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1 Introduction

The Rel-18 AI/ML for NG-RAN WI was completed in RAN3 122 meeting. This WI specifies the normative work to support AI/ML for Network Energy Saving, Load Balancing and Mobility Optimization.
Rel-18 work mainly focuses on the non-split architecture and prioritizes the single-connectivity scenario. A set of new procedures are designed in Xn, i.e. Data Collection Reporting Initialization and Data Collection Reporting procedures.

With the aim of achieving long-term effectiveness, the node exchanges the predicted resource status information with neighbors, which are beneficial for all three use cases.
For Network Energy Saving, the energy cost is transferred via Xn interface to provide the input and feedback information to assist energy saving decision setting, in order to realize the global energy consumption reduction. 
For Mobility Optimization, the cell-level UE trajectory prediction is transferred from source node to target node in Handover Request message to provide reference information for target node to make the further mobility decision.

The collection of measured UE trajectory and UE performance, triggered at successful handover execution, can be used as input and feedback information to describe the current state or the impact after applying decisions.

In this contribution, remaining issues for Rel-18 AI/ML for NG-RAN is analyzed, and questions of two LSs from SA5 are discussed.

2 Discussion
2.1 Correction and remaining issue

In the new-introduced class 1 Data Collection Reporting Initiation procedure, the registration request includes “start” and “stop” to initialize or terminate the reporting procedure.
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In the ASN.1, the registration request refers to the existing one used in the resource status reporting initiation procedure, where three code points are included as “start”, “stop” and “add”.
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Observation 1: 
The mismatch exists in the tabular and ASN.1 of Registration Request in Data Collection Request. 
For this mismatch issue, there are two potential solutions. The first solution is to define a new one in ASN.1, which includes “start” and “stop” only, while the second solution is include “add” code point in the registration request in Data Collection Request message. 

Proposal 1: 
RAN3 to discuss the following solutions to solve the mismatch of Registration Request in tabular and ASN.1:

Solution 1: define a new IE in ASN.1 which includes “start” and “stop” only.

Solution 2: introduce a new option “add” of Registration Request in Data Collection Request.
Actually, there were some proposals about the code point in registration request during the Rel-18 discussion. But due to the time limitation, no detailed discussion for it is settled. Based on the proposal raised before, “Add” and “Update” are the two options. The analysis for these two options are given as the following.

For the case to add more cells to request, without enhancement, the requesting node needs to initialize another request with a new measurement ID. Regarding to periodic reporting, when the reporting periodicities of new cells and existing ones are same, the update messages for the previous request and the new request would be sent at the same time separately. If introducing the “add” to the registration request, for such case, the requesting node sends a request message with the new request cells with the “add” in registration request. The following update messages would carry the results of the previous request and the new request in the single message for one reporting periodicity. Hence, it can effectively improve the signaling efficiency. Thus, same as the registration request of resource status reporting, propose to add a new option “add” in registration request of Data Collection Request message.
Observation 2: 
Introducing the “Add” to the registration request can effectively improve the efficiency of Data Collection Update message. 
Proposal 2: 
Propose to introduce a new option “add” of Registration Request in Data Collection Request. 

Based on the discussion, the other candidate for the registration request is “update”. The “update” function can be achieved by “stop” the existing one and “start” a new one. As the number of request message and response message is much less than that of the update messages, there is no need to do enhancement to reduce the message quantity of request/response messages. So propose to not include “update” of Registration Request in Data Collection Request.

