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Scheduler Slicing Architecture

10-3 s
Time-Scale

10-2 s
Time-Scale
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Users clustering
High-correlated regionsLow-correlated region

There are many cases when users are densely placed in limited area (business centers, hotels, bus stations, etc) which makes

possible to GROUP them by spatial or channel criteria and provide simple pairing – pick up a single user from each high-correlated

group and pair him with users from another groups!

USERS CLUSTERING PROBLEM
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Clustering as optimization problem
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From geometry to channel correlation
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K-means

• Fixed number of centroids

• Every iteration centroid is updating as mean of corresponding cluster points

• Stop when clusters don’t change anymore

k-means + Acceptable complexity

+ Guaranteed clustering (uniform)

- Low flexibility 𝜇𝑗 =
1

𝑆𝑗
 

𝑥∈𝑆𝑗

𝑥𝑖 .

argmin
𝑆

 

𝑗=1

𝐶

 

𝑥𝑖∈𝑆𝑗

𝑥𝑖 − 𝜇𝑗
2
,
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c-means + Acceptable complexity

+ High after-clustering versatility

- Low flexibility of cluster number selection

C-means

• Fixed number of centroids

• Every dot owns probability of being assigned to every centroid

• Every iteration centroid is updating as mean of corresponding cluster points weighted by probability of assigning

• Stop when clusters don’t change anymore or changes of probabilities are less than a threshold

𝜇𝑗 =
 𝑖=1
𝑁 𝑢𝑖𝑗

𝑚𝑥𝑖

 𝑖=1
𝑁 𝑢𝑖𝑗

𝑚 .

argmin
𝜇

 

𝑗=1

𝐶

 

𝑖=1

𝑁

𝑢𝑖𝑗
𝑚 𝑥𝑖 − 𝜇𝑗

2
,

1 < 𝑚 < ∞ ,

𝑢𝑖𝑗 =
1

 𝑘=1
𝐶 𝑥𝑖 − 𝜇𝑗

2

𝑥𝑖 − 𝜇𝑘
2

2
𝑚−1

,
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x-means + High flexibility

- Non-stable clustering (uniform)

- High complexity

X-means

• Starts from minimal number of clusters (~2)

• Every iteration every centroid is split up to 2 centroids for which k-means procedure provided

• Splitting assumed as success if BIC of two split clusters larger than BIC of a single cluster

• Stop when splitting of any centroids doesn’t bring a gain in BIC

𝜇𝑗 =
1

𝑆𝑗
 

𝑥∈𝑆𝑗

𝑥𝑖 .

argmin
𝑆,𝐶

 

𝑗=1

𝐶

 

𝑥𝑖∈𝑆𝑗

𝑥𝑖 − 𝜇𝑗
2
,

𝜇𝑗
(1,2)

= 𝜇𝑗 ± 𝛿 ,

𝐶′ =  
𝐶, 𝐹 𝜇𝑗 ≥ 𝐹(𝜇𝑗

1
, 𝜇𝑗

(2)
)

𝐶 + 1, 𝐹 𝜇𝑗 < 𝐹(𝜇𝑗
1
, 𝜇𝑗

(2)
)
,

Splitting:
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Split model scoring

𝐹𝐵𝐼𝐶 𝑀𝑗 =  𝑙𝑗 𝐷 −
𝑝𝑗
2
· log(𝑅) ,

 𝜎2 =
1

𝑅 − 𝐾
 

𝑖

𝑥𝑖 − 𝜇(𝑖)
2
,

 𝑃 𝑥𝑖 =
𝑅 𝑖

𝑅
·

1

2𝜋  𝜎𝑀
exp −

1

2  𝜎2
𝑥𝑖 − 𝜇(𝑖)

2
,

𝑙 𝐷 = log 
𝑖
𝑃(𝑥𝑖) = 

𝑖
log

1

2𝜋𝜎𝑀
−

1

2𝜎2
𝑥𝑖 − 𝜇 𝑖

2
+ log

𝑅(𝑖)

𝑅
,

 𝑙 𝐷𝑛 = −
𝑅𝑛
2
log 2𝜋 −

𝑅𝑛 · 𝑀

2
log  𝜎2 −

𝑅𝑛 − 𝐾

2
+𝑅𝑛 log𝑅𝑛 − 𝑅𝑛 log𝑅 .

