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(57) Abstract: A radio network node antenna management system dynamically manages a multi-antenna structure (200). The mul-
ti-antenna structure (200) includes a set of n antennas with beamforming capability. The antenna management system monitors a
condition in a radio network cell served by the radio network node. If the monitored condition is less titan or equal to a predeter -
O mined criteria, a beamforming operation is disabled and a subset, less than n, of the set of n antennas is managed according to a pre -
determined antenna hopping pattern.
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ANTENNA RESOURCE MANAGEMENT FOR MULTI-ANTENNA
STRUCTURE

TECHNICAL FIELD

;
A

The technology relates to radio signal ransmission systems using multi-antenna
structures. More specifically, the techanlogy relstes 10 a multi-antenna structare and
methods of management thereof, e.g.. for reducing power and resource consumption.
Non-luniting example applications of the technology mclude teleconmmumication
systems, such as those implementing standards like GSM, WCDMA, LTE or any other

14 standard or combinations thereof

BACKGROUND
Radio signal transavission systems typically use single or small antenna groups

to properly transmitreceive radio signals. Multi-antenna technology can improve

151

space resource utilization, increase radio channel bandwidih efficiency, and improve

b

system capacity.  Compared with traditional antenna techmgues, multiple-input and

multiple-output, or MIMQ, antennas systems use multiple antennas at both the

transmitter and recetver to improve communication performance. MIMO technology

has an advantage of improving channel capacity. Two antenna MIMO technology has

2% been widely used, for example a macro vode {(eNodeB) using two antennas to trapsmit
downlink (DL} signals and receive uphink signals (UL}

In long term evolution (LTE) communication systems, two different frame

structures exist. Of the two, frame type-2 structures are applicable to time division

duplex {TDD), and at least for LTE high speed data transmission, may require a high

N
vl

resouree usage rate.

Interference between users is a concern in LTE systems, not only at the edge of
cell, but also in the cell. To reduce this mterference, beamforming smart antenna
techniques are used, e.g., within time division synchronous code division multiple
access {TD-SCDMA) systerns and may etfectively reduce nterference between users

and provide interference coordination capability. Beamforming is a signal processing

12y
<>

technique used to directionally shape antenna tansmission patterns o avoud

mterference.  Recently, for example, eight antenna beamforming smart antenna
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techaology has been introduced into the TDD-LTE system.  The eight antenna
beamforming smart gntenna technology makes it is easter o upgrade TD-SCDMA
systems to TDD-LTE resulting in reduced network construction.

The 3rd Generation Partnership Project (3GPP)Y  provides  technical
spectfications for a 3rd generation mobile svstem based on evolved Global System for
Mobile Communications (GSM} core networks. In 3GPP, release §, there are seven
transpuission modes i an LTE svstem, every transmission mode related to a differem
radio condition and scenarto. A spectfic transmission mode 18 defined o support
beamforming in TDD-LTE. The other transmission modes are single-input and single-
output system (SISO}, transmussion diversity, MIMO and malti-uzer MIMO (MU-
MIMO).

In 3GPP release 8, a one-layer beamforming smart antenna is used, eight
antennas sending and two antennas receiving (8x2). In 3GPP release 9, a dual-laver
beamforming smart antenna is used i TDD LTE svstems, eight antennas sending and
eight antennas receiving (8x8). However, not all the transmission modes need to use all
eight antennas. For example, i a 2x2 multi-user (MIMO} mode only two antennas are
used, while in a single-input and single-output system (SISO) mode only 1 antenna is
ased. Since in these modes specific antennas will not send any data at various times,
the resource can not be used effectively, e.g., maxumally.

Smart antenna beamforming 1s therefore not suitable for all ransnussion modes
and condittions in LTE. For example, when radio conditions are sufficiently good and
the mumber of users small, the system may not necessarily need to enable beamforming,
so eight antennas are not necessary for sending data.

Typically, nodes using eight antennas to transmit SISO data and 2x2 MIMO
data use two groups of 4 antennas. Such nodes may not fully use the space diversity
gain, and as such may use more engrgy resources. What 15 needed is an effective way
to schedule o antennas when less than n are needed (e.g., cight antennas when less than
a maximnwn number of resources is needed, eg., 2x2 MIMO or SISO).  Effective
scheduling of the antennas can fmoprove downhink (DL} and uplink (UL} transmit
diversity, create power savings, DL power control, interference reduction and signaling

performance.
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SUMMARY

In one of its aspects the technology disclosed herein concerns & methed In a
radio network node for dynamic antenna management of a multi-antenna structure, the
multi-antenna structure comprising a set of n integer number of antennas with
beamforming capability. In an example embodiment and mode the method comprises
monitoring @ condition of a radio netwaork cell served by the radio network node and, if
the monitored condition is less than or equal to a predetermuned criteria, disabling a
beamforming operation and managing a subset, less than o, of the set of n antennas
according to a predetennined antenna hopping pattern.

In an example embodiment and mode, the monored condition is a number of
users in a radio network cell served by the radio network node, and the predetermined
criteria is a predetermined number of users.

