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15 referred to as LTE-advanced, has recently been approved within 3GPP.

One of several objectives of LTE-advanced, is to increase the spectral efficiency and the
system/user throughput, especially at the cell edge. The earlier systems, such as UTRAN
and E-UTRAN, which uses orthogonal frequency division multiple access (OFDMA), are
basically reuse-1 systems, where adjacent base station sites use the same frequencies,

20 thus allowing efficient use of sparse spectrum resource. But reuse-1 also leads to inter-
cell interference, which is mitigated by employing advanced receivers at the base station
and at the user equipment (UE). In an LTE-advanced system, the inter-cell interference is
expected to be restricted by architectural means in addition to traditional means based on
advanced receivers. One such arrangement to be employed in LTE-advanced is called

25 coordinated multiple point transmission/reception (CoMP) system. Another term for CoMP
systems, commonly used in the literature, is distributed antenna systems (DAS), but the
term CoMP system will be used hereinafter. The introduction of CoMP systems will also
impact other processes such as cell search and measurements required for performing
cell reselection and handover.

30 A CoMP system is a network of spatially separated antenna nodes or remote antenna
units connected to a common source via a transport network, that provides wireless



cell reselection and handover. 30 A CoMP systemis a network of spatially
separated antenna nodes or renote antenna units connected to a conmon
sour ce viwoaotwmamport network, that provides w rel esss@cviSEeoosiostoon a
geographic area. The renote antenna units will hereinafter be referred to
as sub base stations. Figure 1 illustrdtes the basic concepts of a
conventional CoMP system A controlling unit 110 coordi nates the function
of all tdesvieiithinsegengraphimarea3lhe remate @otennalunits willindreinafter kearefasreyl tobe
pl aced i ' . | A r WA roll er. sub
Pace. st o 2 B3 Stabud Fiflug ¥ 1RRERAT b e obarebROtr 4 WBhIeHaRar oAl L)
can al sceystam. b gomtrallingsinithh10 peasdiastes e dunstion (of al) tiie seb base statione13®r ) .

The sub | r | I 00| r red by
each sub Tacateira iR i8N £a20e plabelln 4 b3 ALGRDERCe o3P aR RRrRRAS)
Si mi | & 1epniralieraFhexswolasesdations 4 30swibinsg SoMin spistem pan be passivdamplifigss butCovP
cell 14 - & I i asider ' r t

archi tegp le,l* g?#éggﬁétﬁga[gfgg@&@g ?%ﬁa&fﬁgoéggﬂﬁ\ge(g?eiﬂlagée’cﬁ%f rﬁ.ghrsglaﬁggﬁélge

E- UTRAN Hatinnssk3Qtare all tighlyussrhionized e areacoyered hyreachsskhase statiopali3Obi 1 ity
with E- ; b Sofd ' - ' of
ehodebs. Thn aret fie TR (o 2 8 B 0" ARG the EPR kRN S TP Sidéih, ©
tradi t i oMllbetsefered taas aGoMtber)l ¥®veral sub base stations separated in space
so as to provide coverage over the sane area as the traditional base

stati gyt |RYtTEshdVAREES WnRee ICOMP isPEOMRIderetNioSbd SAGHpbRarf afrggrlﬂt'sé‘éyré? befth dube

inter-cell interference. Typically the UE receives sigr rom nore than
one sub hasestaliontl38ican bededlzrp byseysing hedi-HERANPaEs statian (sNedeBlinoedars 120
serve ong ddsudethe'\BackWard cbmpamsifty ‘%vitthhﬁ-l.[wr@. ﬁibtiﬁﬁgﬁ%}"m&? oh é&mrdde\iefS! ty
gain. Since the sub base stations are all synchronized, the UE wll| receive
dat a t r GesisheammArise ohagetefirNasieBsy. Cell search is a procedure by which the
UE finds a cell to potentially connect to in a wireless comunication

system R bagi€fie@ Wit EbMP daptdpiif fatthanitidl sekér sted aabitionl past GhatRhe

commonly used terns in nobile conmuni cation, all have the sane neaning. For
consi 5t eHBONG sR¥eFH Sub bppe stalipds sepadated in seace ¥hawta Rrpvide coverageonar ther be

used. Asgdid bredfl ad (R FRlifonaf Bas sREGH BHUWRN rédiReHEol P BSWEES ThiS Ba % b a

reference signal or the synchronization signal fromdifferent cells, to

find t heregttion ofitherinterecedtintgrigresee. rypisaliethestg Hareivemgigraln mromprethann

signal i gnefdubhdseatation iK LGP 811 LIARtHER Wordd Rititiple/ s\t ébik N2o seA/EFone UE
150 which will improve the reliability thanks to the diversity gain. Since the sub base

20 stations are all synchronized, the UE will receive data transparently and coherently.

