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Introduction
In the RAN3#119 meeting, the following agreements were captured in the meeting minutes:
Introduce into the agreed new request message (AI/ML INFORMATION REQUEST, the name needs further discussion), an indication that UE performance feedback is provided after handover event. Whether the indication is in implicit or explicit way needs to be further discussed.
Introduce a trigger indication in the HO request message to indicate that UE performance feedback is requested after HO completion. The details of indication need to be discussed.
Further, in the RAN3#119-bis-e meeting, the following complementary agreements and FFS were captured in the meeting minutes:
No additional explicit indication is required in the AI/ML INFORMATION REQUEST message that UE performance feedback is provided after handover if UE performance feedback is only considered as feedback.
Introduce the pair Measurement ID (e.g., NG-RAN node1 Measurement ID and NG-RAN node2 Measurement ID) in the HO request message, to establish relationship with the AI/ML INFORMATION REQUEST message. Any additional information to be added can be further discussed.
Discuss whether UE performance can be used as both input or feedback first. 
In the following, we present our view on Xn procedures for AI/ML related information, discuss the open point, and put forward our proposals.
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According to the aforementioned agreements, the AI/ML INFORMATION REQUEST message (exact name FFS) contains an implicit indication that UE performance feedback is provided after a handover event. Looking at the agreed TP for TS 38.423, during the initial phase using the AI/ML Information Reporting Initiation (FFS on the name) procedure, a gNB1 sends a request to gNB2 for reporting UE performance feedback, by setting one of the appropriate bits of the Report Characteristics IE. The fourth to seventh bits allow the request of Average UE Throughput DL, Average UE Throughput UL, Average Packet Delay, and Average Packet Loss.
After this initial phase is completed, the “Measurement ID” pair, namely the NG-RAN node1/2 Measurement ID IEs that are included in the AI/ML INFORMATION REQUEST/RESPONSE messages, should be added to the HANDOVER REQUEST message of each relevant UE for which UE performance feedback reporting should be carried out. This means that the UE performance feedback reporting for every handed-over UE for which feedback is requested has the same configuration.
We note that this approach works, but it is very limited.
One reason is that the gNB requesting the feedback (gNB1) may be interested in two different UE performance feedback reporting configurations, e.g., one with a one-off reporting and another with periodic reporting for a longer duration. As an example, gNB1 may want to configure UE performance feedback reporting with a shorter reporting duration (e.g., one-off) for UEs with high traffic services (namely services that will generate a meaningful performance reading within a short time of stay in the target cell) and with a longer duration for UEs with low traffic services (where more samples may be needed to deduce the UE performance). However, this is not possible when using the agreed solution because with such approach it is not possible to create event-tailored UE Performance Feedback reporting configurations, i.e., different configurations for different UEs/HOs.
Another reason is that the gNB1 requesting the UE performance feedback may want to select only some of the four metrics defined for UE performance feedback (i.e., Average UE Throughput DL, Average UE Throughput UL, Average Packet Delay, and Average Packet Loss). That can be because for UEs on services like eMBB, only the Average UE Throughput UL/DL might be needed to gain knowledge of the UE performance, while for other services, the full set of metrics (Average UE Throughput DL, Average UE Throughput UL, Average Packet Delay, and Average Packet Loss) is needed to determine the UE performance. With the current solution all the metrics listed in the Report Characteristics would be reported as part of the UE Performance Feedback, hence such differentiation is not possible.
Observation 1:  The current solution for UE Performance Feedback reporting does not allow to differentiate between different reporting configurations for different UEs/HOs.
Some companies have argued that, to overcome the limitation mentioned above, gNB1 may start multiple AI/ML Information Reporting Initiation procedures for each different type of UE performance feedback. This is not a good and future-proof solution. As more use cases and UE services and traffic types are considered, the potential number of different parallel AI/ML Information Reporting procedures grows substantially. This has two immediate undesirable consequences:
1. The need for the requesting and reporting nodes to maintain multiple AI/ML Information Reporting contexts, many of them with almost the same information and just small differences. This increases memory and processing demands.
2. A waste of signalling resources, both in the multiple different messages for each Information Reporting Initiation (FFS on the name) procedure, and for the multiple different AI/ML INFORMATION UPDATE messages which cannot be aggregated due to the different “Measurement ID” pairs.
Observation 2:  The current solution for UE Performance Feedback reporting leads to a suboptimal performance where, in order to differentiate between different reporting configurations for different UEs/HOs, the NG-RAN needs to maintain multiple measurement configuration contexts and increase the signalling load.

