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1	Introduction
In this paper, we discuss various issues and corrections related to NG-RAN AI/ML such as related to the ML support in ng-eNBs, new cause values due to timing issues and provide some proposals to clarify and correct the text pertaining to Data Collection Reporting procedures. We also discuss an incoming LS on Energy Cost index from SA5.
2	Open Issues in Data Collection procedures
2.1	Corrections and Other Clarifications to the Data Collection Reporting procedures
In RAN3 #121bis we made the following agreement:
Support of the AI/ML function does not apply to ng-eNBs (E-UTRA nodes connected to 5GC).
Therefore, based on this earlier agreement support of AI/ML function in NG-RAN only applies to gNBs. However, in Data Collection Reporting Initiation the Cell To Report List for Data Collection IE refers to Cell IDs of type Global NG-RAN Cell Identity. Furthermore, the Cell Measurement Result for Data Collection IE in the Data Collection Reporting procedure also refers Cell IDs of type Global NG-RAN Cell Identity. As can be seen from the tables below (from TS 38.423), this means that in the current Data Collection Reporting Initiation and Data Collection Reporting procedures Global NG-RAN Cell Identity may also comprise an ng-eNB. 
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This IE contains either an NR or an E-UTRA Cell Identity.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	PLMN Identity
	M
	
	9.2.2.4
	

	NG-RAN Cell Identity
	M
	
	9.2.2.9
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This IE contains either an NR or an E-UTRA Cell Identity.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE Cell Identifier
	M
	
	
	

	>NR
	
	
	
	

	>>NR Cell Identity
	M
	
	BIT STRING (SIZE(36))
	The leftmost bits of the NR Cell Identity IE correspond to the gNB ID (defined in subclause 9.2.2.1).

	>E-UTRA
	
	
	
	

	>>E-UTRA Cell Identity
	M
	
	BIT STRING (SIZE(28))
	The leftmost bits of the E-UTRA Cell Identity IE correspond to the ng-eNB ID (defined in subclause 9.2.2.8).




Observation 1: The Global NG-RAN Cell Identity type that may encode a Cell ID in Data Collection Reporting Initiation and Data Collection Reporting procedures may comprise an ng-eNB.

Given the earlier agreement that the AI/ML function does not apply to ng-eNBs, when Data Collection Reporting Initiation is started for requesting load predictions (i.e., when the first, second or third bits in the Report Characteristics IE are set) the NG-RAN Cell Identity that encodes a Cell ID is an NR Cell Identity.

Proposal 1: When Data Collection Reporting Initiation is started for requesting load predictions (i.e., when the first, second or third bits in the Report Characteristics IE are set) the NG-RAN Cell Identity that encodes a Cell ID is an NR Cell Identity.

Similarly, the NG-RAN Cell Identity that encodes a Cell ID in the Data Collection Reporting procedure is an NR Cell Identity when the procedure is initiated for reporting of load predictions (i.e., when the first, second or third bits in the Report Characteristics IE are set). 

Proposal 2: The NG-RAN Cell Identity that encodes a Cell ID in the Data Collection Reporting procedure is an NR Cell Identity when the procedure is initiated for reporting of load predictions (i.e., when the first, second or third bits in the Report Characteristics IE are set).

Measured UE Trajectory IE is introduced to indicate the time of stay that a handed over UE is connected to the cells of the next-hop target NG-RAN node. Measured UE Trajectory follows similar structure as the UE History Information IE and it is sent from the target NG-RAN node to the source NG-RAN node upon request from the source. In our view, measured UE Trajectory is useful information to a node even if it doesn’t have support for AI/ML. A node could use measured UE Trajectory information to determine how different UEs move out of its cells. This could be useful information to the node to optimize its handover decisions. 

Proposal 3: Measured UE Trajectory is applicable both to a gNB and to a ng-eNB.

On another aspect, UE Performance measurements (indicated by the fourth, fifth and sixth bits in the Report Characteristics IE) as well as Measured Energy Cost are not concerned by the Cell to Report List for Data Collection IE.

Proposal 4: Clarify in the semantics description that the Cell to Report List for Data Collection IE in the DATA COLLECTION REQUEST message is only present if the request is for load predictions (i.e., when the first, second or third bits in the Report Characteristics IE are set.  

Requested Prediction Time was introduced in order to allow a node to request predictions from its neighbours taken at specific points in time. The presence of this IE in the DATA COLLECTION REQUEST message is indicated as optional. However, this IE is required when a node requests from a neighbour predicted load information in terms of predicted radio resource status, predicted number of active UEs and predicted number of RRC connections, and shall only be present in these cases. We therefore propose the presence of this IE to become conditional on predictions being requested by a node. 

