3GPP TSG-RAN WG3 #122	R3-237408
Chicago, USA, 13th – 17th November 2023

Agenda Item:	12.2.2.1
Source:	Lenovo
Title: 	            Left issues on load balancing use case
Document for:	Discussion and Approval
1	Introduction
In previous RAN3 meeting, the following agreements are made related to the load balancing use case. In this paper, we further discuss the left details.

	The encoding of Requested Prediction time as Integer with maximum value as 60 seconds with extensible IE structure.
Introducing the time interval in the case of one-time reporting and periodic reporting is not pursued in R18.
A new IE is introduced in the Data Collection Request, indicating the Reporting Duration for the UE Performance Feedback, starting at successful Handover Execution. Any UE Performance Feedback reporting should occur no later than the expiration of the Reporting Duration.
Periodic and one time UE Performance Feedback Reporting are supported.
It needs to be further discussed whether to reuse Reporting Periodicity or to introduce a new dedicated Reporting Period for periodic reporting of the UE Performance Feedback 
If the UE moves to Idle/Inactive or it hands over to another cell during the Reporting Duration, collection of UE Performance Feedback is terminated. Whether an explicit or implicit indication on the latter events or any other events is signalled to the requesting node needs further discussions.



2	Discussion
2.1	Report UE performance feedback before periodicity/report duration expiry
	A new IE is introduced in the Data Collection Request, indicating the Reporting Duration for the UE Performance Feedback, starting at successful Handover Execution. Any UE Performance Feedback reporting should occur no later than the expiration of the Reporting Duration.



RAN3 has agreed that any UE performance feedback reporting should occur no later than the expiration of reporting duration. In our understanding there are two cases, UE performance feedback will be reported before periodicity/report duration expiry:
· Due to interruption and UE performance can be no longer measured by the target gNB
· Due to signalling efficiency reason, gNB can report the UE performance feedback of many UEs in the same DATA COLLECTION UPDATE message even if the configured periodicity/report duration for some UEs is not reached. 

2.1.1	Due to interruption
Once the UE performance feedback or the UE trajectory feedback is requested, the target gNB will keep measuring and send the feedback as requested by the source gNB. However, it will be less meaningful or impossible for the target gNB to keep measuring the UE performance/trajectory in case of e.g.
· Radio link failure happens
· The UE enters RRC inactive/idle state
· The UE is handed over to another cell/gNB
[bookmark: _Toc131003375][bookmark: _Toc131004653][bookmark: _Toc131753161][bookmark: _Toc134448060][bookmark: _Toc134778618][bookmark: _Toc146545833][bookmark: _Toc146810758][bookmark: _Toc146811036][bookmark: _Toc146825826][bookmark: _Toc149833290]The target gNB can no longer provide the UE performance feedback if the concerned UE enters RRC inactive/idle state, or experiences RLF, or is handed over to another cell/gNB,.

In our understanding, it is beneficial to indicate the source gNB the cause of interruption of UE performance feedback considering they are related to the load balancing strategy as well considering:
· If RLF happens shortly after the handover, it also implies an unacceptable UE performance after handover, which can not be reflected by the measured throughput, latency, packet loss rate. 
· If UE enters RRC inactive/idle state shortly after the handover, it implies the UE will not have UL/DL traffic in the near future. In the earlier load balancing decision, the source gNB could have handed over other UEs with high UL/DL traffic instead. 
· If UE is handed over to another cell/gNB shortly after the handover, it implies in the earlier load balancing decision, the UE was handed over to a suboptimal cell. 

Besides, after receiving the indication from target gNB that the requested UE performance can no longer be provided, source gNB can delete the stored UE context immediately without waiting until the report duration expires.
[bookmark: _Toc146545834][bookmark: _Toc146810759][bookmark: _Toc146811037][bookmark: _Toc146825827][bookmark: _Toc149833291]Understanding the occurrence of RLF, entering RRC Inactive/Idle, Handover shortly after handover can help source gNB to further optimize its load balancing AIML model. 
[bookmark: _Toc146545835][bookmark: _Toc146810760][bookmark: _Toc146811038][bookmark: _Toc146825828][bookmark: _Toc149833292]Source gNB can delete the stored UE context immediately after knowing the UE performance feedback will be no longer provided. 