In order to overcome the drawbacks above, we recall the discussion at RAN3-119bis-e, where the following was agreed:
Introduce the pair Measurement ID (e.g., NG-RAN node1 Measurement ID and NG-RAN node2 Measurement ID) in the HO request message, to establish relationship with the AI/ML INFORMATION REQUEST message. Any additional information to be added can be further discussed.
During that discussion it was mentioned that, together with the Measurement IDs, some more information could be signalled within the Xn: HO Request in order to trigger more event-specific UE Performance Feedback.
Based on that, we see as an appropriate solution to include an index that allows to differentiate between different reporting configurations for different UEs/HOs as part of the AI/ML INFORMATION REQUEST message, hence solving the aforementioned issues. 
With this solution, only one AI/ML Information Reporting Initiation procedure needs to be started, and only one AI/ML Information Reporting procedure will be active to report UE Performance Feedback following multiple different configurations.  This will reduce the number of Measurement reporting context stored at requesting and reporting node and it will substantially reduce the amount of signalling due to the AI/ML INFORMATION UPDATE messages.
Of course, this solution does not prevent an implementation to setup different measurement reporting processes for each event needed. However, this approach opens up for more implementation choices where multiple events are defined in the same measurement reporting procedure, hence saving on memory, processing and signalling resources.
The way forward proposed above also addresses another open issue related to the Energy Saving use case. Namely, within the Energy Saving use case it has been discussed whether the Energy Cost should be reported after a handover event. If we allow for a more granular event configuration, it would be possible to configure that, after specific handovers, the Energy Cost is reported. This can be achieved by introducing an Event Index with the Measurement IDs included in the Xn: HO Request and to associate to the Event Index a report configuration that includes the Energy Cost metric.
Observation 3:  By introducing an Event Index in the AI/ML INFORMATION REQUEST message, it is possible to configure event specific reporting timing and report characteristics within one AI/ML Information Reporting Initiation procedure. This Event Index is signalled together with the Measurement IDs within the HANDOVER REQUEST message, hence making it possible to trigger event specific reporting of different types of information after a handover procedure, such as the Energy Cost.
From the above it can be deduced that a solution for UE performance feedback configuration should fulfil the following requirements:
1. Allow for the configuration of different reporting timing depending on the triggering event, e.g., one-off for certain handovers, periodic for a defined time window for other handovers.
2. Allow for the configuration of different metrics to be reported, e.g.  timing depending on the triggering event, e.g., Average UE Throughput DL, Average UE Throughput UL, Average Packet Delay, and Average Packet Loss  or even Energy Cost.
Proposal 1:  To achieve differentiation of reporting configurations for different UEs/HOs, it is proposed to add an event indication in the AI/ML INFORMATION REQUEST, which can be associated to a specific UE Performance Feedback reporting timing and reporting characteristics configuration.

One approach to reflect the proposal above may be achieved by introducing an Event Index in the AI/ML INFORMATION REQUEST message, where such Event Index can be encoded as below:

9.2.3.ww	Event Index
This IE provides an identifier of an event that triggers reporting of assistance information:
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Event Index
	M
	
	BITSTRING
(SIZE(128))
	
	
	



This IE can be associated with an event specific reporting timing and reporting characteristics.
The same IE can be added in the Handover Request message together with the already agreed Measurement IDs, as shown below:

9.2.3.M	AI/ML Measurement ID (FFS on the name)
This IE indicates the NG-RAN Node Measurement IDs which identify an AI/ML Information Reporting (name is FFS) context.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	NG-RAN node1 Measurement ID  (FFS on the name)
	M
	
	INTEGER (1..4095,...) 
	Together with NG-RAN node2 Measurement ID, identifies an AI/ML Information Reporting (name is FFS) context.

	NG-RAN node2 Measurement ID  (FFS on the name)
	M
	
	INTEGER (1..4095,...) 
	Together with NG-RAN node1 Measurement ID, identifies an AI/ML Information Reporting (name is FFS) context.

	Event Index
	O
	
	9.2.3.ww
	Identifies a particular event found in an AI/ML Information Reporting (name is FFS) context.



Proposal 2:  The same Event Index IE in the AI/ML INFORMATION REQUEST message (FFS on the name) is also introduced in the HANDOVER REQUEST message to indicate that the UE performance feedback corresponding to the Event Index is requested after completion of this handover.

When the UE performance feedback becomes available at the target gNB, the target gNB can send it to the source gNB in the AI/ML INFORMATION UPDATE message. To increase the robustness of the solution, the Event Index IE may be included with the UE performance feedback reported after the Handover that triggered it (where the HO messages included the same Event Index value). The latter is useful in cases where the UE context at the source NG-RAN node has been removed, hence the XnAP UE ID included with the UE performance feedback is not able to point at a UE context. By means of mapping the UE performance feedback to the Event Index, the receiving NG-RAN node is able to at least deduce that the UE performance feedback received maps to a specific event. The latter can be used to improve AI/ML inference on, e.g., mobility actions.
Proposal 3:  The Event Index IE is included with the UE performance feedback reported in the AI/ML INFORMATION UPDATE, and it takes the same value as the Event Index in the HO messages that triggered the UE performance feedback reporting.
Another detail to be discussed is how the target gNB should report the requested information. Namely, once an event is triggered, should there be a one-time reporting, or a periodic reporting, or anything else? Simply indicating a reporting periodicity is not enough, because the source gNB may want to control the reporting in other ways. As mentioned before, different UEs may require different number of UE performance feedback samples, depending on whether they are on a high data rate service or on a low data rate service, or different UE Performance Feedback measurements, depending on the type of service the UE is using. Alternatively, different measurements may want to be collected for each event. For example, less critical services may need only some performance metrics like average throughput, while more critical services may need more detailed feedback metrics.
To fulfil this requirement, we propose to introduce two event related information: 
·  an Event Reporting Configuration IE, according to which the source gNB can tell the target gNB how the reporting should proceed. To limit the complexity, we propose to define the Event Reporting Configuration simply as a “Reporting duration”, as an ENUMERATED, where:
· a special value 0 indicates to the target gNB that reporting is a one-time process (one-off)
· other values indicate to the target gNB for how long periodic reporting should last.
· An Event Report Characteristics IE, namely a bitstring where each bit indicates which metrics need to be reported for the specific event.
Proposal 4:  Add an Event Reporting Configuration IE and Event Report Characteristics IE in the AI/ML INFORMATION REQUEST message (FFS on the name) to indicate for how long periodic reporting should last for the particular event and which measurements should be reported per event.