Proposal 5: Change the presence of Requested Prediction Time from optional to conditional on whether at least one prediction is requested by a node in the DATA COLLECTION REQUEST message. 

In addition, the current semantics description of requested prediction time in case of periodic reporting is in our view unnecessarily complex. We propose to update the semantics for requested prediction time in case of periodic reporting. 
Specifically, we propose the following semantics description for requested prediction time, with updates done only in case of periodic reporting.

Proposal 6: Agree the updates in the Semantics Description of Requested Prediction Time as follows:
For one time reporting, it indicates the point in time, measured from reception of the DATA COLLECTION REQUEST message, for which predictions are provided. In periodic reporting, for each subsequent reported message, the point in time is shifted by the reporting period. (unit: second)

In the same DATA COLLECTION REQUEST message the range of Cell Measurement Failure Cause Item IE refers to a wrong bound, namely to maxFailedMeasObjects instead of maxFailedCellMeasObjects.

Proposal 7: Update the range bound of Cell Measurement Failure Cause Item IE from maxFailedMeasObjects to maxFailedCellMeasObjects.

Note also that in the DATA COLLECTION REQUEST message, the Cell To Report List for Data Collection IE is only present in case cell level measurements such as load related predictions are requested. This corresponds to either of the first, second or third bits in the Report Characteristics IE to be set to “1”. UE Performance measurements and measured UE Trajectory are not requested according to specific cells since the source cannot know in advance the UE movement at the cells of a target NG-RAN node after a Handover. Also, Energy Cost measurement is a node level measurement and hence Cell To Report List for Data Collection IE is also not relevant for it.

Proposal 8: Clarify in the semantics description that Cell To Report List for Data Collection IE is present if at least one of the first, second or third bits of the Report Characteristics IE is set to “1”.

Another issue is related to a mismatch in the criticality of the Node Measurement Initiation Result List IE between the tabular of the DATA COLLECTION RESPONSE message and the corresponding ASN.1. In the tabular it has a criticality ignore while in ASN.1 it has a criticality reject. We propose to align the ASN.1 to the tabular and update the criticality of the IE to ignore. This would also keep Data Collection Reporting Initiation procedure aligned to the Resource Status Procedure over X2. 

Proposal 9: Update the criticality of Node Measurement Initiation Result List IE in the DATA COLLECTION RESPONSE message in the ASN.1 to “ignore”.

The same issue is present for the Cell Measurement Initiation Result List IE in the DATA COLLECTION RESPONSE message. Similarly, we propose to align the ASN.1 to the tabular and update the criticality of this IE to ignore.

Proposal 10: Update the criticality of Cell Measurement Initiation Result List IE in the DATA COLLECTION RESPONSE message in the ASN.1 to “ignore”.

As a final issue, there is a mismatch in the range of Requested Prediction Time between the tabular and the ASN.1. In particular, the tabular is encoded as an extensible integer taking values between 1 and 60 while the lower range in ASN.1 starts from 0. Given that the Requested Prediction Time is a point in time for which predictions are provided we propose to align ASN.1 to the tabular.

Proposal 11: Update the range of Requested Prediction time in ASN.1 to start from 1.


2.2	Introduction of New Cause Values due to Timing Issues

In RAN3 #121 we made the following agreements:
Agree to introduce cause value(s) indicating failures due to timing issues. Further discussions are needed on which timing issues to address.
Introduction of cause values indicating failures due to combination of requested information is not pursued in Rel18.
However, so far during further discussions at RAN3#121bis and RAN3#122, companies could not reach a consensus on the exact timing issues to be addressed by cause values.

The following new potential cause values indicating failures to initiate prediction measurements due to timing issues were discussed during the Rel-18 normative phase: 
· “measurement not available at the requested prediction time”
· “measurement not supported at the requested prediction time” 
· “measurement not available at requested periodicity”
· “measurement not supported at requested periodicity”


“measurement not available at requested periodicity”, “measurement not supported at requested periodicity”:
The Data Collection Reporting Initiation procedure is used to configure predictions to be made and reported by a peer node, similarly to legacy measurements e.g. those supported in Resource Status Reporting procedures. This signalling design was chosen because a prediction is also a measurement. For legacy measurements there hasn’t been a need to introduce cause values related to measurement unavailability due to the chosen reporting periodicity. We therefore fail to see the chosen periodicity as a reason of failure also for prediction measurements. 

Observation 2: Introduction of cause values indicating failures due to periodicity seems unnecessary.