In an example embodiment and mode, the predetermined antenna hopping
pattern inchedes sequential hops between non-sequential antennas.

In an example embodiment and mode, the beamforming operation is disabled
and the subset managed for a time period L.

In an examplke embodiment and mode, after time period t, if the monttored
condition exceeds or is equal to the predetermined criteria, the method further
comprises disabling the amtenna hopping pattern and enabling the beamforming
operation,

In an example embodiment and mode, the method further comprises measuring
radio network performance parameters and disabling the beamforming operation when
both the monitored condition is fess than or equal to a predetermined critenia and the
measured radio network performance parameters exceed a radio network performance
threshold.

In an example embodiment and mode, the network performance parameters
tnclude any of user channel quality and downhnk quality.

In an example a single antenna input single antenna output (SISO) embodiment
and mode, the subset includes one antenna.

In an example multiple-antenna mput multiple-antenna  output  (MIMO)

embodiment and mode, the subset includes multiple antennas formed as a group.
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In an example MxM MIMO embodiment and mode, the predetermined antenna
hopping pattern inclodes sequential hops between isolated or orthogonal groups of M
MHRNNAS.

In an example MxM MIMO embodiment and mode, a different antenna is
sefected to recerve and send user data.

Int an example embodiment and mode, the radio network node is part of & TDD-
LTE network.

In another of its aspects the technology disclosed herein concerns a method in a
radio network node for dynamic antenna management of a nmiti-antenna structure.
The multi-antenna structare comprises a set of an integer n number of antennas with
beamforming capability.  The mwethod comprises monitoring a number of users Nu
served by the radio network node and. if the monitored number of users Nu does not
exceed a predetermined threshold and radio network performance parameters exceed a
predetermined  radio network  performance threshold Np. switching off the
beamforming operation and managing a subset, less than n, of the set of n antennas
according to a predetermined antenna hopping pattern.

In an example embodiment and mode the method further comprises sefting a
tirser for time period t when the beamfornung operation 18 disabled and the subset is
managed.

In an example embodiment and mode, if the beamforming operation is swiiched
off, the method further comprises continuing 1o monitor the number of users Nu-off
and starting a new tuner, for time peniod tn, if Nu-off equals or exceeds a
predetermined thresheld and a network performance parameter is << Np, swiiching on
the beamforming operation and disabling the predetermined antenna hopping pattern.

In an example embodiment and mode the predetermined antenna hopping
pattern includes sequential hops between non-sequential antennas.

In an example embodiment and mode the network performance parameters
mclude any of user channel quality and downlink quality.

In an example embodiment and mode, the network performance parameters
include any of user channel quality mdication (CQOD), downdink block error rate (DL

BLER) and downlink modulation and coding scheme (DL MCS).
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and mode, the subset includes one antenna.

In an example multiple-anterma  nput multiple-antenna ountpur  (MIMO)
embodiment and mode, the subset includes multiple antennas formed as a group.

In an example MxM MIMO embodiment and mode, the predetermined antenna
hopping pattern includes sequential hops between well 1solated or orthogonal groups of
M antennas.

In an example embodiment and mode the radio network node 1s part of a TDD-
LTE network.

In another of its aspects the technology disclosed herein councerns a radio
network node wlich comprises a multi-antenna strocture and electromie circuitry, The
multt-antenma struciure comprises a set of an mteger n number antennas.  The
glectronic circuitry is configured: 1o monitor a condition m a radio network cell served
by the radio network node; to perform a beamforming operation for the set of antennas;
and, if the monitored condition of users iz less than or equal to a predetermined criteria,
disable the beamiorming operation and manage a subset, less than n, of the set of n
antennas according to a predetermined antenna hopping pattern.

In an example embodimuent the monttored condition 1s a number of users in a
radio network cell served by the radio network node, and the predetermined eriteria is a
predetermined nwnber of users.

In an example embodiment the electronic circuitry 15 funther configured to
disable the beamformung operation when both the monttored condition is less than or
equal to a predetermuned coeria and when radio network performance parameters
excead a radio network performance threshold.

I an example embodiment the network performance parameters include any of
user channel quality and downlink quality.

In an example embodiment the node forther comprises a node user monitor; a
timer; a beamforming switch; and an antenna hopping sequence manager. The user
monitor 1s configured to track a number of users i a radio network cell served by the
radio network node. The timer is configured to set a time period when the tracked
number of users is less than or equal to a predetermined number of users. The

beamforming switch, responsive to the setting of the timer, 18 configured to switch off
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the beamforming operation for the time period.  The antenna bopping sequence
manager s configured, durtng the time peried {, to manage the subset of antennas
according to the predeternuned antenna hopping pattern.

In an example embodiment the predetermined antenna hopping pattern includes
sequential hops between non-sequential anteonas.

In an example single antenna mput single antenna output (SISO} embodiment,
the subset includes one antenna.

In an example multiple-antenna  mput mudtiple-antenna  output  (MIMO)
embodiment, the subset includes multiple antennas formed as a group.

