Tilt angle of the base station antennas
LTE and Wi-Fi user associlation
Small cells sleep mode scheduling
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Lemma 0.1 h(x) = log(log(1 + e%)) is concave and non-decreasing in r € R.

Lemma 0.2 log(r,(©)) is concave in ©.

log(r, () = 617"[’ " log(log(1 +74(©)/B2) = %" > log(log(1 + €™()))

‘ 1€ |Z| ‘ 1€



L(©,A) == logr,(©)+ » Al(logr —logry(©)) + Y A (0 —0) + > A}(6, — 0)

uel uelU beB beB

> (14 X)) 06,U(ru(©) =X} = A, beB

ueU



Initialise : t = 0,0(0), A(0), step size a > 0

do
Op(t + 1) = 0b(t) — a0, L(O(t), A(?)), 0, € B
ALt +1) = [AL(t) + ada LO®), A1), ueld
_|_
Ni(t+1) = [)\ (1) +oz8AzL(@(t),A(t))} beB,i=23
t—t+1
loop

9:L(O(1), A(H))

easy to compute for the multipliers

received powers, and SINRS

09, L(O(1), A(t)1]

pointing angle

scales linearly



S
500
X[m]

=
S
[
S
o ’1386~:;f;f'
O
0

=500

800
600
400
200
0 |
=200
-400
-600
-800

| MwmﬂWﬁuwﬁﬁu
. § Tl b -
APl
o\ | s

“._ '-l-1..1 .
R o AR



. a4 1
=
£-36 O
S 38 — with tilt optimisation | | 08
27 - - = with tilt angles fixed Q67 I ———
A | 06 | — With tilt optimisation | |
=) = - = = With tilt angles fixed
= _42 O 05¢ '
=
S 4.4 04}
wn
£ 46 0.3
G 02
o —48 0.1
e
-5 : : | | 0 : . : :
0 200 400 600 800 1000 0 0.2 h0-4 ; 0-?/“) 0.8 1
lteration throughput [Mbps]

1 B. Partov et. al. " Utility Fair Optimization of Antenna Tilt Angles in LTE Networks ", IEEE/ACM Transactions on Networking, Feb 2015
2B. Partov et. al. “Tilt Angle Adaptation in LTE Networks with Advanced Interference Mitigation “, IEEE- PIMRC, Sep 2014



multi-homing

s

Cellular

1 Or

-F

either connect to Wi

BSs

twork utility

maximize ne

15



max Z log (S + 7w)

ueld
s.t. s €& , r ¢
Wi-Fi rate region LTE rate region

Time slot t

T T P
T [ 2 [ - [ 7 ] 7] -
/ N 2] Zast <<<°>>>
} frequency
time
T T T
—>
1| 2 | | t | ’

-
<<<T>>) Gﬁ‘



S2

S2

S)



min m a convex function
X

s.t. [h(i)(X)J— g(i)(x) <0,:i=1,2,...,1

convex functions

m}jn f(x)

st. h(x)— ¢ (x;x) <0, i=1,2,...

—§(x;%) = —¢\ (%) — g (%) (x — X)
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Network infos

Service State
Country
Operator
Network Type
Data State

Data Activity
Call State

MCC

MNC

LAC

CID

PSC

RSSI (ASU/dBm)
BER

Neighbors (cur/tot)

1) PSC: 361 RSCP:-105 dBm
2) PSC: 102 RSCP: -104 dBm
3) PSC: 272 RSCP: 0 dBm

4) LAC-CID: -1--1 RSSI: 0 dBm

Device/SIM infos
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Log RSSI values

Log neighboring cells

Log WiFi Hotspots
Continuous Wifi Scanning
Log cell changes if no GPS
Log interval (s)

GPS min interval (s)

GPS min interval (m)

Export as...

Logging since

10
0
10

csv + kml

<press start>

I logged user data reports in Dublin city
center using a simple Android App
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Sub-samples of RF fingerprint pilot powers in dBm where each dimension is marked by a distinct Primary Scrambling
Code, PSC and each distinct measurement point is identified by a geographical coordinates in the form of (latitude,
longitude).