[bookmark: _Toc142642448][bookmark: _Toc149899586]If target gNB can no longer provide UE performance feedback for a particular UE (e.g., due to RLF, RRC state, HO), the target gNB indicates to the source gNB via a cause value associated with the UE in the DATA COLLECTION UPDATE message for both one-time and periodic reporting. 

After checking TS 38.423, we found the following cause value which can be possibly reused with extended meaning:
· User Inactivity,
· Radio Connection With UE Lost,
· Failure in the Radio Interface Procedure


	[bookmark: _Toc20955311][bookmark: _Toc29991514][bookmark: _Toc36555915][bookmark: _Toc44497660][bookmark: _Toc45108047][bookmark: _Toc45901667][bookmark: _Toc51850748][bookmark: _Toc56693752][bookmark: _Toc64447296][bookmark: _Toc66286790][bookmark: _Toc74151485][bookmark: _Toc88653958][bookmark: _Toc97904314][bookmark: _Toc98868428][bookmark: _Toc105174713][bookmark: _Toc106109550][bookmark: _Toc113825371][bookmark: _Toc138863502]9.2.3.2	Cause
The purpose of the Cause IE is to indicate the reason for a particular event for the XnAP protocol.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	CHOICE Cause Group
	M
	
	
	

	>Radio Network Layer
	
	
	
	

	>>Radio Network Layer Cause 
	M
	
	ENUMERATED
(
Cell not Available,
Handover Desirable for Radio Reasons,
Handover Target not Allowed,
Invalid AMF Set ID,
No Radio Resources Available,

<<<skipped>>> 

User Inactivity,
Radio Connection With UE Lost,
Failure in the Radio Interface Procedure,

<<<skipped>>> 

Existing Measurement ID, 
Measurement Temporarily not Available,
Measurement not Supported For The Object,
UE Power Saving,
Not existing NG-RAN node2 Measurement ID, Insufficient UE Capabilities, Normal Release,
Value out of allowed range, SCG activation deactivation failure, SCG deactivation failure due to data transmission)
	



The meaning of the different cause values is specified in the following table. In general, "not supported" cause values indicate that the related capability is missing. On the other hand, "not available" cause values indicate that the related capability is present, but insufficient resources were available to perform the requested action.
	Radio Network Layer cause
	Meaning

	User Inactivity
	The action is requested due to user inactivity on all PDU Sessions. The action may be performed on several levels: 
-	on UE Context level, if NG is requested to be released in order to optimise the radio resources; or S-NG-RAN node didn’t see activity on the PDU session recently.
-	on PDU Session Resource or DRB or QoS flow level, e.g. if Activity Notification indicate lack of activity
In the current version of this specification applicable for Dual Connectivity only.

	Radio Connection With UE Lost
	The action is requested due to losing the radio connection to the UE.
In the current version of this specification applicable for Dual Connectivity only.

	Failure in the Radio Interface Procedure
	Radio interface procedure has failed.
In the current version of this specification applicable for Dual Connectivity only.






[bookmark: _Toc149899587]RAN3 further discusses if legacy cause values can be reused with extended meaning or new cause values are needed. 


2.1.2	Due to signalling efficiency
RAN3 has agreed that upon request the target gNB should start measuring and reporting UE performance feedback after successful handover execution. However, if target gNB strictly follow the time configuration, and start counting the periodicity or report duration immediately after the handover, it may lead to a sub-optimal situation. Since handovers of different UEs cannot occur at exactly the same time, eventually the target gNB may trigger many DATA COLLECTION UPDATE messages each carries the performance feedback for one particular UE. At the end, one DATA COLLECTION UPDATE message will carry performance feedback for only one UE even if it is designed to carry multiple UEs’ performance feedbacks at the same time. 
For example, if the one-time UE performance feedback request is essentially requesting the target gNB to provide the average UE performance 5mins after the UE is handed over to the target gNB, and if there are 10 UEs handed over to the target gNB, then the target gNB may end up with sending 10 AI/ML INFORMATION UPDATE messages each contains the average UE performance for one particular UE. This is because the 10 UEs are probably handed over at different time points, thus the moments to trigger the one-time UE performance feedback (e.g., 5mins after the handover completion) for those UEs are different. This kind of violates the intention to use the non-UE associated procedure for UE performance feedback reporting. 
[bookmark: _Toc146545836][bookmark: _Toc146810761][bookmark: _Toc146811039][bookmark: _Toc146825829][bookmark: _Toc149833293]Since handover of UEs cannot occur at exactly the same time, one DATA COLLECTION UPDATE message may only carry performance feedback for one UE if the time configuration for UE performance feedback report is strictly followed. 