In an example MxM MIMO embodiment, the predetermined antenna hopping
pattern includes sequential hops berween 1solated or orthogonal groups of M antennas.

In an example MIMO embodiment, a different antenna i3 selected to receive
ard send user data.

In an example embodiment, the radio network node is part of a TDD-LTE

network.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, featnres, and advantages of the technology
disclosed herein will be apparent from the following more particular description of
preforred embodiments as illustrated i the accompanving drawings m which reference
characters refer to the same parts throughout the varions views, The drawings are not
necessarily 1o scale, emphasis instead being placed upon illustrating the principles of
the technology disclosed heren.

Fig. 1 is a diagrammatic view illustrating an example embodiment of a basic
radio communications systeny.

Fig. 2 is a diagrammatic view tlustrating an example embodiment of a multi-
antenna structare.

Fig. 3 15 a flowchart showing example basic acts or steps included in a method
of operating a multi-antenna structare of a node according to an example embodinent,

Fig. 4 is a flowchart showing example basic acts or steps included in a dynamic
antenna management process for a multi-antenna structure according to an example

embodiment.
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Fig. 3 is a graph showing, e.g., a number of users (NU _in} falling below number
a user threshold Nu_in_thresheld in g time period fron: time TO to time T1,
Fig. ¢ is a graph showing. e.g., a number of users (NU_out) rising above a

number of user threshold Nu_out_threshold in a time period from time TO to time T1.

;
WA

Fig. 7A and Fig. 7B are disgranunatic views illustrating usage of ditferent
antennas for different SFNs in a SISO example embodiment.

Fig. 8A and Fig. 8B are diagrammatic views illustrating usage of differemt
antennas for different SFNs in a MIMO example embodiment.

Fig. 915 a flowchart showing example more detailed acts or steps included in a
10 dynamic anlenna management process for a mult-antenna structure according to an
example embodiment.

Fig. 10 s a diagrammatic view of a node amranged to perform a dypamic

antenna management process for a multi-antenna structure according to an example

embodiment.
DETAILED DESCRIPTION

In the following description, for purposes of explanation and not himitation,

spectfic detatls are set forth such as particular architectures, interfaces, techmques, etc.

m order to provide a thorough understanding of the technology disclosed herein.

2% However, it will be apparent to those skilled in the art that the technology disclosed
herein may be practiced in other embodiments that depart from these specific details.

That is, those skilled in the art will be able to devise vanious arrangements which,
although not explicitly descobed or shown herein, embody the principles of the
technology disclosed herein and are included within its spmit and scope.  In some

mstances, detatled descuptions of well-known devices, circuts, and methods are

N
vl

omitted so as not to obscure the description of the technology disclosed herein with
annecessary detail. All statements herein reciting principles, aspects, and embodiments
of the technology disclosed herein, as well as specific examples thereof, are mtended to
encompass both structural and functional equivalents thereof  Additionally, 1 18

intended that such equivalents include both curremtly known equivalents as well as

12y
<>

equivalents developed i the future, e, any elements developed that perform the same

function, regardless of stracture.
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Thus, for example, it will be appreciated by those skilled in the art that block
diagrams herein can represent couceptual views of dlustrative circuitry or other
functional units embodying the principles of the technology.  Similarly, t will be
appreciated that any flow charts, state transition diagrams, pseudocode, and the like
represent various processes which may be substantially represented in computer
readable medium and so executed by a computer or processer, whether or not such
computer or processor is explicitly shown.

The functions of the vanous elements inclading functional blocks, mcluding but
not limited to those labeled or described as “computer”, “processor”™ or “controller™,
may be provided through the use of hardware such as circuit hardware andfor hardware
capable of executing software in the form of coded mstructions stored on comyputer
readable medium.  Thus, such functions and iHlustrated functional blocks are 1o be
understood as being either hardware-implemented andior computer-plemented, and
thas machine-implemented.

In terms of hardware implementation, the functional blocks may include or
encompass, without lLimitation, digial signal processor (DSPY hardware, reduced
nstruction set processor, hardware (e.g., digital or analog) circuitty including but not
timited to apphication specific integrated circuit{s) [ASICY, andior field programmable
gate array{s} (FPGA(s)). and {where appropriate) state machines capable of performing
such functions.

In terms of computer ymplementation, a computer 18 generally understood to
COMPrIse One O MONE Processors or one or more controllers, and the terms computer
and processor and controlier may be employved mterchangeably herein. When provided
bv a computer or processor or controller, the functions may be provided by a single
dedicated compater or processor or controller, by a single shared computer or processor
or controller, or by a phurality of individoal computers or processors or controllers,
some of which may be shared or distributed. Moreover, use of the term “processor” or
“controfler” shall also be construed to refer to other hardware capable of performing
such functions andfor executing software, such as the exaniple hardware recited above.

