3GPP TSG-RAN WG4 Meeting #107	R4-2308527
Seoul, Korea, May 22nd – 26th 2023

Agenda Item:	8.22.3
Source:	Ericsson
Title:	AI/ML use case considerations
Document for:	Discussion

1	Introduction
During RAN4#106bis, initial discussions on RAN4 aspects of AI/ML for PHY took place and a WF was agreed This contribution addresses some use-case related considerations for AI/ML, in particular on metrics and considerations for splitting to use-case specific threads.
[bookmark: _Ref178064866]2	Discussion
2.1 Metrics for use cases
In the WF, the terms metric and KPI were used to describe the parameters used to define RAN4 requirements. It is important to bear in mind that the purpose of RAN4 requirements is to ensure consistent and predictable behaviours and, in some cases, to guarantee minimum performance. RAN4 requirements do not on their own measure all relevant aspects of network performance. For this reason, the term metrics may be somewhat more appropriate to apply to the parameters defined for RAN4 requirements.

CSI use case
In the WF, throughput was identified as a metric for further study. Some further metrics were identified for further discussion whether to study in RAN4 or not: SGCS/NMSE and accuracy of CSI prediction, latency of CSI feedback/prediction.
For current RAN4 requirements, throughput is used as a metric for assessing the CSI reporting quality. The metric requires that if the TE follows the CSI reports from the UE then the throughput should exceed that obtain from using a fixed CQI (or random PMI) by a specified margin. It should be noted that the CSI requirements do not place requirements on the minimum throughput achieved by UEs (this is achieved by the demodulation requirements) and so in this sense the requirement is not aiming to show optimized performance, but rather that the CSI reports are accurate and reliable.
Throughput can be used for both CSI and CSI prediction and demonstrates that the compression, or the prediction is operating sufficiently well that throughput improvement is maintained compared to following fixed or random CSI. Although the ratio compared to following fixed CQI/random PMI may increase compared to conventional algorithms, the approach may not directly capture performance improvements.
[bookmark: _Hlk134790916][bookmark: _Toc135052959]Throughput compared to “fixed CQI / random PMI” may be useful for ensuring correct CSI reporting for both compression or prediction. It may not directly relate to performance improvement.

One drawback with throughput is that it is somewhat difficult to use as a metric for model monitoring. This is because the throughput ratio is based on a specific channel in the RAN4 specification, and because the throughput ratio needs to be demonstrated by comparing the impact on throughput of e.g., following CQI vs fixed CQI in the same conditions.
[bookmark: _Toc135052960]It is difficult to use throughput comparison between follow PMI/CQI and random/fixed CQI/PMI for model monitoring
For CSI compression, an alternative could be to intermittently transmit a ground-truth/target CSI (format is discussed in RAN1) and compare the CSI from the decoder with the ground-truth/target CSI on those occasions. This method has some advantages:
· It would be more easily used in the field.
· Moreover, if results from the field indicates poor performance, then the collected pairs of ground-truth/target CSI and CSI reports can be fed to the corresponding RAN4 compression-decompression test. This can help understanding where the problem observed in the field comes from.
· It can decouple testing of CSI determination from CSI compression. The test sequency would be:
· First, test the ground-truth/target CSI (which is fully specified) in the usual way, i.e., throughput compared to “fixed CQI / random PMI”.
· Second, a compression-decompression test, comparing the decoder output with the ground-truth/target CSI, using, e.g., SGCS.
· Note: Relationship between ground-truth/target CSI and encoder input is up to UE implementation. The test will ensure correct resulting behaviour.
· If CQI is determined with respect to ground-truth/target CSI, or a subset thereof (discussion pending in RAN1), then also CQI determination can be tested independently of CSI compression. Note: Independent testing does not force independent implementation.


[bookmark: _Toc135052961]Comparing compressed CSI (or other “ground truth”) and uncompressed CSI could be considered for monitoring of compression.
[bookmark: _Toc135052950]Discuss further whether comparison of compressed CSI or ground truth / uncompressed CSI is meaningful for monitoring CSI compression.