“measurement not supported at the requested prediction time”:
Another possible timing issue being discussed is due to measurement not being supported at a requested prediction time. In our view a measurement is either supported or not supported and in legacy there is the possibility to indicate  “Measurement not Supported for The Object”. In legacy specification the “Measurement not Supported for The Object” cause value is not tied to configuration and timing issues, and we don’t see that this should be different for AI/ML-based measurements. In particular, for the AI/ML solutions to operate efficiently in the network we believe it is necessary to rely on some operator configuration. Different network nodes should be able to understand the AI/ML features that their neighbours support. Otherwise, trying to determine in a trial and error fashion which features a neighbour supports is a very inefficient way of running the network. This is especially the case since a cause value could only indicate what is not supported and cannot give additional information on how the requesting node should update its request to obtain a supported measurement. 

Observation 3: Determining support of different measurements at a neighbour through cause values trial and error is inefficient.

“measurement not available at the requested prediction time”:
Finally, another possible timing issue is due to measurement not being available at a requested prediction time. However, this aspect is very multi-faceted and more complex. For instance, a prediction may not be available in time due to an issue with the AI/ML model to provide the requested measurement or due to the model input combination, thereby introducing unexpected delay in issuing the prediction. In addition, a prediction may not be available due to issues at the node executing the AI/ML model, e.g., the node is in overload or performs other tasks of higher priority. An indication that a prediction is not available at the requested prediction time does not provide the requesting node a clear instruction on how it should update its request; it may be that it just needs to retry the request with exactly the same timing information in the near future when the neighbouring node will be less loaded or it may mean that the node should try a different requested prediction time. The requesting node in each case wouldn’t know whether to increase or decrease the requested prediction time and by how much or whether to retry with the same value.

Observation 4: An indication that a prediction is not available at the requested prediction time does not provide the requesting node a clear instruction on how it should update its request.
 
Introducing a cause value “measurement not available at the requested prediction time” could be less flexible and limiting the node from providing the prediction through non AI/ML optimizations it can do by its own implementation. As an example, a node may have an AI/ML Model available that is trained, tested, and validated to provide predictions e.g. at every other requested time instant. For all the intermediate points, a node could interpolate the predicted values by its own implementation after observing the trends on its load evolution. So such node could provide the intermediate points which would not result in an error. In the presence of a cause value “measurement not available at the requested prediction time” it would become unclear what a compliant node should report in the DATA COLLECTION RESPONSE message. 

Observation 5: Introducing a cause value “measurement not available at the requested prediction time” could introduce uncertainty in what a compliant node should report in the DATA COLLECTION RESPONSE message. 
 
As a final remark, the current Rel-18 solution is fully functional with the legacy cause values and we have a functional solution for AI/ML support for NG-RAN. Therefore, we do not see the issue of additional cause values due to timing issues as a correction of the AI/ML functionality in the NG-RAN. 

Proposal 12: Consider legacy cause values for Rel-18.

