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10 (iv)

TABLA DE CORRESPONDENCIA DE REIVINDICACIONES

Reivindicaciones en la solicitud en Colombia
(NOTA. LAS REIVINDICACIONES ACA INDICADAS
CORRESPONDEN A AQUELLAS MODIFICADAS EN

MODIFICACION VOLUNTARIA)

Reivindicaciones otorgables en la Solicitud Europea No.
16795455.1

Explicacion sobre la suficiente correspondencia 6
Comentarios que explican la correspondencia

1. Un método para monitorear espacios de
busqueda, el método es realizado por un dispositivo
inalambrico (200), el método comprende:

recibir (§104) un simbolo de multiplexacién de division
de frecuencia ortogonal, OFDM, en una ranura de
enlace descendente, en donde por lo menos parte del
simbolo OFDM esta incluido en un espacio de
busqueda especifico de dispositivo de dicho dispositivo
inalambrico, y en donde por lo menos otra parte del
simbolo OFDM esta incluida en un espacio de buasqueda
comun de dicho dispositivo inalambrico;

monitorear (S106) el espacio de busqueda especifico de
dispositivo por al menos una sefal de referencia
especifica de dispositivo; y

monitorear (S108) el espacio de biasqueda comun por al
menos una sefal de referencia no especifica de
dispositivo,

dicho método esta caracterizado porque el espacio de

busqueda especifico de dispositivo esta contenido en

1. Un método para monitorear espacios de busqueda,
el método es realizado por un dispositivo inalambrico
(200), el método comprende:

recibir (S104) un simbolo de multiplexacién de divisiéon de
frecuencia ortogonal, OFDM, en una ranura de enlace
descendente, en donde por lo menos parte del simbolo
OFDM esta incluido en un espacio de busqueda
especifico de dispositivo de dicho dispositivo inalambrico,
y en donde por lo menos otra parte del simbolo OFDM
esta incluida en un espacio de busqueda comun de dicho
dispositivo inalambrico;

monitorear (S106) el espacio de busqueda especifico de
dispositivo por al menos una sefial de referencia especifica
de dispositivo; y

monitorear (S108) el espacio de bisqueda comun por al
menos una sefal de referencia no especifica de
dispositivo,

dicho método esta caracterizado porque el espacio de

busqueda especifico de dispositivo esta contenido en una

lguales
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una primera subbanda usada por dicho dispositivo
inalambrico y el espacio de busqueda comun esta
contenido en una segunda subbanda usada por dicho

dispositivo inalambrico.

primera subbanda usada por dicho dispositivo
inalambrico y el espacio de busqueda comun esta
contenido en una segunda subbanda usada por dicho

dispositivo inalambrico.

2. El método de acuerdo con la reivindicacion 1, en
donde el espacio de busqueda especifico de dispositivo y

el espacio de busqueda comun estan provistos en el

mismo simbolo OFDM.

2. El método de acuerdo con la reivindicacion 1, en
donde el espacio de busqueda especifico de dispositivo y el
espacio de busqueda comun estan provistos en el mismo

simbolo OFDM.

Iguales

3. El método de acuerdo con cualquiera de las
reivindicaciones anteriores, que ademds comprende:
detectar (S106a) un mensaje de canal de control de enlace
descendente fisico especifico de dispositivo, PDCCH, en el
espacio de buisqueda especifico de dispositivo; e

identificar (S106b), a partir del mensaje PDCCH especifico
de dispositivo, los bloques de recurso para una region de

datos especifica de dispositivo.

3. El método de acuerdo con cualquiera de las
reivindicaciones anteriores, que ademas comprende:
detectar (S106a) un mensaje de canal de control de enlace
descendente fisico especifico de dispositivo, PDCCH, en el
espacio de busqueda especifico de dispositivo; e
identificar (S106b), a partir del mensaje PDCCH especifico
de dispositivo, los bloques de recurso para una regiéon de

datos especifica de dispositivo.

lguales

4. El método de acuerdo con cualquiera de las

reivindicaciones anteriores, que ademds comprende:

4. El método de acuerdo con cualquiera de las

reivindicaciones anteriores, que ademas comprende:

lguales
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detectar (S108a) un mensaje de canal de control de enlace
descendente fisico, PDCCH, no especifico de dispositivo en
el espacio de biisqueda comun;

identificar (S108b), a partir del mensaje PDCCH no
especifico de dispositivo, bloques de recurso para una

region de datos no especifica de dispositivo.

detectar (S108a) un mensaje de canal de control de enlace
descendente fisico, PDCCH, no especifico de dispositivo
en el espacio de bisqueda comun;

identificar (S108b), a partir del mensaje PDCCH no
especifico de dispositivo, bloques de recurso para una

region de datos no especifica de dispositivo.