Cell search is a procedure by which the UE finds a cell to potentially connect to in a
wireless communication system. Cell search, cell identification and cell detection, which
are commonly used terms in mobile communication, all have the same meaning. For
consistency reasons cell search and cell search delay will hereinafter be used. As part of

25 the cell search procedure, the UE measures e.g. the reference signal or the
synchronization signal from different cells, to find the cells with the strongest received
signal. The synchronization signal is also used to determine the cell identity and the frame
timing of the found cell as well as the parameters needed for receiving the broadcast
channel information. The cell search delay is the time needed for the UE to find and

30 identify a cell. An initial cell search is performed after power up of a UE, whereas neighbor
cell search is used to identify candidate target cells for a handover. Neighbor cell search
is performed both in connected mode when the UE receives downlink data from the
network and in idle mode.
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20 prevent increased inter-cell interference and lowered performance after a handover from a
serving to a target CoMP cell, the target CoMP cell should immediately start serving the
UEs from multiple sub cells. This can be realized by letting the serving CoMP cell provide
the target COMP cell with a list of the “strongest” sub cells of the target CoMP cell (i.e. the
ones providing the strongest signal) at the time of handover. The UE must thus search the
25 sub cells of each candidate target CoMP cells regularly, and must transmit the identities of
the strongest candidate target CoMP cells and the identities of their corresponding
strongest sub cells to the serving CoMP cell. In this way the target CoMP cell can resume
the transmission to the UE from the strongest sub cells at handover without any additional
delay.

30 The conventional cell search procedure of a UE in connected mode doing a handover
from a serving to a target CoMP cell is described hereafter with reference to figure 2. A
UE 230 is served by a serving CoMP cell 210 and a number of sub cells 220 within this
serving CoMP cell 210. The UE 230 will continuously measure the signal strength
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20 until correct sub cells are assigned to the UE. In addition the user throughput will degrade
due to the delay in the selection of the desired set of sub cells.

The drawback with continuous sub cell searches in all the candidate target CoMP cells is
that it will require the UE to perform a large amount of parallel cell searches and to
maintain a very long list of sub cell identities. This will increase the UE complexity as more

25 hardware for e.g. processing and storage is needed. Furthermore, when the UEs employ
DRX and are in idle mode, the continuous cell search will drain the UE battery.

A further disadvantage with continuous sub cell searches is that the signaling load on the
uplink and consequently the processing at the serving CoMP cell is important, as all the
sub cell identities need to be transmitted to the controlling unit.

30 SUMMARY

The object of the present invention is to achieve methods and arrangements that obviate
some of the above disadvantages and enable the UE to limit the number of sub cell
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20 candidate target COMP cells. The method comprises the step of transmitting at least one
threshold value to the user equipment, where the threshold value is used by the user
equipment for determining when a sub cell search should be initiated in a candidate target
CoMP cell.

In accordance with a third aspect of the present invention, a user equipment in a wireless
25 communication system with CoMP cells is provided, where the user equipment is served
by a serving CoMP cell. A CoMP cell comprises a controlling unit and at least two sub
cells, each sub cell transmitting at least a CoMP cell specific synchronization signal and a
sub cell specific synchronization signal. The user equipment comprises means for
searching the CoMP cells, and means for finding at least one candidate target CoMP cell.
30 It also comprises means for determining the identity of the found candidate target CoMP
cell based on at least the CoMP cell specific éynchronization sighal. The user equipment
is characterized by further means for determining whether at least one condition
comparing a CoMP cell quality performance measure with a threshold value is fulfilled,
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Figure 1 illustrates schematically the basic concepts of a conventional CoMP system.

Figure 2 illustrates schematically a part of a conventional wireless communication system
20 with CoMP cells wherein the present invention may be implemented.

Figure 3 is a block diagram schematically illustrating the controlling unit and the UE
according to embodiments of the present invention.