3 	Discussion on Reply LS to SA5 on Energy Cost Index

In Rel-18, there has been a number of LS exchanges between RAN3 and SA5 related to the introduction of an Energy Cost Index. This index was introduced by RAN3 to provide a representation of the energy consumption of an NG-RAN node and is exchanged between NG-RAN nodes upon request. This index is normalized by OAM through normalization rules which are the same at least in a neighbourhood of NG-RAN nodes where the Energy Cost reporting is requested by an NG-RAN node. Thus, NG-RAN nodes are configured with a unified rule to map the Energy Cost value of a node to a measurement of normalized consumed energy ensuring normalization of the exchanged Energy Cost information. The above information was communicated by RAN3 to SA5 in [1].
In response to [1], SA5 sent another LS [2] with a number of questions to which RAN3 responded in [3].
In this meeting, SA5 sent another LS to RAN3 [4] to ask further clarifications on the answers in [3]. In particular they focused on the following answers:
Related to Q2 in [2], RAN3 responded in [3] the following:   
· “RAN3 assumes that a NG-RAN node is capable to self-measure its Energy Consumption”
· [bookmark: _Hlk158238824]“It is up to the OAM to configure the Energy Consumption values corresponding to the minimum and maximum Energy Cost index values.”
Related to Q1 in [2], RAN3 responded in [3] the following:   
· It is up to the Operator to define the unified “Energy Consumption – to – Energy Cost” mapping rule.
Related to Q4 in [2], RAN3 responded in [3] the following:   
· RAN3 wants to further clarify that it is up to the Operator to define the area where the mapping rule is applicable.
Related to Q2 in [2], RAN3 responded in [3] the following:   
· By means of configuration the OAM provides a recommended time interval within which to perform the average.
SA5 sent in [4] an LS to RAN3 with questions on the requirement and use case of AI/ML Energy Saving in RAN3.  
In this section, we provide our answers to the questions sent from SA5 to RAN3 in the most recent LS [4].
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 1: Energy Cost discussion is not in scope of ng-eNBs, so we will discuss this scenario for gNBs next. It is true that gNBs  know their minimum and maximum energy consumption values, but the intention of creating a unified rule from OAM is to enable appropriate normalization through scaling by the operator. In RAN3 Energy Cost index is encoded as an integer taking values in the interval 0 to 10,000, with value 0 indicating the minimum measured Energy Consumption and with the value 10,000 indicating the maximum measured Energy Consumption. Operator could provide to a gNB a rule that would map a range of energy consumption measurements (below a certain value) to a 0 Energy Cost index and a different range of energy consumption measurements (above a certain value) to be mapped to 10,000. In this way, an operator could scale differently the energy consumption corresponding to bigger nodes as opposed to smaller nodes by mapping different ranges of energy consumptions to the minimum and maximum energy cost index. These rules should be flexible and should allow an operator to possibly also scale differently the energy consumption of nodes depending on the type of power supply used to power the nodes, depending on the node traffic distribution or depending on e.g. constraints linked to conflicting optimizations to energy saving such as related to load balancing. 
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 2: Yes, the Energy Consumption values corresponding to the minimum and maximum Energy Cost index values correspond to a gNB’s own minimum and maximum Energy Consumption values. Energy Cost index 0 may be mapped to a range of energy consumption values less than a threshold and Energy Cost index 10,000 may be mapped to a range of energy consumption values higher than a threshold. In a simple case, a single condition can be configured at a gNB to map hardware-related energy consumption with a unitary weight, in which case this would amount to an Energy Cost based on pure (hardware-related) energy consumption. However, energy cost index does not need to purely reflect an energy consumption and different conditions may be configured at a gNB instead. An operator could configure to gNBs a condition or a set of different conditions and associated weight(s),that should be used by a gNB to evaluate and measure its energy consumption. Those conditions could be related to hardware energy consumption (static component) as well as to a traffic distribution of UEs with an associated weight (dynamic component). In the second case, the Energy Cost will not only account for the pure hardware-related Energy Consumption, but also on the possible impacts of UE Traffic to a node depending on whether it is at the cell-border or cell-center.
[bookmark: _Hlk158234615]Q3:  What is the use case for configuring a unified mapping rule among multiple gNBs, i.e., all gNBs in the defined area? 
Answer 3: The use case that we have considered in AI/ML Energy Saving is switching-off a cell and offloading the traffic to one or more neighbouring cells. To explain the use case, we provide the example in Figure 1. In this figure, operator has configured a unified mapping rule around an area of gNB0. gNB0 is a capacity layer that tries to determine whether it is optimal to offload its traffic to one or more of its neighbouring gNBs (gNB1, gNB2 and gNB3) and switch off its cells. To make an optimal AI/ML Energy Saving decision the capacity layer needs to obtain Energy Cost information from its neighbours to be able to monitor the variations of their Energy Cost index with respect to their load. This Energy Cost information is requested and received through the Data Collection procedures.  However, for gNB0 to be able to make the right AI/ML Energy Saving decision the energy cost measurements provided by its neighbours needs to be scaled in the same way as its own Energy Cost is scaled so that it can compare whether the overall energy cost in the impacted area of the offloading (comprising gNB 0, gNB1, gNB2 and gNB3) will be no more than the current Energy Cost before the offloading. So even though the incremental Energy Cost at one or more neighbours may be higher after an Energy Saving offloading the decision to offload traffic is still optimal if the total delta increase is lower than the decrease with respect to Energy Cost achieved by switching off the offloading cell. 
In this example, the unified mapping rule must be common among the gNBs that are involved in an AI/ML offloading action. A different unified mapping rule could be defined across other gNBs participating a different AI/ML offloading. In one extreme, the unified mapping rule could be common across the PLMN, however this is an unnecessary restriction.



