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1 Introduction
In the last RAN3 #112 meeting, the following summary is reached:
Progress the prioritized use cases on energy saving, load balancing, traffic steering/mobility optimization, i.e. at least by identifying their impact on the specifications, before considering any new use case.
In this paper, we present our further consideration about the mobility optimization use case.
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In the agreed TP [1] for the AI assisted mobility management, the use cases includes the baseline case of mobility, DAPS HO, CHO and the dual connectivity for optimization. The mobility aspects of SON that can be enhanced by the used of AI/ML include:
· Reduction of the probability of unintended events
· UE Location/Mobility/Performance prediction
· Traffic Steering 
For the unintended events, the examples includes the mobility failure cases of inter-system too late HO/too early HO and HO to wrong cell. For the mobility cases, there are also other use cases, such as the almost failure kind of successful handover and the PSCell change failures as defined in [2].
In RAN3#110 meeting, it was agreed that:
Reuse the existing procedures for SON/MDT as the baseline for data collection or SON related use case where it fits. And additional enhancement/new signaling is studied when needed.
For all the above unintended events, the related SON reports have been introduced in Rel-16 or being discussed and introduced in Rel-17. This will not bring additional data collection for the AI/ML assisted optimization taking into consideration the new unintended events. Therefore, it is desirable to include the successful handover with potential failure and PSCell change failure into the unintended events.
Proposal 1: The successful handover with potential failure and PSCell change failure should be taken as the examples of the unintended events.
In [1], it mentioned that RRM actions related to mobility can include the decision of the handover type, whether to configure DC/CA and the selection of the handover target cell(s)/the SN node/SCell(s). For AI assisted mobility management, predicting the UE’s location/trajectory can be used to perform the RRM actions. Besides, the source RAN node of a mobility event, or the RAN node acting as Master Node (a eNB for EN-DC, a gNB for NR-DC) can use feedbacks received from the other RAN node, as input to an AI/ML function.
Currently, the UE will record and report the SON reports corresponding to the above unintended events to the network. The network performs root cause analysis and optimize the mobility parameter to improve the robustness of the future mobility decision. For AI/ML assisted mobility management, from data collection’s perspective, it seems that these SON reports can provide all the required data for AI based mobility optimization, at least for the first phrase.
Proposal 2: The SON report can be the input to the AI/ML function.
Technically speaking, the measurement results are also the most important input for the AI based mobility optimization. It can also be beneficial to improve the accuracy and reliability of the AI based mobility optimization. 
Proposal 3: Measurement results are also part of the input for AI based mobility optimization.
In addition, to further ensure the reliability and accuracy of AI based mobility management, the cell load information of both the serving cell and the neighbours can be considered as the input for the AI function. For the cell load information, it can be actual or predicted.
Proposal 4: Cell load information is considered as the input for AI based mobility optimization.
These information will be beneficial for the serving node to perform the optimal mobility decision. If the serving node can ensure the reliability of the prediction of the UE location/trajectory/performance, it can also provide the predication information of the UE to the target node or the target SN node. For example, the historical UE location data collected by the current serving node, as well as its predicted UE trajectory, can be summarized and sent to the target node. By this method, on one hand, the signalling overhead is decreased at a certain extent, since the target node has no need to re-collect the historical UE location data. On the other hand, the prediction results with enough reliability from the serving node also helps the target node to make more accurate inference. 
Proposal 5: The predication of UE Location/Mobility/Performance at source node can be transferred to the target node.
When the target node receives the UE Location/Mobility/Performance Prediction from the source node, it is an intuitive idea for the target node to send the feedback of the received prediction. The potential feedback can be the performance feedback, e.g., the reliability of the received predication of the UE Location/Mobility/Performance from the source node, the actual UE Location/Mobility/Performance if different from the predicted.
Proposal 6: The target node sends the performance feedback of the received predication of UE Location/Mobility/Performance to the source node.

The possible flow chart for the AI based mobility management can be considered as below.