Proposal 3: 
Propose to not include “update” of Registration Request in Data Collection Request.
The other remaining issue is cause value. This issue was discussed several meeting periods with the following candidate options:
· Option 1: Measurement not supported with requested prediction time
· Option 2: Measurement not available with requested prediction time

· Option 3: Measurement not supported with requested reporting periodicity
· Option 4: Measurement not available with requested reporting periodicity
· Option 5: Measurement not Supported For The Requested Timing Configuration
· Option 6: Measurement Temporarily not Available For The Requested Timing Configuration

Note: 5&6 are the simplified version on cause value.
The intension of the cause value is to give the reference information to requesting node that why the request is reject. Spec already contains the following two cause values:

· Measurement not supported

· Measurement temporarily not available
For the “not available” case, the requested node can not provide the requested objects now but it has the capability to do the measurement or prediction, so the requesting node may request the corresponding objects in the future time. Based on such understanding, the “not available” ones such as option 2, option 4 and option 6 can be covered by the existing one, as the behavior of requesting node is same no matter which time information is not available. That is, the requesting node just waits for the requested node to be ready to report the requested objects when the failure cause is “not available”.

Observation 3: 
The “not available” related cause value can be covered by the existing “Measurement temporarily not available” one.

For the “not supported” case, it means that the requested node can not report the requested objects such as not suitable prediction time, reporting periodicity, or other requested information. If the requested node has the capability to report the requested objects but just can not do it based on the requested prediction time or reporting periodicity, the requesting node can adjust the request once it receives the hint from requested node. The current prediction time is defined as the time point from the request message for one time reporting, or the time points shifted by each reporting periodicity. For an AI/ML function, if it supports the prediction time, it should be also support the prediction time points which is just moved based on the periodicity. In other word, there is no case that the requested node supports the prediction time, but can not support the reporting periodicity. For measurement-based object (i.e. energy cost, UE performance, UE trajectory), it seems that the not supported periodicity also does not make sense.
Observation 4: 
The necessity of “measurement not supported with requested reporting periodicity” is not clear.
In terms of “prediction time” ones, the proponents state that when the requesting node receives “Measurement not supported with requested prediction time”, the requesting node may initialize the reporting by another request message with a different prediction time. Actually, why the requested node equipped with a corresponding AI/ML model can not support the requested time point. The possible case is that the input information is not available to generate it. For example, the requesting node sends the request in 10:05am to request the prediction result in 10:10am (the prediction time is 10:10am). But the requested node has a model which can output the prediction with inputs of past 7 minutes. For 10:10am prediction results, the requested node needs the input data from 10:03am. The requested node can only collect the input from 10:05am. So the requested model can not report the prediction for the requested prediction time. However, in such case, the requested node can reply with “Measurement temporarily not available”, and the requesting node sends the request later.
Observation 5: 
The necessity of “measurement not supported with requested prediction time” is not clear.
Proposal 4: 
The existing cause values are enough and there is no need to introduce new ones.

There is one editorial issue in the semantic description of Measured Trajectory Cell Information. The unit of the IE is missing. To be aligned with Predicted Trajectory Cell Information, “in seconds” should be added to indicate the unit of staying time.

Proposal 5: 
Refine the semantic description of Measured Trajectory Cell Information by adding “in seconds” to indicate unit of time of stay.
2.2 Reply LS to SA5 of R3-240032
RAN3 receives an LS from SA5 about the progress update of AI/ML management specification. The action required in the LS is to check whether there is any requirement for SA5 of AI/ML management and orchestration to support AI/ML capabilities in the network as:
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Regarding to the coordination with SA5, the main intention is to support model training at OAM, while inference at NG-RAN. SA5 has listed the AI/ML management for gNB inference to enable the three prioritized use cases in R18 (Network Energy Saving, Mobility Optimization, Load Balancing), and performance monitoring for training/inference function. From the LS, the Life Cycle Management (LCM) of ML model includes
· ML training phase (which also includes validation & testing), 

· AI/ML emulation phase, 

· ML deployment phase, and

· AI/ML inference phase.

From RAN3 perspective, the framework captured training, deployment and inference phase as well. However, RAN3 mainly focuses on the impact of how to transfer the input, output and feedback to support AI/ML for NG-RAN. There is no requirement identified for the LCM in R18. As for the case that training located at OAM, the inference phase is the unique phase in NG-RAN among the four phases designed by SA5, so the NG-RAN is the entity to receives the model and do corresponding inference. In other words, the model in NG-RAN is the one being managed. LCM for such case can be determined by OAM. For example, based on its own criteria, OAM can decide when to start the re-training process with the consideration of the collected performance parameters. Definitely, which model to be deployed is also up to the decision of OAM. 