5. El método de acuerdo con cualquiera de las | 5. El método de acuerdo con cualquiera de las | lguales
reivindicaciones anteriores, en donde por lo menos parte del | reivindicaciones anteriores, en donde por lo menos parte

espacio de busqueda especifico de dispositivo estd | el espacio de busqueda especifico de dispositivo esta
comprendido en el primer simbolo OFDM recibido en dicha comprendido en el primer simbolo OFDM recibido en

ranura de enlace descendente. dicha ranura de enlace descendente.

0. El método de acuerdo con cualquiera de las | 6. El método de acuerdo con cualquiera de las | lguales
reivindicaciones anteriores, en donde por lo menos parte | reivindicaciones anteriores, en donde por lo menos parte

del espacio de busqueda comuin esta comprendido en el | del espacio de busqueda comun esta comprendido en el

primer simbolo OFDM recibido en dicha ranura de | primer simbolo OFDM recibido en dicha ranura de enlace

enlace descendente. descendente.

7. El método de acuerdo con cualquiera de las | 7. El método de acuerdo con cualquiera de las | lguales
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reivindicaciones anteriores, en donde el simbolo OFDM

es un simbolo OFDM inicial en la ranura de enlace

reivindicaciones anteriores, en donde el simbolo OFDM es

un simbolo OFDM inicial en la ranura de enlace

descendente. descendente.
8. El método de acuerdo con cualquiera de las | 8. El método de acuerdo con cualquiera de las | lguales
reivindicaciones anteriores, en donde el espacio de | reivindicaciones anteriores, en donde el espacio de
bisqueda especifico de dispositivo comprende recursos busqueda especifico de dispositivo comprende recursos
reservados para una sefial de referencia de demodulacion, | . c.vados para una sefial de referencia de demodulacién,
DMRS, especifica de dispositivo, y en donde el espacio de . : . :
> &P P Y P DMRS, especifica de dispositivo, y en donde el espacio de
busqueda comun comprende recursos reservados para una | ., ,
btusqueda comun comprende recursos reservados para una
DMRS no especifica de dispositivo. ’ ) o
DMRS no especifica de dispositivo.
9. El método de acuerdo con cualquiera de las 9. El método de acuerdo con cualquiera de las Iguales
reivindicaciones anteriores, en donde la DMRS no reivindicaciones anteriores, en donde la DMRS no
especifica de dispositivo depende de los pardmetros de especifica de dispositivo depende de los parametros de
celda, y en donde la DMRS especifica de dispositivo celda, y en donde la DMRS especifica de dispositivo
depende de por lo menos un parametro del dispositivo depende de por lo menos un parimetro del dispositivo
inaldmbrico (200). inalimbrico (200).
10.  El método de acuerdo con cualquiera de las 10.  El método de acuerdo con cualquiera de las lguales

reivindicaciones anteriores, en donde el espacio de

busqueda especifico de dispositivo y el espacio de

reivindicaciones anteriores, en donde el espacio de

busqueda especifico de dispositivo y el espacio de
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busqueda comun por lo menos parcialmente se

busqueda comun por lo menos parcialmente se

sobreponen. sobreponen.

11.  El método de acuerdo con cualquiera de las 11.  El método de acuerdo con cualquiera de las lguales
reivindicaciones anteriores, en donde el espacio de reivindicaciones anteriores, en donde el espacio de

busqueda especifico de dispositivo y el espacio de busqueda especifico de dispositivo y el espacio de

busqueda comun estan mutuamente desunidos. btusqueda comun estan mutuamente desunidos.

12.  El método de acuerdo con cualquiera de las 12.  El método de acuerdo con cualquiera de las Iguales
reivindicaciones anteriores, que ademds comprende: reivindicaciones antetiores, que ademas comprende:

obtener (S102), a partir de un nodo de red de acceso de obtener (S102), a partir de un nodo de red de acceso de

radio (300), informacion relacionada con ubicacion de radio (300), informacién relacionada con ubicacién de

frecuencia dentro del simbolo OFDM del espacio de frecuencia dentro del simbolo OFDM del espacio de

busqueda especifico de dispositivo y el espacio de busqueda especifico de dispositivo y el espacio de

biisqueda comdn. busqueda comun.

