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CLOSED LOOP POWER CONTROL IN A HETEROGENEQUS NETWORK BY
SELECTING AMONG SETS OF ACCUMULATIVE POWER STEP VALUES

RELATED APPLICATION

The present application claims the benefit of priority from US. Provisional
Patent Application No. 61/522,929, filed August 12, 2011, entitled "Closed-loop Power
control method for LTE", the disclosure of which is hereby incorporated herein in its

entirety by reference.

TECHNICAL FIELD
The present disclosure s directed to wireless communications and, more

particularly, to controlling transmission power m a radio communications network.

BACKGROUND

In a typical celtular radio system, user equipment unis {also referred to as UEs,
wireless terminals, andfor mobile stations) commuunicate via a radio access network
{RAN) with one or more core networks. The RAN covers a geographical area which is
divided into cell arcas, with each cell areg bemng served by 4 radio network node (also
referred o as a base station, a network node, a "NodeB", andior enhanced NodeB
"eNodeB" or "eNB").

Dynamic control of the UE transmission power is a common feature m cellular
systems.  The objectives of aplink power control mclude: {a) reaching a sufficient
received power and signal qualidy on the used channel at the serving base station, (b)
limiting the received power {interfergnce) at non-serving base stations, (¢) Hmiting the
received power (interference} on non~used channels at the serving base station and (d)
reducing the output power level to limit power consumption and save battery hife in the
UE.

Power control schemes can further be divided i to the categories "closed-loop”
and "open-loop” depending on what type of measurement input is used. Closed-loop
schemes make use of measurements on the same link direction that the power control
applies to, 1.2, on the uplink for uplink closed loop power control. Open-loop schemes

make use of measurements on the opposite link direction, 1.e. on the downlink for
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uplink open-loop power control.  In comparison, closed-loop schemes are typically
more accurate than open-loep schemes, but also require more control signaling
overhead.

Improved support for heterogensous network operations i1s part of the ongoing
specification of 3GPP LTE Release-10, and further improvements are discussed m the
context of new features for Release-11. In heterogeneous networks, a mixtare of cells
of differently sized and overlapping coverage areas are deploved. One example of such
deplovments 15 illustrated 13 Figure 1 where pico cells 110 are provided by pico eNBs
112 deployed within the coverage area ot a macro cell 100 provided by a macro eNB
102, Other examples of low power radio network nodes, also referred to as poiats, m
heterogencous networks are home base stations and relays. As will be further discussed
below, the large difference m output power {e.g. 46 dBm in macro cells 100 and 30
dBm or less in pico cells 110) results in a different mterference situation than what s
seen m networks where all base stations have the same output power.

The aim of deploving low power nodes such as pico base stations 112 within the
macro cell coverage area 10 18 10 improve system capacity by means of cell sphiting
gains as well as to provide users with wide area experience of very high speed data
access thronghowt the network,  Heterogeneons deployments can be particularly
effective to cover traffic hotspots, Le. small geographical areas with high user densities
served by e pieo cells 110, and they represent an alternative deployment to denser
macro networks.

One basic approach for operating heterogencous networks s 1o provide
frequency separation between the different layers. For example, the macro cell 100 and
pico cell 110 in Figure 1 can be configured to operate on different non-overlapping
carnier frequencies and thereby avoid interference between the layers. With no macro
cell iterference towards the under laid cells (here exemplified by the pico cells 1101
Figure 1), cell spliting gains are achieved when all resources can simohaneously be
used by the under laid cells. The drawback of operating lavers on different carrier
frequencies is that it may lead to resource-utilization metficiency. For example, with
fow activities i the pico cells 110, it could be more efficient to use all carnier

frequencies in the macro cell 100 and then basically switch off the pico eNBs 112 use
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of certain frequencies to avoid interference. However, the split of camrier frequencies
across layers is typically done in a static manner,

Another (related) approach for operating heterogeneous networks is to share
radio resources on the same carrier frequencies by coordinating transmissions across
macro and under laid cells. This type of coordination refers to as inter-cell interference
coordination (ICIC) in which certain radio resources are allocated for the macro cells
160 during some time period whereas the remaining resources can be accessed by the
under laid cells {e.g, pico cells 110} without interference from the macro cell 100,
Depending on the traffic situations across the layers, this resource split can change over
time to accommodate different trattic demands. In contrast to the above split of carvier
frequencies, this way of sharing radio resources across layers can be made more or less
dvnamic depending on the implementation of the interface between the podes. In LTE,
an X2 interface has been specified in order to exchange different types of mformation
between base stations. One example of such information exchange is that a base station
can inform other base stations that it will reduce ifs transmit power on certain
TESCAICEs.

Time synchronization between base stations i requived to ensure that ICIC
across layers will work efficiently in heterogeneous networks. Synchronization can be
particularly important for time domain based ICIC schemes where resources are shared
i tine on the same carrier.

LTE uses OFDM in the downlink and DF1-spread OFDM in the uplink. The
basic LTE physical resource can thus be represented as g tme-frequency grid of radio
interface resources as ustrated i Figwre 2, where each resource element corresponds
to one subcarrier during one OFDM svmbol interval {on a particolar antenna port).

In the time domain, LTE downlink transnussions are organized mto radio
frames of 10 ms, each radio frame consisting of ten equallv-sized subframes of 1 ms as
tHustrated i Figure 3. A subframe is divided imto two slots, each of 0.3 ms time
duration,

Resource allocation in LTE 18 defined m terms of resource blocks, where a
resource block corresponds to one slot in the time domain and 12 contiguous 15 kHz

subcarriers in the frequency domain.  Two in time consecutive resource blocks
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represent a resouvrce block pawr and comesponds to the time imterval upon which
scheduling operates.

Transmissions i LTE are dynamically scheduled in each subframe where the
base station transmits downlink assignmentsfuplink grants to cerfain UEs via the
physical downlink control channel (PDCCH). The PDCCHs are mansmitted in the first
OFDM symbol{s) m each subframe and spans (more or less) the whole systam
bandwidth. A UE that has decoded a downlink assignment, carried by a PDCCH,
knows which resource elements in the subframe that contain data aimed for the UL
Sumtlarly, upon receiving an uplink grant, the UE knows which time/frequency
resources it should transmut upon.  In LTE downlink, data s camried by the physical
downlink shared channel {PDSCH) and in the vplink the corresponding channel is
referred {o as the physical uplink shared channel (PUSCH).

Demodulation of sent data requires estimation of the radio channel which is
done by using transtuitted reference symbols (RS}, e, symbols known by the receiver.
In LTE, cell specific reference symbols {(CRS) are trapsmitted in all downlink
subframes and, in addition to assist downhnk channel estunation, they are also used for
mobility measurements and for uplink power control performed by the UEs. LTE also
supports UE specific RS atmed only for assisting channel estimation for demodulation
PUrposes.

Figure 4 illustrates how the mapping of physical controlidata channels and
signals can be done on resource elements within a downlink subframe. in this example,
the PDCCHs occupy the first out of three possible OFDM svmbols, so in this particular
case the mapping of data could start already at the second OFDM symbol. Since the
CRS is common to all Uks in the cell, the wansmission of CRS cannot be gasily
adapted to suit the needs of a particular UE. This 1s in contrast to UE specific RS
which means that each UE has RS of its own placed in the data region of Figure 4 as
part of PDSCH.

The length of the control region, which can vary on subframe basis, is conveyed
m the Physical Control Format Indicator CHannel (PCFICH). The PCFICH 18
trapsmitted within a control region, at locations known by UEs. After a UE has
decoded the PCFICH, it thus knows the size of the control region and in which OFDM

symbol the data transmission starts.
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Also uansmitted n the control region is the Physical Hybrid-ARQ Indicator
Chamnel, This channel carries ACK/NACK responses to a UE to wmform whether the
uphink data transmission 18 a previous sabftame was successfully decoded by the base
station or not.

While PUSCH carries data in the aplink, PUCCH is used for communicating
conptrol. PUCCH is a narrowband channel using an RB pair where the two RBs are on
opposite sides of the potential scheduling bandwidth. PUCCH is used for conveyving
AUK/NACKS, perrodic CSH feedback, and scheduling request to the network.