For CSI prediction, a similar approach could be for the UE to from time to time use a conventional algorithm to devise CSI and to compare the result of the prediction. However, there may be disadvantages:
· It would require running the ML model and conventional algorithm in parallel from time to time
· It would require allocation of sufficient resources for the conventional algorithm to run at those times
· It would assume that the goal of the ML should be to reproduce the result of the conventional algorithm. It could be that the ML could estimate a nearby CSI with equal or better performance. 

[bookmark: _Toc135052962]Comparing CSI using a conventional algorithm and predicted CSI could be considered for monitoring CSI prediction. However, more consideration is needed whether the approach is suitable and workable.
[bookmark: _Toc135052951]Discuss further whether monitoring of predicted / conventional CSI is meaningful and practical for monitoring CSI prediction. 

Beam management use case
For the beam management use case, it was agreed that beam prediction accuracy should be studied as a potential metric. Some other metrics were also mentioned and need further consideration whether to study: link throughput, beam measurement accuracy, prediction confidence.
If the reported predicted beams include an estimated RSRP, then the accuracy of the RSRP estimation should be considered for a metric, since this is fundamental to the usefulness of the report. Since legacy RSRP accuracy is already very relaxed (6.5dB), estimated RSRP accuracy at least should be of same accuracy as current measured RSRP accuarcy.
[bookmark: _Toc135052952]Consider RSRP accuracy as a metric for beam prediction.
It should also be noted that if the beam prediction algorithm would be based in the gNB (using RSRP reports on a sub-set of beams) then it may be sufficient to check whether the existing RSRP accuracy requirement is sufficient for ML operation without using further metrics.
[bookmark: _Toc135052953]For beam prediction on the network side, RSRP accuracy from UE reports may be sufficient.

Positioning use case
For the positioning use case, it was agreed to study measurement accuracy as a requirement metric. Difference between measurement accuracy requirement for non-AI/ML positioning methods and AI/ML based positioning methods however needs to be understood. 
Measurement accuracy for non-AI/ML based positioning is defined for the positioning measurements, such as RSTD and UE Rx-Tx for example, which are expected to be met under certain side condition in a specific propagation condition. For AI/ML based positioning, the measurement accuracy requirement may look different than what has been specified for legacy positioning techniques/methods. Based on RAN1 study so far, it seems reasonable to understand that RAN4 may need to define measurement accuracy requirement for the input data to the model also. This requirement is relevant for both AI/ML assisted and direct AI/ML based positioning as the output of the AI/ML model depends on the accuracy of the input data fed to the model for positioning.
[bookmark: _Toc135052954]Measurement accuracy requirement for AI/ML based method shall consider accuracy requirement for both model input and model output.
In the last meeting latency as one of the KPIs was also discussed and was agreed for further study. For legacy positioning methods/techniques measurement period requirements are typically defined. A similar approach shall also be considered for AI/ML based methods. Measurement delay requirement for AI/ML based method should at least be defined for time duration required to perform input (to AI/ML model) measurement. Whether measurement delay requirement should also consider time duration required by model to generate output shall be further discussed.
[bookmark: _Toc135052955]Measurement delay requirement for AI/ML based method should at least be defined for time duration required to perform input (to AI/ML model) measurement.
[bookmark: _Toc135052956]Whether measurement delay requirement should also consider time duration required by model to generate output shall be further discussed.
2.1	Use case specific threads
According to the WF agreed at RAN4#106bis, RAN4 should discuss and recommend whether to discuss AI/ML in different sessions with use-case specific threads and/or a general thread.
Use-case threads can speed up the discussion under certain conditions. These are that topics can be identified that relate only to the use case under consideration (i.e., not interrelated with other use cases or with general topics), such that the discussion can take place independently of a general discussion and other use case discussions. 
It is important that use-case specific threads to not handle general topics that relate to all AI operation individually; to do so would lead to the risk of sessions having problems to synchronize to one-another and inefficient discussions.
[bookmark: _Toc135052957]The criteria to discuss in separate sessions should be that independent topics that do not inter-relate and do not depend on the general discussion can be identified.
Since the CSI use-case is the only example of 2-sided models, issues relating to 2-sided models could in principle be discussed in the demodulation session. However, it is important to bear in mind that solutions developed for the 2-sided CSI compression use case are likely to act at least as baselines for any future 2-sided requirements, even if these occur in other areas.
[bookmark: _Toc135052963]2-sided is currently only for CSI, but may in future be used for other functionalities
With this in mind, some potential topics for threads are as follows:
General discussion
· Lifecycle considerations, such as
· whether/how to apply RAN4 requirements as part of model monitoring
· whether/how to ensure continuing compliance to 3GPP after model update
· Model switching and meeting minimum requirements
· etc.
· Considerations on approaches to verifying generalization
· Performance impacts of compiling logical models to target hardware
· Testing/verification of performance for deployed models