Figure 4a, 4b and 4c are flowcharts of the method of the UE according to embodiments
of the present invention.

25 Figure 5 is a flowchart of the method of the controlling unit according to embodiments of
the present invention.

DETAILED DESCRIPTION

In the following, the invention will be described in more detail with reference to certain
embodiments and to accompanying drawings. For purposes of explanation and not
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systems employing a CoMP system architecture.

As described above, a CoMP cell may comprise several sub cells, typically around ten

sub cells. A conventional CoMP cell search thus results in a very large number of sub cell
20 searches for a UE, as the sub cells are always searched. The purpose of the present

invention is to limit the number of sub cell searches in the system by enabling the UE to

search sub cells only when one or more conditions comparing a CoMP cell quality

performance measure with a threshold value are fulfilled. This will reduce the UE

complexity, while still keeping a certain amount of sub cell searches to obtain a good
25 performance at handover.

The term cell quality performance measure refers to various downlink measurements
performed by the UE. It is thus a generic term covering various aspects of cell quality
performance. Some well known examples of performance measures are the cell search
delay, received signal level or quality of the synchronization signals, reference signal
30 received power (RSRP), reference signal received quality (RSRQ), signal to interference
plus noise ratio of reference signal (RS SINR) etc. The RSRP and RSRQ are downlink
measures used in E-UTRAN and LTE—advanced for mobility i.e. performing cell
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cel | segderdrta sub cell search but at some search rate lower than the specified search rate.
This means that a sub cell search will be performed in all candidate target CoMP cells, but
20 at different search rates depending on the quality performance of the CoMP cell. A lower
sub cell search rate implies less processing in the UE and thus less complexity, although
still higher than in the previously described first embodiment. At the same time this
second embodiment will provide a somewhat better handover performance, as a sub cell
search is always done for all candidate target CoMP cells. A trade off between the UE
25 complexity and the handover performance has to be done.

In one embodiment of the present invention, the conditions related to a CoMP cell quality

performance (i.e. conditions comparing a CoMP cell quality performance measure with a

threshold value) are defined as one or more of the conditions 1-4 described below. The

CoMP cell quality performance measure represents both received signal quality (in
30 conditions 1, 2 and 4) and cell search delay (condition 3):
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20 threshold, a sub cell search should be performed at the specified search rate for this
CoMP cell.

Condition 4: The received signal quality from the serving CoMP cell is below a fourth
threshold value. If this condition is fulfilled, a sub cell search should be done at the
specified search rate in all candidate target CoMP cells.

25 These four conditions are based on the idea that if the CoMP cell quality - which is based
on the quality of signals received from all sub cells - is poor, then it is also likely that the
quality of the sub cells is poor.

In further embodiments of the present invention, the received signal quality measured to
determine if the conditions 1, 2 or 4 above are fulfilled, is the quality of a suitable common
30 channel signals transmitted by a CoMP cell, i.e. the synchronization signal or the
reference signal, or a combination of both. In the latter embodiment, the UE compares the
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performed.

In a further embodiment of the present invention, the different threshold values used in the
conditions 1-4 above are determined by the UE. In an alternative embodiment the

20 thresholds are transmitted from the network to the UE, via the controlling unit. In yet
another alternative embodiment the thresholds are pre-defined in the UE.

Figure 4a is a flowchart of the method for the UE, according to the first embodiment of the
present invention, as described above. It comprises the following steps, performed by the
UE:

25 - 410: Search the CoMP cells, in order to find the candidate target CoMP cells.

- 420: Find one or more candidate target CoMP cells, wherein the candidate target
CoMP cells are the CoMP cells from which the UE receives the highest signal
strength. ‘

- 430: Determine the identity of the candidate target CoMP cell based on at least the
30 CoMP cell specific synchronization signal. In E-UTRAN, a cell search may be based
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rate | owRhditibiarki@fifg@cci fi ed rate, when none of the conditions are
fulfilled. According to another enbodi ment of the present invention, steps

450 and 460 conpri ses
According to another embodiment of the present invention, steps 450 and 460 comprises

15 the method steps illustrated in the flowchart in figure 4c, performed by the UE. The steps
are:

- 451: Search the sub cells of the found candidate target COMP cell.
- 452: Find the target sub cells of this COMP cell.

- 453: Determine the identity of the found target sub cells based on at least the sub cell
20 specific synchronization signal (similarly to the CoMP cell search).

