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3GPP™ Work Item Description
For guidance, see 3GPP Working Procedures, article 39; and 3GPP TR 21.900.
Comprehensive instructions can be found at http://www.3gpp.org/Work-Items
Title: 	Study on AI/ML for PHY enhancements 
Acronym: 
Unique identifier: 
NOTE:	For new WIs/SIs leave the Unique identifier empty but you may make a proposal for an Acronym.
	If this is a RAN WID including Core and Perf. part, then Title, Acronym and Unique identifier refer to the feature WI. 
	Please tick (X) the applicable box(es) in the table below:
	Either:
	This WID includes a Core part
	

	This WID includes a Performance part
	


	or:
	This WID includes a Testing part
	

	and it addresses the following 3GPP work area:
	Radio Access
	

	
	Core Network
	

	
	Services
	


 
1	Impacts
	Affects:
	UICC apps
	ME
	AN
	CN
	Others (specify)

	Yes
	
	
	
	
	

	No
	
	
	
	
	

	Don't know
	
	
	
	
	



2	Classification of the Work Item and linked work items
2.1	Primary classification
	
	Feature

	
	Building Block

	
	Work Task

	X
	Study Item



NOTE:	Normally, Core/Perf./Testing parts in RAN WIDs are Building Blocks. Only if they are under an SA or CT umbrella, we define them as work tasks. If you are in doubt, please contact MCC.
2.2	Parent and child Work Items 
	Parent and child Work Items 

	Unique ID
	Title
	Nature of relationship

	
	
	


NOTE:	RAN agreed some time ago, that it describes the feature WI + Core/Perf. part WI or Testing part WI in one WID. Therefore the table above should just include the feature WI Unique ID and title and Nature of relationship is "parent WID".

2.3	Other related Work Items and dependencies
	Other related Work Items (if any)

	Unique ID
	Title
	Nature of relationship

	880076
	Study on enhancement for data collection for NR and ENDC
	For reference, the ongoing WG3 study item on AI/ML


NOTE:	Classical examples: List a preceding SI or a preceding WI (e.g., if you further enhance a topic). Also related or dependent WIs in other TSGs should be indicated.

Dependency on non-3GPP (draft) specification: 
3	Justification
The application of AI/ML technologies in 5G networks has gained tremendous attention in academia and industry. There is an ongoing SI on AI/ML for RAN enhancements, led by RAN WG3 (see reference in Section 2.3), that covers functional frameworks for RAN intelligence enabled by further enhancement of data collection through use cases, examples, etc. The RAN WG3 SI includes the identification of potential standardization impacts on current NR-RAN nodes and interfaces. 

Physical layer use-cases of AI/ML technologies have the potential to enhance network performance, improve energy consumption, and decrease hardware costs.

AI/ML technologies have demonstrated a remarkable ability to generalize across domains and specialty fields and, in doing so, they have transformed numerous industries. RAN1 will need to master the standardization aspects of these new technologies to ensure the long-term evolution potential of NR. 

The development and standardization of AI/ML technologies for the physical layer brings many new challenges that we, as an industry, need to solve. For example, 
· What data should 3GPP provide or use for model training, validation, and feature evaluations, and how do we enable and ensure fair and transparent performance comparisons between companies?
· How do we ensure AI/ML models are both performant and robust (e.g., reliable, and smooth generalizations between different deployments and environments)?
· To what extent do we need to specify AI/ML models (e.g., their inputs, outputs, and (potentially) structure)?
These challenges are, to a large extent, shared by use cases across the physical-layer domain. 

As one pilot example, AI/ML technologies provide a promising approach to the MIMO channel state information (CSI) acquisition problem. Multi-user MIMO precoding techniques can significantly improve downlink network performance in massive MIMO deployments; however, these techniques often require the base station to acquire high-resolution CSI from the user equipment. The acquisition of high-resolution CSI can be challenging due to the high overhead in a time-varying channel. 

AI/ML solutions for CSI acquisition will require standardization support because models in the user equipment and the base station will need to interact with one another.  

