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Abstract—Dynamic Vertical Sectorization (VS) is a flexible way Il. GENERALIZED SYSTEM MODEL FORVS

of cell densification used to enhance system capacity in terogally Considering a LTE network of AAS equipped sites with
and spatially varying overload situations. An automated catrol 9 quipp

mechanism in the context of Self Optimizing Network (SON) INdex€=1,2,..., Ns, whereNs is the total number of sites.
is required to execute the sectorization only when there is a The index of a sector antenna mounted at a Sites given
demand for extra capacity and the sectorization brings bert by i = 1,..., Ng, where Ng, is the total number of sector

in a dynamically varying traffic condition. The SON mechanisn  gntennas on the site. With the AAS capability, several servi

requires proper real-time modeling of the system performame oo .yqro can he created with further sectorization from glasin

with respect to VS activation/deactivation via monitoring the . A )

traffic situation and commonly used system parameters. sector antenna. Thus, a sectoiis given by c = (2,4, m)
wherem € {0, 1,2} identifies a particular sector beam created

at antennd. If vertical sector is activated, i.e. VS=ON, index

m takes non zero values ofi = 1 andm = 2 to refer to

. INTRODUCTION outer and inner sector respectively, otherwise= 0 for the

L i i conventional sector layout when VS=0OFF. Assuming the total
Cell densification, a typical means for capacity enhancg\—/a"ame power at any is P, and the transmit power per

ment, can be achieved in a flexible and dynamic way througf.,, is pt= , the power received by a user terminal
sectorization via deploying advanced antenna technadigie from any Sg&g} is represented W :
Active Antenna Systems (AAS) [1]. Vertical SectorizatinQV @,1,m)
is realized by splitting the beam covering a conventional P =pr p (1)

(2,i,m) (Q,i,m) (Q,i,m)’
sector layout in a vertical domain resulting in two SeCtQf here is the magnitude of the channel gainwofvith
)

H H H (2,i,m . .
beams representing an inner and outer sector [2], [3] rgusiR.gnect to the corresponding sector and it can be expressed
the same frequency band thereby doubling the total avallam terms of the respective antenna gafg* and total
radio resources to yield a better and improved resourceesr\lg @ism) !

Index Terms—AAS, Vertical Sectorization, SON

1 u u J— u u
for the users. The partiular advantage of AAS based VTR0 S e &5 v i iy it an the
is the f'?x'b"'ty to adap.t the d.eploymen_t to a te.mppra”wneasured Reference Signal Received Power (RSRP) and this
and spatially varying traffic situation by actl\_/atl.ng/deQ association is expressed by a connection functian, i.e.
new sectors when and where extra capacity is needed [2].

One of the challenges in VS is the impact of the co- s(u) = argmax {PY '} (2)
channel intra-site interference between the vertical ssect (€6,m)
and particularly the coverage region close to inner/otgetos The number of active users connected to a sector is given
border is characterized by critical interference conditjg], BY N....,- The Signal to Interference plus Noise Ratio
[4]. Thus, VS performance is highly determined by the ge(gSINR) performance of a user terminal while connected to
graphical distribution of the users as well [2]. Unless fade @ conventional sector, i.ex = 0, is given by, .

conditions are met, VS might be detrimental and should not pu
be activated. Moreover, the expected gain with respectdiora v, = Y oG (3)
. . . s Q
resource s_hare can be achieved only if a required I_evel of use S Cavio P+ No
reconnection takes place after VS among the vertical sector @uhi=l ’
In order to properly adapt the deploymentin a self-orgathize -

approach, an appropriate and timely decision needs to be™ 1. N £0

. . . . . _ ? (2,i,m)
carried out dynamically following the varying traffic andeus Catim 0. N -, (4)
distribution situation in the network. Therefore, a Selgér ’ (@im)

nizing Network (SON) mechanism framework taking theseherelN, refers to noise power angl,, . . is the sector load
aspects into account is essential and proposed in this pagi&ration used for interference calculation. Consideaniyll
in order to autonomously control the VS operation in ahuffer traffic, sector load i900% if it is serving at least a
automated manner. single user, it is zero otherwise.