Before gn LTE UE can communicate with an LTE network it first has o find
and acquire synchronization to a cell within the network, i.e. performing cell search.
Then the UE recetves and decodes system information needed to comnmunicate with
and operate properly within the cell. and finally the UE accesses the cell using a so-
called random-access procedure.

In order to support mobility, a UE needs to continuously search for, synchronize
to, and estimate the reception guality of both its serving cell and neighbor cells. The
reception quality of the neighbor cells, 1n relation to the reception quality of the current
cell, 1s then evaluated in order 10 conclude if a handover (for Ubs in connected mode)
ot cell re~selection {for UEs tn idle mode) shonld be carried out. For UEs in connected
mode, the handover decision is taken by the network based on measurement reports
provided by the UEs. Examples of such reports are reference signal received power
{RSRP) and reference signal received quality (RSRQ). A UE uses these measurements,
andd miay further use a counfigurable offset, to be connected to the cell with the strongest
received power, or the cell with the best path gain, or something between the two.
These selection strategies do not result in the same selected cell as the base station
output powers of cells of different type are different. This 13 sometimes referred to as
link imbalance. For example, the ontpat power of a pico base station or a relay is in the
order of 30 dBm or less, while a macro base station can have an output power of
46 dBm. Consequently, even in the proximity of the pico cell, the downlink signal
strength from the macro cell can be larger than that of the pico cell. From a downhnk
perspective, it is often better to select a cell based on downlink received power,

whereas from an uplink perspective, it would be better to select a cell based on the path
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loss. Various cell selection approaches are illustrated in Figure 5 for a pico eNB 112
that provides a pice cell that 15 within g macro cell 100 provided by a macro eNB 102,

Referving to Figure 5, 1o the above scenario, it may be a better case fiom a
system perspective 10 connect 1o the pico eNB 112 even if the macro eNB 102
downlink is much stronger than the pico eNB 112 downlink. However, ICIC across
favers would be needed when UEs operate within the region between an UL border 502
and a DL border 500 (the hnk imbalance zone) depicted in Figure 5. Some form of
mterference coordination across the cell lavers 1s especially iumportant for the downlhink
control signaling. If this mterference situation is not handled appropriately, a UE in the
region between the UL border S02 and the DI border 500 m Figure § and connected to
the pico eNB 112 cannot receive the downlink control signaling from the pico oNB
2

One approach of providing ICIC signaling across layers is illustrated in Figure
6. where an 1nterfering macro eNB (dowalink interference towards a pico eNB} avoids
scheduling unicast traffic m certain subframes, implving that neither PDCCHs nor
PDSCH occur in those subframes. o this approach, i is possible to create low
nterference subframes, which can be used to protect UEs connected to pico ENBs and
operating 1 the link hmbalance zone, The macro eNB indicates vig the backbaul
mterface X2 to the pico eNB which subframes it will avoid scheduling UEs within.
The pico eNB can then take this information mto account when scheduling users
operating within the hmk imbalance zone: such that these Uks are schaduled
subframes shgned with the low imterference subframes at the macro laver, Le. in
inferference protected subframes.  However, UEs connected to a pico ENB and
operating within the DL border can be scheduled in all subframes, Lo, in both protected
and non-protected subirames.

In principle, data transnuission {but not contrel signaling) in different lavers
conld also be separated in the frequency domain by ensuring that scheduling decisions
mn the two cell layers are non-overiapping in the frequency domam, e.g. by exchanging
coordination messages between the different base stations, LTE specifications do not
atlow control signaling to span the full bandwidth and hence, a time-domain approach

nist be used.
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{Classical versus Single Cell Deplovments

One prior art approach for deploying a metwork is to let different
trapsmuission/reception radio neiwork nodes form separate cells. That is, the signals
transmitted from or received at a radio network node are associated with a cell-id that is
different from the cell-id emploved for other nearby radio network nodes. Typically,
cach radio network node transmits #ts own umique signals for broadeast (PBCH) and
sync channels (PSS, 555).

The concept of a point (e.g., a vadio network node) s often used in conjunction
with techniques for coordinated nyaltipoint (CoMP). In this context, a point corresponds
to a set of antenmas covering essentially the same geographical area in a similar
manner. Thus a point might correspond to one of the sectors at a site, but it may also
correspond to a sie having one or more antennas all intending to cover a similar
geographical area. Often, different points represent differemt sites.  Antennas
cosrespond to different points when they are sufficiently geographically separated
andfor having antenna diagrams pointing in sufficiently  different directions.
Techniques for CoMP evtail wtroducing dependencies in the scheduling or
transmission/reception amonyg different points, in contrast to conventional cellular
systemns where a point from a scheduling poimt of view 18 operated more or less
mdependently from the other points.

The meuntioned classical strategy of one cellad per point is depicted 1o Figure 7
for a heterogeneous deplovment where a number of low power (pice) points 112 are
placed within the coverage grea of g higher power macro point 102, and provide service
to various UEs 78}, Note that similar principles may also apply to classical macro-
cellular deployments where all points have similar outpot power and perhaps placed in
a more regular fashion than what 1s the case for a heterogeneous deployment.

An alternative to the classical deplovment strategy is to instead let all the UEs
within the geographical area outlined by the coverage of the lngh power macro pomnt
102 be served with signals associated with the same cell-id. In other words, from a UE
perspective, the received signals appear coming from a single cell. Ths is tHustrated in
Figure 8, which illustrates a heterogeneous radio conununications network with a same
cell-identifier assigned to each point {e.g., radio network node). Note that only one

macro point 102 38 shown, other macro points would typically use different cellads
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{corresponding to different cells) unless they are co-located at the same site
{corresponding to other sectors of the macro site). o the latter case of several co-
located macro poims, the same cell-id mav be shared across the co-located macro-
points and those pico pomnts 112 that correspond to the union of the coverage areas of
the macro potnts. Syne, BCH and control chaunels are all transmitted from the high
power point 102 while data can be transinitted to a UE 700 also from low power pomnts
112 by nsing shared data transmissions (PDSCH) relyig on UE specific RS, Such an
approach bas benefits for those Uks 700 that are capable of PDSCH based on UL
specific RS while UEs 760 only supporting CRS for PDSCH (which is likely to at least
mnclude all Release 8/9 UEs for FDD) have to settle with the transmission from the high
power point and thus will not benefit in the downlhink from the deployvnent of exira low
power points.

The single celi-id approach is geared towards situations in which there s fast
backhaul communication between the points associated to the same cell. A typical case
would be a base station serving one or more sectors on a macro level as well as having
fast fiber connections to remote radio waits (RRUSs) playing the role of the other ponts
sharing the same cell-id. Those RRUs could represent low power points with one or
more antennas each. Another example s when all the points have a sinmlar power class
with no single point having more significance in than the others. The base station
would then handle the signals from all RRUs i &t sivoddar manner.

A clear advantage of the shared cell approach compared with the classical one is
that the typically mvolved handover procedure between cells only needs to be invoked
on a macro basis. Another important advantage is that interference from CRS is greatly
reduced since CRS does not have to be transmitted from every point.  There is also
much greater flexibility in coordination and scheduling among the poiats which means
the network can avoid relving on the mflexible concept of semi-statically conhigured
“low interference” subframes, as tllustrated 1in Figure 6. A shared cell approach also
atlows decoupling of the downlink with the uplink so that for example path loss based
reception point selection can be performed in uphink while not creating a severe
interference problem for the downlink, where the UE 700 may be served by a

transmission point different from the point used in the uplink reception. Typically, this



WO 2013/024387 PCT/IB2012/053947

10

20

103
=

.

means that the UE's 700 wansmissions are veceived by a pico point 112, while i

downlink the UE 700 receives from the macro point 102,

Uphink power control in LTE

According to Rel-10 LTE, UL power control (PCY is performed by estimating a
path loss (PL) term and by combining it with various UE and cell-specific power offset
terms. An example PC formula from Rel-10 is shown in Equation 1, below:

P = min{Pu., 10log10{M+Py+c*PL+C)) [dBm), (1)

where Paw represents a cap on the output power {(m dBm), M represents the
scheduled UL bandwidth, Py s a UE andfor cell-specific power offset, a 15 a cell-
specific fractional path loss compensation factor, PL is an estimate of the path loss
performed by the UE.