[bookmark: _Ref159163563]Figure 1 Example of Energy Cost exchange between gNBs.
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 4: The mapping rule should enable an operator to configure gNBs with a condition or with a set of different conditions and associated weight(s),that should be used by them to evaluate and measure their energy consumption. In a simple case, a single condition can be configured to map hardware-related energy consumption with a unitary weight, in which case this would amount to an Energy Cost based on pure (hardware-related) energy consumption. In another alternative, multiple conditions can be configured at a gNB that could be related to hardware energy consumption (static component) as well as to a traffic distribution of UEs with an associated weight (dynamic component). In the second case, the Energy Cost will not only account for the pure hardware-related Energy Consumption, but also on the possible impacts of UE Traffic to a node depending on whether it is at the cell-border or cell-center.
[bookmark: _Hlk158237333]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 5: The use case that we try to address by the introduction of an Energy Cost Index is switching-off a cell and offloading of its traffic to its neighbouring nodes (e.g., switch off a capacity cell and offloading of all the traffic to the neighbouring coverage cells). The requirement is that the gNB receiving the Energy Cost information from different neighbour gNBs is able to directly compare the information without additional mapping or conversion needed.
Q6: What are the requirements for the mapping rule? Should the mapping rule be same for all the gNBs in a given area?
Answer 6: Yes the mapping rule should be the same across all gNBs in a given area where an AI/ML Energy Saving action is initiated. Since multiple conditions can be configured at a gNB, the same conditions may not necessarily be applicable to all gNBs within the area. The requirement on the mapping rule is therefore that Energy Cost information resulting from the mapping rule is comparable by gNBs located throughout the considered area. In one extreme those rules could be unique across PLMN, however this is unnecessarily restrictive; it suffices that they are the same for all neighbouring gNBs within the area where the request for Energy Cost is triggered by a gNB.
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 7: The time interval selection is up to operator to define, but RAN3 would assume that the same time interval is configured for all gNBs within the defined area. It may have the same value for all gNBs in the defined area if for example the operator would like to monitor a certain behavior. If the operator is interested to monitor more of an average behavior it could select longer time intervals which would enable to smoothen the measured values. If the operator is interested to monitor more of an instantaneous behavior of a node then it could select a shorter time interval.
Therefore we propose the following:

Proposal 13: Send a reply LS to SA5 with answers to their questions as above.


We have submitted a draft response LS to SA5 in this meeting in [5].


4	Conclusion
In this contribution we make the following observations and proposals:
Observation 1: The Global NG-RAN Cell Identity type that may encode a Cell ID in Data Collection Reporting Initiation and Data Collection Reporting procedures may comprise an ng-eNB.
Proposal 1: When Data Collection Reporting Initiation is started for requesting load predictions (i.e., when the first, second or third bits in the Report Characteristics IE are set) the NG-RAN Cell Identity that encodes a Cell ID is an NR Cell Identity.
Proposal 2: The NG-RAN Cell Identity that encodes a Cell ID in the Data Collection Reporting procedure is an NR Cell Identity when the procedure is initiated for reporting of load predictions (i.e., when the first, second or third bits in the Report Characteristics IE are set).
Proposal 3: Measured UE Trajectory is applicable both to a gNB and to a ng-eNB.
Proposal 4: Clarify in the semantics description that the Cell to Report List for Data Collection IE in the DATA COLLECTION REQUEST message is only present if the request is for load predictions (i.e., when the first, second or third bits in the Report Characteristics IE are set).  
Proposal 5: Change the presence of Requested Prediction Time from optional to conditional on whether at least one prediction is requested by a node in the DATA COLLECTION REQUEST message. 
Proposal 6: Agree the updates in the Semantics Description of Requested Prediction Time as follows: For one time reporting, it indicates the point in time, measured from reception of the DATA COLLECTION REQUEST message, for which predictions are provided. In periodic reporting, for each subsequent reported message, the point in time is shifted by the reporting period. (unit: second)
Proposal 7: Update the range bound of Cell Measurement Failure Cause Item IE from maxFailedMeasObjects to maxFailedCellMeasObjects.
Proposal 8: Clarify in the semantics description that Cell To Report List for Data Collection IE is present if at least one of the first, second or third bits of the Report Characteristics IE is set to “1”.
Proposal 9: Update the criticality of Node Measurement Initiation Result List IE in the DATA COLLECTION RESPONSE message in the ASN.1 to “ignore”.
Proposal 10: Update the criticality of Cell Measurement Initiation Result List IE in the DATA COLLECTION RESPONSE message in the ASN.1 to “ignore”.
Proposal 11: Update the range of Requested Prediction time in ASN.1 to start from 1.
Observation 2: Introduction of cause values indicating failures due to periodicity seems unnecessary.
Observation 3: Determining support of different measurements at a neighbour through cause values trial and error is inefficient.
Observation 4: An indication that a prediction is not available at the requested prediction time does not provide the requesting node a clear instruction on how it should update its request.
Observation 5: Introducing a cause value “measurement not available at the requested prediction time” could introduce uncertainty in what a compliant node should report in the DATA COLLECTION RESPONSE message. 
Proposal 12: Consider legacy cause values for Rel-18.
Proposal 13: Send a reply LS to SA5 with answers to their questions as above.
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