The above discussions are also proposed as the TP for TR 37.817, including the modification for use case description, solution and potential standard impacts.
Proposal 7: Agree the corresponding TP for TR 37.817 in the annex. 
3 Proposals
In this paper, we give more considerations on the AI based mobility optimization and present the following proposals.
Proposal 1: The successful handover with potential failure and PSCell change failure should be taken as the examples of the unintended events.
Proposal 2: The SON report can be the input of the AI/ML function.
Proposal 3: Measurement results are also part of the input for AI based mobility optimization.
Proposal 4: Cell load information is considered as the input for AI based mobility optimization.
Proposal 5: The predication of UE Location/Mobility/Performance at source node can be transferred to the target node.
Proposal 6: The target node sends the performance feedback of the received predication of UE Location/Mobility/Performance to the source node.
Proposal 7: Agree the corresponding TP for TR 37.817 in the annex.
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[bookmark: _Toc55814338]5.X	Mobility Optimization
[bookmark: _Toc55814339]5.X.1	Use case description
[bookmark: _Toc55814340]Mobility management is the scheme to guarantee the service-continuity during the mobility by minimizing the call drops, RLFs, unnecessary handovers, and ping-pong. For the future high-frequency network, as the coverage of a single node decreases, the frequency for UE to handover between nodes becomes high, especially for high-mobility UE. In addition, for the applications characterized with the stringent QoS requirements such as reliability, latency etc., the QoE is sensitive to the handover performance, so that mobility management should avoid unsuccessful handover and reduce the latency during handover procedure. However, for the conventional method, it is challengeable for trial-and-error-based scheme to achieve nearly zero-failure handover. The unsuccessful handover cases are the main reason for packet dropping or extra delay during the mobility period, which is unexpected for the packet-drop-intolerant and low-latency applications. In addition, the effectiveness of adjustment based on feedback may be weak due to randomness and inconstancy of transmission environment. Besides the baseline case of mobility, areas of optimization for mobility include dual connectivity, CHO, and DAPS, which each have additional aspects to handle in the optimization of mobiltity. 
Mobility aspects of SON that can be enhanced by the use of AI/ML include
· Reduction of the probability of unintended events
· UE Location/Mobility/Performance prediction
· Traffic Steering 
Reduction of the probability of unintended events associated with mobility. 
Examples of such unintended events are:
· Intra-system Too Late Handover: A radio link failure (RLF) occurs after the UE has stayed for a long period of time in the cell; the UE attempts to re-establish the radio link connection in a different cell.
· Intra-system Too Early Handover: An RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in the source cell.
· Intra-system Handover to Wrong Cell: An RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in a cell other than the source cell and the target cell.
· Successful Handover: During a successful handover, there is underlying issue.
· Too late PSCell change: an SCG failure occurs after the UE has stayed for a long period of time in the PSCell; a suitable different PSCell is found based on the measurements reported from the UE.
· Too early PSCell change: an SCG failure occurs shortly after a successful PSCell change from a source PSCell to a target PSCell or a PSCell change failure occurs during the PSCell change procedure; source PSCell is still the suitable PSCell based on the measurements reported from the UE.
· Triggering PSCell change to wrong PSCell: an SCG failure occurs shortly after a successful PSCell change from a source PSCell to a target PSCell or a PSCell change failure occurs during the PSCell change procedure; a suitable PSCell different with source PSCell or target PSCell is found based on the measurements reported from the UE.
RAN Intelligence could observe multiple HO events with associated parameters, use this information to train its ML model and try to identify sets of parameters that lead to successful HOs and sets of parameters that lead to unintended events.
UE Location/Mobility/Performance Prediction
Predicting UE’s location is a key part for mobility optimisation, as many RRM actions related to mobility (e.g. selecting handover target cells) can benefit from the predicted UE location/trajectory. UE mobility prediction is also one key factor in the optimization of early data forwarding particularly for CHO. UE Performance prediction when the UE is served by certain cells is a key factor in determining which is the best mobility target for maximisation of efficiency and performance.
Traffic Steering
Efficient resource handling can be achieved adjusting handover trigger points and selecting optimal combination of PCell/PSCell/SCells to serve a user. 
Existing traffic steering can also be improved by providing a RAN node with information related to mobility or dual connectivity. 
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 neighboring gNBs. 
Similarly, for the case of dual connectivity, before triggering the addition of a secondary gNB or triggering SN change, an eNB could use information (feedbacks) received in the past from the gNB for successfully completed SN Addition or SN Change procedures.
In the two reported examples, the source RAN node of a mobility event, or the RAN node acting as Master Node (a eNB for EN-DC, a gNB for NR-DC) can use feedbacks received from the other RAN node, as input to an AI/ML function supporting traffic related decisions (e.g. selection of target cell in case of mobility, selection of a PSCell / SCell(s) in the other case), so that future decisions can be optimized.
5.X.2	Solutions and standard impacts
Editor Note: Capture the solutions for the use case, including potential standard impacts on existing Nodes, functions, and interfaces