A. Vertical Sector Activation and User Reconnection of the number of users connected to the inner to that of the

When vertical sector is activated, an additional verti059Uter SeCtow‘w,n = Nw,j,z)/Nw,j,w

sector beam is generated from the same sector AAS. The new
sector, also called inner-sector, broadcasts a uniqueidihysg  Radio Resource Allocation and Achievable Resource Gain

Cell ID (PCI) and configured with a higher elevation tilt aag|

setting in order to minimize the degree of overlap between th A resource fair allocation strategy is employed at eactosect
inner-sector/: = 2) and the original intra-site sector, referredo share the available resource among users in a propdrtiona
as outer-sectomg = 1). Since VS is activated on demand, théair manner [5]. Accordingly, all users gets equal fractimin
activation/ deactivation status of a sector beam genefeded the total resourcé/,, available at the serving sector, i.e.:
antennai mounted on BS sit€ is indicated by a status flag
denoted bys(9,4):

1 .

R, = N For: s(u) = (w,j,m), (7)

1, VS=ON (g

s((,1) = ®) Note: R,, and~y, are used to refer to values when VS=OFF,
0, VS=OFF and R/, and~’ are for VS=ON case, from now onwards.

In order to derive fundamental relationship for system VS is expected to yield a better resource share per user, i.e.
, o .
performance comparison, the transmitted power level peim edt« > ftu- The resource gain is proportional &, ;, for the ,
sector beam after VS activation is described in terms of th&®'S connected to .the. outer se<_:tor Whe.reas inner S?m u
total power assigned for the conventional sector beam H¥re decreases with increasedin . This .relatlonshlp can
pte x P(tsw . Vm|m # 0, and the inner/outer sectorP€ illustrated with resource share ratio as:

(2,i,m) .o L2 . . . .
power split is done with total power constraint criteria. . ,
Pl < P Thus, givena,, is the power split factor, R L+ Ag,, sw)=(wj1)
7:;0 h - = (8)
Pl = ay- P - satisfying constraint + s < 1/8 Ry 1A, s(u) = (@, ,2)
wiwereﬁ fraction of the total power that has been assigned for Mo 7

the conventional sectof?(t;i o =B Pr. _ _ )

When VS is activated, UES on the conventional sector layolif€ resource gain both at the inner and outer sector is
are associated to one of the new vertical sector which R@ximized and becomeE)0% when the two sectors serve
dominant over the underlying coverage. A so-called coweragdual number of users, i.g, , =1
dominance criteriork,, is introduced which is determined by
the relative strength of the RSRP measured by a UE Wig_l SINR Performance Prediction
respect to each sectadk;, = P:;Z“) /sz,i,l)'

Considering VS is activated at a sector antenna of index After a vertical sector is activated, the SINR performance
mounted on base station site identifieddaya user is handed- of a user located in the conventional sector layout undaggoi
over to the new inner sector if its measured RSRP is betigs becomes different depending on tke value and the
than that of the outer-sector, i.é., > 1, accordingly, the cell extra intra-site co-channel interference experience fthm
re-selection can be expressed as: newly activated inner sectors. Due to the steeper inneosect
) tilt setting ©,,, i.e. ©; > ©4, the interference coming from

(w7, 1), Ky <1 the inner sectors of other-sites where VS is activated has
s(u) = (6) insignificant impact as indicated in [2] and also justified in
(w,7,2), ky>1 next subsection with SINR change map, Figure 2. Thus, the
interference signal power term from any VS activated site ca

Since the decision of inner-sector activation should be agg generally approximated using only the outer sector signa
tonomous to a specific site or conventional sector, it isirequ power as-

not to introduce unnecessary deployment layout changeein th
neighborhood of a stable and optimized network. Therefore,

the model assumes total sector power of the outer sector n, Ny, 2 Ns No

is maintained and is the same as the original conventional Z Z Z Caim - PY.  ~ Z ZQM L PE

sector power, i.ea; = 1. As a result, the total conventional o1 =1 m=1 ' o1 =1 ' ©)
Q#w Q#w

sector coverage will be taken over by the inner and outer
sectors yleldlngN(wijl) + N, . = N ,o- The resulting _ . .

user reconnection between the sub-sectors depends orz¢he si Poii=a1-Pg,0

of the dominant inner-sector coverage and the nature of the

spatial user distribution over the conventional sectooldy Hence, incorporating both the inter- and intra-site irgerf

and the UE load distribution by , . is defined as the ratio ence, the SINR experience of a UE after VS described;py

and

)



is modeled as:

PY ., bo<1 —10 - log;o(1 4 ky -7, - V1), ky <1
Ny, 9 u =
H/u+i¥1 5(ws8)-Cw,i,2 P 5 +No A’Y(“) =
- 10 - (logyo(ku) —logyo(1+ 7, - ¥2)), ky > 1
Vo= (14)
P For vertical sector deactivation case, while being in VS=ON
b2 , Ry >1 operation state, sinck, can be directly available at the eNB
Tt o B jat 2 s(wii)Cui2 Pl 5 +No as both vertical sectors are actively serving, the estonaf
73 (10) the~, from~/, can be performed using a corresponding SINR

predictor function described by (+.,) which is an inverse of

wherel’,, is the total interference signal power received at ; .
gna p Equation 12, i.eG(v,) = F () :

excluding the intra-site inner sectors’ interference dbation:

!
Yo 1
Ns Ng a1 (1=kyy, - 01)’ feu < 7., Y1 Ak <1

Tw= Y. Caio-Piio- [1—s(i)-(1—a1)] (12)
@ity
ry Y /
With further manipulations of Equation 16,, model can Glm) = o1 -(ku—! -¥3)” Fu >, WAk > 1 (15)
be simplified to derive a vital SINR performance relatiopshi
as a function of the SINR experienced with VS=OFF state, v, [y > = Ak, < 1]V
~u- Thus, an SINR predictor function denoted B(v,) is e < . To Ak )
defined which is employed to estimaté, i.e. v, = F(vu) By <o - Wo Ay > 1]
by using k, and other network parameters prior to decision Ill. STRATEGIES FORAUTOMATED SECTORIZATION
of vertical sector activatiork, can be determined at the eNB  Automated activation and deactivation procedure requires
by relying on realistic information from the network based triggering condition to initiate the process and suffitien
on RSRP measurement reports collected from the UEs in tteria to make evaluation and validation of the final diecis
ponventlpnal sector. While being in VS=OFF_ state, the RS%’ Triggering Condition
information can be collected by a mechanism called sector o )
probing where a special sector beam is temporarily activate The_ demand for an extra capacity is attributed to an overload
for a certain specified time window only to broadcast refeeenSituation, therefore, the load condition at the convertion
signal and control information of the inner sector planne¥fctor is employed as a trigger to initialize an activation

to be activated later with the SON decision. Thi{y,,) is process. Considering a non-GBR full buffer traffic and a
expressed as: minimum acceptable user data rate requirementthe sector

load is defined as the sum of the fraction of the radio resource

%, ko <1 demand that can be allocated for each user with best effort,
“ i.e min(R™", R ), where R™" is the minimum resource
demand of a user to achieve the target 7R, whereasR is
Flw) = ok (12) the maximum resource share a user can be granted depending
ﬁ, ku >1 on the load status. Accordinglyzumm is evaluated as:
grin = B T (16)

where ¥; and ¥, are parameters used to include the inter- . ’ .TPU
ference contribution from an outer and intra-site innettasc Where T'P, is the actual achievable throughput of the user

respectively as given by: given by TP, = R, - My, - f(7,) and f(-) is a function
of user SINR and gives the spectral efficiency performance.
1 N / Thus, the sector load, ;) is:
o=l 0+ ay -k PY 4 Coin Pase )
g . -
i3 Liwim) = i N <1
N (13 Hledm me(mw,m) TP Ny =
1 “ s(u)=(w.j.m)
2 = l(w,j,l) + ap - Pv Z C(w,i,m 'P@m,z) (17)
(w,4,0) # Thus, the activation process is triggered if the convention
i#]

sector load is above a defined load threshold lege],, i.e.

The VS activation process should evaluate the impact on tBg, ;) > £,,, .

SINR performance as well, hence, the SINR change measuringdn the other hand, the deactivation process in VS=ON state
parameter described kY, (,,) = 10-log;4(7,,/7.) is computed is triggered if either of the sub-sectors are no longer servi
using Equation 12 and setting; = 1 for aforementioned a user for a certain period of timg,, i.e N, ;1) = 0 or
reason: N,j2) = 0.