4	Objective
4.1	Objective of SI or Core part WI or Testing part WI

This study item consists of two parts: 
1. A broad and guiding study of methodologies to enable specification of AI/ML-enhancements for physical-layer use cases. 
2. A focused pilot study of AI/ML-enhanced high-resolution channel state information (CSI) acquisition, compression, and reporting. 

Part I 

Part I will study, at a high-level, methodologies required to enable specification of AI-enhanced physical layer use cases. Since this is the first 3GPP study on AI/ML for the physical layer, an initial effort is needed to form high-level agreements on how AI/ML models, which may at least in part require standardization, can be defined, and evaluated. 

The objectives of Part I are as follows:  
· Study issues pertaining to AI/ML model evaluations and possible standardization [RAN1].
· Study evaluation methodologies for AI/ML models [RAN1].
· Study methodologies for performance requirements and testing [RAN4]. 


Part II 

Part II will evaluate and quantify AI/ML-based enhancements for CSI acquisition, compression, and reporting. Since this part is using a practical use case, the learnings from this study may then be used as a template for future AI-enhanced physical-layer use cases. 
The objectives of Part II are as follows: 
· Identify target use cases and evaluation methodologies for AI-based CSI. 
· Study the robustness of AI/ML-based CSI solutions using synthetic channel models and/or channel measurements and assess the need for one or multiple AI/ML model architectures. 
· Study issues pertaining to the standardization of identified AI-based CSI solutions. 
· Study required signaling, reference signal configuration, and reporting. 
· Study methods to enable AI/ML model support without explicitly specifying models (e.g., structures, weights, and biases). Alternatively, if some degree of model specification is necessary, then study methods to minimize specification impact. 
· Evaluate throughput versus overhead performances and complexity of identified AI-based solutions for CSI, including AI/ML model architecture tradeoffs (e.g., AI/ML model architecture and size) using realistic assumptions and where Rel.17 CSI feedback schemes performance and complexity is the baseline. 

For both Parts I and II, coordination based on LSs with other groups, if needed, e.g., RAN2/RAN3.

4.2	Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part.


4.3	RAN time budget request (not applicable to RAN5 WIs/SIs)
NOTE:	For all RAN related WIs/SIs which are not led by RAN WG5 the WI/SI rapporteur has to fill out the attached Excel table to request time budgets for corresponding RAN WG meetings.
The Excel table has to be filled out for all affected RAN WGs and up to the target date of the WI/SI.
One time unit (TU) corresponds to ~ 2 hours in the meeting.
If no TU is needed leave the field empty otherwise enter a number in the field.
	For revisions of already approved WI/SI descriptions: Please remove the Excel table from the WID/SID's zip file. The time budgets are already recorded. If you want to modify them, then this has to be done via the status report and not via a revised WID/SID.
	If this WID is covering Core and Performance part, then please fill out one line for each of them in the attached Excel table.
additional comments to the time budget request in the attached Excel table:

5	Expected Output and Time scale
	New specifications {One line per specification. Create/delete lines as needed}

	Proposed Spec no. or series
	Type (see note 1) 
	Title
	For info 
at TSG# 
	For approval at TSG#
	Remarks

	TR 38.xxx
	 
	Study on AI/ML for PHY enhancements
	TSG RAN #
	
	


Note 1:	Only TSs may contain normative provisions. Study Items shall create or impact only TRs.
"Internal TR" is intended for 3GPP internal use only whereas "External TR" may be transposed by OPs.
NOTE:	If this is a RAN WID including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
By default a new specs can only be new for one of both parts.

	Impacted existing TS/TR {One line per specification. Create/delete lines as needed}

	TS/TR No.
	Description of change 
	Target completion plenary#
	Remarks

	
	
	
	


NOTE:	If this is a RAN WID including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
If an existing spec is affected by both (Core part and Perf. part), then it has to be listed twice with appropriate approval dates.

6	Work item Rapporteur(s)




7	Work item leadership

Responsible RAN WG: RAN1



8	Aspects that involve other WGs

NOTE:	For RAN WIDs: Section 8 applies only toWGs outside of TSG RAN because RAN WG aspects have to be covered in section 4.
9	Supporting Individual Members 
	Supporting IM name

	Ericsson

	

	