The following terminologies may be used in the disclosure for consistency and
simplicity. The technology described herein may apply to a heterogeneous netwark

comprising network nodes using any technology including, eg.. high speed packet

b
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access (HSPA), long tenm evolution (LTE), code division multiple access
{CDMAY2000, GSM, ete. or a mixture of technologies such as with g muli-standard
radio (MSR) nede (e.g, LTEHMSPA, GSM/HS/LTE, CDMAZ000ATE eto).

Furthermore the technology described herein may apply to different types of nodes e.g.,

;
WA

base station, eNode B, Node B, relay, base transceiver station (BTS}), donor node
serving a refay nede {(e.g., donor base station, donor Node B, donor eNB), supporting
one or more radio access technologies.

Nodes that communicate using the air iterface also have suitable radio
communications circuitty. Moreover, the technology can additonally be considered to
14 be embodied entirely within any form of computer-readable memory, such as solid-
state memory, magnetic disk, or optical disk containing an appropriate set of comyputer
mstructions that would cause a processor to carry out the techniques described herein.

Fig. 1 illustrates a basic radio communications structure mcluding node 101

which generally provides transmission/reception of radio sigaals through multi-antenna

151

structure 102 controlled by node controller 106, The node 101 creates cell coverage

b

area 103 In which a plurality of user equipment (UR) 103, e.g., wireless termunals

{telephones), comnumnicate through downlink (DL} and uplmk signals (UL). The node
controller 106 comprises, or works in conjunction with, beamforming function 104,

Fig. 2 dlustrates an example, basic multi-antenna structure 200, The mult-

2% antenna structure 200 includes processing circuitry 205 located within radio remote unit

{RRU) 201 and power amplifiers (PAs}) 202 (PAI-PAS) which control amplification of

radio signals for transauission as well as those received by respective antennas 203, By

way of example, eight power amplifiers 202 and eight antennas are Hustrated in Fig.2,

although 1t should be understood that a greater or lesser number may comprise the

2% multt-antenna structure 200, Thus, the multi-antenna stracture 200 shown in Fig. 2 1s
not meant to fully describe all hardware and software aspects of a multi-antenna
structare and shouvld not be Hmited thereto,

The user equipment (UE) may be called by other names and comprise different
types of equipment. For example, the aser equipment {UE) can also be called a mobile

30 statton, wireless station, wireless terminal, and can be equipment such as a mobile

telephone (“cellular™ telephone) and a laptop with mobile termination, and thus can be,
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for example, portable, pocket, hand-held, computer-meluded, or car-mounted mwobile
devices which communicate voice andfor data with the radio access network.

In a non-limiting embodiment, when network users’ (e.g., UEs 105) wireless
devices are using transmission modes which do not reguire full use of all of the
antennas of multi-antenna structure 200 (Fig. 2), and when trathe load is sutably low
and the radio environment is sufficiently good, the node 101 {e.g., base station) may
determine whether or not to disable beamforming function 104, and thereby a
beamforming capability, e.g., a beamtorming operation, of node 101, That 15, the node
101 may determine not to use all available plural antennas of multi-antenna structure
200, but instead utilize a subset of the antennas. By way of example, Fig. 1 shows
beamforming function 104 as comprising a unit or functionality of node controtler 106
which, when mnplemented, performs a beamforming operation which affects, e.g., the
signal processing technigues used to directionally shape antenna transmission patterns
of the antennas of mulii-antenna structwe 200 to avoid interference.

In a basic example embodument, a condition ("monitored condition™} of a radio
network cell served by the radio network node is monitored.  If the monitored condition
is less than or equal to a predetermined exiteria, the beamforming operation is disabled
andd @ subset of antennas of multi-antenna structure 200 is managed according to a
predetermined antenna hopping pattemn.  In some example implementations, the
beamforming function/operation is disabled and the antenna hopping management of
the subset occurs when both the monttored condition is less than or equal to a
predetermined criteria and the measured radio network performance parameters exceed
a radio network performance threshold. in an example maplementation, the monitored
condition is a number of users in a radio network cell served by the radio network node,
and the predetermuned criteria 1s a predeternuned nomber of users.

It has been mentioned above that when traffic load 13 suitably low and the radio
environment is sufficiently good, the node 101 (e.g., base station) may determine
whether or not to disable beamforming function 104, and thereby disable the
beamforming operation of node 101, What constitute suitably low waffic load and
sufficiently good radio environment may be established or defined with reference 10

one or more thresholds for one or more corresponding network performance parameters
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{examples being listed herein). Such thresholds may be set by a network operator and
consequently stored or otherwise made available for consultation and checking.

Fig. 3 illastrates a non-limiting embodiment of the technology deseribed herein,
and particularly shows basic example acts or steps of operating a node (e.g., such as a
base station} for efficiently managing a mult-antenna group or multi-antenna structare
200, Act 301 compriises monitoring the mumber of users (UEs) 105 in radio network
cell coverage area 103, Such monitoring may comprise, for example, the counting of
the wsers (UHs).  Act 302 comprises disabling the beamforming function 104 1if the
number monitored of users is less than or equal to a predetermined number of users.
By disabling the beamforming fimction 104 s meant that signal processing technigues
used to directionally shape antenna transmission patterns to avord interference are at
feast temporaniy halied. Act 303 comprises managing a subset (e.g., 1, 2. 4, etc.) of the
antenna elements 202/203 of multi-antenna structure 200 according to a predetermined
antenna hopping pattern. Such management may ocewr during a time period t which is
based on operation of a timer.