C is a correction term set by the closed-loop power control algorithm, which
measures the received power at the base station and compares it to a target power {i.e.
Pg). Based on that, the base station sends explicit power control commands which
istruct the UE to update the value of the term €. The apdate can be done either
through accumulative steps, which are added to the current value of C, or by setting €
to an absolute new value. The different possible accumudative steps are {-1,0,1.3] dB
and the absolute values are [-4,-1,4,1] dB. The power control commands are sent
through the downlink control channel (PDCCH]), either through scheduling grants or
through two dedicated DCI formats (3, 3A) if the UE doesn’t transmit data on the
uphink.

A UE can regulate its transmit power based on the CRSs and a reference power
level transmuitted by a macro node, which means that in case the UE is served by a
macro node m the downlink and a pico node in the aplink, the RSRP measurement that
determines transmit power will not take the recetved power at the pico node into
accoant. This imphies that the UE can transmit with a power level that makes the
received power in the pico node be far above what is determined by the macro node.
The network may then employ so called closed loop power control 1o steer the UE's
output power 1o & value that it sees fit.

The difference between the actal and the desired transmiit power s thos

dependent on the UL position and the transmission power levels of the different nodes
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m the heterogenenus network.  As a consequence, the closed-loop power control
algorithm may need a large number of accunulative power-control commands i order
to adjust UE transmussion power to the desired level. In case of mobility, the number
of power control messages implhies an undesirable increase of the signaling overhead in
the downlink on the possibly saturated PDCCH resowrces.  Furthermore, in case of
mobility, the closed loop power control mechanism might not be able to track the
desired power control level with sufficient accuracy.

The approaches described in this section could be pursued, but are not
necessarily approaches that have been previously conceived or pursued. Therefore,
anless otherwise indicated herein, the approaches described in this section are not prior
art to the claims in this application and are not admitted to be prior art by inclusion in

this section.

SUMMARY

It is therefore an object to address at least some of the above mentioned
disadvantages and/or to improve performance i a wireless communication system.

Some embodiments of the present invention are directed to a method in a
wirgless device for controlling output transmission power from the wireless device.
The wireless device selects one set amwong a plurality of sets that each contain a
plurality of power step values, residing in @ memory of the wireless device. responsive
to criteria defined in the wireless device. At least some of the power step values are
different between the sets. The wireless device receives a power control command,
selects one of the power step values of the selected one of the sets responsive to the
power control command, and controls the output transnussion power from the wireless
device responsive to the selected power step vahue.

The power step values m the different sets can have sizes {magnitudes) that are
optinnzed for particular uplink power control situations.  For example, one set can
have farger magnitade power step values than another set to cause the wireless devige
to make correspondingly larger power changes responsive to power comtrol commands
from a serving radio network node. The wireless device can be controlied to use the set

with the larger values when faster power adjustment is desired to compensate for larger
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transtit power musmatches, which ean ocour in various heterogeneocus network
SCENATIos.

Some other embodiments are directed to a method in a radio network node for
controlling output transmission power from a wireless device . The radio network node
selects one set among a plorality of sets that each containg a plurabty of power step
values responsive to cuiteria defined 1n the radio nenwork node. At least some of the
power step values are different between the sets. The radio network node transmits a
set selection command to the wireless device responsive 1o the selected set to control
the wireless device to select a corresponding one set among a plurality of sets that each
contain a pluralitv of power step values residing m a memory of the wireless device.
The radio network node selects one of the power step values of the selected set, and
trapsmits a power control command to the wireless device responsive to the selected
power step value to contral the wireless device to select a corresponding one of the
power step values of the selected corresponding set residing in the memory of the
wireless device for controfling the output transmission power from the wireless device,

Some other embodiments are directed to a wireless device. The wireless device
includes at least one transceiver configured to communicate with a plurality of radio
network nodes in the radio communications network. A memory is configored to
contain a plurality of sets that each contamning a plarality of power step vahues, wheremn
at least some of the power step values are different between the sets. A processor
circuit is configured to select one sef among the plurahity of sets containing the power
step values responsive to cnteria defined in the wireless device, configored 1o receive a
power control command through the at least one transceiver from a first radio network
node, configured to select one of the power step values of the selected set responsive to
the power control conumand, and configured to control cutput transmission power from
the at least one transcetver to a second radio network node responsive to the selected
power step value,

Some other embodiments are directed to a radic network node of a radio
communcations network.  The radic petwork node includes 2 network interface
configured to receive measurement reports from another radio network node that
contain power measurements of uplink signals received by the other radio network

node from a wireless device. At least one transceiver is configured to transnut signals



WO 2013/024387 PCT/IB2012/053947

14

ot
145

[
)

to the wireless device. A processor circudt is configured to select one among a plarality
of sets that each contain a plurshty of power step values responsive to criteniag defined
in the radio network node, wherein at least some of the power step values are different
between the sets. The processor circuit transmits a set selection command through the
at least one wransceiver to the wireless device responsive to the selection set to control
the wireless device to select a corresponding one set among a plurality of sets that cach
contain a plarality of power step values residing i a memory of the wireless device.
The processor cirenit selects one of the power step values of the selected set responsive
to one of the measurement reports.  The processor circuit transmits a power control
command through the at least one transcerver to the wireless device responsive to the
selected power step value to control the wireless device to select a corresponding one of
the power step values contamed i the selected corresponding set residing in the
memory of the wirgless device for controlling the output transmission power from the
wireless device to the other radio network node

Other wireless devices, radio petwork nodes, and methods according to
embodiments of the mventon will be or become apparent to one with skill in the ant
upon review of the following drawings and detatled description. It is intended that ali
such additional wireless devices, radio network nodes, and methods be incloded within
this description, be within the scope of the present mvention, and be protected by the
accompanyving claims. Moreover, @t 18 intended that all embodiments disclosed heremn

can be implemented separately ot combined in any way and/or combination,

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to provide a further
understanding of the disclosure and are mceorporated in and constitute a part of this
application, ilustrate certain non-hnuting embodiment(s) of the mvention. In the
drawings:

Figure 1 is a block diagram of a heterogeneous radio communications network
that inclades a plarality of pico cells that gre located within a macro cell;

Figure 2 Ulustrates a time-frequency grid of radio interface resources that can be
used for communications between a radio network node and a UE;

Figure 3 itlustrates example subframes of a radio frame;
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Figure 4 illustrates an example grid mapping physical control/data channels and
signals to resource elements within g downlink subfranie;

Figure 3 illustrates uplink and downlink coverage between overlapping
heterogeneous radio network cells of a radio communications netwaork;

Figure 6 dlustrates example inter-cell interference coordination signahing using
low mterference subframes in downlink;

Figure 7 illustrates a heterogeneous radio communications network with
different cell-identifiers assigned to each radio network node;

Figure 8 illustrates a beterogeneous radio communications network with a same
cell-identifier assigned to each radio network node;

Figure 9 illustrates a heterogencous radio communications network that is
configured to operate according to some embodiments;

Figure 10 ilustrates sets of power step values that can be selected among
responsive to various criteria to control the output transmission power from a UE in
accordance with some embodiments;

Figures 11-15 are flow charts of operations and methods that can be performed
by UEs to control output transmission power according to some embodiments;

Figures 16-21 are flow chats of operations and methods that can be performed
by radio network nodes control output transmission power from a UE according to
some embodiments; and

Figures 22 and 23 are block diagrams of a radio network node and a UE,

respectively, configured according to some embodinents.

DETAILED DESCRIPTION

The mvention will now be described more fully heremafter with reference to the
accompanying drawings, 1 which examples of embodiments of the mvention are
shown. This invention mav, however, be embodied in many different forms and should
not be construed as limited to the embodiments set forth herein. It should also be noted
that these embodiments are not mutually exclosive. Components front one embodiment
may be tacitly assumed to be present/used in another embodiment.

