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Motivation

In cell-free massive MIMO, AP clusters coordinated by a virtual CP jointly serve UEs without cell

boundaries [1].

Problem: Dynamic conditions make static
clusters suboptimal over time.

« UE mobility and varying user activity
continuously change link quality and
interference

« AP load conditions evolve over time

— Dynamic per-UE cluster (re-)formation
IS required
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Motivation

Existing Clustering Approaches [2],[3],[4]:

« Radio-quality driven AP selection
(optimization of the spectral efficiency)

* Limited consideration of UE traffic
demand and AP load conditions

Novelties in our Approach:
« QoS-aware user-centric (re-)clustering
 Cluster decisions jointly consider:
 radio quality
« UE target transmission rate
» AP load situation

Cluster A Cluster B
Serving APy, AP;, | APy, AP, APs
APs AP,
SE High Moderate
AP Load High Low
QoS Sat. X 4
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Problem Statement
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Problem Statement

Objective: Development of a scalable cluster formation algorithm that

« dynamically adapts per-UE serving clusters

 maintains UE target transmission rate as best as possible (user satisfaction)
* minimizes average radio resource consumption

» keeps the re-clustering frequency low (low fronthaul signalling load)

Assumptions:

« constant UE downlink transmission rates (CBR traffic)
» fixed cluster size

* random user mobility (random trajectories)

Key design principles:
« adaptation of the event A3 like trigger mechanism

« application of a QoS-aware score (that captures radio conditions, AP load and
UE target transmission rate) instead of the signal strength
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Solution Approach
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Solution Approach - (Re-)Clustering Algorithm Overview

Monitoring 2tCv
UEs: Avrg. RSSI & RSRP
APs: Avrg. load (PRBs)
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Workflow - Candidate Cluster and PRB Demand Estimation

Candidate Cluster Set Formation and Update (per UE):

 Initially: create clusters from APs that provide at least
minimum RSRP to UE

« Update every At: remove clusters containing APs
below the RSRP threshold and form new ones

PRB Demand Estimation (per candidate cluster)

 calculation of the required number of PRBs Dy (per
TDD cycle) for UE target transmission rate based on
joint SINR (Telemetry (RSRP, RSSI) —» SINR —
Spectral Efficiency — Required PRBs Dy)

1. target transm. rate of UE, [bit/s]
Trpp: TDD cycle duration [s]
b, : achievable bits per PRB

for UE, [bit/PRB]
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Workflow - Candidate Cluster Scoring

The cluster score increases when more PRBs are required or when fewer radio resources are
available. Therefore, lower scores indicate clusters more capable of sustaining the UE target

transmission rate.
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Workflow - Reclustering Decision

Adoption of the A3 event trigger mechanism (from conventional cellular systems) to cell-free
systems by using the cluster score value instead of the signal strength.
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Evaluation and Results
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Evaluation - Example Network Layout and UE Mobility Model

Simulation Setup

Network

50 APs randomly deployed
Area: 1000 x 1000 m? (wrap-around)

Users 30 mobile UEs

Traffic Fixed rate targets: 10 / 30 / 60 Mbps
Model Rate distribution: 10 / 30 / 60 %
Mobility Each UE moves back and forth along
Model a fixed straight-line path (grey line)

All trajectories cross a central hotspot
— periodically increasing AP load
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Evaluation - UE Mobility and Re-Clustering Decision Parameters

Eight scenarios are evaluated for both the proposed (R1-R8) and baseline (B1-B8) re-clustering

methods.
v=25m/s |[v=10 m/s

T = 244,
A=005 B1/R1 B5/R5
T =24t [B2/R2 B6 / R6
A=0.1
T+ =5At, | B3/R3 B7 /| R7
A=0.05
T+ =5At, |[B4/R4 B8/ R8
A=0.1

Baseline Re-Clustering Algorithm:
same re-clustering trigger mechanism
(based on TTT and hysteresis margin)
but with only SE-based scoring:

. [ SEg
Scoreg ; = 1 — mm( Rk : 1)
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Evaluation - Performance Metrics

« Satisfaction Ratio (Sat):
fraction of UEs achieving the target transmission rate = QoS

* Reclustering Frequency (RC):
total number of cluster changes divided by number of UEs (per At) — Cluster stability

« AP Utilization (p):
percentage of occupied PRBs per TDD cycle — Resource efficiency
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Results - Satisfaction Ratio and Cluster Stability Trade-off

Satisfaction ratio
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The proposed method
yields more cluster
changes and higher
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yields more stable
clusters but lower
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Results - Transmission Rate Continuity

Hotspot overload causes transmission rate drops - the proposed method yields more stable
transmission rates than the baseline method.
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Summary and next Steps
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Summary and next Steps

Summary:
* Presentation of a QoS-aware user-centric re-clustering method for cell-free massive MIMO

networks
* Novelty: AP load- and UE traffic demand aware cluster scoring with A3 event like decision trigger
« Performance evaluation (via simulations) for different UE traffic and mobility scenarios and different

algorithm parameter settings

Performance evaluation results (compared to baseline method):
* Improvement in UE satisfaction ratio
* Moderate increase in re-clustering frequency
« Comparable AP resource utilization

Future Work:
 Inclusion of dynamic TTT and hysteresis margin adaptation to UE mobility and QoS requirements

 Inclusion of dynamic cluster size adaptation
 Investigation of a MDP-based re-clustering decision policy
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Simulation Results

v = 2.5mfs v = 10 m/'s

Conf |Meth|ID Sat (%] RC |ID Sat j([%] RC
Trrr=2| BL |B1 803 305 .005|B5 .802 312 .018
A=0.05| s |R1 937 30.1 .017|RS 944 302 .039
Trrr=2| BL |B2 775 324 .003|B6 771 329 013
A=0.1 | Rs |R2 943 315 009 |R6 938 316 .026
Trrr=5| BL |B3 802 309 .005|B7 .791 321 .016
A=0.05| ps |R3 935 306 .011|R7 917 322 025
Trrr=5| BL |B4 782 325 .003|B8 .761 338 .012
A=0.1 | RS |R4 920 324 007 |RR 908 338 .019
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Results - Transmission Rate Continuity (per UE Group)

Rate [Mbps]
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