- 454: Transmit the identity of the found target sub cell and the identity of the
corresponding candidate target COMP cell to the controlling unit in the serving CoMP
cell. Both sub cell identity and CoMP cell identity is needed to uniquely identify the sub
cell, as described previously.

25 Furthermore, figure 5 is a flowchart of the method for the controlling unit, according to
one embodiment of the present invention. It comprises the step of transmitting 510 at
least one threshold value to the user equipment. This threshold value is used by the user
equipment for determining if a sub cell search should be initiated in a candidate target
CoMP cell.



the nethod steps illustrated in the flowhart in figure 4c, perfornmed by
the UE. The steps are: - 451 : Search the sub cells of the found candi date
t arget CowD208ld39066 452: Find the target sub cells of tRCI/SEeMBOS®PY . -
453. Determine the identity of the found target sub cells based on at | east
the sub cell specific synchronization® gnal (simlarly to the CoMP cell
search). - 454: Transmt the identity of the found target sub cell and the
i dent i t ySciemdtisallyoillustratexhidi the bioak diagisare of Rigyre CardPacerding to embodiowentsol | i ng

uni t in $fhﬁe§ éhﬁ%/&ﬂilgﬁ ﬁﬁgll,?E 3%%%?@%’%s‘iﬁé$ns fg?géé f:,l)(m 381 %o@?’l}éells.

I dentit 0 uni s descri
previ ousllt )aJsoFcnmpraemegnsf ioglfnéma 3R ot lebstworieacandidate herganloMP tell, ande

controll e

compr i scnERL et RFRECDENG Sty GTRRRIPELaPbaded o e Tl B ST
user egusymnebronization signalr BehdE dlspedontprises meads foy detesmining 3@twhethenond or
determn e r o rget
CoMP cel ':nB%c CB?T@} [ caf(ﬁﬁ“l’rﬂ%ust rat ggﬁn&ﬁg rﬁ P éoer ﬁﬂéeegaé%rlﬁ?eof 9‘@ﬁgtﬁr?ées“e' F‘Jgnd
accor di neplues argffidilledent s of the present invention, the UE 350 conprises
means for searchi ng 351 the CoMP cells. It also corrpri ses neans for finding

A 353
f’ﬁg ?Ejent Y gfpﬁhﬁfésmgg%éél &ﬁn‘ﬁé‘rslg@%nrggé‘élagﬁ/%ugeﬁﬁn oy foglﬁa aHbightad
synchr onfaggt CoMPseeiinarcording tathedirst enndiment of theeprasertt mvedmreéamdescrg:eam
whet heg S8ifieR'a MRERed Q0Gh 8183 GAUIPR ANt 18 Nondifibds AHTLiifet B0 IRELRRGS

neasures wt val ues are far er corrprl S
means f ot thaiserend ambedipepta apenifiedcsdarch rate hﬁeuﬁmtﬁcanaanfdheiapedmmsgme CoMP

cel I . Acgfish @gsta%tme&acﬁ%t QOrLﬁ%e@peuﬂsd %@Ssg%ea eréﬁ{ ﬂﬁgﬁcoﬁgg L i ons

descri bed abov a specit sear rate used i
are ful f¢hqséﬁlcgiw|°nﬁ«(ﬂ§®fldﬁ“ﬁg 366. t he second enbodi nent, a specified search
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search, 34y (B kB8l SFthe TEEcArAdabLRIG I CHMP cell, means for finding 358 at least
one target sub cell, and means for determining 359 the identity of the found at least one
target sub cell based on at least the sub cell specific synchronization signal. The means
for initiating 355/356 a sub cell search also comprises means for transmitting 360 the
20 identity of the found target sub cell and the identity of the corresponding candidate target
CoMP cell to the controlling unit in the serving CoMP cell.

Further illustrated in Figure 3 is the controlling unit 300. It comprises means for

transmitting 301 at least one threshold value to the user equipment. The controlling unit

300 is in one embodiment configured to be placed in a base station and in another
25 embodiment it is configured to be placed in a centralized controller.

The above mentioned and described embodiments are only given as examples and
should not be limiting to the present invention. Other solutions, uses, objectives, and
functions within the scope of the invention as claimed in the accompanying patent claims
should be apparent for the person skilled in the art.
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2. The method according to claim 1, comprising the further step of:
20 - initiating (460) a sub cell search at a rate lower than the specified rate in the found
candidate target CoMP cell when the at least one condition comparing a CoMP cell
quality performance measure with a threshold value is not fulfilled.

