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Introduction
1.1. Terminologies

1.2. Background information

2. AIML Use cases for IEEE 802.11
2.1. Use case N: Roaming Enhancements
2.1.1. Use case description
Multi-AP networks commonly see a high level of roaming events. In dense AP deployments, the high number of roaming candidate APs and channels in use can cause the STA scanning process to take a long time, affecting the device battery lifetime and the user experience. 
The 802.11k neighbor report, sent by the AP upon STA request, indicates neighboring APs BSSID, channel, PHY type and optional elements (see 802.11-2020 9.4.2.36) that are useful to assist STA roaming decisions, manly by providing a subset of channels and pre-scanned candidate list.
However, not all the RF neighbor APs are equally relevant for the STA to make optimal roaming decisions. Each AP can have tens of neighbors, close and far, and there are no easy mechanisms for the STA to determine early which is the likely best next AP to roam to.
The roaming enhancement use case proposes to apply AIML techniques to determine the probability of a STA to roam to a specific AP, based on the learned client roaming patterns. 

In particular, the output of the AIML algorithm can be used to: 

· Augment the 802.11k neighbor report, assigning a weight to each candidate, to help the STA prioritize scanning towards APs that are the most probable roaming targets.

While roaming algorithms implemented on STAs often already assign a weight to each neighbor, based for instance on QBSS load, the proposed weight represents the probability of the STA to roam to a given AP based on roaming patterns; therefore it would help STAs prioritize scanning on channels that are likely served by APs located on the STA’s direction of movement, which in some scenarios will be more relevant than the load information (e.g., if the least loaded AP is located in the opposite direction than the client’s moving direction, associating to such AP would probably require the STA to roam again within a short time).


The proposed enhancements aim at providing the STAs roaming algorithms with additional information, in order to improve the quality of roaming decisions. Likewise, the STAs can share information about the roaming decisions or its local conditions, which can then be used to further enhance future weight reports (e.g., providing a reason code in case the STA decides not to follow the recommendations received by the AP, etc.).
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· Assist the STA to find the mid-point between APs.

The proposed solution aims at applying AIML tecniques to predict the optimal RSSI threshold for a given STA to start the scanning; the prediction can include the target RSSI value as well as the predicted time a given STA would reach such RSSI level (scanning delay), in order to help the STA know in advance when to expect the scanning to start being useful.
This allows the STA to optimize the time of scan and roam, to maintain the highest possible connection speed, without the need to wait for a usability threshold failure (e.g., increased retry/drop rate as reaching the cell edge).
The goal is to achieve overall faster roaming, with reduced latency and improved reliability.
The proposed solution supports multiple AIML implementations, from simple models to more sophisticated deep-learning techniques, allowing for distributed or centralized training and inference, adapting to different deployment scenarios. A sample implementation of the neighbor report weight calculation with an estimation of the benefits achieved as compared to a flat neighbor list is described in [1] .
How the AP determines the weights for each candidate AP or the target RSSI level can be implementation specific. The AP can use AIML techniques or non-AIML techniques to determine these values.
2.1.2. KPIs

KPIs considered in this use case are proposed as follows:

1) Scanning / Roaming time:
· Both scanning and roaming time are expected to decrease by having the STAs to follow the scanning priority suggested by the weighted neighbor reports as compared to the traditional method (flat neighbor report).
2) Roaming failure rate:
· Roaming failure rate is expected to decrease because of the recommendations about the best target neighbors, as compared to the traditional method.
3) MCS distribution during a BSS transition:
· The AP mid-point prediction is expected to allow the STAs to maintain higher MCS rates during the roaming, hence having a distribution whose mode is shifted towards higher data-rates, as compared to the traditional method.
4) Retry rate during a BSS transition:
· The AP mid-point prediction is expected to result in a reduction in retransmissions, by allowing the STAs to roam before usability threshold failures are hit.
5) RSSI at reattach time:
· The AP mid-point prediction is expected to improve the overall roaming, and the STA RSSI at re-association time would be an indication of whether the STA followed the recommended scanning time and RSSI threshold.
3. Requirements and Potential features analysis (high level)
3.1. Potential features analysis

The following potential features can be analysed in this use case:

6) Roaming neighbor list

7) Roaming mean-point

4. Technical feasibility analysis

4.1. Standards impact
Notifying STAs about the weight of each roaming neighbor candidate requires the enhancement of the existing 802.11k neighbor report, using new optional elements. 

Using optional elements to distribute this information would allow backwards compatibility. 

Similarly, helping the STAs to trigger scanning at the mid-point between APs may require the enhancement of the 802.11v BTM request frame, for instance to include a scanning delay parameter.

The 802.11v BTM response frame can also be enhanced to let the STAs provide detailed feedback on the roaming recommendations, in order to allow the AP to improve the quality of the recommendations over time.

4.2. Technical feasibility
Depending on the specific implementation, the AIML capabilities can be either handled on each individual AP or managed on a central controller; the entity managing the model training would require sufficient computation capabilities to train and execute the implemented model.
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