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1	Introduction
At the RAN #101 meeting in September, potential objectives for R19 AI/ML for air interface was discussed including six sub-use cases which are studied in R18 SI. [1]
· CSI compression (two-sided model, NW and UE)
· CSI prediction (single-sided model, UE)
· Spatial domain beam prediction (single-sided model, NW or UE)
· Temporal domain beam prediction (single-sided model, NW or UE)
· AI assisted positioning (single-sided model, NW or UE)
· AI direct positioning (single-sided model, NW or UE)
Even at the last RAN1 meeting before completing R18 SI (i.e., RAN1 #115 in Nov. 2023), there is no RAN1 consensus on the recommendation of CSI compression/prediction sub-use cases for normative work in subsequent R19 WI. [2]
	Agreement
Capture the following as a conclusion in section 8 of the TR
· From RAN1 perspective, there is no consensus on the recommendation of CSI compression for normative work.
· At least the following aspects are the reasons for the lack of RAN1 consensus on the recommendation of CSI compression for normative work.
· Trade-off between performance and complexity/overhead
· Issues related to inter-vendor training collaboration 
· Other aspects that require further study/conclusion are captured in the summary

Agreement
Capture the following conclusion in section 8 of the TR 38.843
· From RAN1 perspective, there is no consensus on the recommendation of CSI prediction for normative work.
· The reason for the lack of RAN1 consensus on the recommendation of CSI prediction for normative work is due to 
· Lack of results on the performance gain over non-AI/ML based approach and associated complexity
· Other aspects that require further study/conclusion are captured in the summary.


In this paper, we provide the motivation of CSI feedback enhancements in R19 AI/ML for Air interface WI and potential work item objectives considering HW life cycle difference between base station and UE.
2	Discussion
2.1	Motivation
Today, the mid-band TDD in FR1 (e.g., 3.5GHz) is the main frequency spectrum for commercial 5G deployment globally since it is well balanced spectrum in terms of coverage (more wider than FR2) and capacity (more higher than low-band FDD). In FR1, the full digital beamforming based on ‘CSI feedback’ (or TDD channel reciprocity) is the most wide-used beamforming technique. The fronthaul capacity reduction is the biggest motivation for introducing ‘hybrid beamforming’ in FR2 even if there is some flexibility loss and additional overheads for beam tracking. However, it is not the case for 32/64TRx radio used in FR1 now.
Also, there are many positioning features and related enhancements since Rel-16 including the ‘Rel-16 NR positioning support’ WI. However, to the best of our knowledge, these 3GPP based positioning techniques such as DL/UL TDOA (Time Difference of Arrival) method based on DL PRS (Positioning Reference Signals)/UL SRS (Sounding Reference Signals) are not widely used in commercial network except the NR E-CID (NR Enhanced Cell ID). One of critical reason is the existence of many RF repeaters in real network for coverage extension. Since RF repeater was not considered in 3GPP positioning related standardization works (RF repeater is non-3GPP node if we do not consider R18 NCR: Network Controlled Repeater), it actually exists in real network and causes additional delay or distorts signal strength regardless of distance from site. Without introduction of appropriate standardization solution for RF repeaters in positioning, it is very hard to commercialize 3GPP positioning features in real network even if it is further enhanced by AI/ML adoption.
Therefore, we believe that CSI feedback enhancement related AI/ML sub-use cases (i.e., CSI compression and prediction)’ have higher potentials for future commercialization than other sub use cases which are studied in R18 SI.
Observation 1. CSI feedback enhancement related AI/ML sub-use cases (i.e., CSI compression and prediction) have higher potentials for future commercialization than others considering current deployment status including:
0. In FR1 (main frequency spectrum for commercial 5G deployment), digital beamforming based on CSI feedback is baseline and hybrid beamforming which requires the beam management is not widely used.
0. 3GPP based positioning technique are not widely used in commercial network due to the existence of RF repeater.
2.2	HW Life Cycle Difference between Base Station and UE
There is no doubt that ‘AI/ML for air-interface is one of key technology enablers of 5G-Advanced’. However, current 5G base station such as purpose built DU (Digital Unit) is not designed to AI-native. Typically, legacy 5G base stations have no NPU (Neural Processing Unit) and does not use the PIM (Processing In Memory) architecture which is generally used for accelerating AI/ML processing in cloud server. As a result, it is expected that current 5G base station in market has limited processing capability to support AI/ML based air interface enhancement features even if we consider that only inference operation is performed in the base station using pre-trained AI/ML model (offline).
[bookmark: _Hlk151503268]From the R18 SI final outcome, the AI/ML complexity of CSI reconstruction model which is performed in base station subject to the FLOPs from 10M to 1100M. [3] For a typical CPU with 400 Giga-FLOPs performance, it corresponds from 25μs to 2.75ms in execution time. Considering that other existing RAN operations must continue to be performed at the same CPU in legacy 5G base station, 2.75ms (more than 5 slots in 30kHz sub-carrier spacing) seem to be a significant burden. In other words, the base station HW replacement may be required to apply AI/ML based air-interface enhancement features. (e.g., CSI compression)
	Agreement
Capture the following high-level observations for CSI compression to section 6.2.2.8 of TR 38.843
· From the perspective of AI/ML complexity, a majority of 25 sources adopt the CSI generation model subject to the FLOPs from 10M to 800M, and 26 sources adopt the CSI reconstruction model subject to the FLOPs from 10M to 1100M; on the other hand, the actual model complexity may differ from the model complexity in the evaluation with respect to platform-dependent optimization on model implementations. In addition, the complexity between AI/ML and non-AI/ML benchmark is not compared.


At the same time, there is a big difference in HW life cycle management of base station and UE: base stations are used for more than 10 years but UE are replaced every 1 ~ 2 years. Therefore, early identification of base station HW impact is very important for wide and fast adaptation of new feature. If it is delayed, that new feature can be supported in very limited coverage of new base station installed after such identification.
Observation 2. For rapid spread AI/ML based air-interface technology, it is necessary to standardize as quickly as possible for use cases that require AI models to be equipped in base stations. (e.g., CSI compression)
0. Due to lack of AI-native design, the base station HW replacement may be required to apply AI/ML based air-interface enhancement features.
0. Considering typical HW life cycle of base station (more than 10 years), HW impact of new standard feature on base station must be identified as quickly as possible for wide-adaptation of that feature.
[bookmark: _Hlk527071819]3	Conclusions
In this contribution, we discussed the motivation of CSI feedback enhancements in R19 AI/ML for Air interface WI and potential work item objectives considering HW life cycle difference between base station and UE. The following are proposed:
1. Agree to include the following objectives in R19 AI/ML for Air Interface WI
0. Specify CSI prediction (single-sided model, UE) sub-use case
0. Study, and if justified, specify CSI compression (two-sided model, NW and UE) sub-use case
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