B. Decision Criteria maintained at the outer and inner sector, respectivelyin§ak

The decision whether to activate or deactivate a verticderage sensitivity level performance of all UEs conneetied
sector depends on the improvement in the system performaf@gh sector, the necessary condition is described as:
that can be achieved over the corresponding conventional

sector layout. To evaluate the system performance, a propor L+ ANw.i)
tional fair based utilitiesU, ; and U, ;, are defined over Newj - log( I )2, (22)
the conventional sector layout as the sum of the logarithm T+ Aw,)
of the TP performance of all the users connected to either Nw,i.2) 'log(ﬁ) > 02, (23)

the conventional sector (VS=OFF) or the vertical sectors
(VS=ON), respectively [4], and which are expressed as: where:

Us,j =) log(TP,) , U,; = Zlog TP))  (18) log(I'y) = Y log(T) (24)
, w ,1) .
s(u)=(w,35,0) 5(?)) (ZQ ., 12)) S(u)=(w,i,1)
_ B o log(ly) = -3 log(r (25)
Based on Equation 18, the VS state with a better utility Nwiz) 4
value is provides an improved system performance, hence, a N =en N )
decision metric denoted b, ; is defined as the difference (Coh oS N N oy
in the utility performances: H L , o= H 1y
()= (i 1) s(u)=(w,i,2)
Buj = Uy = Vuy (26)
/ !
= Zlog(R“ . f(%)) (19) Based on Equation 22 and 23, the range\gf ;) satisfying
R, f(v.) the necessary condition for VS activation becomes:
From the expression in Equation 18,, ;, value depends on S 1
J Nwin Ty —1 < A < 27)
the achievable resource gain as well as the ratio of therspect © 1= = Mwi) = ) .
efficiency performance of the users. Despite the increased i e i Iy —1

the interference level due to the activation of a new inndihe A, range is a decisive factor in determining the
sector which deteriorates the SINR performance, the eggecsituation whereA,, ; is improved by offsetting the SINR
overall system performance gain with VS=ON is attributed tdegradation with the resource gain. To explain this situmati
the improvement in the achievable resource share. As canthe A, ; metric defined in Equation 21 is decomposed into a
seen in Equation 14, the outer sector users’ SINR is alwagsm of two terms: the first term showing the gain from the
worse and this degradation is more critical when a user witbsource and the second term describes the degradatioerin us
high, performance is located closer to the inner/outer sectspectral efficiency by using the average UE sensitivity @alu
border wherek,, is very small. Such users are very sensitivat each vertical sectof),,, as:

for vertical sector activation and are typically limitingssem

14 Aoy
performance. Therefore, a sensitivity measure paranietés  Aw,j =N(w.j1) * [Aw.j) - log(——2) 4+ 1og(1 4 Aw.i))]

defined as the ratio of the spectral efficiency performance of . Aw.g) .
a user before and after activation, i.e. — [N(w.j2) -log(T'2) + Ny, j1y - log(T'1)]
f(n) (8)
Iy = () (20) Apparently, for fixed\,, ;) case, the), ; value varies consid-

erably when the nature of the spatial UE distribution situret
at each vertical sector is altered as it determines the isgver
of the experienced SINR change thereby impacting

Incorporatingl’,, and using Equation 8 in Equation 14, ;
can be redefined fokq ;) # 0 as:

1 Consequently, there is a limited rangeldf andT'; values
Au.j = Z log((1+ Awj)) - E) that can yield a utility gain at a certain, ;. This is
s(w)=(w.5.1) (1) demonstrated ir_1 _F?gure 1 with plots of UES’ achieved reseurc
n Z log( T4+ Aw.j) _ L) share and sensitivity value ranges at each vertical sedtmhw
— Alw,5) r, resultinA,, ; > 0 for sample),, ;) values. The plots depicts
s(w)=(w.5,2) the resource gain term of Equation 28 withwhile the color

For those sensitive users with, > 1, the resource share thatthe map represents the corresponding SINR degradation term
satisfiedR’ /R, > 1/T', must be achieved to compensate thetletermined by the sensitivity range. Accordingly, for each
SINR degradation and an improvement on overall performantecase, VS=ON always improves the utility as long las
requires)\,, ;) condition that can fairly maximize the resourceand I', values are within the light color region. However,
gain at both vertical sectors. Hence, additional necessdoy the red color area, VS should be deactivated as it yields
condition is defined from Equation 21 on top Af, ; metric a deteriorated utility performance that results,; < 0.

to ensure acceptable utility performance levebpfindd, are As illustrated in Figure 1, the inner sector UEs are more