[image: ] 
        
To avoid above mentioned sub-optimal situation, and use DATA COLLECTION UPDATE message to carry performance feedback for many UEs at the same time, RAN3 is suggested to support gNB to report the performance feedback of one UE before the periodicity/report duration expiry proactively. 
[bookmark: _Toc149899588]gNB can report the UE performance feedback of many UEs in the same DATA COLLECTION UPDATE message even if the configured periodicity/report duration for some UEs is not reached.
[bookmark: _Toc149899589]RAN3 agrees the relevant TP in R3-237409.

	For one pair of measurement IDs, the frequency at which the data collection update messages are signaled is determined by the current reporting periodicity IE.
The reporting periodicity for UE performance feedback reuses the existing Reporting Periodicity in Data Collection Request message.
FFS on whether to introduce the measurement collection periodicity for UE performance feedback collection.



Another open issue left from last meeting is if measurement collection periodicity for UE performance feedback collection is needed. From our understanding, the motivations from companies are the following:
· Motivation#1: It saves NW signalling to allowing one report to contain performance measurements of multiple UEs
· Motivation#2: It gives finer granularity of UE performance measurement for more accurate AIML monitoring
However, in our understanding, if Proposal 3 can be agreed, there will be no signalling storm issue. If Proposal 3 cannot be agreed, with collection periodicity alone, multiple DATA COLLECTION UPDATE messages will be triggered since the handover of different UEs will be executed at different time. 
Regarding Motivation#2, the finer granularity of reporting periodicity for UE performance feedback is 500ms, which seems smaller enough. The necessity to collect UE performance feedback with periodicity less than 500ms is unclear.
	Reporting Periodicity
	O
	
	ENUMERATED(500ms, 1000ms, 2000ms, 5000ms, 10000ms, …)
	Periodicity that can be used for reporting of requested objects. Also used as the averaging window length for all objects if supported.
	YES
	ignore



[bookmark: _Toc149833294]Introducing measurement collection periodicity for UE performance feedback collection alone does not resolve the signaling storming issue.
[bookmark: _Toc149833295]The necessity to collect UE performance feedback with periodicity less than 500ms is unclear.
[bookmark: _Toc149899590]RAN3 does not introduce the measurement collection periodicity for UE performance feedback collection 
3	Conclusion
Based on the discussion above, we observe:
Observation 1	The target gNB can no longer provide the UE performance feedback if the concerned UE enters RRC inactive/idle state, or experiences RLF, or is handed over to another cell/gNB,.
Observation 2	Understanding the occurrence of RLF, entering RRC Inactive/Idle, Handover shortly after handover can help source gNB to further optimize its load balancing AIML model.
Observation 3	Source gNB can delete the stored UE context immediately after knowing the UE performance feedback will be no longer provided.
Observation 4	Since handover of UEs cannot occur at exactly the same time, one DATA COLLECTION UPDATE message may only carry performance feedback for one UE if the time configuration for UE performance feedback report is strictly followed.
Observation 5	Introducing measurement collection periodicity for UE performance feedback collection alone does not resolve the signaling storming issue.
Observation 6	The necessity to collect UE performance feedback with periodicity less than 500ms is unclear.


Based on the discussion above, we propose:
Proposal 1	If target gNB can no longer provide UE performance feedback for a particular UE (e.g., due to RLF, RRC state, HO), the target gNB indicates to the source gNB via a cause value associated with the UE in the DATA COLLECTION UPDATE message for both one-time and periodic reporting.
Proposal 2	RAN3 further discusses if legacy cause values can be reused with extended meaning or new cause values are needed.
Proposal 3	gNB can report the UE performance feedback of many UEs in the same DATA COLLECTION UPDATE message even if the configured periodicity/report duration for some UEs is not reached.
Proposal 4	RAN3 agrees the relevant TP in R3-237409.
Proposal 5	RAN3 does not introduce the measurement collection periodicity for UE performance feedback collection
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