For purposes of ilustration and explanation only, vanious embodiments of the

~td

present invention are described herein in the context of operating m a 3GPP (3
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Generation Partngrship Project) Long Term Evolution (LTE) heterogeneous radio
communicgtions network. It will be understood, however, that the present invention is
not fimited to such embodiments and may be embodied generally in any type of radio
communications network,

Although the descnption below focuses, for puwposes of illustration, on
embodiments in which the described techniques are utilized with respect 10 managing
the transmission power of a UE, the descnibed techniques may be applied with respect
to any wireless device capable of transmitting mformation wirelessly, As vsed herein,
wireless device may include any device that can communicate throngh one or more
wireless RF channels with a radio network node, and may include, but 13 not limited to,
a mobile telephone {cellular telephone), wireless terminal, mobile  station,
faptop/portable computer, tablet computer, desktop computer, electronic book reader,
anc/or game console. Additionally, the wireless devices described herein may mclude
devices that are somehow limited in their two-way communication capabilities or that
otherwise lack some of the capabilities of the example UE. For example, the described
wireless devices may represent meters, detectors, or identification tags that are capable
of transmitting information to the wireless network, but that can only receive certain
tvpes of information {e.g., power control commands) from the network or that can only
receive information at certain, predetermined times.  Furthermore, these wireless
devices may mclude not only wobile devices such as the example UE, but also devices

that are fixed, 1nstalled in a particular Jocation, or otherwise limited in their movement.

Example Radie Commuencations Network,

Figure 9 15 a block diagram of a heterogeneous radio communications network
that is configured to operate according to some embodiments of the present invention.
The example radio communications network may be a Long Term Evolution (LTE)
network. The network inclodes a first network node eNB 102 (e.g.. macro base station)
that has a larger cell than a pair of second network nodes eNBs 112 {e.p., pico/femto
base stations). The smaller cells provided by the second network nodes eNBs 12 ave
within the larger cell provided by the first network node eNB 102,

The first and second network nodes eNBs 102 and 112 may be connected to

communicate with one or more core networks 900 through 81 interfaces, and may be
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connected to communicate with each other through X2 interfaces, as is well known 1o
ene who is skilled in the art.

A UE 700 can be controlied to simullaneously transmit and receive signals with
the first network node eNB 102, or controlled to simultaneously transmit and receive
signals with esther of the second network nodes eNBs 1120 The UE 700 can
alternatively be controlled by one or more of the eNBs to receive signals from the first
network node eNB 102 while transmitting signals to one of the second network nodes
eNB 112 (as depicted in Figore 9).

T

Uplink Power Control using Sets of Power Step Values

The UE 700 can regulate 1ts transmit power based on the cell specific reference
symbols {CRSs) and a reference signal received power (RSRP) transmtted by a radio
network node. When the UE 700 is served by a macre eNB 102 in the downlink and
served by the pico eNB 112 in the oplink, the RSRP measurement that determines
uplink transmit power may not take the received power level at the pico eNB 112 into
accoant.  Consequently. the U 700 may transmit at a power level that can cause the
recelved power at the pico eNB 112 to be far above what is determined by macro eNB
102, The radio communications network may employ a closed toop power control 1o
steer the UE’s 700 output transmission power to a desired level., Various embodiments
disclosed heretn may enable the closed loop power control to more quickly adjust the
uphink transmission power from the UE to provide mmproved transmission power
management 1 the radio communications network.

The difference between the actval and the desired gransmit power depends on
the lecation of the UE 700 relative to the radio network nodes i communicates with in
the heterogeneous network, and the relative transmission power levels of the radio
network nodes. In accordance with vartous embodiments heremn, the closed-loop power
control algorithnt can utilize a plurality of sets of power step values. The radio network
node can control the UE 700 to select among the sets m response to defined criteria.

One of the sets can have larger magnitude power step values than another one of
the sets to control the UE 700 to make corresponding larger power changes responsive
to a power control command received from a serving radio network node. The set with

the larger magnitude step values can be selected for use by the UE 700 under various
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defined criteria to provide faster uplink power adjustment by the UE 700, Example
criteria are described further below,

By way of hwther example, a network node can control uplink transmission
power by the UE 700 by estimating a path loss (PL) term and by combining it with
vartous UE and cell-specific power offset terms. The power control algonthms used
the petwork node may be based on Equation (1) described above and repeated below:

P = min(P,u., 10l0g10(M+Py+*PL+C)) [dBm],

where Py represents a cap on the output power {in dBm), M represents the
scheduled UL bandwidth, Py is a UE 700 and/or cell-specific power offser, o is a cell-
specific fractional path loss compensation factor, PL i3 an estimate of the path loss
performed by the UE 700,

C is a correction term that is conuolled by the closed-loop power control
alporithm responsive to measurements of the recetved power at the radio network node
and comparison of the measurements to a target power (ie. Pg). Based on the
comparison, the radio network node sends explicit power control commands to the UE
700 which instruet the Ul 700 to update the value of the correction term T The power
control commuands can be sent through the downlink contrel channel (PDCCH), either
through scheduling grants or through two dedicated DCH formats (3, 3A) if the UE 700
doesn’t transmit data on the uplink.

The power control conunands can be used by the UE 700 to select an power
step value from among one of the plurality of sets of power step valwes. The UE 700
can add the selected power step value to the current value of the correction term C to
provide an updated correction term C, which 15 used to control the output transmission
power fevel from the UE 700, Alternatively, the updated correction term C can be
generated by setling the correction term € 10 an absolute new value that is indicated by
a power control command andfor other signaling received by the UE 700 from the radio
network node.

In accordance with various embodiments, the magnitude of the power step
values, which are added to the correct term C by the closed-loop power control
algorithm, are selectively increased when it is desired to cause more rapid changes m
the output transmmssion power from the UE 700, Increased power step values can be

used to cause faster power adjustment when the algorithm is compensating for large
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mismatches of the UE 700 ransmit power, which can occur i various heterogeneous
network scenarios such as described below.

A plurality of sets of power step values are provided 1 a memory of the UE
700, At least some of the power step values can be different between the sets. The
closed loop power control algorithm performed by the radio network node can control
which of the sets are selected for use by the UE 700 to control the rate of change of
uphink transmission power from the UE 700, The radio network node may control the
UE 700 to select a set of power step values that causes smaller output transmission
power when the transnut power nusmatches are smaller.

The need for larger size {magnitude) power step values is motivated by the fact
that in new heterogencous radio communications networks, significantly larger UE
trapsmit  power musmaiches can  occur  compared to homogeneous  radio
communications networks. The larger UE transmit power mismatches can be caused
by very different transmit power levels for different radio network nodes (e.g.. Macro
and Pico base-stations). Because macro eNBs 102 can transmit at wuch higher power
fevels than preco eNBs 112, a UE 700 that 18 closer to a pico eNB 112 than to #s sexrving
macro eNB 102 may still be served in the downlink by the macro eNB 102, Such a UE
700 may set s transnut power level in order to reach the macro eNB 102 i the uphnk,
despite the fact that it may be sufficient for the UE 700 to set its transmit power level to
reach the closer pico ¢NB 112 serving it m the uplink,

As a result, UEs may face greater power nusmatches in heterogeneous networks
than i homogeneous networks, In accordance with some embodiment, the UE 700 is
controlled to utihize larger incremental power correction steps to correct occurrence of
UE transmit power mismatch in a shorter time, which can avoiding problems such as
reduced battery life or high nterference to other nodes due to excessively high UE
transmit power.

In some embodiments, the macro eNB 102 {or another network node of the
mobile communication system) may be responsible for making a determination as to
which of the phurality of sets of power step values arve to be used by the UE 700 and the
timing for when a selected set 1s to be used. In some embodiments, the macro eNB 102
selects one set amonyg the plurality of sets of power step values. For example, in one

embodiment, the macro eNB 102 selects etther a first set or a second set, where the
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second set includes one or more power steps that are farger than corresponding steps in
the first set.  After selecting g set, the macro eNB 102 indicates {eg.. by itself
trapsmitting signaling or causing another network node to transmit signaling) to the
relevant UE 700 an indication of the selected set of power step values, and may further
tndicate a particular one of the power step values within the selected set that is be
used by the UE 700 to control its cutput transmission power.

