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1	Introduction
At the December RAN plenary, the study item. Study on enhancements for Artificial Intelligence (AI)/Machine Learning (ML) for NG-RAN
The objectives of the study:
The aim of this study item is to further investigate new AI/ML based use cases and identify enhancements to support AI/ML functionality, and further discussions on the Rel-18 leftovers.
The detailed objectives of the SI are listed as follows:
· Study two new AI/ML based use cases, i.e., Network Slicing and CCO, with existing NG-RAN interfaces and architecture (including non-split architecture and split architecture). 
· Rel-18 leftovers as candidates for normative work, based on the Rel-18 principles, as follows:
-   Mobility optimization for NR-DC
-   Split architecture support for Rel-18 use cases based on the conclusions from Rel-18 WI 
-   Energy Saving enhancements, e.g., Energy Cost Prediction
-   Continuous MDT collection targeting the same UE across RRC states
-   Multi-hop UE trajectory across gNBs
Note: RAN3 should take the Rel-18 discussions into account.
This contribution discusses the release 18 leftover multi hop UE trajectory across gNBs. 
2	Discussion
Last meeting there were several proposals on how to solve multi hop UE trajectory feedback. 
The first proposed by InterDigital in [1] and discussed in several other papers is a hop-by-hop reporting method this message flow chart which was in [2] shows the basics.


Hop by Hop

A second proposal from Qualcomm in [3], proposed a parallel data collection 
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Parallel-1
There are a couple of questions here, in the XnAP Handover Request between Predicted Target Node 1 and Predicted Target Node 2 should contain the data collection ID pairs of the data collection set up between the Source Node and Predicted Target Node 2 but there is currently no way in the standard for Predicted Target Node 1 to know the pair setup between Source Node and Predicted Target Node 2. Also, in the standard there isn’t a way to tell Predicted Target Node 2 the remaining reporting time or the number of hops already taken in Predicted Target Node 1. For example, if you set up a data collection for 5 hops with a maximum elapsed time of 1 minute, and the UE moved to 3 cells over 40 seconds in Predicted Target Node 1, Predicted Target Node 2 would need to know that it should report after 2 hops or 20 seconds, and this is not possible in the current standard. 
Additionally, CATT in [2] proposed a parallel method also but slightly different, which I call parallel-2


Parallel-2
There are a few questions with this method, first it isn’t clear what would trigger step 9 in this chart. Second, step 8 has to go over the Xn interface between gNB3 and gNB1, are there issues if a Data Collection Update comes over an Xn instance that never had a Data Collection Procedure executed on it? And how does gNB3 know to send the result to gNB1?
Additionally, Samsung in [4] propose the feedback from gNB3 can come for a data collection procedure over NGAP, while this is possible, we think this is an issue that can be handled separately (but it does eliminate a corner case with the 2 parallel methods if a Xn doesn’t exist between gNB1 and gNB3).
One complication in implementation in the two parallel methods is that gNB1 must correlate two or more Data Collection Updates to see the whole picture and each would arrive at a different time. One small change you could make to simplify the correlation, is to handle the building of the UE trajectory the same that UE History is handled today. Namely pass in the handover request the current status of the UE trajectory and add to it as the UE traverses gNB3. Then when the Data Collection Update is triggered in gNB3 it can send a full trajectory report to gNB1. We will call this method End-to-End.


Here is a small comparison table analysing the additional implementation effects and standardization effort of each method.
	
	Additional Implementation effort / system effects
	Standardization Effort
	Open Questions

	Hop-by-hop
	1. When there isn’t a running model in gNB2 a UE context is still needed to be held in gNB2 after the UE leaves to gNB3.
2. Data Collection Reporting Initiation will be used more on a UE-by-UE basis between gNB2 and gNB3
	1. Removal of the single hop restriction. 
	None

	Parallel-1
	1. In the source node correlation of multiple Update messages sent at different times to see the full picture
	1. Removal of the single hop restriction 
2. Handling of data collection id pairs in handover between gNB2 and gNB3
3. Inclusion of time remaining and number of hops remaining before needing to report in the Handover request 
	How to solve the data collection identification in the handover request between gNB2 and gNB3 since gNB2 is unaware of the data collection pairs for gNB3 session?

	Parallel-2
	1. In the source node correlation of multiple Update messages sent at different times to see the full picture
2. Data Collection Reporting Initiation will be used more on a UE-by-UE basis between gNB2 and gNB3
	1. Removal of the single hop restriction 
2. Data Collection Update can now occur without a Data Collection Reporting Initiation
3. Directing a Data Collection Update to the correct Xn instance
	Not clear how gNB3 knows which Xn-C to reply for UE trajectory feedback, 
Not clear what generates the feedback from gNB2 in step 9

	End-to-End-1 
(Based on parallel-1)
	
	1. Removal of the single hop restriction  
2. Handling of data collection id pairs in handover between gNB2 and gNB3
3. Inclusion of time remaining before reporting in the Handover request
4. Add UE Trajectory History to Handover Request
	How to solve the data collection identification in the handover request between gNB2 and gNB3 since gNB2 is unaware of the data collection pairs for gNB3 session?

	End-to-End-2 
(Based on parallel-2)
	1. Data Collection Reporting Initiation will be used more on a UE-by-UE basis between gNB2 and gNB3
	1. Removal of the single hop restriction 
2. Data Collection Update can now occur without a Data Collection Reporting Initiation
3. Changes need to direct a Data Collection Update to the correct Xn instance
4. Add UE Trajectory History to Handover Request
	Not clear how gNB3 knows which Xn-C to reply for UE trajectory feedback, 




Observation 1: The hop-by-hop method has some system effects with more UE contexts being held when there isn’t a model in intermediary nodes and Data Collection Reporting Initiation will have to occur more on a UE-by-UE basis instead of a single procedure for a group of similar UEs and has little standards impact.
Observation 2: For the two End-to-End methods the additional standardization work that is needed is not too involved (addition of UE trajectory history to Handover Request and either handling of the data collection id pairs (End-to-End-1) or routing of a Data collection Update that is unsolicited on particular Xn instance (End-to-End-2) and are most likely easily solved by, at worse, passing along the information at each hop. 
Proposal 1: The standardization work to do to solve multi-hop UE trajectory reporting is very little for hop-to-hop but even the standards work for End-to-End-1 or 2 is very manageable. Therefore, RAN3 should agree to proceed with the multi-hop UE trajectory release 18 leftover, ideally with hop-to-hop or alternatively by End-to-End-1 or End-to-End-2.
3	Proposal
Based on the discussion above, the following observations and the proposal are made:
Observation 1: The hop-by-hop method has some system effects with more UE contexts being held when there isn’t a model in intermediary nodes and Data Collection Reporting Initiation will have to occur more on a UE-by-UE basis instead of a single procedure for a group of similar UEs and has little standards impact.
Observation 2: For the two End-to-End methods the additional standardization work that is needed is not too involved (addition of UE trajectory history to Handover Request and either handling of the data collection id pairs (End-to-End-1) or routing of a Data collection Update that is unsolicited on particular Xn instance (End-to-End-2) and are most likely easily solved by, at worse, passing along the information at each hop. 
Proposal 1: The standardization work to do to solve multi-hop UE trajectory reporting is very little for hop-to-hop but even the standards work for End-to-End-1 or 2 is very manageable. Therefore, RAN3 should agree to proceed with the multi-hop UE trajectory release 18 leftover, ideally with hop-to-hop or alternatively by End-to-End-1 or End-to-End-2.
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