Location\PSCs 212 204 252 300 120 45 236 292
(53.3400988,-6.2607508) - -69 -53 - -105 -91 -68 -65
(53.3401079,-6.2607396) - - - - - - - -63
(53.3401169,-6.2607290) - : - - - - : -63
(53.3401227,-6.2607128) - - -51 - - - - -

(53.3401297,-6.2607026) - - -51 - - - - -

(53.340137,-6.2606895) - - -51 - - - -60 -59
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Two stage classifier

(1) Find Jaccard similarity index for observation-query pairs:

Training set of RF fingerprints

/
while i < |[(7)] do

Query vector of user u

I Yo )NX |

JS(Y’U,7 X’z,) —
| Yo, Ul X Observation i from the training set

end while
Sort observations based on their Jaccard index

(2) Perform 1 norm K-Nearest Neighbour search on first Njac

entries of JS(Yy, 7))
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Valuable information may be extracted from
control channels:

Number of active users

UL/DL Bitrate

allocated PRBs

III Number of UL/DL HARQ
III Approximate distance

32



Potential Applications

Can be used to characterize network performance under
various conditions
and to Monitor unusual behaviors in the network

To evaluate coexistence issues in the un-licensed band

Further this data can be used to provide smart services
to the citizens e.g. traffic flow management and public
safety measurements
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éb,u((gb) — éOéfu (eba db,u)

where G is the maximum gain of the antenna,

6)b,u_eb ) ~

év(ebadb,u) — 10_1.2( 934B

. —1.21loe 10
Go(Op, dy ) = 5

(eb,u - ‘90)2 + 2(6)19,u - (90)6)19
Tl )



PR,u(eb(u))
ZCGB\{b(u)} PR,’UJ(HC) + 0-7%

where Pr ,(0y) = eGbau(eb)Zb,upb is the received power from base station b(u)

by user u, }SR,u(é’c) = eéw(Hc)lc,upC is the received power from base station
¢ # b(u) by user u and o2 noise power at the receiver.



where

L(O, A)



Lemma 0.1 h(x) = log(log(1l + €%)) is concave and non-decreasing in x € R.

Turning now to R,(©), we begin by observing that
Lemma 0.2 log(r,(©)) is concave in ©.

We have

log(7,(0)) = 6177) > log(log(1 +,,(0)/82) = % D " log(log(1 + €"(9)))

‘ 1€|Z| ‘ 1€

where 7! (©) = log(v*(©)/B32). That is, the mapping from vector © to log(r(©))
is the vector composition of h(xz) and 7! (©). 7'(©) is concave in ©. By
'p86|boyd2004convex, the vector composition of a non-decreasing concave func-

tion and a concave function is concave.
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> > Cbuﬁlw"log(1+—

beB 1€l

7u§17
C,iu <1, VzEI}
<7, 0< G, <1



The throughput of user v in WLAN a is given by

k

Zt—l Zie/\/l YViuwlg U 1 L

a,u — I — 2.t : R — . a,u

Sou = Jim. T Jlim )3 2 YT
te{se{1,2,....k}: A, s=a} i€EMqg ¢

U
=lm 2 S g o 2 Ve
> n=1 a,r teTk 1€EMag 1

where 7%, :={s € {1,2,...,k} : Ay s = a,N, , = n} and we have used the fact
that x; , = 0 when u ¢ U,.

| Ua |

—1
S _ . pa,u,nT(l — T)n La,u
a,u — “a,u E
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— Z log( sy + 74)
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hq(})(x) = Su;
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vEU,
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SRV |
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LTE multihoming example: data rates.

PHY Rates [Mbps] Technology Rates [Mbps]
BS b7 BS by AP LTE b; only LTE by only LTE (Maximum Rx Power) 802.11 only Optimised Multi-RAT
Uy 26 25 54 6.5 6.25 8.27 7.51 15.36
Ug 10 25 27 2.5 6.25 24 3.75 12.5
U3 5 29 54 1.25 7.25 3.56 7.51 14.8
Uy 11 10 13.5 2.75 2.5 2.29 1.88 5.5
I >
;‘b J '
p N
08 F = bu <]
Zlu E
06 | -
0z} § E § E 4
O ] ' ! ]

.4--41 L B - -4‘.44
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When all small cell base stations are active, a user is scheduled to a base
station according to one of the following rules :

e Signal Strength: Maximum received pilot power:

b, € arg max p; p 4,
beB

e Signal Quality: Maximum pilot SINR:

b, € argmaxyp ,
beB

where

pghb,u
‘77% T Zkeg\{b} Prlk

Tbu —



F(X) and b denote the predicted and target cell association vectors re-
spectively. A loss function is defined as a mismatch between the classifier’s
predictions and the target values:

P, F(Xu)) = Lipez(x))
The generalisation error is the prediction error over an independent test sample:
Erry = Ex[P(b, F(X)) | T]

Expected prediction error, on the other hand averages over everything that is
random including the randomness in the training set that produced F:

Err = E[P(b, F(X))] = E[Erry]

Here we referred to Errs as the misclassification error of classifier trained on
T, and Err as the expected misclassification error.
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