The macro eNB 102 may make the determination of when to use the second set
of power step values {e.g., larger step values) in any suitable manner using any
appropriate criterig.  In some embodiments, the macro eNB 102 makes this
determination based on the catrent transntission power level of the relevant UE 700 and
the target power level for that UE 700, For example, the macro eNB 102 may select
amonyg the sets of power step values for use to control output transmission power based
on the difference between the current received power level from the UE 700 and its
target power level. Additionally, the macro eNB 102 may make the determination at
any suitable time during operation. In one embediment, the detenmination may be
made 1 response o certain events occurring in the network.

Thus, use of the larger size power corvection steps {e.g., the second set
contaimag larger magnitude power step values) by the UE 700 can be triggered in
different possible ways. A few non-limiting approaches for controlling selection
among the sets of according to some embodinients are described below.

Approach 1 For the UE 700, use of the larger power correction steps (2.g., the
second set contaming larger magnitude power step values) may be tniggered through
receipt of control messages sent by the macro eNB 102 comresponding to a new
downlink control message format. In a further embodiment, the size of comtrol
messages under this format s set equal to other existing DCI formats, m order to avoid
increasing complexity at the UE 700 when decoding the downlink contrel channel,
since no additional blind decodes are introduced. Following the same format of some
of the existing DCls used for sending TPC commands, the command to gach UE 700 13
defined by two bits, which results in fowr possible values for the correction term C
The values are chosen in order to complement already existing values. Non-limiting
example sets set of power step values, together with existing power step values for the

correction term C are shown in Figure 10, This new DCI format may be used {(although
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not necessarily} in conjunction with alternative or additional Approaches (2) or (3)
below.

Figure 10 illustrates sets of power step values that can be selected among
responsive 10 various criteria to contral the output transnyission power from the UE 700
tn accordance with some embodiments. The sets of power step values can be stored in
a memory of the UE 700, and a network node can control the UE 700 to select one of
the sets, and to further select one of the power step values within the selected set, for
use in controllmg the cotpot transnussion power from the UE 700, Referring to Figure
10, "n" different sets of power step valnes € 1020a...1020n (where n is a plural
number) are stored in a memory of the UE 700, The network node can respond to
defined criteria to control the UE 700 to select & particular one of the sets, and can
further use power control commands 1010 {which are each shown ag bemng two bits), to
further control the UE 700 select a particular one of the four available power step
values {of the selected one of the sets 1020a-n) for the correction texm C.

Approach 2: For the UE 700, use of the larger power correction steps {e.g., the
second set containing larger magrutude power step values) may alfernatively or
addittionally be wiggered through RRC or MAC protocol si
eNB 102 and the UE 700,

gnaling between the macro

Approach 3. In general, use of the larger power correction steps {e.g., the
second set containing larger maguitude power step values) may alse be triggered
dynamically. Larger size power steps mav be triggered based on a certain signal or
gvent at the network. An example of such an event 18 a change of the set of pathloss
measurement reference symbols measured at the UE 700, In response to detecting the
relevant signal has been transmitted or event has occurred, the macro eNB 102 may
then decide to use the larger power correction steps and instruct the UE 700
accordingly using, for example, the techniques described in Approaches 1 and 2 above.

By way of further example, a radio network node can control the UE 700 w
select a set of smaller magnitude power step values respomsive to identifyving
occurrence of smaller transmut power nusmatches such as when the UE 700 15
trapsmitting and receiving signals with a same radio network node, or when the UE 700
is transmitting signals to a smaller cell network node (e.g., pico eNB 112} while

receiving signals from a larger cell network node (e.g.. macro eNB 102) and located
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relatively further from the small cell network node. In contrast, the radio network node
can contrel the UE 700 to select a set of larger magnitude power step values responsive
to identifying occwrence of larger transmit power nusmatches such as when the UE
700 is transmitting to the smaller cell network node (e.g., pico eNB 112) while
recenving signals from the larger cell network node {e.g.. macro eNB 102) and located
relatively close to the small cell network neode,

Selection of a set of larger magnitude power step values can be triggered by, for

<o

example, RRC / MAC protocol signaling, dynamically (based on certain events at the
network), andfor by an extra DCI format similar to existing DCY formats dedicated to
sending power control commands (1.e. DCI format 3},

The radio network node that controls the UE 700 to select among the sets of
power step values and which further controls which of the power step values are used
within a selected set, can be a different radie network node that is receiving signals
from the UE 700

Various operations and methods that may be performed by a UE 700 for
controlling output fransmission power from the UL wall be described i the coniext of
the flowcharts of Figures 11-15.

Referring to Figure 11, the UE i controlled, responsive to criteria defined in the

UE, to select {block 1100} one set among a plurality of sets that each contam a plarality

of power step values residing 1 a memory of the UE (e.g., sclect among the sets

1020a... 10200 of Figure 10). The plurality of power step values residing in the
memory of the UE may be stored m the memory prior o the UE mtating
communication with the radio network, or may be communicated {o the UE by the
radio network (2.g., as part of the system information of the relevant radio network
node} and stored in memory by the Ul At least some of the power step values are
different between the sets. The UE receives (block 1102) a power control command
from a radio network node. The UE selects {block 1104) one of the power step values
of the selected one of the sets responsive to the power control command. The UE then
coutrols (block 1106) the output transmission power from the UE respousive to the
selected power step value.

The critena defined i the UE may cause the UE o select a set responsive t a

set selection command received from a network node, andfor may cause the UE to
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determine which of the sets to select responsive to defined events that are observable to
the UE., Accordmgly, the UE may operate completely dependent upon instructions
from a network node or may operate at least partially independent of any such
instructions when deciding which of the sets of power step values it will use to control
its transnussion power level, as deseribed in further detail below,

In a further embodiment shown in Figore 12, the power control command is
received in a downlink from a first radio network node of a heterogeneous network that
also Includes a second radio network node. The first radio network node provides a
different communication service cell size than the second radio network node. When
selecting among the plurality of sets, the UE can select (block 1200) a first one of the
sets responsive to the criterta indicating that the UE s recetving signals from the first
radio network node while transmitting to the first radio network node. and can select
{block 1202} a second one of the sets responsive to the critenia indicating that the UE is
receiving signals from the first radio network node while transmutting to the second
radio network node.

Accordingly, when the UE 15 recemving and transmitting signals with the macio
eNB 102 or the pico eNB 112, the UE can select the first set of power step values for
use in controtling s output transtmssion power levell In contrast, the UE can select the
first set of power step values for use n controlling its output fransmission power level
when it i recetving signals fromw the macro eNB 102 and transmigting signals to the
pico eNB 112, The second set can comprise larger magnitude power step values than
the first set to control the UE to make corresponding larger power changes responsive
to the power control command.

In a further embodiment shown in Figure 13, when selecting among the
phurality of sets, the UE can recetve {block 1300} a downlink control message and
identity (block 1302) a format that 1s defined by the downlink control message. The
UE can then select (block 1304) a first one of the plorality of sets responsive to the
format defined by the downlink control message indicating that the UE 13 fransmitting
uphnk signals to a first cell of a heterogeneous network while recetving downlink
signals from the first cell. In contrast, the UE can select {block 1306} a second one of
the plurality of sets responsive to the format defined by the downlink control message

tndicating that the UL s transmitting oplink signals to a second cell of the
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heterngeneous network while receiving downlink signals from the first cell, wheremn the
first cell 15 larger than the second cell. The second set can comprise larger magnitude
power step values than the first set to contrel the UE to make a larger power change
responsive 1o each power control conunand received from a radio network node, which
ity operate to provide the first or second cell.

Int a further embodiment shown w Figure 14, the UE may select among the sets
of power step values responsive to radio resource control signaling andfor medium
access control signaling received from the network node.  For example, the UE can
receive (block 1400} radio resource control signaling and/or mediom access control
signaling from the radio network node, and can respond thereto by selecting {block
1402} among the plurality of sets.