In a non-limiting example, when network users’ (UEs) are asmg SISO andfor
2x2 MIMO transmission modes, when traffic load is suitably low and radio
environment good, the node {e.g., base station) can disable the beamforming function
104, When the beamforming function 104 is disabled, at any given time a subset of the
plural antennas of multi-antenna structure 200, less than the full antenna set, 1s vsed
during transmission or reception. In the SISO mode, the subset of the antennas of
multi-antenng stracture 200 used for ransmission and receiving is one antenng; i the
2x2 MIMO mode the subset of the antennas of multi-antenna stracture 200 ased for
transmission and receiving is two antennas.

In an example embodiment, which antenna(s} of the multi-antenna structure 200
constitute the subset at any point n time, e.g., for any particular system frame of data,
ts determined in accordance with a hopping pattem.  In other words, the technology
described herein changes the antenna indexes for antenna hopping purposes every
system frame number (SFN). In some radio access technologies, each frame is senally
numberad by a System Frame Number {(SFN), which is used to identify the framing and
timing, e.g., of a base station, and which in some technologies has a value ranging from

0 to 4,095, As a result of the antenna index changing every system frame nuwmber
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(SEN3}, the DL and UL uvser data transmissionfreception hops between the plural
antennas of multt-antenna structure 200 according to g hopping techrigue or algorithm,
A radio remote unit {connecting PAs to antennas) will also switch on or bypass the
appropriate antenna PA, according to an antenna mapping at that time. I a specific
antenna is selected in the antenna bopping pattern, the related power amplifier (PAYn
the RRU will be switched on or bypassed.

In an example embodiment, it is possible to switch antenna hopping on or off on
a per cell basis. A node {e.g. base statron) may adaptively allocate wuser data
transmission on different antennas using the hopping technigues or algorithms. With
antenna hopping, transmit diversity 18 introduced by altering transmit antennas between
system frame numbers {SFN). Therefore the technology described herein may reduce
downlnk (DL} transmission power, reduce interference between cells, improve space
diversity gain, ensure assigning the most efficient resource to each user, and reach a
goal of optimal performance of LTE system.

Table 1 provides a basis for understanding of at least some of the terminology

emploved herein.
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Table 1: Terminology

&3

Term(s)

Meaning/explanation

Nu = Nu_in {intial}

Number of users monitored when the beamforming feature

15 on

Nu thrashold

Nu i threshold

{initialy:

Number of users threshold to switch off beamforming

1= Tin_hold

A timer {e.g. units=seconds) starts when Nu <=Nu

threshold
T threshold time threshold o switch off beamforming
Np threshold = | network performance parameter threshold set to trigger to

Threshold in {initial}

switch off beamforming, including CQIL DL BLER, DL
MCS  when representing a sufficiemtly good network

condition

Nu out

aumber of users monitored by node {e.g., eNB) when

beamforming feature is oftf

Nu_out_threshold

Tout hold: a timer {e.g., units=seconds) is started when

Nu out >=Nu out threshold

Tout_threshold

thne threshold to switch off beamforming

threshhold_out

network performance parameter threshold set to trigger o
switch on beamforming, mehluding CQIL, DL BLER, DL

MCS and threshhold out has different value from

Threshold in when low quality network condition exists

In an example embodiment, network performance parameters may include such

parameters as user chaanel quality indication {CQD reports, DL block error rates

{BLERs}, and DL modulation and coding scheme {(MUCRS), each being above related a

corresponding predetermined threshold. The nomber of users threshold {Nu threshold)

and the network parameter threshold (Np threshold) may be set by a network operator

according to network load conditions. Similarly Nu_out threshold and Tout threshold

can be set by a network operator according to network load conditions.
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Fig. 4 iflusuates an example, non-Hoiting embodiment of a dynamic antenna
management process for g multi-antenna strycture,  After mitial cell setup and node
{e.g., eNodeB) startup, the dynamic amenna management feature is switched on. Act
401 comprises monitoring a number of users {UEs) in radio network cell coverage area
{e.g.. counted).  Act 402 comprises switching off beamforming and setting (e.g.,
miutializing) a twoer T for an mitial tme period if the monitored number of users (Nud is
less than or equal to a number of users threshold (Nu thresholdy and if one or more
radic parameters exceed a radio network performance threshold (Np)  Act 403
comprises the dynamic anienna management system managing a subset of antenna(s) of
malti-antenna structure 200 according to a predetermined hoppmg pattern. For a set of
it number of artennas comprising multi-antenna structure 200, the subset is less than
the namber n.

Fig. 3 Udlustrates a time period t from time TO to time T1, and the number of
asers {NU in} falling below number of user threshold Nu_in_threshold. At time T1,
the node controller 106 turns off the beamforming function 104 and begins the antenna
hopping procedure described herein.