So propose to reply SA2 that:

Thanks SA5 for providing the latest progress of AI/ML management. RAN3 also looks forward to the cooperating with SA5.

From RAN3 perspective, based on the discussion of Rel-18, there is no requirement identified for LCM to support the three prioritized use cases (mobility optimization, energy savings and load balancing).

Proposal 6: 
Propose to reply SA5 as:

Answer from RAN3: 

Thanks SA5 for providing the latest progress of AI/ML management. RAN3 also looks forward to the cooperating with SA5.

From RAN3 perspective, based on the discussion of Rel-18, there is no requirement identified for LCM to support the three prioritized use cases (mobility optimization, energy savings and load balancing).
2.3 Reply LS to SA5 of R3-240056

The other LS is received from SA5 in terms of energy saving energy cost. SA5 raises seven questions based on the reply LS from RAN3. 
Q1: Why should the operator configure the Energy Consumption values corresponding to minimum and maximum Energy Cost index values, when the NG-RAN node already knows its own minimum and maximum Energy consumption values? What is the use case or requirement that motivates this need? 

Here the intention is to ask operator to configure the actual energy consumption related to the minimum and maximum energy cost index for all gNBs in a specific area. As NG-RAN node exchanges the energy cost with neighbor nodes, this action is to enable the node to have common understanding of index among NG-RAN nodes in a specific area, so that the receiving node can map the received index to the actual energy consumption of the neighbor nodes. 
Q2: Do ‘the Energy Consumption values corresponding to the minimum and maximum Energy Cost index values’ for a given gNB, correspond to its own minimum and maximum energy consumption values? If not, then what do these correspond to?

The mentioned energy consumption corresponding to the minimum and maximum energy cost is the one defined by OAM for all gNBs in a specific area instead of a given gNB, so that the gNBs can map its own actual energy consumption to one of the index, or map the received index of neighbors to the real energy consumption to get the actual consumed energy in neighbor nodes.
Q3:  What is the use case for configuring a unified mapping rule among multiple gNBs, i.e., all gNBs in the defined area? 

The main use case is the energy saving. There are two types of utilization of such information.

The energy cost can be used as the reference information to determine the energy saving decision. The gNB receives the energy cost from neighbors. When the energy consumption is high for all neighbor nodes, the gNB should not switch off the cell, as it will increase the burden of neighbors. In another case, the energy consumption of some neighbor nodes is low, so the gNB can switch off the cell. And it can choose the cell of low-energy-consumption node as the target node to offload the remaining UEs.

The energy cost also can be used to evaluate the energy saving decision. When the node switches off the cell to save energy, it may lead to the energy consumption increment in the neighbor nodes. To achieve global energy saving effect, the node should evaluate and optimize the energy saving decision based on the neighbors’ energy consumption. So one solution proposed by RAN3 is to exchange the energy consumption between the neighbors after applying energy saving decision. If the energy consumption increment of neighbors is higher than the saved energy consumption in itself, it means the energy saving decision is improper due to higher energy consumption after the energy saving action. 
Thus, all gNBs in the defined area should have the same mapping rule to enable all gNBs have the same understanding of the energy cost.

Q4: What are the aspects related to the mapping rule that should be made configurable? What should the mapping rule consider in mapping energy consumption values to the Energy Cost index?

To make the mapped energy consumption accurate, the mapping rule can consider the maximum and minimum energy consumption of gNBs in the defined area. 
Q5: What are the requirements and/or use cases for the usage of Energy Cost Index (e.g., usage of Energy Cost Index in the recipient gNB)? 
The use case for the usage of energy cost index is energy saving.