I a farther embodiment shown in Figure 15, the UE may select among the sets
of power step values responsive to a change in a set of path loss measurament reference
symbols measured at the UE. For example, the UE can receive (block 13001 a present
set of path loss measurement reference symbols, identify (block 1502) that the present
set of path loss measurement reference syimbols 1s ditfereat than a previous set of path
loss measurement reference symbols that were garlier received, and select (block 1504)
among the plurahity of sets responsive to the identified difference.

Various operations and methods that may be performed by a radie network nede
{c.z., macre ¢NB 102 and/or pico eNB 112) for controlling output transmission power
from a UE of a radio communications network will be described in the context of the
Howcharts of Figures 16-21

Referring to Figwe 16, the radio network node selects {block 1600} one set
among a plurality of sets that each contain a plurality of power step values (e.g., select
amonyg the sets 1020a...1020n of Figure 10) responsive to criteria defined i the radio
network node. At least some of the power step values are different between the sets.
The radio network node transmits (block 1602) a set selection command to the UE
responsive to the selected set to control the UE 1o select a corresponding one set among
a plurality of sets that ecach contain a plorality of power step values residing m a
memory of the UE. As noted above, the powser step values residing m the memory of
the UE may be stored in the UE before the UE initiates communication with the radio

network, or may be communicated to the UE by the radio network and stored by the
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UE. The radic network node selects (block 1604) one of the power step values of the
selected set, and transmits (block 1600} a power control coemmand (e g., the power
control command value 1010 of Figure 10) to the UE responsive to the selected power
step value to control the UE to select a corresponding one of the power step values of
the selected corresponding set residing in the memory of the UE for countrolling the
cutput trapsmission power from the UE.

In a further embodiment shown in Figure 17, the radio network node selects
{block 1700} a first one of the sets responsive to the criteria indicating that the UE 15
receiving signals from a first radio nerwork node while transmitting to the first madio
network node. In contrast, the radio network node selects (block 1702) a second one of
the sets responsive to the oriteria indicating that the UE is receiving signals from the
first radio network node while transmitting to a second radio network node. The first
and second radio network nodes have different communication service cell sizes within
a heterogeneous network, and the first radio network node may be a macro cell radio
network node {e.g., macro eNB 102} the second radio network nede may be a pico cell
radioc network node (e.g., pico eNB 112}, The second set can comprise larger
magaitude power step values than the first set to control the UK to make a arger power
change responsive to the power control command.

In a forther embodiment shown in Figure 18, the radic network node selects
among the sets of accumulated power step values responsive to the UE uplink signal
measurements at the other radio network node.  For example, the radio network node
can receive (block 1800) a measurement report from another radio network node that
contains a power measurement of an uplink signal received by the other radio network
node from the UE. The radio network node can select (block 1802) the power control
command for transmission to the UE responsive to the measurement report. In a
further illustrative example, the pico eNB 112 can measure power {(e.g. a signal
strength measurement) of an uplink signal received from the UE and can communicate
a corresponding measurement report to the macro eNB 102 which selects a power
control conwmand that it transmits to the UE responsive to the measurement report {(e.8.,
responsive 1o the signal strength measurement in the report).

In a further embodiment shown in Figure 19, the radio network node selects

among the sets of accumulated power step values responsive to the UE uplink signal
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measurements at the other radio network node.  For examgple, the radio network node
can compare (block 1900} the power measurement contained in the measurement report
to a threshold power level to generate a corparison value, and can select {block 1502)
the one set among the plurality of sets responsive to the comparison value.

In a further embodiment shown 1o Figure 20, the radio network node controls
set selection by the UE using fonmats of downlink control messages twansmitted 1o the
UE. For example, the radio network node can control {(block 2000; a format defined by
a downlink control message transmitted to the U to control the U to select the
corresponding one set of the plurality of sets residing in the memory of the UE.

In a hather embodiment shown in Figure 21, the radio network node controls
set selection by the UE using radio resource control signaling and/or medium access
control signaling transmutled to the UK. For example, the radio network node can
transmit (block 2100) the set selection command through radio resource control

signaling and/or medium access control signaling to the UE.

Potential Advantages of at least Some Embodiments

Radio conununications networks implementing varions of the embodiments
disclosed heretn may obtain improved closed-loop power control becanse of the faster
power adjustment provided by the larger size power steps. This advantage can prove
especially useful in certam beterogencous networks scenartos wherve large UE transmit

power mismatches can appear.

Example Radio Network Node and UE Confisurations

Figure 22 is a block diagram of a radio network node 2200 configured
according to some embodiments of the present wvention, and elements of which may
be included in one or more of the radio network nodes described above, such as the
macro ¢NB 102 andior the pico eNB 112, The radio network node 2200 can mclode
one of more transceivers 2201, a network interface(s) 2202, a processor circuit 2204,
and a memory device(s) 2206 containing functional modules 2208,

The transceiver(s) 2201 (e.g., 3GPP compliant transceiver) is configured 1o
communicate with a UE via wireless air-interface chaanels according to operations and

methods disclosed heremn. and may communicate through an antenpa army. By
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providing a plurality of antenna elements in the antenna array, the radio network node
2200 mav receive MIMOQ communications allowing spatial multiplexing  anddor
diversity gain. A maximum number of uphink MIMO channels that may be received
simultanecusly by the radio network pode 2200 may be equal to the number of antenna
elements included in the antenna array.

The processor 2204 may include one or more data processing circuits, such as a
general purpose andf/or special purpose processor {e.g., microprocessor andfor digital
signal processor).  In particular embodiments, the processor 2204 15 configured to
execute computer program instructions from the functional modules 2208 of the
memory device(s) 2206, described below as a computer readable medivm, to perform at
feast some of the operations and methods described herein as being performed by a
base station or other radio network node in accordance with one or more embodiments
of the present invention. In altemnative embodiments, processor 2204 may reprasent, in
whole or i part, dedicated cirenitry designed or configored to provide the described
functionality, such as  application-specific  integrated circuits  (ASICs),  field-
programmable gate arrays (FPGAS), or other circuitry capable of providing a fixed or
semi-static set of functionality.

In accordance with some embodiments, the network interface 2202 is
configured to receive measurement reports from another madio network npode that
coutain power measurements of uphink signals received by the other radio network
node from a UE. The processor 2204 is configured to select one among a plurality of
sets that each contain a plurality of power step values responsive 1o criteria defined in
the radio petwork node. wherein at least some of the power step values are different
between the sets. The processor 2204 transmits a set selection command through the at
feast one transceiver to the UE responsive to the selection set to control the UE to select
a corresponding one set among a plurality of sets that each contain a plurality of power
step values residing in a memory of the UE. The processor 2204 selects one of the
power step values of the selected set responsive to one of the measurement reports.
The processor 2204 transmits a power control command through the at least one
trapsceiver to the UE responsive to the selected power step value to control the UE to

select a corresponding one of the power step valoes contained m the selected
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corresponding set residing i the memary of the UE for conwollmg the output
transmission power from the UE to the other radio network node

Figure 23 is a block diagram of a UE 700 which is configured according to
some embodiments of the preseat invention. The UE 700 mncludes transceiver(s} 2302,
a processor circuit 2304, and a memory device(s) 2306 containng functional modules
2308. The UE 700 may further include other elements, such as a display 2310, a user
mput imterface 2312, and a speaker 2314,

The transcerver 2302 is contigured to communicate with a radio network node

{e.g., base station, eNB) via wireless air-imterface channels according to operations and
methods disclosed herein, and may communicate through an antenna array. By
providing a plurality of antenna elements in the antenna array, the UE 700 may receive
MIMO communications allowing spatial muoltiplexing andior diversity gain as
discussed above. A maximum nwmber of downlink MIMO chamnels that may be
received simultaneously during multi-point andfor single-point MIMO by UE 700 may
be equal to the number of antenna elements included in the antenna array.

The processor 2304 may include one or more data processing circuts, such as a
general purpose andior special purpose processor {e.p., microprocessor andior digital
signal processor). The processor 2304 is configured to execute computer program
mstructions from the functional modules 2308 of the memory device{s) 2300, described
below as a computer readable medium, to perfonm at least some of the operations and
methods desceribed herem as being performed by a UE in accordance with one or more
embodiments of the present invention.