In one non-limiting example aspect, while the beamforming feature is turned
off, the node continues to monitor the number of users during bearmforming outage
{Nu_out). A new timer i3 started for the beamforming outage time period, e.g., timer
Tout held. If the number of users durmng beandforming cutage (Nu_out} is eguoal to or
greater than a threshold (Nu_owt_threshold), and the timer Towt_hold equals or exceeds
a threshold Tout threshold, and one or more of the network performance parameters
falls below a refated threshold out, the beamforming feature i3 switched on. Such is
iHustrated by Fig. 6, which shows a time period t from time TO to time T1, and wheremn
a munber of users during the beamforming cutage (NU_out) reaches or rises above the
number of user threshold Nu out threshold. At time T1 i Fig. 6 the node controller

106 s on beamforming function 104,

SISO Mode Examples
In a non-Hmiting example, if vsers {UEs) are in SISO mode, during the
beamforming outage only one antenna and power amplifier (PA) switch will be on for a

short period {e.g..10ms). During the beamforming outage the transmission antenpa
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mdex P changes according to a sequence {hopping pattern). The specific sequence may
be defined or otherwise specified by @ baseband or system designer, and preferably
follows a principle that the next bop of anteuna used 1s well isolated or orthogonal with

the current antenna usage.

fad

5 Table 2 below Hlustrates an example of a hopping pattem for an SISO example,
wherein antenna index P changes every sequence frame number (SFN). In particular,
for each gquantity (SFN mod R} a different antenna is utihzed in accordance with Table
2.

1 Table 2: Antenna Hopping for SISO example embodiment
{SFN mod 8} 0 1 2 3 4 3 6 7
Antenna index P { ] 4 2 3 3 6 4 7

Fig. 7A illustrates the cight antenna configuration of Fig, 2 with SFN mod 8=0,
Using the amenna index table (SFN mod 8), all antennas 702 will be off {bypassed)
except for antenna | {e.2., antenng 701} which through power amplifier PA1 703 will
1% beon
Fig. 7B illustrates the eight antenna configuration of Fig. 2 with SFN mod 8=1.
Using the amenna index table (SFN mod 8), all antennas 704 will be off {bypassed)
except for antenna 4 {e.g., antenna 705) which through power amplifier PAS 706 will
be on.
MIMO Mode Examples
In a non-limiting example embodiment, if users (UEs) are m MIMO mode, a
subset {e.g., two or more but not all of the antennas) of multi-antenna structure 200 may

be employed. In an example maplementation, the sebset for a MIMO mode may be two

2% antennas, so that two {different) antennas and their respective power amplifiers (PA)
switch on every SEN. For such MIMO mode example implementation there may be
two transmission antenna indices, Pl and P2, which point to the two corresponding
antennas which are torned on for a given SFN. Transmission antenna indices Pl and
P2 change according a predefined sequence, such as that iHustrated by way of example

3% m Table 2. Preferably the antenng hopping pattern or principle provides that the nexy
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antenna group 15 well isolated from the current group to avoid interference between
antennas,  As previously stated, the hopping sequence can be defined or otherwise
specified by the baseband or system designer. As understood from the foregoing and

the example of Table 3, the transmission antenna indices P1 and P2 change every SFN.

;
WA

Table 3: Antenna Hopping for MIMO example embeodunent

{SFN mod 4) 0 i 2 3
Antenna mndex Pl i 3 2 4
Antenna index P2 | 5 7 6 8

Fig. RA illustrates the eight antenna configoration of Fig. 2 when SFN mod 40,
Using the antenna index iable (SFN mod 4), all antennas 801 will be off {(bvpassed)

10 except for antenna 1 {e.g., antenna 802) and antenna 5 {e.g., antenna 803) which

through respective power amplifiers PA1 804 and PAS 8035 will be on

Fig. 88 illustrates the eight antenna configuration of Fig. 2 when SFN mod 4=1.

Using the antenna mdex table (SFN mod 4), all antennas 806 will be off {bvpassed)

except for antenna 3 {e.g., antenna 807) and antenna 7 {(e.g, antenna S08) which

15 through respective power amplhifiers PA3 809 and PA7 810 will be on.

According to hopping sequence(s) described andior illustrated herein, for each
different SFN value the eNodeB will use a different antemna {or combination of
antennas) to recetve and send user data, thereby providing more space diversity gain to
both the downlink (DL) and uplink (UL} signals.