Ay = 0LA=6

used for theA, ; and outer/inner sub-sector performances,
respectively.
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Fig. 1. VS Activation/Deactivation region based on reseugain and (a)
sensitivity
Fig. 2. (a) VS Status (OFF/ON), (b) Change in SINR and HS Ségna
favored when\, ;) < 1 that wide range of’, is tolerable In the investigation, the initial state of the sectorizatis
w,t 1

whereas, only relatively a limited sensitivity level degmtion S€t to the default state (VS=OFF) and the SON algorithm
is acceptable at the outer sector. This situation is, howevs €t to run network-wide at all sites. The load situation is
changed for\(,; > 1 case where the outer sector UESmonlto_red al_Jton(_)moust at each cp_nventlo_nal_sector during
resource share gets increased as more load is shifted to §Ah Simulation time step. The sensitive region in the ne¢wo
inner thereby increasing the tolerable sensitivity rangtha Where users experience critical SINR degradation due to VS
outer sector. In overall, the figure has clearly demonsiratl$ illustrated at all sites with a change in SINR map,(,))
that that the operation range that ensufes; > 0 is fairly 1" Figure 2 (b) with one time snapshot of HS spatial location.

balanced between inner and outer when the load ratio is eqUgl® Sector-VS status for the complete simulation time is
Aw.i) =1 depicted in Figure 2 (a) where VS process is recorded for

Having Equation 27 satisfied),, ; metric is evaluated each cell when activation/deactivation process is basetti®n
for final activation/deactivation decision applying a defin conditions and criteria defined. In this particular exempla
thresholds > 0 to react only when there is only a sensibl§C€nario, it can be seen that a static-VS scheme where all

performance difference on the utility. cells are in VS=ON state irrespective of the actual traffic
situation may rather lead to system performance degradatio
Pseudo-code 1 VS: Activation/Deactivation Decision when much of the HS traffic lies in the interference critical
L if Ay, > 0 then region depicted in Figure 2 (b).
2: VS=ON Throughput performances from a conventional sector area
3: else over simulation time are shown in Figure 3 for two selected
g enzilsif:OFF sectors (5, 15) where user TP statistics is collected and

evaluated using a sliding time window of 100 simulation time
steps while tracking the traffic variation. The performanate
the 5% and 50% CDF level are compared for the three VS
status cases: default Always-VS=OFF, Always-VS=ON and
A system level simulator of AAS-based LTE-A deploymenthe SON based Automated-VS. At Sector-5, Figure 3, the
with 7 tri-sectored fixed sites consisting of 21 conventlon&ON mechanism has activated the vertical sector at differen
sectors is used for evaluation purpose. A macro sector taydimes. In comparison, the Automated-VS is outperforming
with an Inter-Site Distance (ISD) of 1732 m is used and prophe Always-VS=ON case by 35 at the 5 UE TP level
agation models are employed as defined by tRé&@&neration following the Always-VS=OFF performance during the second
Partnership Project (3GPP) [6]. To create a non-homogenetitne vertical sector was activated. Moreover, it can bertjea
spatial user distribution, a traffic hot-spot (HS) contagnb(’%  seen that the Automated-VS mechanism is outperforming the
of the users from the conventional sector is utilized and thdways-VS=0ON by activating the vertical sectors only when
HS locations are changing temporarily within the convemdio it is beneficial and achieves significant TP gain of ove#:80
sector layout to let users experience various level of itbuger at the 50t CDF level.
sector interference situation over time [2]. For Sector-15, Figure 2 shows that the SON mechanism
One criterion for triggering the VS actiivation processhe t strictly decides turning off the vertical sector at all tisnas
cell load compared against a threshold valueCgf. = 0.8 favorable conditions have not been met. This performanoge ca
which has to be exceeded continuously for a reaction tinbe manifested in Figure 3 where the Automated-VS has been
window of ¢,cqction = 100 simulation time steps. Decisionfollowing the Always-VS=0FF both at the’band 50% CDF
metric threshold ofon = 2.5, and§; = d> = —1 are level. In this case, the Automated-VS is able to provide mgai

IV. PERFORMANCEANALYSIS
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Fig. 3. Throughput Performance Comparison for selectedoB8ec

of up to 3% and 5% achieved over the Always-VS=ON
approach at the % and 50% CDF level respectively. This
clearly demonstrates that the static VS=ON approach could
lead to significant performance degradation in some s@noati
like in Sector-15. It is worth noting that the static VS=ON
is the unwanted and costly over-provisioning solution as it
keeps the vertical sector always activated irrespectivehef
load situation.

V. CONCLUSION

A SON mechanism to enable an automated vertical sector-
ization is presented in this paper. The proposed framewask h
been evaluated utilizing a system level simulator for treeazH
various non-homogeneous user distribution. Simulatisolts
have clearly demonstrated that the proposed scheme isable t
control the activation/deactivation process thereby igiog a
significant performance gain over the static over-provisig
approach where vertical sectorization is always activated
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