13. Un dispositivo inalimbrico (200) para monitorear | 13.  Un dispositivo inalimbrico (200) para monitorear | lguales

espacios de busqueda, el dispositivo inalambrico (200)
comprende un circuito de procesamiento (210) y una
interfaz de comunicaciones (220), el circuito de
procesamiento se configura para hacer que el dispositivo
inalambrico (200):

reciba un simbolo de multiplexacién de division de
trecuencia ortogonal, OFDM, en una ranura de enlace

descendente usando la interfaz de comunicaciones (220),

espacios de busqueda, el dispositivo inalambrico (200)
comprende un circuito de procesamiento (210) y una
interfaz de comunicaciones (220), el circuito de
procesamiento se configura para hacer que el dispositivo
inalambrico (200):

reciba un simbolo de multiplexacién de division de
frecuencia ortogonal, OFDM, en una ranura de enlace

descendente usando la interfaz de comunicaciones (220),
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en donde por lo menos parte del simbolo OFDM esta
incluido en un espacio de busqueda especifico de
dispositivo, y en donde por lo menos otra parte del
simbolo OFDM esta incluida en un espacio de busqueda
comun de dicho dispositivo inalambrico;

monitoree el espacio de busqueda especifico de
dispositivo por al menos una sefial de referencia
especifica de dispositivo; y

monitoree el espacio de busqueda comun por al menos
una sefial de referencia no especifica de dispositivo,
dicho dispositivo inalambrico esta caracterizado porque
el espacio de busqueda especifico de dispositivo esta
contenido en una primera subbanda usada por dicho
dispositivo inalambrico y el espacio de bisqueda comun
esta contenido en una segunda subbanda usada por

dicho dispositivo inalambrico.

en donde por lo menos parte del simbolo OFDM esta
incluido en un espacio de busqueda especifico de
dispositivo, y en donde por lo menos otra parte del
simbolo OFDM esta incluida en un espacio de busqueda
comun de dicho dispositivo inalambrico;

monitoree el espacio de busqueda especifico de
dispositivo por al menos una sefial de referencia especifica
de dispositivo; y

monitoree el espacio de busqueda comun por al menos
una sefial de referencia no especifica de dispositivo, dicho
dispositivo inalambrico esta caracterizado porque el
espacio de busqueda especifico de dispositivo esta
contenido en una primera subbanda usada por dicho
dispositivo inalambrico y el espacio de busqueda comun
esta contenido en una segunda subbanda usada por dicho

dispositivo inalambrico.

14.  Unmétodo para permitir el monitoreo de espacios
de busqueda, el método es realizado por un nodo de red
de acceso de radio (300), el método comprende:

transmitir  (§204) un simbolo de multiplexaciéon de

division de frecuencia ortogonal, OFDM, en una ranura

14.  Un método para permitir el monitoreo de espacios
de busqueda, el método es realizado por un nodo de red de
acceso de radio (300), el método comprende:

transmitir (§204) un simbolo de multiplexacién de division

de frecuencia ortogonal, OFDM, en una ranura de enlace

Iguales
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de enlace descendente a un dispositivo inalambrico (200),
en donde por lo menos parte del simbolo OFDM esta
incluido en un espacio de busqueda especifico de
dispositivo, y en donde por lo menos otra parte del
simbolo OFDM esta incluida en un espacio de busqueda
comun de dicho dispositivo inalambrico,

en donde el espacio de busqueda especifico de dispositivo
comprende una sefial de referencia especifica de
dispositivo, y el espacio de busqueda comun comprende
una senal de referencia no especifica de dispositivo, dicho
método esta caracterizado porque el espacio de busqueda
especifico de dispositivo esta contenido en una primera
subbanda usada por dicho dispositivo inalambrico y el
espacio de busqueda comun esta contenido en una
segunda subbanda wusada por dicho dispositivo

inalambrico.

descendente a un dispositivo inalambrico (200), en donde
por lo menos parte del simbolo OFDM esta incluido en un
espacio de busqueda especifico de dispositivo, y en donde
por lo menos otra parte del simbolo OFDM esta incluida
en un espacio de busqueda comuin de dicho dispositivo
inalambrico,

en donde el espacio de busqueda especifico de dispositivo
comprende una seflal de referencia especifica de
dispositivo, y el espacio de bisqueda comun comprende
una sefial de referencia no especifica de dispositivo, dicho
método esta caracterizado porque el espacio de busqueda
especifico de dispositivo esta contenido en una primera
subbanda usada por dicho dispositivo inalambrico y el
espacio de busqueda comun esta contenido en una segunda

subbanda usada por dicho dispositivo inalambrico.
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15. El método de acuerdo con la reivindicacion 14,
en donde el espacio de busqueda especifico de
dispositivo y el espacio de busqueda comun estan

provistos en el mismo simbolo OFDM.