An example of possible implementation for the Event Reporting Configuration IE and Event Report Characteristics IE are shown in the table below:

9.2.3.JJ	Event Reporting Configuration
This IE indicates for how long information is to be reported upon event fulfilment.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Reporting duration
	O
	
	ENUMERATED (0, 1s, 2s, 5s, 10s, 20s, 60s, ...)
	Time duration for which measurements should be reported upon fulfilment of the event in seconds. If the value is zero, reporting occurs only once.
	
	



9.2.3.KK	Event Reporting Characteristics
This IE indicates which objects should be reported upon event fulfilment.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Event Reporting Characteristics
	O
	
	BITSTRING
(SIZE(32))
	Each position in the bitmap indicates the object the NG-RAN node2 is requested to report for the specific event.
First Bit = Average UE Throughput DL,
Second Bit = Average UE Throughput UL,
Third  Bit = Average Packet Delay,
Fourth Bit = Average Packet Loss


FFS on the coding
	
	



The complete procedure based on the proposals above is shown in Figure 1.
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[bookmark: _Ref134190080]Figure 1: Use of Event Index for handover event.

Predicted Radio Resource Status
RAN3 has agreed that one of the possible predictions to be reported by the AI/ML Information Reporting (FFS on the name) procedure is “Predicted Radio Resource Status”. There is however no definition of the Predicted Radio Resource Status IE. Furthermore, the following FFS is captured in the agreed BLCR for TS 38.423:
FFS on the details of Predicted Radio Resource Status IE.
The Radio Resource Status IE, which is present in the Resource Status Reporting procedure used as baseline for the AI/ML Information Reporting (FFS on the name) procedure, indicates the usage of the PRBs per cell for MIMO, per SSB area, and per slice. We believe that this level of detail is not needed for the predictions, and a simpler IE should be used instead. 
The simplest approach would be to define the Predicted Radio Resource Status IE as a part of the Radio Resource Status IE that relates to the SSB areas. The Predicted Radio Resource Status IE could be limited to the SSB Area Total PRB usage, which would be applicable to both transmission directions (UL and DL). We believe this is a good level of granularity and detail when it comes to predictions.
Proposal 5: The Predicted Radio Resource Status IE is defined as the part of the Radio Resource Status IE related to the Predicted SSB Area Total PRB usage in UL and DL.

Conclusion
In this contribution, we discussed the open points regarding the defined procedures for AI/ML related information, and we made the following observations and proposals:

Observation 1:  The current solution for UE Performance Feedback reporting does not allow to differentiate between different reporting configurations for different UEs/HOs.
Observation 2:  The current solution for UE Performance Feedback reporting leads to a suboptimal performance where, in order to differentiate between different reporting configurations for different UEs/HOs, the NG-RAN needs to maintain multiple measurement configuration contexts and increase the signalling load.
Observation 3:  By introducing an Event Index in the AI/ML INFORMATION REQUEST message, it is possible to configure event specific reporting timing and report characteristics. This Event Index is signalled together with the Measurement IDs within the Handover Request, hence making it possible to trigger event specific reporting of different types of information after an handover procedure, such as the Energy Cost.
Proposal 1:  To achieve differentiation of reporting configurations for different UEs/HOs, it is proposed to add an event indication in the AI/ML INFORMATION REQUEST, which can be associated to a specific UE Performance Feedback reporting timing and reporting characteristics configuration.
Proposal 2:  The same Event Index IE in the AI/ML INFORMATION REQUEST message (FFS on the name) is also introduced in the HANDOVER REQUEST message to indicate that the UE performance feedback corresponding to the Event Index is requested after completion of this handover.
Proposal 3:  The Event Index IE is included with the UE performance feedback reported in the AI/ML INFORMATION UPDATE, and it takes the same value as the Event Index in the HO messages that triggered the UE performance feedback reporting.
Proposal 4:  Add an Event Reporting Configuration IE and Event Report Characteristics IE in the AI/ML INFORMATION REQUEST message (FFS on the name) to indicate for how long periodic reporting should last for the particular event and which measurements should be reported per event.


A TP mirroring the proposals above is available for agreement in R3-233108
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