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1 Introduction

R17 NG-RAN AI/ML study identified a series of information exchanges over XN interface. This paper analyzes the actual stage 3 standard impact. 
2 Discussion

2.1 Non-UE associated procedures

For all the three use cases identified in TR 37.817, current/predicted resource status information exchange is needed. TS 38.423 currently supports two procedures (as shown below) for resource status exchange.
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Proposal 1: Extend Resource Status procedures for AI/ML based resource status prediction, by
· adding new IE into Resource Status Reporting Initiation procedure for RAN node to request resource status prediction

· adding new IE into Resource Status Update procedure for RAN node to report predicted resource status.
For network energy saving, current and predicted energy efficiency, energy state should be exchanged between RAN nodes.

Proposal 2: Extend Resource Status procedures for AI/ML based energy saving


- New IE for current and predicted energy efficiency, energy state

2.2 UE associated procedures
2.2.1 AI/ML Information for UE associated Procedure

Rel 17 study for mobility optimization defines two different models where AI/ML Model Training and Inference is located in OAM or NG-RAN node. 

In the model where AI/ML Training and Inference is located in the NG-RAN node, (as shown in the below call flow), Steps 4 and 7 mentions Input data received from NG-RAN node2 to NG-RAN node 1 for model training and inference. 
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For the input information from Neighboring Node, the following is provided in TR 37.817

	TR 37.817 Section 5.3.2.4
From the neighbouring RAN nodes: 

-
UE’s history information from neighbour

-
Position, QoS parameters and the performance information of historical HO-ed UE (e.g., loss rate, delay, etc.)

-
Current/predicted resource status
-
UE handovers in the past that were successful and unsuccessful, including too-early, too-late, or handover to wrong (sub-optimal) cell, based on existing SON/RLF report mechanism. 


Also, an example mentioned in TR37.817 as shown below 
	TR 37.817 Section 5.3.1
For example, before initiating a handover, the source gNB could use feedbacks on UE performance collected for successful handovers occurred in the past and received from neighbouring NG-RANs. 

 


From the above (call flow, input information and example provided), it is perceived that neighboring NG-RANs provides historical UE related information to the source NG-RAN where AI/ML training and inference is located. 

Observation 1: Based on the TR 37.817, it is understood that neighboring NG-RANs provides historical UE related information to the source NG-RAN where AI/ML training and inference is located.
Key issue on historical UE information is the identification of UE across different handovers. How can a NG-RAN node identify a UE to exchange historical UE information? Once the UE moves to RRC_IDLE the UE’s RAN identity is lost. Hence the historical UE information is valid as long as the UE does not move to RRC_IDLE.
Observation 2: Historical UE information provided as input for AI/ML Training and Inference is valid as long as the UE does not move to RRC_IDLE state.
Hence for Connected Mode AI/ML information exchange, Handover Request and Response (Acknowledge or Failure) messages can be used, because prior to handover of the UE, the UE is unknown at the target neighbor NG-RAN node to provide any UE related information. Hence prior to Handover initiation at the source, the neighboring NG-RAN nodes may not be able to provide UE related information, as the UE will be unknown in the neighbor NG-RAN node until Handover.
Proposal 3: For Connected Mode UE associated AI/ML information exchange, Handover Request and Response messages can be used, which is applicable for the duration the UE remains in RRC_CONNECTED or RRC_INACTIVE state.

Once the UE moves to RRC_IDLE the UE based AI/ML information in NG-RAN is lost as the UE cannot be identified again in the NG-RAN in the subsequent UE attach (RRC_CONNECTED state). 
Observation 3: Historical UE related information between RR_IDLE to RRC_CONNECTED state transitions can be identified only when the relevant information is stored in the UE or in the Core Network and provided to RAN in subsequent UE attach (RRC_CONNECTED state). 

2.2.2 AI/ML Information for XN Based Handover
In R17 study for mobility optimization, RAN3 has identified following UE specific information exchanges over Xn.
· UE’s history information from neighbour
· UE trajectory prediction (Latitude, longitude, altitude, cell ID of UE over a future period of time)

Note:
Whether the UE trajectory prediction is an external output to the node hosting the Model Inference function should be discussed during the normative work phase.

· Estimated arrival probability in CHO and relevant confidence interval

· Predicted handover target node, candidate cells in CHO, may together with the confidence of the predication

· Priority, handover execution timing, predicted resource reservation time window for CHO.

· UE traffic prediction (will be used by the RAN node internally and the details are left to normative work phase).
Proposal 4: Source based predictions shall be added into XNAP Handover Request message

- UE trajectory prediction, e.g., {Cell1, t1} node2, {cell 2, t2} node3 … 


- UE traffic prediction

Proposal 5: Target-based predictions shall be added into XNAP Handover Response (Acknowledge or Failure) message

- Achievable QoS/QoE at target
Proposal 6: Performance feedback information shall be added in Handover Report message.
2.3 Prediction Validity time
Both UE associated and non-UE associated AI/ML prediction may be applicable only for a certain duration of time. Hence introducing an AI/ML prediction validity timer will assist the receiving node to consume the information only for a certain duration.
Proposal 7: Validity time is included for each prediction as optional IE. When absent, the receiving node shall assume the prediction is valid until new prediction is received.

.

3 Summary
Based on the above discussion the following Observations and Proposal are made –
Proposal 1: Extend Resource Status procedures for AI/ML based resource status prediction, by
· adding new IE into Resource Status Reporting Initiation procedure for RAN node to request resource status prediction

· adding new IE into Resource Status Update procedure for RAN node to report predicted resource status.
Proposal 2: Extend Resource Status procedures for AI/ML based energy saving


- New IE for current and predicted energy efficiency, energy state

Observation 1: Based on the TR 37.817, it is understood that neighboring NG-RANs provides historical UE related information to the source NG-RAN where AI/ML training and inference is located.
Observation 2: Historical UE information provided as input for AI/ML Training and Inference is valid as long as the UE does not move to RRC_IDLE state.

Proposal 3: For Connected Mode UE associated AI/ML information exchange, Handover Request and Response messages can be used, which is applicable for the duration the UE remains in RRC_CONNECTED or RRC_INACTIVE state.

Observation 3: Historical UE related information between RR_IDLE to RRC_CONNECTED state transitions can be identified only when the relevant information is stored in the UE or in the Core Network and provided to RAN in subsequent UE attach (RRC_CONNECTED state). 
Proposal 4: Source based predictions shall be added into XNAP Handover Request message

- UE trajectory prediction, e.g., {Cell1, t1} node2, {cell 2, t2} node3 … 


- UE traffic prediction

Proposal 5: Target-based predictions shall be added into XNAP Handover Response (Acknowledge or Failure) message

- Achievable QoS/QoE at target
Proposal 6: Performance feedback information shall be added in Handover Report message.
Proposal 7: Validity time is included for each prediction as optional IE. When absent, the receiving node shall assume the prediction is valid until new prediction is received.
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