CSI feedback enhancement [RAN1]: 
· [bookmark: _Hlk152950038]For CSI prediction (one-sided model), further study performance gain over Rel-18 non-AI/ML based approach and associated complexity, while addressing other aspects requiring further study/conclusion as captured in the conclusions section of the TR 38.843 (e.g., cell/site specific model could be considered to improve performance gain). 


This additional study follows on the back of an absence of a recommendation on the way forward for CSI prediction from the AI/ML for NR Air Interface SI in Rel-18 reported in TR 38.843. One of the reasons for this was that the limited assessment results from the study did not show enough performance improvement when compared to Rel-18 non-AI/ML based approaches despite the likely higher complexity of AI/ML approaches. Another reason was the absence of an agreed framework for CSI prediction covering such issues as:
· Data collection
· Performance Monitoring
· Configuration of CSI-RS 
· Framework for CSI prediction
In this contribution, we discuss some of these issues and how agreeing a framework for CSI prediction could better structure this further study allowing companies to make performance assessments with the same system assumptions.

2 Timeliness of CSI measurements
In usual operation, the UE carries out CSI measurements on the DL in given slot. The results of these measurements are sent to the network in the form of CSI feedback during a later UL slot and the gNB uses these measurements to select and schedule resources for PDSCH for transmission to the UE in another slot. The schedule information is first delivered to the UE in a PDCCH DCI during an intervening slot. For UL transmissions, the UE transmits SRS in one UL slot, the gNB uses the SRS to measure the channel and based on the results of these measurements, the gNB schedules the UE to transmit a PUSCH in a later UL slot. Similarly to the DL, the schedule information is first delivered to the UE in a PDCCH DCI during an intervening slot. This is all done on the implied assumption that the channel conditions between the time the CSI measurements are done and when the transmission takes place are the same or at worst, similar – the instant of measurement and instant of transmission are both within the coherence time of the channel. The degree to which the CSI measurements taken from a time before the actual transmission time reflect the actual channel quality during the time the physical channel transmission occurs depends on how far apart the two times are but also on the relative mobility of the UE. For a high mobility UE, radio propagation conditions can change significantly between the two instances concerned. It is therefore desirable to take the channel measurement as close as possible to the actual physical channel transmission slot or subframe. Since CSI measurement and reporting processes take some time, there is a limit to how close the two instances can be. If the channel is white sense stationary, CSI prediction can allow CSI measurements taken some time in the past to be forward propagated to the actual physical channel transmission time for use in scheduling. In such a white sense stationary channel the accuracy of such predicted CSI with respect to channel conditions at the actual transmission time depends largely on the model of the CSI prediction. AI/ML can help in finding a good model for this prediction of channel measurements from previous measurements. This can be done either at the UE or the gNB.
2.1 CSI Prediction at the UE
The gNB uses CSI measurements by the UE to determine the resource allocation in both time (TDRA) and frequency (FDRA) for a PDSCH transmission to the UE. CSI prediction in this WI is concerned with TDRA. The TDRA is a field of the DCI formats 1_0 or 1_1 used to schedule the PDSCH via a PDCCH. The TDRA field points to an entry in a table previously delivered to the UE as an RRC IE pdsch-AllocationList. From this entry, the UE will read the k0 (the number of slots after the slot carrying the PDCCH DCI that carries the resource allocation) and the SLIV amongst other scheduling parameters of the PDSCH. From the SLIV, the UE can discern the start OFDM symbol within the slot and the length (in OFDM symbols) allocated for the PDSCH. The relationship between these parameters is illustrated in Figure 1.
[image: ]
Figure 1: TDRA relevant information for PDSCH
The choice of k0 and SLIV is done in the scheduler of the gNB taking into account the CSI report from the UE and the size pf data for the PDSCH. In Figure 1, the PDSCH would be transmitted in the best possible slot if the CSI prediction was of slot n+k0. However, at the point when CSI prediction is done at a given UE, the UE does not know k0 because the choice of k0 depends on the future actions of the gNB scheduler and these actions do not only depend on the CSI reports of the target UE but also other UEs within the same cell. This is one of the reasons that scheduling decisions are taken by the gNB for both DL and UL. There is an issue of to what slot should the UE predict CSI.
It may be that CSI prediction should be done for a number of transmission time candidates (TDRA candidates) and then the gNB can schedule the UE at the time interval corresponding to the best predicted CSI. 
To study the efficacy of CSI prediction at the UE a CSI prediction framework has first to be agreed to facilitate the study wherein operations can be done in either of two possible ways:
Option 1: The gNB informs the UE of the candidate TDRA(s). This allows the UE to predict CSI at each of the candidate TDRA(s). It has to be decided how the gNB chooses the candidate TDRAs but one expects that the gNB would take into account the loading from other UEs within the cell as it postulates each candidate TDRA. This option does not preclude just one candidate TDRA.
Option 2: The UE independently selects different TDRAs spread between the time it is instructed to carry out CSI measurements and the maximum scheduling interval - for example, up to the maximum possible value for k0. The UE then predicts the CSI at each of the candidate TDRAs. 
In either case, the UE would then send the candidate CSI predictions with indications of their respective times (k0) to the gNB which would select the optimum candidate TDRA in which the transmission will be scheduled. The UE can also just send the best candidate TDRA to the gNB for it to use for scheduling. Option 1 allows more gNB control than option 2.
Observation 1: To allow scheduling flexibility, CSI prediction at the UE needs be carried out at [N] possible TDRA candidates.

2.2 CSI Prediction at the gNB
To forestall the need for multiple prediction configuration and multiple prediction reporting, one sided CSI prediction can be carried out at the gNB instead. In this case, the CSI framework would mandate that the UE sends all CSI measurements to the gNB where the predictor can use the measurements to predict CSI at any TDRA of the gNB’s choosing. In this framework, performance may be more optimal if raw channel measurements are sent to the gNB as these are likely more amenable to prediction. As raw measurements would consume more transmission resources, CSI compression would be critical to reduce the transmission resources needed. 

Observation 2: The WID does not preclude CSI prediction at the gNB.
Proposal 1: RAN1 should first agree a CSI prediction framework to allow a more controlled study. Such a framework should include:
· Whether CSI prediction is done at UE or gNB
· CSI prediction at UE: multiple predictions and how these a configured
· CSI prediction at gNB: if input data type is raw CSI/channel measurements, compression model for these.
3 Conclusion
In this contribution, we discussed our views on CSI measurement enhancements via AI/ML. We observed and proposed as follows:

Observation 1: To allow scheduling flexibility, CSI prediction at the UE needs be carried out at [N] possible TDRA candidates.
Observation 2: The WID does not preclude CSI prediction at the gNB.
Proposal 1: RAN1 should first agree a CSI prediction framework to allow a more controlled study. Such a framework should include:
· Whether CSI prediction is done at UE or gNB
· CSI prediction at UE: multiple predictions and how these a configured
· CSI prediction at gNB: if input data type is raw CSI/channel measurements, compression model for these.
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