Figure 5.x.2-1: AI based Mobility Optimization procedure
1.	The source NG-RAN node collects the input data for AI based mobility optimization. The inputs can include at least one of the following information: the SON reports, cell load (predication) for the serving cell and neighbour cells and the measurement results.
2.	The source NG-RAN node performs the AI assisted UE trajectory/mobility/performance prediction and the AI assisted target cell selection.
3.	The source NG-RAN node requests AI based handover request (HANDOVER REQUEST) for the target NG-RAN node where the target cell belongs to. The AI based handover request message can include the UE trajectory/mobility/performance prediction from the source NG-RAN node.
4.	The target NG-RAN node sends handover response (HANDOVER REQUEST ACKNOWLEDGE). 
5.  The source NG-RAN node sends an RRCReconfiguration message to the UE.
6.	The UE synchronises to the target cell and completes the RRC handover procedure by sending RRCReconfigurationComplete message to target NG-RAN node. 
7.	The target NG-RAN node sends the feedback related to the received UE trajectory/mobility/performance prediction.
8.	The source NG-RAN node updates the AI model used for mobility optimization.
Potential standard impacts:
· Xn interface impact:
· Delivery of the UE trajectory/mobility/performance prediction from the source NG-RAN node to the target NG-RAN node;
· Predicted load info from candidate target NG-RAN node to source NG-RAN node
· Performance Feedback of the received UE trajectory/mobility/performance prediction from the target NG-RAN node to the source NG-RAN node.
End of the change

3GPP
image1.wmf
U

E

S

o

u

r

c

e

N

G

-

R

A

N

 

n

o

d

e

t

a

r

g

e

t

N

G

-

R

A

N

 

n

o

d

e

1

a

.

S

O

N

 

r

e

p

o

r

t

/

m

e

a

s

 

r

e

s

u

l

t

1

b

.

(

p

r

e

d

i

c

t

e

d

)

 

s

e

r

v

i

n

g

c

e

l

l

 

l

o

a

d

 

i

n

f

o

1

c

.

(

p

r

e

d

i

c

t

e

d

)

 

l

o

a

d

 

i

n

f

o

2

.

U

E

 

t

r

a

j

e

c

t

o

r

y

/

m

o

b

i

l

i

t

y

/

p

e

r

f

o

r

m

a

n

c

e

 

p

r

e

d

i

c

t

i

o

n

,

A

I

 

a

s

s

i

s

t

e

d

t

a

r

g

e

t

 

c

e

l

l

 

s

e

l

e

c

t

i

o

n

3

.

H

O

 

R

e

q

(

U

E

 

t

r

a

j

e

c

t

o

r

y

/

m

o

b

i

l

i

t

y

/

p

e

r

f

o

r

m

a

n

c

e

 

p

r

e

d

i

c

t

i

o

n

)

4

.

H

O

 

R

e

q

 

A

C

K

5

.

R

R

C

 

r

e

c

f

g

6

.

R

R

C

 

r

e

c

f

g

 

C

M

P

7

.

f

e

e

d

b

a

c

k

8

.

A

I

 

m

o

d

e

 

u

p

d

a

t

i

n

g

h

t

t

p

:

/

/

m

s

c

-

g

e

n

e

r

a

t

o

r

.

s

o

u

r

c

e

f

o

r

g

e

.

n

e

t

 

v

6

.

3

.

5


oleObject1.bin

oleObject2.bin