In accordance with some embodiments, the transceiver(s) 2302 is configured to
communicate with a plurality of radio network nodes in the radio communications
network. The memory 2306 contains a phuality of sets that each containing a phaality
of power step values. The processor is configured to select one set among the plurabity
of sets containing the power step values responsive to criteria defined i the UE,
configured to receive a power controf command through the at least one transceiver
front a fivst radio network node, configured to select one of the power step values of the
selected set responsive to the power control command, and configured to control output
transmission power from the at least one transceiver to a second radio network node

responsive to the selected power step value.
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Abbreviations

CL closed loop

CoMP coordinated multipoint

CRS cell specific reference symbols

{SE-RS Channel State Information Reference Signals

PCY Downlink Control Information

DL downlink

Hetnet heterogeneous network

ICIKC mter~cell interference coordination

LTE Long Tesm Evolution

MAC medium access control

PC power controt

PCFICH Physical Control Format Indicator CHannel

PDRCCH physical downlink control channel

PDSCH physical downlink shared channel

PUSCH phiysical uplink shared channel

PL path loss

RAN Radio Access Network

RRC radio resource control

RRU remote radio wmts

RS reference signals

RSRP reference signal recetved power

RSRQ reference signal recetved quality

SINR Signal to Interference Plus Noise Ratio

UE User Equipment node

UL Uplink

Further Defintons and Embodiments

I the above-description of vanous ewbodients of the present iovention, it
to be anderstood that the termunology used herein is for the purpose of describing
particular embodiments only and 1s not intended to be himiting of the mvention. Unless

otherwise defined, all terms (including technical and scientific terms) used herewn have
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the same meaning as commonly understood by one of crdinary skill in the art to which
this invention belongs. It will be further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as having a meaning that 1S
consistent with their meaning in the context of this specification and the relevant art
and will not be interpreted in an idealized or overly formal sense expressly so defined
herein.

When an element is referred to as being "connected”, "coupled”, "responsive”,
or vartants thereof to another element, ft can be duectly conpected, coupled, or
responsive to the other element or intervening clements may be present. In contrast,
when an element is referred to as being "duwectly connected”, "directly coupled”,
“directly responsive”, or variamts thereof to another element, there are no infervening
elements present.  Like numbers refer to like elements throughout. FPuthermore,
“coupled”, "connected”, "responsive”, or vanants thereof as used herein may mchude
wirelessly coupled, connected, or responsive.  As wsed herein, the singolar forms "a",
"an" and "the" are inmtended to include the plaral forms as well, unless the context
clearly indicates otherwise.  Well-known {functions or constructions may not be
described 1n detail for brevity andfor clarity.  The term "andior” mcludes any and all
combinations of one or more of the associated listed items.

As used herein, the terms "comprise”, “"comprising”, "comprises”, "include”,
"tncluding”, "tncludes”, "have”, "has", "having"”, or vaviants thereof are open-ended,
and include one or more stated features, intepers, elements, sieps, components or
functions but does not preclude the presence or addition of one or more other featores,
integers, elements, steps, components, functions or groups thereof.  Furthermore, as
used herein, the common abbreviation "e.g", which denives from the Latin phrase
“exemph gratia," may be used to introduce or specity a general example or examples of
a previously mentioned rtem, and 1s not intended to be limiting of such tem. The
common abbreviation "Le”, which derives from the Latin phrase "id est,” may be used
to specify a particular item from a more general recitation.

Example embodiments are described herein with reference 1o block diagrams
and/or flowchart iHustrations of computer-implemented methods, apparatus (systems
andfor devices) and/or computer program products. It 15 understood that a block of the

block diagrams and/or flowehart iltustrations, and combinations of blocks 1 the block
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diagrams and/or flowchart ilustrations, can be mplemented by computer program
mstructions that are performed by one or more computer circuits,  These computer
program instructions mayv be provided to a processor circuit of a general purpose
computer circuit, special purpose computer circunit, andfor other programmable data
processing civcuit to produce a machine, such that the mstroctions, which execute via
the processor of the computer and/or other programmable data processing apparatus,
transform and control transistors, values stored in memory locations, and other
hardware components within such circuriry to implement the functions/acts specified m
the block diagrams andfor flowchart block or blocks, and thereby create means
{functionality) andfor structare for implementing the functionsfacts specified in the
block diagrams and/or flowcehart block(s).

These computer program instractions may also be stored in a tangible
computer-readable medium that can direct a computer or other programmable data
processing apparatus to function in a particular manner, such that the instractions stored
m the computer-readable medium produce an article of manufacture including
mstructions which implement the fonctions/acts specified in the block diagrams and/or
flowchart block or blocks.

A tangble, non-transitory  computer-readable  medinm  may  include  an
electronic, magnetic, optical, electromagnetic, or semiconductor data storage svstem,
apparatus, or device. More specific examples of the computer-readable medium would
include the followimng: a portable computer diskette, a random access memory {RAM)
circuit, a read-only memory (ROM) circuit, an erasable programmable read-only
memory {(EPROM or Flash memory) circut, a portable compact dise read-only memory
{CD-ROM), and a portable digital video disc read-only memory (DVD/BlueRay).

The computer program instructions may also be loaded onto a computer andfor
other programmable data processing apparatus to cause a series of operational steps to
be performed on the computer andéor other programmable apparatus to produce a
computer-implemented process such that the mstructions which execute on the
computer or other progranwnable apparatus provide steps for implementing the
functionsfacts specified i the block diagrams andfor flowchart block or blocks.
Accordingly, embodiments of the present invention may be embodied in hardware

and/or 1 software (including fivmware, restdent software, micro-code, ete.} that runs on
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a processor such as a digital signal processor, which may collectively be referred to as

"o

“cireuitry,” "a medule” or vanants thereof,

It should also be poted that in some alternate implementations, the
functions/acts noted in the blocks may occur out of the order noted in the flowcharts.
For example, two blocks shown in soccession may in fact be execoted substantially
concurrently or the blocks may sometimes be execnted i the reverse order, depending
upon the functionalityfacts involved. Moreover, the functionality of a given block of
the flowcharts andfor block diagrams may be separated mto moltiple blocks andfor the
functionality of two or more blocks of the flowcharts and/or block diagrams may be at
least partially mtegrated.  Finally, other blocks may be added/mserted between the
blocks that are Hlustrated, andfor blocks/operations may be omitted without departing
from the scope of the invention. Moreover, although some of the diagrams mclude
arrows on conununication paths to show a primary divection of communication, it i3 o
be understood that communication may occur in the epposite direction to the depicted
ATTOWS.

Many different emabodiments have been disclosed herein, m connection with the
above description and the drawings. It will be vnderstood that it would be unduly
repetitions and obfuscating to lierally desceribe and lustrate every combination and
subcombination of these embodiments.  Accordingly, the present specification,
mchiding the drawings, shall be construed to constitute a complete written description
of various example combinations and subcombinations of embodiments and of the
manner and process of making and using them, and shall support claims 1o any such
combination o subcombination.

Many variations and modifications can be made to the embodiments without
substantialty departing from the principles of the present invention.  All such variations
ansl modifications are intended to be mchuded herein within the scope of the present
tnvention.  Accordingly, the above disclosed subject matter 15 to be considered
tustrative, and not restrictive, and the appended claims are mtended to cover all such
modifications, enhancements, and other embodiments, which fall within the spirit and
scope of the present mvention. Thus, to the maximum extent allowed by law, the scope
of the present invention is to be determined by the broadest permissible interpretation

of the following clanns and their equivalents, and shall not be resticted or himited by
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only to identify examples of elements andior operations from embodiments of the
figures/specification without limiting the claims to any particular elements, operations,

and/or embodiments of any such reference numbers.
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CLAIMS:
i A method in 2 wireless device (700) of a radic communications network, for

controlling output transmission power from the wireless device (700), the method
CoMmprising:

selecting (1100} one set among a plorality of sets that each contain a plurality of
power step values, residing i a memory of the wireless device {700), responsive to
criteria defined in the wireless device (700), wherein at least some of the power step
values are different between the sets;

recetving (1102} a power control command;

selecting (1104) one of the power step values of the selected one of the sets
responsive to the power control command; and

controfling (1106} the output transmussion power from the wireless device (700)

responsive 10 the selected power step value,

2. The method of Claim 1, wherein
the power control command is recetved m a dowalink from a first radio network
node {102) of a heterogeneous network that also includes a second radio network node
{112), the first radio network node (102) providing 4 different communication service
cell size than the second radio network node (112); and
selecting (1100) one set among the plurality of sets contatning the plurality of
power step values comprises:
selecting (1200} a first one of the sets responsive to the criter
indicating that the wireless device {700} is recetving signals from the first radio
network node (112) while transmitting to the first radio network node (112); and
selecting (1202) a second one of the sets responsive to the criteria
indicating that the wireless device (700} is receiving signals from the first radio

network node {112) while transmitting to the second radio network node.