The recipient gNB can use the energy cost as the reference information to determine the energy saving decision. The gNB receives the energy cost from neighbors. When the energy consumption is high for all neighbor nodes, the gNB should not switch off the cell, as it will increase the burden of neighbors. In another case, the energy consumption of some neighbor nodes is low, so the gNB can switch off the cell. And it can choose the cell of low-energy-consumption node as the target node to offload the remaining UEs.
The recipient gNB can evaluate and optimize the energy saving decision based on the received neighbors’ energy consumption. If the energy consumption increment of neighbors is higher than the saved energy consumption in itself, it means the energy saving decision is improper due to higher energy consumption after the energy saving action.
The requirement of the usage of energy cost index is that the gNBs within a defined area should have the same understanding of the energy cost, which means the mapping rule should be same for all the gNBs in the defined area.

Q6: What are the requirements for the mapping rule? Should the mapping rule be same for all the gNBs in a given area?

To enable the gNBs within a given area have the same understanding of the energy cost, the mapping rule should be same for all gNBs in the given area.
Q7: Should the ‘time interval’ have the same value for all gNBs in a defined area or can the gNBs in the defined area have different values for the ‘time interval’?

As the energy consumption is the average value within a time interval, to enable the gNBs in a defined area have the same understanding of the energy cost, the time interval to perform average should be same for all gNBs in the defined area.
Proposal 7: 
Propose to reply SA5 as section 6.

3 Conclusion

RAN3 is requested to discuss and if possible agree on the following proposals:
Observation 1: 
The mismatch exists in the tabular and ASN.1 of Registration Request in Data Collection Request. 
Proposal 1: 
RAN3 to discuss the following solutions to solve the mismatch of Registration Request in tabular and ASN.1:

Solution 1: define a new IE in ASN.1 which includes “start” and “stop” only.

Solution 2: introduce a new option “add” of Registration Request in Data Collection Request.
Observation 2: 
Introducing the “Add” to the registration request can effectively improve the efficiency of Data Collection Update message. 
Proposal 2: 
Propose to introduce a new option “add” of Registration Request in Data Collection Request. 

Proposal 3: 
Propose to not include “update” of Registration Request in Data Collection Request.
Observation 3: 
The “not available” related cause value can be covered by the existing “Measurement temporarily not available” one.

Observation 4: 
The necessity of “measurement not supported with requested reporting periodicity” is not clear.
Observation 5: 
The necessity of “measurement not supported with requested prediction time” is not clear.

Proposal 4: 
The existing cause values are enough and there is no need to introduce new ones.

Proposal 5: 
Refine the semantic description of Measured Trajectory Cell Information by adding “in seconds” to indicate unit of time of stay.

Proposal 6: 
Propose to reply SA5 as:

Answer from RAN3: 

Thanks SA5 for providing the latest progress of AI/ML management. RAN3 also looks forward to the cooperating with SA5.

From RAN3 perspective, based on the discussion of Rel-18, there is no requirement identified for LCM to support the three prioritized use cases (mobility optimization, energy savings and load balancing).
Proposal 7: 
Propose to reply SA5 as section 6.
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1. Overall Description:

RAN3 thanks SA5 for sharing the progress of AI/ML Management specifications.

Regarding to the questions from SA5:

SA5 looks forward to cooperating with and kindly request RAN1, RAN2, RAN3 and SA2 to take the above information into consideration for their work and provide SA5 management and orchestration related requirements to support AI/ML capabilities in the network if any.
Answer from RAN3: 

Thanks SA5 for providing the latest progress of AI/ML management. RAN3 also looks forward to the cooperating with SA5.
From RAN3 perspective, based on the discussion of Rel-18, there is no requirement identified for LCM to support the three prioritized use cases (mobility optimization, energy savings and load balancing).
2. Actions:

To SA5: Please take the above conclusion from RAN3 into account.

3. Date of Next TSG-RAN3 Meetings:

RAN3#123-bis
15 – 19 April 2024
    Changsha, CN

RAN3#124
20 – 24 May 2024
    Fukuoka, JP
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4. Overall Description:

RAN3 thanks SA5 for the reply LS on the reply LS in terms of the energy cost index.

