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1. General
RAN held a Rel.19 workshop In June 2023 and endorsed a document (RWS-230488) containing the following page related to AI/ML for PHY
[image: ]
From 8.A.2.1, the following contributions are submitted for air-interface AI/ML [1]-[32] to share their thoughts on this guidance. In addition, from 8.A.1, two contributions from additional companies also address the views on air-interface AI/ML [33][34]. For the progress of the Rel-18 air-interface AI/ML and the potential plan for the Rel-19, the views from companies are summarized in below.
1.1 Observations of views on the guidance
	1. Almost all interested companies hold the view that work item is supported for Rel-19, while some companies claim that it depends on the positive outcome of analysis of Rel-18 studied use cases, specially, taken the overall progress across all WGs into account

· In general, single-sided model is relatively mature for normative work even companies have different priority on which sub use cases to be specified, while some companies show concern on two-sided model, especially considering its maturity, complexity, and progress across all WGs, and then it is a bit controversial

· It is unanimous in support of specifying functionality-based LCM framework, model inference, model/performance monitoring, data collection for inference and monitoring, as well as functionality selection, activation, deactivation, switching and fallback operation, while it is divergent for time being on supporting of Model-ID based LCM framework 

2. All interested companies show enthusiasm to study more use cases, especially mobility related cases in RAN2

3. Some companies share their views on how to limit the scope in Rel-19, e.g., assuming offline training only, UE-sided or NW-sided model only, selective sub use cases based that demonstrate sufficient gains vs complexity/cost



1.2 Observations about aspects of AI/ML for air interface in Rel-19
1.2.1 Supporting WI in Rel-19
· WI is supported: Apple, CATT, Ericsson, QC, InterDigital, LG, Samsung, vivo, Xiaomi, ZTE, H3C, OPPO, Spreadtrum, CEWiT, VIVO, CT, Fujitsu, Google, NEC, NVIDIA, Lenovo, CMCC, China Telecom, Sharp
· Ericsson: RAN2 to start the WI later (RAN1 has not concluded on data collection requirements for training, it is our prediction that it will not be possible to start a RAN2 work item immediately in Rel-19)
· Ericsson: more TU is needed in Rel-19 for studies for two-sided use cases
· vivo: 4 TUs are expected for RAN1; 2 TUs are expected for RAN2
· ZTE: Focus on the normative work of the existing use cases
· InterDigital: Includes a short study phase
Moreover, for the companies who support WI, some of them raised that a parallel SI is preferred, to study the leftovers of the Rel-18 SI, and/or to study the new use cases, e.g., mobility enhancement.
· Parallel WI and SI: Ericsson, InterDigital, Lenovo, CMCC, China Telecom, Kyocera, CATT, LG, Xiaomi, NEC, NVIDIA, OPPO
· Ericsson: For SI, old use case: CSI prediction, CSI compression; new use case: Mobility, Data cction for AI-enhanced receivers
· InterDigital: Rel-19 work item can include a short study phase to address leftovers from R18 SI one-sided molleodel use cases
· Lenovo: For SI, 1) study remaining issues, including model transfer, online training; 2) study new cases.
· CMCC: For SI, setup a Rel-19 SI to study on realistic channel information collection for AI/ML
· requirements of universal dataset of realistic channel information and corresponding format
· gNB based autonomous collection and UE-reporting based collection
· potential architecture for improving the application of realistic channel information dataset
· China Telecom: separate subtopics for Rel-19 AI/ML for NR air interface, such as separate subtopics for Rel-19 WI and new use case(s) for SI; SI for mobility enhancement.
· Kyocera: Phase 2 study for new use cases, and continue evaluation of Rel-18 use cases
· CATT: For SI, 1) R18 left over (if any); 2) new use case
· LG: For SI, study mobility enhancement
· Xiaomi: Part 2: Leftover of the LCM or further enhancement of use cases; Part 3: New use cases.
· NEC: For SI, new use cases should also be studied and selected carefully, possibly in a parallel Rel
· NVIDIA: For SI, 1) study additional aspects for AI/ML general framework (online learning, federated learning, and split learning); 2) Additional use cases.
· OPPO: RAN2-led SI including AI/ML-based mobility

In addition, following companies hold the view that some interaction with SA may be needed.
· SA involvement is needed: QC, vivo, Xiaomi
· SA is involved for data collection and model delivery: QC
· SA is involved for model identification, data collection, model transfer: vivo
· Potential interaction with SA for data collection: Xiaomi
1.2.2 Views on LCM components and sub use cases in Rel-19 AI/ML for air interface
For the companies who support the WI to Rel-19, the views for the support of per LCM component and per sub use case are summarized in below.
	