'

The method of Claim 2, wherein:
the second one of the sets comprises larger magnitude power step values than
the first one of the sets to control the wireless device (700} to make corresponding

targer power changes responsive to the power control command.
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4, The method of Claim 3, wherein
the first radio network node (1023 is @ macro cell radio network nede; and

the second radio network node {112} is a pico cell radio network node.

5. The method of Claim 1, wherein selecting (1100} one set among the plarahty of
sets comtatning the plurality of power step values comprises:

receiving {1300} a downlink comrol message;

wentifyimg (1302} a format that 1s defined by the dowslink control message;
and

selectng (1304) the one set among the plurality of sets responstve to the format

defined by the downlink control message.

6. The method of Claim 3, wherein selecting the one set among the plorality of
sets responsive to the format defined by the downlink control message comprises:

selecting (1304) a first one of the plurality of sets responsive to the format
defined by the downlink control message mndicating that the wireless device {700} 1is
transmitting uplink signals to a first cell of a heterogeneous network while receiving
downlink signals from the first cell; and

selecting (1306) a second one of the plurality of sets responsive to the format
defined by the downlink control message mdicating that the wireless device {700} s
transmitting uplink signals to 8 second cell of the heterogeneous network while
receiving downlink signals from the first cell, wherem the first cell is larger than the

second cell

7. The method of Claim 6, wherein:
the second one of the plurality of sets comprises larger magmitade power step
values than the first one of the plurahity of sets to control the wireless device (700) 1o

make a larger power change responsive to the power control command.

8. The method of Claim |, wherein selecting {1100} one among the plurality of

sets contamning the pharality of power step values comprises:
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receiving { 1400} radio resowrce control signaling and/or medium access control
signaling: and
selecting (1402} among the plurality of sets responsive to the radio resource

control signaling and/or the medinm access control signaling.

Q. The method of Claim 1, wherein selecting (1100) one among the plurality of
sets containing the plurality of power step values comprises:

recerving {1500} a present set of path loss measurement reference symbols;

identifying (1502} that the present set of path loss measurement reference
symbols 1s different than a previous set of path loss measarement reference symbols
that were earlier received; and

selecting (1504) among the plurality of sets responsive to the identified

difference.

10, A method iy a radio network node (102) of a radio communications network for
controliing output transmission power from a wireless device {(700), the method
comprismng:

selecting (1600} one set among a plurality of sets that each contain a plurality of
power step values responsive to criteria defined in the radio petwork node (102},
wherein at keast some of the power step values are different between the sets;

transmitting {1602} a set selection comumand 1o the wireless device (700}
responsive to the selected set to comrol the wireless device (700) to select a
cosresponding one set among a plurality of sets that each contam a plurality of power
step values residing in a memory of the wireless device (700},

selecting {1604} one of the power step values of the selected set; and

transmitting {1606} a power control command to the wireless device (700}
responsive to the selected power step value to control the wireless device (700) to select
a corresporxding one of the power step values of the selected corresponding set residing
i the memory of the wireless device (700) for controtling the output transmission

power from the wireless device {(700).
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11, The method in the radio network node (102) of Claim 10, further comprising:
receiving {1800} a measurement report from another radio network node (112)
that contains a power measurement of an uphink signal received by the other radio
network node (112) from the wireless device {700); and
selecting (1802) the power control conmmand for transmission 1o the wireless
device (7007 responsive to the measurement report.
i2. The method in the radio network node (102} of Clann 11, wherein the power
control command is selected responsive o a signal strength measurement contained in
the measurement report for the uplink signal received by the other radio network node

{112} from the wireless device (7003,

13, The method in the radio network node (102) of Claim 11, further comprising
comparing (1900) the power measwrement contained in the measurement report
to a threshold power evel to generate a comparison value, and
wherein selecting one set among the plurality of sets containing the plurality of
power step values comprises selecting (1902) the one set among the plurality of sets

respousive to the contparison value,

i4.  The method in the radic network node (102) of Claim 10, wherein selecting one
set among the plurality of sets containing the plurality of power step values comprises:
selecting {1700} a first one of the sets responsive 1o the eriteria mdicating that
the wireless device {70} 15 receiving signals from a first radio network node while
transmitting to the first radio network node; and
selecting {1702} a second one of the sets responsive to the crieria indicating

that the wireless device (700} is receiving signals from the first radio network node
{102y while transmutting to a second radio network node (112), the first and second
radio network nodes (102, 112) having different communication service cell sizes

within a heterogeneous network.
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15, The method in the radio network node of Claim 14, wherein:
the second one of the sets compwises larger nagnitude power step values than
the first one of the sets to control the wireless device (760) to make a larger power

change responsive to the power control command.

16, The method in the radio aetwork aode {102) of Claim 15, wherein:
the first radio network node 1s @ macro cell radio network node; and

the second radio network node 18 a pico cell radio network node.

17.  The method in the radio network nede {102) of Claim 10,  wheremn
transmutting the set selection command 1o the wireless device (700} comprises:
controlling (2000) a format defined by a downlink control message transmitted
from the radio network node 1o the wireless device {(700) to control the wireless device
{700} to select the corresponding one set of the phuality of sets residing in the memory

of the wireless device (700},

18.  The method in the radio network node (102) of Claim 10,  wherein

rransmitting the set selection command to the wareless device {700) conyprises:
transmitting the set selection command through radie resource control signaling

andfor medium access control signaling from the radio network node to the wireless

device (700).

19, A wireless device (700) for use m a radio communications network, the
wireless device (700} comprising:

at least one mransceiver (2302} configwred to communicate with a plurahty of
radio network nodes (700) in the radio commumcations network;

a memory (2300) configured to store a plurality of sets that each contain a
plurality of power step values, wherein at lzast some of the power step values are
different between the sets; and

a processor circuit (2304) configured to select {1100) one set among the
plurality of sets containing the power step values responsive to criteria defined in the

wireless device (700), confligured to recetve {1102) a power control command through
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the at least one transceiver from a first radio petwork node (102), configured o select
{1104} one of the power step values of the selected set responsive to the power control
command, and configured to control {1106} output transmussion power from the at least
one transceiver 1o a second radio network node (112) responsive to the selected power

step value.

26, A radio network node (102) of a radio communications network, the radio
network node (102} comprising:

a network interface (2202) configured to receive measurement reports from
another radio network node (112} that contam power measurements of uplink signals
received by the other radio nerwork node (112) from a wireless device {700);

at least one transcetver {2201) configured to transmit signals to the wireless
device (700); and

a processor cireuit {2204} configuwred to:

select (1000) one among a plurality of sets that each contain 8 plurality
of power step values responsive to criteria defined in the radio network node

{102}, wherein at least some of the power step values are different between the

sets;

trapsmit {1602) a ser selection commuand through the at least one
transceiver {2201} to the wireless device (700) responsive 1o the selection set to

control the wireless device {700} to select a corresponding one set among a

plurality of sets that each contain a plurality of power step values residing in a

memory {2306} of the wireless device (700};

select (block 1604} one of the power step values of the selected set
responsive to one of the measwement reports; and

transmit {block 1606) a power control command throngh the at least one
transceiver to the wireless device (700) responsive to the selected power step
value to control the wirgless device (700) to select a corresponding one of the
power step values contained in the selected corresponding set residing w the
memaory of the wireless device {(700) for controlling the ocutput transmission

power from the wireless device (700) to the other radio network node (112).