CSI discussion
To open a CSI discussion, specific issues should be identified that can be discussed independently and do not interact with the general thread. Some potential topics are as follows:
· Discussion on suitable metrics
· 2-sided model considerations
· Assessment of how gracefully CSI compression performance degrades with changing scenario
· If this is not available from RAN1
· Assessment of how gracefully CSI prediction performance degrades with changing scenario
· If this is not available from RAN1


Beam management discussion
For beam management, potential topics could be as follows:
· Discussion on suitable metrics
· Assessment of the gracefulness of degradation with changing scenario
· If this is not available from RAN1

Positioning discussion
· Discussion on suitable metrics
· Assessment of the gracefulness of degradation with changing scenario
· If this is not available from RAN1

For each of the above threads, the usefulness of the discussion depends heavily on the progress in RAN1. For example, there is a need to understand whether gNB sided models, or UE sided models or both are supported, for positioning whether assisted positioning or direct positioning is supported, for CSI whether CSI prediction is supported and the assumption for what is compressed for CSI compression etc.
[bookmark: _Toc135052958]RAN4 discuss whether the potential topics are independent enough, and also what should be expected from RAN1 when considering e.g. gracefulness of degradation.
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Conclusion
In the previous sections we made the following observations: 
Observation 1	Throughput compared to “fixed CQI / random PMI” may be useful for ensuring correct CSI reporting for both compression or prediction. It may not directly relate to performance improvement.
Observation 2	It is difficult to use throughput comparison between follow PMI/CQI and random/fixed CQI/PMI for model monitoring
Observation 3	Comparing compressed CSI (or other “ground truth”) and uncompressed CSI could be considered for monitoring of compression.
Observation 4	Comparing CSI using a conventional algorithm and predicted CSI could be considered for monitoring CSI prediction. However, more consideration is needed whether the approach is suitable and workable.
Observation 5	2-sided is currently only for CSI, but may in future be used for other functionalities


Based on the discussion in the previous sections we propose the following:
Proposal 1	Discuss further whether comparison of compressed CSI or ground truth / uncompressed CSI is meaningful for monitoring CSI compression.
Proposal 2	Discuss further whether monitoring of predicted / conventional CSI is meaningful and practical for monitoring CSI prediction.
Proposal 3	Consider RSRP accuracy as a metric for beam prediction.
Proposal 4	For beam prediction on the network side, RSRP accuracy from UE reports may be sufficient.
Proposal 5	Measurement accuracy requirement for AI/ML based method shall consider accuracy requirement for both model input and model output.
Proposal 6	Measurement delay requirement for AI/ML based method should at least be defined for time duration required to perform input (to AI/ML model) measurement.
Proposal 7	Whether measurement delay requirement should also consider time duration required by model to generate output shall be further discussed.
Proposal 8	The criteria to discuss in separate sessions should be that independent topics that do not inter-relate and do not depend on the general discussion can be identified.
Proposal 9	RAN4 discuss whether the potential topics are independent enough, and also what should be expected from RAN1 when considering e.g. gracefulness of degradation.
[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref174151459][bookmark: _Ref189809556] 