Regarding to the questions from SA5, please see the reply from RAN3 as following:

Q1: Why should the operator configure the Energy Consumption values corresponding to minimum and maximum Energy Cost index values, when the NG-RAN node already knows its own minimum and maximum Energy consumption values? What is the use case or requirement that motivates this need? 

Answer from RAN3: 

Here the intention is to ask operator to configure the actual energy consumption related to the minimum and maximum energy cost index for all gNBs in a specific area. As NG-RAN node exchanges the energy cost with neighbor nodes, this action is to enable the node to have common understanding of index among NG-RAN nodes in a specific area, so that the receiving node can map the received index to the actual energy consumption of the neighbor nodes. 
Q2: Do ‘the Energy Consumption values corresponding to the minimum and maximum Energy Cost index values’ for a given gNB, correspond to its own minimum and maximum energy consumption values? If not, then what do these correspond to?
Answer from RAN3: 

The mentioned energy consumption corresponding to the minimum and maximum energy cost is the one defined by OAM for all gNBs in a specific area instead of a given gNB, so that the gNBs can map its own actual energy consumption to one of the index, or map the received index of neighbors to the real energy consumption to get the actual consumed energy in neighbor nodes.
Q3:  What is the use case for configuring a unified mapping rule among multiple gNBs, i.e., all gNBs in the defined area? 

Answer from RAN3: 

The main use case is the energy saving. There are two types of utilization of such information.

The energy cost can be used as the reference information to determine the energy saving decision. The gNB receives the energy cost from neighbors. When the energy consumption is high for all neighbor nodes, the gNB should not switch off the cell, as it will increase the burden of neighbors. In another case, the energy consumption of some neighbor nodes is low, so the gNB can switch off the cell. And it can choose the cell of low-energy-consumption node as the target node to offload the remaining UEs.

The energy cost also can be used to evaluate the energy saving decision. When the node switches off the cell to save energy, it may lead to the energy consumption increment in the neighbor nodes. To achieve global energy saving effect, the node should evaluate and optimize the energy saving decision based on the neighbors’ energy consumption. So one solution proposed by RAN3 is to exchange the energy consumption between the neighbors after applying energy saving decision. If the energy consumption increment of neighbors is higher than the saved energy consumption in itself, it means the energy saving decision is improper due to higher energy consumption after the energy saving action. 

Thus, all gNBs in the defined area should have the same mapping rule to enable all gNBs have the same understanding of the energy cost.
Q4: What are the aspects related to the mapping rule that should be made configurable? What should the mapping rule consider in mapping energy consumption values to the Energy Cost index?

Answer from RAN3: 

To make the mapped energy consumption accurate, the mapping rule can consider the maximum and minimum energy consumption of gNBs in the defined area. 

Q5: What are the requirements and/or use cases for the usage of Energy Cost Index (e.g., usage of Energy Cost Index in the recipient gNB)? 

Answer from RAN3: 

The use case for the usage of energy cost index is energy saving.

The recipient gNB can use the energy cost as the reference information to determine the energy saving decision. The gNB receives the energy cost from neighbors. When the energy consumption is high for all neighbor nodes, the gNB should not switch off the cell, as it will increase the burden of neighbors. In another case, the energy consumption of some neighbor nodes is low, so the gNB can switch off the cell. And it can choose the cell of low-energy-consumption node as the target node to offload the remaining UEs.

The recipient gNB can evaluate and optimize the energy saving decision based on the received neighbors’ energy consumption. If the energy consumption increment of neighbors is higher than the saved energy consumption in itself, it means the energy saving decision is improper due to higher energy consumption after the energy saving action.

The requirement of the usage of energy cost index is that the gNBs within a defined area should have the same understanding of the energy cost, which means the mapping rule should be same for all the gNBs in the defined area.

Q6: What are the requirements for the mapping rule? Should the mapping rule be same for all the gNBs in a given area?

