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[bookmark: _Ref178064866]Introduction
According to the WI [1], the following objective is captured:
The detailed objectives of the SI are listed as follows:
- Multi-hop UE trajectory across gNBs
Here we provide some analysis on Multi-hop UE trajectory across gNBs.
Discussion
1.1 General
In Release 18, due to limited time and complexity of collecting measured UE trajectory from multiple hop gNBs, the following agreement is achieved in RAN3 #119bis meeting:
In Rel_18, RAN3 will not pursue enhancements for one gNB to request UE trajectory from more than one hop gNBs.
In Release 19, Multi-hop UE trajectory across gNBs is selected as candidate for normative work.
UE trajectory prediction is used as the input of many AI/ML based use cases, for example, mobility optimization energy saving and load balancing in R18. In R19, AI/ML based network slicing and CCO may also need UE trajectory prediction as a necessary input. So, it is foundational function and should be supported at first.
Observation 1: UE trajectory prediction is used as input of AI/ML based mobility optimization, energy saving and load balancing in R18. And in R19 AI/ML based network slicing and CCO may also need UE trajectory prediction as input.
Currently,in Rel-18, source gNBs can only predict one hop UE trajectory and collect one hop measured UE trajectory as well. As a necessary input of the use cases captured in R18 and R19, one hop UE trajectory prediction may degrade the performance of AI/ML module.
Here is an example to illustrate the limitation of one hop UE trajectory prediction.
UE1 move: gNB1 -> gNB2 -> gNB3. 
UE2 move: gNB1 -> gNB2 -> gNB1.
In case of overload in gNB1, UE1 would be offloaded from gNB1 to gNB2 with the help of multi-hop UE trajectory prediction instead of UE2 because UE2 would move back to gNB1. While for one hop UE trajectory prediction, it is hard to select UE1 or UE2.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In case of mobility optimization, for UE2, ping-pong issue can be predicted ahead of time with multi-hop UE trajectory prediction. Source gNB1 may delay UE2 handover from gNB1 to gNB2. While for UE1, normal handover can be triggered from gNB1 to gNB2. And another example is multi-hop predicted UE trajectory could help the target node make handover decision even the target node is not able to make prediction while it is not supported in case only one hop UE trajectory prediction is provided by source node.
In case of energy saving, for traffic offload, it is similar as load balance use case when selecting UE.
Therefore, one hop UE trajectory prediction may restrict the application of AI/ML based mobility optimization, load balancing and energy saving introduced in R18.We propose to support multi-hop UE trajectory prediction in Rel-19
Proposal 1: It is proposed to support UE trajectory prediction across Multi-hop gNBs.
The following figure describes the workflow on how to collect UE trajectory feedback from multi-hop gNBs.


Figure: UE trajectory feedback from multi-hop gNBs
Step 1: UE connects to gNB1;
Step 2: Data Collection Reporting Initiation procedure is used to configure UE trajectory feedback.
Step 3: UE handover to gNB2.
Step 4: UE connects to gNB2, but gNB1 should keep UE context to collect UE trajectory feedback.
Step 5~6: gNB2 should trigger Data Collection Reporting Initiation procedure to configure UE trajectory feedback before UE handover to gNB3; The UE Trajectory Collection Configuration in step 5 may be same with that in step 2, but the Collection Time Duration within UE Trajectory Collection Configuration should be updated later according to the time duration when UE in gNB2. How to update the Collection Time Duration is FFS now.
Step 7: UE connects to gNB3, but both gNB1 and gNB2 should keep UE context to collect UE trajectory feedback.
Step 8: gNB3 collect measured UE trajectory and send UE trajectory feedback to gNB2. 
Step 9: gNB2 collect measured UE trajectory in gNB2 and send UE trajectory feedback to gNB1 which includes measured UE trajectory in gNB3 and gNB2.
The main issue on collecting UE trajectory feedback from multi-hop gNBs is UE context should be kept in both gNB1 and gNB2 in order to collect necessary UE trajectory feedback. If UE hands over to multi-hop gNB, all of the gNBs are required to keep UE context. 
Observation 2: UE context should be kept by all of the gNBs UE connected to during handover in order to collect necessary UE trajectory feedback.
If one of the gNBs fails to send UE trajectory feedback, the measured UE trajectory collected after the failed gNB would be missing. This is because the measured UE trajectory is transferred in serial mode.
If the measured UE trajectory feedback could be sent directly to the source node, i.e. parallel mode, the above issues may be solved. The figure below illustrates the workflow of parallel feedback.