	Go to WI/ higher priority
	Not considered for WI/lower priority
	Based on SI outcome

	Functionality identification
	CATT, Ericsson, QC, DCM, AT&T, vivo, Nokia, ZTE, OPPO, Spreadtrum, OPPO, Lenovo, Rakuten, Panasonic
	
	HW

	Model identification
	QC, DCM, AT&T, vivo, Nokia (‘light’ model ID based), Spreadtrum, Lenovo, NEC, Rakuten
	Ericsson, CATT (can be further studied), ZTE, OPPO, Panasonic (study item)
	HW

	Model transfer/delivery
	AT&T, DT, FW, QC, vivo, NEC, Rakuten, CMCC, Kyocera, Sharp
	Ericsson, DCM (may be studied in Rel 19), LG, Samsung, [ZTE], Lenovo, Intel (continue to study, focusing on y/z2/z4), Fujitsu, Panasonic (study item)
	HW

	CSI compression
	QC, CAICT, DCM, LG (2nd priority), vivo, Nokia, Spreadtrum, OPPO, CEWiT, Fujitsu, [Google (SI->WI)], NEC, NVIDIA, Lenovo, CMCC
	CATT Apple, Ericsson (continue study in R19), [AT&T], InterDigital, Samsung, [Xiaomi], ZTE (drop or further study), Intel, Kyocera
	HW, DT, FW, Sharp (FFS if study needed first)

	CSI prediction
	Apple, CATT, QC, CAICT, DCM, AT&T, LG (1st priority), Samsung, vivo, Xiaomi, Nokia, Spreadtrum, OPPO, CEWiT, Fujitsu, Google, NEC, NVIDIA, CMCC, [Kyocera], Sharp, Panasonic
	Ericsson (continue study), InterDigital (evaluation can continue)
	HW, DT, FW,

	Spatial domain beam prediction
	Apple (NW side only), CATT, Ericsson, QC, CAICT, DCM, AT&T, InterDigital, LG, Samsung (NW side only), vivo, Xiaomi, Nokia, ZTE (both NW and UE side), H3C, OPPO, CEWiT, VIVO, Fujitsu, Google, NEC, NVIDIA, KYOCERA, [Intel,] Lenovo, CMCC
	Spreadtrum
	HW, DT, FW,

	Temporal domain beam prediction
	Apple (NW side only), Ericsson, QC, CAICT, DCM, AT&T, InterDigital, LG, Samsung (NW side only), vivo, Xiaomi, Nokia, ZTE (both NW and UE side), H3C, OPPO, CEWiT, VIVO, Fujitsu, Google, NEC, NVIDIA, [Intel,] Lenovo, CMCC, Sharp
	CATT (divergent performance), Spreadtrum
	HW, DT, FW,

	AI assisted Positioning
	Apple, CATT, Ericsson, QC, CAICT, DCM, AT&T (Case 1/3a), LG (down-selection of 5 cases needed), Samsung, vivo, Xiaomi, Nokia, H3C, OPPO, CEWiT, VIVO, Fujitsu, NEC, NVIDIA, KYOCERA, Lenovo (Case 2/3), CMCC, Sharp
	AT&T (Case 2a), InterDigital, ZTE (Case 1/2a/3a), Spreadtrum
	HW, DT, FW,

	AI direct Positioning
	Apple, CATT, Ericsson, QC, CAICT, DCM, AT&T (Case 1/2b), InterDigital, LG (down-selection of 5 cases needed), Samsung, vivo, Xiaomi, Nokia, ZTE (focus on Case 2b/3b), H3C, OPPO, CEWiT, VIVO, Fujitsu, Google, NEC, NVIDIA, KYOCERA, Lenovo (Case 2/3), CMCC, Sharp
	AT&T (Case 3b), ZTE (Case 1), Spreadtrum
	HW, DT, FW,