Answer from RAN3: 

To enable the gNBs within a given area have the same understanding of the energy cost, the mapping rule should be same for all gNBs in the given area.
Q7: Should the ‘time interval’ have the same value for all gNBs in a defined area or can the gNBs in the defined area have different values for the ‘time interval’?

Answer from RAN3: 

As the energy consumption is the average value within a time interval, to enable the gNBs in a defined area have the same understanding of the energy cost, the time interval to perform average should be same for all gNBs in the defined area.

5. Actions:

To SA5: Please take the above conclusions from RAN3 into account to support energy cost index.

6. Date of Next TSG-RAN3 Meetings:

RAN3#123-bis
15 – 19 April 2024
    Changsha, CN

RAN3#124
20 – 24 May 2024
    Fukuoka, JP
9.1.3.26	DATA COLLECTION REQUEST


This message is sent by NG-RAN node1 to NG-RAN node2 to initiate the requested information reporting according to the parameters given in the message.


Direction: NG-RAN node1 ( NG-RAN node2.


IE/Group Name�
Presence�
Range�
IE type and reference�
Semantics description�
Criticality�
Assigned Criticality�
�
Message Type�
M�
�
9.2.3.1�
�
YES�
reject�
�
NG-RAN node1 Measurement ID�
M�
�
INTEGER (1..4095,...) �
Allocated by NG-RAN node1�
YES�
reject�
�
NG-RAN node2 Measurement ID�
C-ifRegistrationRequestStop�
�
INTEGER (1..4095,...)�
Allocated by NG-RAN node2�
YES�
ignore�
�
Registration Request�
M�
�
ENUMERATED(start, stop, …) �
Type of request for which the information is required.�
YES�
reject�
�
……�
�
�
�
�
�
�
�






-- **************************************************************


--


-- DATA COLLECTION REQUEST


--


-- **************************************************************





DataCollectionRequest ::= SEQUENCE {


	protocolIEs		ProtocolIE-Container	{{DataCollectionRequest-IEs}},


	...


}





DataCollectionRequest-IEs XNAP-PROTOCOL-IES ::= {


	{ ID id-NGRAN-Node1-Measurement-ID				CRITICALITY reject	TYPE Measurement-ID										PRESENCE mandatory}|


	{ ID id-NGRAN-Node2-Measurement-ID				CRITICALITY ignore	TYPE Measurement-ID										PRESENCE conditional}|


-- This IE shall be present if the Registration Request IE is set to the value "stop".


	{ ID id-RegistrationRequest						CRITICALITY reject	TYPE RegistrationRequest								PRESENCE mandatory}|


	{ ID id-ReportCharacteristics					CRITICALITY reject	TYPE ReportCharacteristics							PRESENCE conditional}|


-- This IE shall be present if the Registration Request IE is set to the value "start".


	{ ID id-CellToReportForDataCollection-List		CRITICALITY ignore	TYPE CellToReportForDataCollection-List			PRESENCE optional}|


	{ ID id-ReportingPeriodicity					CRITICALITY ignore	TYPE ReportingPeriodicity								PRESENCE optional}|


	{ ID id-RequestedPredictionTime					CRITICALITY ignore	TYPE RequestedPredictionTime							PRESENCE optional}|


	{ ID id-UETrajectoryCollectionConfiguration		CRITICALITY ignore	TYPE UETrajectoryCollectionConfiguration			PRESENCE optional}|


	{ ID id-UEPerformanceCollectionConfiguration	CRITICALITY ignore	TYPE UEPerformanceCollectionConfiguration		PRESENCE optional},


	...


}





RegistrationRequest ::= ENUMERATED {start, stop, add, ... }











To RAN1, RAN2, RAN3 and SA2


ACTION: 	SA5 looks forward to cooperating with and kindly request RAN1, RAN2, RAN3 and SA2 to take the above information into consideration for their work and provide SA5 management and orchestration related requirements to support AI/ML capabilities in the network if any. 