3. The method according to any of claims 1-2, wherein the at least one condition

25 comparing a CoMP cell quality perfformance measure with a threshold value is at least
one of: a first condition where a received signal quality from the found candidate target
CoMP cell is above a first threshold value, a second condition where a difference
between the received signal quality from the found candidate target COMP cell and the
received signal quality from the serving CoMP cell is above a second threshold value,

30 a third condition where a cell search delay of the found candidate target CoMP cell is
below a third threshold value, and a fourth condition where the received signal quality
from the serving CoMP cell is below a fourth threshold value.

4. The method according to claim 3, wherein the received signal quality is a received
35 reference signal quality and/or a received synchronization signal quality.
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determning (453) the identity of the found at |east one target sub cell
based on at | east the sub cell specific synchronization signal, and -
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unit in thth r%ﬁiloﬁi\fﬁylﬂélwtelmlf@dlhythﬁusqrﬁﬂUWMd accord| ng to any of clains
3-5, wherein the first, second, third and fourth threshold value is

determ ned_by the user equipnent. 15 7. The nmethod according to any of
cl ai s 3 5Thavmethsidracchesiing toany of elaisn3-5t Whergindthe fitsbsechnd, Hhieskans fouulal ue is
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8. The method according to any of claims 3-5, wherein the first, second, third and fourth
threshold value is pre-defined in the UE.
20
9. A method for cell search for a controlling unit of a Coordinated Multiple Point
transmission/reception, CoMP, cell in a wireless communication system, wherein the
CoMP cell serves at least one user equipment, and wherein the controlling unit
manages a list of candidate target COMP cells, said method comprising the step of
25 transmitting (510) at least one threshold value to the at least one user equipment,
wherein the at least one threshold value is used by the at least one user equipment for
determining when a sub cell search should be initiated in a candidate target CoMP
cell.

30 10. The method according to claim 9, wherein the at least one threshold value is at least
one of a first threshold value for a received signal quality from a target CoMP cell, a
second threshold value for a difference between the received signal quality from a
target CoMP cell and the received signal quality from a serving CoMP cell, a third
threshold value for a cell search delay of a target CoMP cell, and a fourth threshold

35 value for the received signal quality from a serving CoMP cell.
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a CoMP cel perq:umamq/measure with a threshold value is fulfilled.

20 13. The user equipment according to claim 12, comprising further
- means for initiating (356) a sub cell search at a rate lower than the specified rate in
the found candidate target CoMP when the at least one condition comparing a CoMP
cell quality performance measure with a threshold value is not fulfilled.

25 14. The user equipment according to any of claims 12-13, wherein the at least one
condition comparing a CoMP cell quality performance measure with a threshold value
is at least one of: a first condition where a received signal quality from the found
candidate target CoMP cell is above a first threshold value, a second condition where
a difference between the received signal quality from the found candidate target

30 CoMP cell and the received signal quality from the serving CoMP cell is above a
second threshold value, a third condition where a cell search delay of the found
candidate target CoMP cell is below a third threshold value, and a fourth condition
where the received signal quality from the serving CoMP cell is below a fourth
threshold value.

35
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18. The user equipment according to any of claims 14-16, wherein the first, second, third

and fourth threshold value is received from the controlling unit.

20 19. The user equipment according to any of claims 14-16, wherein the first, second, third
and fourth threshold value is pre-defined in the UE.

20. A controlling unit (300) of a Coordinated Multiple Point transmission/reception, CoMP,
cell in a wireless communication system, wherein the CoMP cell serves at least one
25 user equipment, and wherein the controlling unit is adapted to manage a list of
candidate target COMP cells, comprising means for transmitting (301) at least one
threshold value to the at least one user equipment, wherein the at least one threshold
value is used by the at least one user equipment for determining when a sub cell
search should be initiated in a candidate target CoMP cell.
30
21. The controlling unit according to claim 20, wherein the at least one threshold value is
at least one of a first threshold value for a received signal quality from a target CoMP
cell, a second threshold value for a difference between the received signal quality
from a target COMP cell and the received signal quality from a serving CoMP cell, a



and fourth threshold value is received fromthe controlling unit. 20 19.
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