20 Fig. 9 shows example acts or steps which are executed by, e.g, a node
controller, in conjunction with the technology described herein for both the SISO and
MIMO example modes.  Act 901 comprises setting up the cell, which m an example
embodiment may be a LTE cell, for example. Act 902 comprises turning on the

dynamic antenna management feature.  Act 903 comprises the node (e.g, EnodeB)

{51

starting a process to meonttor the number of users Nu in the cell.  Act 904 comprises

i

recording the number of users Nu in the cell. Act 905 comprises itially setting Nu_
equal 1o Nu and monitoring Nu_ . When Nu in s less than or equal 1o
Nu_in_threshold, operation continues to Act 906, Act 906 comprises staning a tuner

Tin hold and monitoring Tin held.  When Tin hold 1s greater than or equal to
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Tin_threshold, operation continues with Act 907, Act 907 comprises stoppmg the timer
Tin_hold i the Threshold in parameter is fulfilled, Thereafler, as sct 908, the sntenna
hopping function is enabled.  As depicied by alternate acts 909 and 910, respectively,
either an SISO antenma hopping technique or a MIMO antenna hopping technique is
emploved. During performance of the antenna hopping, as Act 911, Nu_out is imtially
set to Nu and Nu_out 15 then momtored.  So long as Nu_out does not equal or exceed
Nu_out_threshold, the antenna hopping continnes. But when Nu_out equals or exceeds
Nu_out_threshold, No_out is set to Nu, and act 912 18 pecformed. Act 912 comprises
starting a timer Tout hold and monitoring Tout hold.  When Tout hold equals or
exceeds Tout threshold, operation coatinues to Act 913 and the timer Tout-hold is
stopped. At Act 913, the Threshold out parameter is checked.  When the
Threshold out parameter i3 satisfied, act 914 s performed.  Act 914 comprises
switching on the beamforming function 104 and disabling the antenna hopping.

Fig. 1} shows an example node 1001 arranged to implement the technology
described heretn. Nede 1001 includes, but is not limited to; a transmitter/receiver
1002; node memory 1003; user monitor 1004 (for recording of number of users); radio
network performance monitor 1003 (to monitor the quality of network conditions);
timer 1000 {to implement the various monitoning time periods descnibed heren);
antenna beamforming switch 1007 (to turn beamforming on/off); and antenna hopping
seguence manager (dynamic antenng manager) 1008, The antenna hopping sequence
mapager 1008 uses the predetermined sequences to selectively tum on/off selected
antennas through RRU 1009 with power amplifiers (PA) connected 1o antennas 1010
One or more of the aforementioned elements of node 1001 may comprise or be realized
by node controller 106, and thereby or by other realization may have hardware
mmplementation such as by a controller, processor. A computer mnplementation for
realizing the elements of the node 1001 may comprise, for example, a processor{(s) and
memory {which i twn can comprise a random access memory; a read only memory;
and a application memory {a non-transitory computer readable medivm which stores,
e.g., coded imstructions which can be executed by the processor to perform acts
described herein}, and any other memory such as cache memory, for example)

Advantageously, the technology described herein redoces interference between

cells because of reduced transmission power; increases space diversity gain for DL and
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UL signals by altering transmit antennas between SFNs (thereby mproving space
resource usage); randomizes interference from wireless channels; saves system power
and enhances overall cell throughput.

Although the description above comtains many specificities, these should not be
construed as Hruting the scope of the technology disclosed herein but as merely
providing ttlustrations of some of the presently preferred embodiments of the
technology disclosed heremn.  Therefore, it will be appreciated that the scope of the
technology disclosed herein folly encompasses other embodiments which may become
obvious to those skilled in the an, and that the scope of the technology disclosed herein
18 accordingly not to be anduly limited. Reference to an element in the singular 13 not
mtended to mean "one and only one” unless explicitly so stated, but rather "one or
more.” Al stroctural and functional equuivalents to the elements of the above-described
preferred embodiment that are known to those of ordinary skill in the art are expressly
encompassed hereby. Moreover, i is nol necessary for a device or method to address
each and every prablem sought to be solved by the technelogy disclosed herein, for it to

be encompassed hereby.
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WHAT IS CLAIMED IS

| A method in a radio network node (101) for dyvnamic antenna management of a
multi-antenna structure (200), the multi-antenna structure (200) comprising a set of u
integer number of antennas with beamforming capability, the method comprising:
ntonitoring (301) a condition of a radio network cell served by the radio
network node (101);
the method characterized by:
if the monitored condition is less than or equal to a predetermined
criteria, disabling (302} a beamforming operation and managing {303} a subset,
less than n, of the set of n antennas according t© a predetermined antenna

hopping pattern.

2. The method of claim 1, whereimn the monitored condition is a number of users in
a radio network cell served by the radio network nede (101), and wherein the
predetermined criteria 18 a predetermined number of users,

3. The method of claim 1, wherein the predetermined antenna hopping pattemn

mchides sequential hops between non-sequential antennas.

4. The method of claim 1, wherein the beamforming operation i1s disabled and the

subset managed for a time period L.

5. The method of claim 4, wherein, after time period ¢, if the monitored condition
exceeds or I3 equal to the predetermuned criteria, the method further comprises

disabling the antenma hopping pattern and enabling the beamforming operation.

6. The method of claim 1, further comprising measuring radio network
performance parameters and disabling the beamformng operation when both the
monitared condition i3 less than or equal 10 a predetermined ciiteria and the measured

radio network performance parameters exceed a radio network performance threshold.
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7. The method of claim 6, wherein the network performance paramaters include

any of user chamnel! gquality and downlink quality.