𝑅 = 𝐷 , 𝑅𝑖 = 𝐷𝑖 − 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑜𝑖𝑛𝑡𝑠
𝐾 − 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑙𝑢𝑠𝑡𝑒𝑟𝑠
𝑝𝑗 − 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑟𝑒𝑒 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠

𝐷 − 𝑖𝑛𝑝𝑢𝑡 𝑠𝑒𝑡 𝑜𝑓 𝑝𝑜𝑖𝑛𝑡𝑠

𝐷𝑖 ∈ 𝐷 − 𝑠𝑒𝑡 𝑜𝑓 𝑝𝑜𝑖𝑛𝑡𝑠 𝑎𝑡𝑡𝑎𝑐ℎ𝑒𝑑 𝑡𝑜 𝜇𝑖 𝑐𝑒𝑛𝑡𝑟𝑜𝑖𝑑
𝑀 − 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑠

Bayesian Information Criterion (BIC) as cluster location and number of clusters optimization

Posterior probability is used to score the models (single/split clusters) by formula 

mentioned in [Kass, Wasserman; 1995] based on log-likelihood of the data  𝑙𝑗 𝐷 .

Data variance

Point probabilities

Log-likelihood of the data 

Maximum likelihood estimation of the set 𝐷𝑛
belonging to centroid 𝜇𝑛
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UE 

distrib.

Cluster 

limit

HIGH 

CORR.

Ideal

Oversize

UNIFORM

Ideal

Oversize

Simulation results. Random generated channels

Sum of clusters BIC

Mean of clusters BIC

Deviation of clusters BIC

Num of clusters

Clusters max volume

Clusters min volume

Clusters mean volume

Clusters volume’s deviation

• Groups = 5

• Deviation = 0.01

• Groups = 5

• Deviation = 1.0

• Cluster Limit = 5

• Cluster Limit = 10

• Cluster Limit = 5

• Cluster Limit = 10
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Random generated channel Status

Distribution High-correlated Uniform

Cluster limit Ideal Oversize Ideal Oversize

k-means
Initialization of centroids 

optimization required

c-means
Initialization of centroids 

optimization required

x-means
1. Criterion optimization      

2. Splitting rule definition

Clustering: comparative analysis

k-means + Acceptable complexity

+ Guaranteed clustering 
(uniform distribution)

- Low flexibility (fixed num of 
clusters)

- Initial step dependence

x-means + High flexibility

+ BIC-based metric

- Non-stable clustering 
(uniform)

- High complexity

c-means + High after-clustering 
versatility

+ Guaranteed clustering 
(uniform distribution)

- Low flexibility (fixed num
of clusters)

- Initial step dependence
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Robust Scheduling: propagation channel dynamics
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Robust Scheduling: propagation channel dynamics

Example: 𝑓𝑐 = 2.6𝐺𝐻𝑧; 𝜎𝜏 ≈ 1.3𝑢𝑠; 𝑓 = 15.36𝑀𝐻𝑧.
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Robust Scheduling: propagation channel dynamics
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Robust scheduling: UE scores

𝑄𝑖 = 10 log10
1 − 𝐶 𝑆𝑖 𝑖=1

𝑁

1
𝑆𝑁𝑅𝑖

+ 𝛼 𝑡
𝐶 𝑆𝑖 𝑖=1

𝑁

𝑁𝐿
Δ𝑣𝑖 𝑡

Δ𝑣𝑖 𝑡 = 𝑣𝑖 𝑇 −  𝑣𝑖
𝐻 𝑇 𝑣𝑖 𝑇  𝑣𝑖 𝑇

2

𝛼 𝑡 :  

𝛼 0 = 0;
𝑠𝑜𝑚𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 , 𝑡 ∈ 0, 𝑇 ;

𝛼 𝑇 − 𝜀 ≈ 1.

15% cell throughput gain

30% coverage area extension

𝐶 𝑆𝑖 𝑖=1
𝑁 =  

𝑗≠𝑖
𝑗=1….𝑁

𝑣𝑆𝑖
𝐻𝑣𝑆𝑗
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Further questions…

• Complex channel vector clustering criterion definition

• X-means: clusters splitting mechanism optimization

• K/C-means: initialization of centroids optimization

• K/X-means: after-clustering correlation control

• Permanent partial cluster update

• How to define “the best” coupling function 𝛼(𝑡)
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THANK YOU