Figure: UE trajectory feedback in parallel mode
For parallel mode, gNB1 receives UE trajectory feedback directly from gNB2 and gNB3 as indicated by step 8 and step 9. For gNB2, it is not needed to keep UE context because gNB2 is not required to receive UE trajectory feedback from gNB3. 
For gNB1, a global Measurement ID allocated by gNB1 may be used by gNB2 and gNB3 to indicate the UE trajectory feedback for certain UE. This global Measurement ID should be transferred from gNB1 to gNB2 in step3 and from gNB2 to gNB3 in step6. Then gNB2 and gNB3 could use this global Measurement ID to send UE trajectory feedback directly to gNB1.
Proposal 2: It is proposed for RAN3 to consider transferring UE trajectory feedback from multiple hop gNBs directly to source node, i.e., feedback via parallel mode.
Conclusions
Observation 1: UE trajectory prediction is used as input of AI/ML based mobility optimization, energy saving and load balancing in R18. And in R19 AI/ML based network slicing and CCO may also need UE trajectory prediction as input.
Proposal 1: It is proposed to support UE trajectory prediction across Multi-hop gNBs.
Observation 2: UE context should be kept by all of the gNBs UE connected to during handover in order to collect necessary UE trajectory feedback.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Proposal 2: It is proposed for RAN3 to consider transferring UE trajectory feedback from multiple hop gNBs directly to source node, i.e., feedback via parallel mode.
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<<<<<<<<<<<<<<<<<< Begin of the changes >>>>>>>>>>>>>>>>>>>>>>>
[bookmark: _Toc162258904]5.5	Multiple-hop UE trajectory across gNBs
Editor Note: Capture the description and its potential standard impacts.
Use case description:
UE trajectory prediction is a foundational function for AI/ML for NG-RAN which is the input of many Rel-18 AI/ML based use cases, e.g. mobility optimization, energy saving and load balancing. In R19, AI/ML based network slicing and CCO may also need UE trajectory prediction as a necessary input. However, in Rel-18, only one hop UE trajectory prediction is supported which may degrade the performance of AI/ML for NG-RAN. For example, one hope UE trajectory prediction could not enable the target node to be aware of the possible ping-pong in the future which may cause subsequent ping-pong mobility between gNBs. And another example is multi-hop predicted UE trajectory could help the target node make handover decision even the target node is not able to make prediction while it is not supported for one hop UE trajectory prediction. In case of energy saving and load balancing use case, multi-hop UE trajectory prediction is helpful to facilitate UE selection
Considering the limitation of one hop UE trajectory prediction, it is proposed to support multiple-hop UE trajectory prediction.
Solution:
The following figure describes the workflow on how to collect UE trajectory feedback from multi-hop gNBs.


Figure 5.5-1 UE trajectory feedback from multi-hop gNBs
Step 1: UE connects to gNB1;
Step 2: Data Collection Reporting Initiation procedure is used to configure UE trajectory feedback.
Step 3: UE handover to gNB2.
Step 4: UE connects to gNB2, but gNB1 should keep UE context to collect UE trajectory feedback.
Step 5~6: gNB2 should trigger Data Collection Reporting Initiation procedure to configure UE trajectory feedback before UE handover to gNB3; The UE Trajectory Collection Configuration in step 5 may be same with that in step 2, but the Collection Time Duration within UE Trajectory Collection Configuration should be updated later according to the time duration when UE stay in gNB2. How to update the Collection Time Duration is FFS now.
Step 7: UE connects to gNB3, but both gNB1 and gNB2 should keep UE context to collect UE trajectory feedback.
Step 8: gNB3 collect measured UE trajectory and send UE trajectory feedback to gNB2. 
Step 9: gNB2 collect measured UE trajectory in gNB2 and send UE trajectory feedback to gNB1 which includes measured UE trajectory in gNB3 and gNB2.
The main issue on collecting UE trajectory feedback from multi-hop gNBs in serial mode as illustrated in figure 5.5-1 is all of the gNBs UE connected to during handover prodecure are required to keep UE context before the expiration of collection time duration.And there may be another issue i.e. if one of the gNBs fails to send UE trajectory feedback, the measured UE trajectory collected after the failed gNB would be missing. 
To solve the above issues, measured UE trajectory could be transferred in parallel mode as below.


Figure 5.5-2 UE trajectory feedback in parallel mode
For parallel mode, gNB1 receives UE trajectory feedback directly from gNB2 and gNB3 as indicated by step 8 and step 9. For gNB2, it is not needed to keep UE context because it is not required for gNB2 to receive UE trajectory feedback from gNB3.
For gNB1, a global Measurement ID allocated by gNB1 may be used by gNB2 and gNB3 to indicate the UE trajectory feedback for certain UE. This global Measurement ID should be transferred from gNB1 to gNB2 in step3 and from gNB2 to gNB3 in step6. Then gNB2 and gNB3 could use this global Measurement ID to send UE trajectory feedback directly to gNB1.

<<<<<<<<<<<<<<<<<< End of the changes >>>>>>>>>>>>>>>>>>>>>>>
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