8. The method of claim 1, wherein, i a single antenna input single antenna ouiput

{SISO} mode. the subset mcludes ove antenna.

9. The method of claim |, wherein, in a multiple-antenna input multiple-antenna

output {MIM(}} mode, the subset mncludes multiple antennas formed as a group.

10, The method of clamm 9, whereln, in an MxM MIMO mode, the predeterniined
antenna hopping pattern mnclodes sequential hops between isolated or orthogonal

groups of M antennas,

11, The method of claim 9, wherein, in & MIMO mode, a different antenna is

setected fo recetve and send uyser data,

12, The method of claim 1, wherein the radio nerwork node (101) s part of 2 TDD-

LTE network,

13, A method in a radio network node {101} for dvnamic antenna management of a
multi-antenng structure {200}, the multi-antenna structare (200) comprising a set of an
integer n number of antennas with beamforming capability, the method comprising:
monitoring (401} a number of users Nu served by the radio network node (101);
the method characterized by:
if the monitored number of users Nu does not exceed a predetermined
threshold and radio network performance parameters exceed a predetermined
radio network performance threshold Np, switching off (402} the beamforming
operation and managing (403} a sobset, less than n, of the set of n antennas

according to a predetermined antenna hopping patters.

14, The method of claim 13, further comprising setting a timer for ttme period ¢

o,

when the beamfornung operation is disabled and the subset is managed.
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15, The method of claim 14, wherein, if the beamforming operation s switched off,
continuing to monitor the number of users Nu-off and starting a new timer, for time
period tn, if Nu-off equals or exceeds a predetermined threshold and a network
performance parameter s < Np, switching on the beamforming operation and dizsabling

the predetermined antenna hopping patters.

16, The method of claim 13, wherein, the predeternmned antenna hopping pattern

includes sequential hops between non-sequential antennas.

17, The method of claim 13, wherein the network performance parameters include

any of user chamnel! quality and downlink quality.

18, The method of claim 13, wherem the network performance parameters imclude
any of user channel quality indication {CQI), downlink block ervor rate (DL BLER) and
downlink medulation and coding scheme (DL MCS).

19, The method of claim 13, wherein, In a single antenna input single antenna

output (SISO)Y mode, the subset includes one antenna.

26, The method of claim 13, wherein, in a multiple-antenna wput multiple-antenna

output (MIMO)} mode, the subset includes multiple antennas formed as a group.

21, The method of claim 20, wherein, mn an MxM MIMO mode, the predetermined
antenna hopping pattern includes sequential hops between well isolated or orthogonal

groups of M antennas,

22, ‘the method of claim 13, wherein the radic network pode (101) 15 part of a
TDD-LTE network.

23, A radio network node (101) comprising:
a multi-antenna stracture {200} comprising a set of an integer n number

antennas;
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the node characterized by:
electronic circaitry (1001) configured to:

monitor a condition in a radio network cell served by the radio network
node {101 )

perfornung a beamforming operation for the set of antennas;

if the monitored condition of users is less than or equal to a
predetermined criteria, disable the beamforming operation and manage a subset,
fess than n, of the set of n antennas according to a predetermiined antenna

hopping pattern.

24, The node of claim 23, wherein the monitored condition is a number of users in a
radic network cell served by the radio npetwork nede (101}, and wherein the

predetermined criteria is a predetermined number of users.

25, The node of claim 23, wherein the electronic cireuitry (1001) is further
configured to disable the beamforming operation when both the monitered condition is
less than or equal to a predetermined criteria and when radio network performance

parameters exceed a radio network performance threshold.

26, The node of claim 25, wherein the network performance parameters wclude any

of user channel guality and downlink quality.

)
3

The node of claim 23, further comprising:
a aser montor {1004) configured to track a number of users i a radio network
cell served by the radio network node (101}

a timer {1006} configured to set a time period when the tracked number of users
15 less than or equal to a predetermined number of users;

a beamforming switch (1007}, responsive to the setting of the timer, configured
to switch off the beamforming operation for the time period, and

an antenna hopping sequence manager {1008} configured, duning the time
period 1, 10 manage the subset of antennas according to the predetermined antenna

hopping pattern,
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28, The node of claim 23, wherein the predetermined antenna hopping pattem

mcludes sequential hops between non-sequential autennas.

29, The node of claim 23, whersin, in a single antenna input single antenna output

{SISO} mode. the subset ncludes ope antenna.

36, The node of claim 23, wherein, in a multiple-antenna input multiple-antenna

output {MIM(}} mode, the subset mncludes multiple antennas formed as a group.

31, The node of claim 30, wheremn, in an MxM MIMO mode, the predeternuned
antenna hopping pattern mnclodes sequential hops between isolated or orthogonal

groups of M antennas,

32, ‘The node of claim 30, wherein, in a MIMO mode, a different antenna is selected

to receive and send user data.

33 The node of claim 23, wherein the radio network node is part of a TDDR-LTE

network.
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