1.3 Enhanced/new use cases for study in Rel-19
1.3.1 Enhanced use cases for Rel-19 on top of what are studied in Rel-18
· Temporal-spatial-frequency domain CSI compression: HW, xiaomi, QC
· CSI prediction + CSI compression: QC, AT&T, CEWiT
1.3.2 New use cases for Rel-19 beyond what are studied in Rel-18
· AI/ML based mobility: Nokia, MTK, vivo, Spreadtrum, xiaomi, LG, Apple, CATT, Ericsson, QC (either NW side or UE side), CAICT, DCM (both NW side and UE side), AT&T, OPPO, China Telecom, Lenovo, NEC, NVIDIA, Rakuten, KYOCERA
· vivo: evaluation and spec impact needed. 2 TUs are expected.
· AI/ML based RRM management: xiaomi, Apple, OPPO, NVIDIA, CMCC
· AI/ML based DRX management: xiaomi, NEC, NVIDIA, KYOCERA
· AI/ML based PA enhancement (RAN4 led): vivo, DT
· AI/ML based channel estimation: NEC, DT
· AI/ML based RS OH reduction: NEC, DT, AT&T
· Other miscellaneous cases:
· KYOCERA (Sidelink Mode 2 resource allocation, Shared spectrum access to select less victim resources, AI/ML-based Ranging, intelligent UAI)
· CEWiT: Label free positioning methods
· Lenovo: CSI feedback compression for multi-TRP, interference management beam failure and radio link failure prediction
· NEC: AI/ML based network energy saving
· Nokia: AI/ML based reinforcement learning (prioritize beam management)
· Samsung: AI assisted receiver
· NVIDIA: Reference signal enhancement, Dynamic duplex, Discontinuous transmission and reception, Radio link monitoring, Radio resource management
· AT&T: joint beam management and positioning
· HW: BM for large antenna array
2. Potential justification
Among use-case-specific studies, two-sided model is utilized for CSI compression, and one-sided model (e.g. UE-side model and NW-side model) are used for the other 5 use cases. Due to the high complexity of two-sided model as well as its practical deployment challenges, there are different views among companies on whether to do normative work for two-sided model in Rel-19 NR. For CSI prediction based on UE-sided model, some companies think more study might be need to conclude the benefit of AI/ML based CSI prediction with the realistic scenario. For BM and Positioning, the benefit and gain are verified based on given metrics, and they could be supported by single sided models, which could be supported with reasonable amount of TU.
Regarding LCM framework, both functionality-based and model ID-based LCM frameworks were studied. However, model ID-based LCM was still controversial in RAN1 discussion, and has not been justified in RAN1 agreements. Model delivery/transfer is another controversial topic, without clear conclusion.
	Observations based on the input in this meeting
· Consider support single sided models for, 
· Positioning, further discuss whether to support all 5 sub use cases.  
· Beam management for DL Tx prediction in both UE-sided and NW sided model, 
· Consider support of single sided model for CSI prediction, if it is recommended to proceed with normative work taken all WG’s outcome in Q4-23 into account
· Consider support two-sided model for CSI compression, if it is recommended to proceed with normative work taken all WG’s outcome in Q4-23 into account
· Consider support the necessary/recommended LCM components for selected sub use cases
· RAN4 requirements and test cases for AI/ML enabled features



3. Summary
Chair’s note: The summary section can be prepared based on the offline sessions.
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Al/ML Air Interface

Whether/how to continue Artificial Intelligence (Al)/Machine Learning (ML) air interface in Rel-19
depends on the outcome of the Rel-18 study.

Normative work on Al/ML air interface is expected upon successful completion of the Rel-18 study
* In particular, which are the set of sub use cases for the potential WI?
Whether or not to have parallel study, e.g., new use case(s) (e.g., mobility led by RAN2?)

Important to keep the total amount of work related to Al/ML air interface within a reasonable load in
Rel-19