15. El método de acuerdo con la reivindicacion 14, en
donde el espacio de basqueda especifico de dispositivo y
el espacio de busqueda comin estan provistos en el

mismo simbolo OFDM.

Iguales

16. El método de acuerdo con la reivindicacién 14 o | 16. El método de acuerdo con la reivindicaciéon 14 o 15, | lguales
15, en donde la sefal de referencia especifica de | en donde la sefial de referencia especifica de dispositivo
dispositivo permite que el dispositivo inalambrico | permite que el dispositivo inalambrico monitoree mensajes
monitoree mensajes de control. de control.

17.  El método de acuerdo con cualquiera de las | 17. El método de acuerdo con cualquiera de las | lguales

reivindicaciones 14 a 16, en donde la senal de referencia
no especifica de dispositivo permite que el dispositivo
inalambrico y otros dispositivos inalimbricos en un area
de cobertura del nodo de red de acceso de radio (300)

monitoreen mensajes de control.

reivindicaciones 14 a 16, en donde la sefial de referencia no
especifica de dispositivo permite que el dispositivo
inalambrico y otros dispositivos inalambricos en un area de
cobertura del nodo de red de acceso de radio (300)

monitoreen mensajes de control.
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18.  El método de acuerdo con cualquiera de las
reivindicaciones 14 a 17, que ademas comprende:

suministrar  (S202) informacién relacionada con
ubicacion de frecuencia dentro del simbolo OFDM del
espacio de busqueda especifico de dispositivo y el espacio

de busqueda comun al dispositivo inalambrico (200).

18. El método de acuerdo con cualquiera de las
reivindicaciones 14 a 17, que ademas comprende:

suministrar (§202) informacién relacionada con ubicacion
de frecuencia dentro del simbolo OFDM del espacio de
busqueda especifico de dispositivo y el espacio de

busqueda comun al dispositivo inalambrico (200).

Iguales

19.  El método de acuerdo con cualquiera de las
reivindicaciones 14 a 18, en donde el espacio de bisqueda
comun comprende recursos reservados para una sefial de
referencia de demodulacién, DMRS, no especifica de
dispositivo, en donde la DMRS no especifica de
dispositivo depende de parametros de celda, y en donde
el espacio de busqueda especifico de dispositivo
comprende recursos reservados para una seflal de
referencia de demodulacion, DMRS, especifica de
dispositivo, en donde la DMRS especifica de dispositivo

depende de por lo menos un parametro del dispositivo

19.  El método de acuerdo con cualquiera de las
reivindicaciones 14 a 18, en donde el espacio de busqueda
comun comprende recursos reservados para una sefial de
referencia de demodulacién, DMRS, no especifica de
dispositivo, en donde la DMRS no especifica de dispositivo
depende de parametros de celda, y en donde el espacio de
busqueda especifico de dispositivo comprende recursos
reservados para una sefial de referencia de demodulacion,
DMRS, especifica de dispositivo, en donde la DMRS
especifica de dispositivo depende de por lo menos un

parametro del dispositivo inalambrico (200).

lguales
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inalambrico (200).

20.  Un nodo de red de acceso de radio (300) para
permitir el monitoreo de espacios de busqueda, el nodo
de red de acceso de radio (300) comprende circuito de
procesamiento (310) y una interfaz de comunicaciones
(320), el circuito de procesamiento se configura para
hacer que el nodo de red de acceso de radio (300):

transmita un simbolo de multiplexacién de division de
frecuencia ortogonal, OFDM, en una ranura de enlace
descendente a un dispositivo inalambrico (200) usando la
interfaz de comunicaciones (320), en donde por lo menos
parte del simbolo OFDM esta incluido en un espacio de
busqueda especifico de dispositivo de dicho dispositivo

inalambrico, y en donde por lo menos parte del simbolo

20.  Un nodo de red de acceso de radio (300) para
permitir el monitoreo de espacios de busqueda, el nodo de
red de acceso de radio (300) comprende circuito de
procesamiento (310) y una interfaz de comunicaciones
(320), el circuito de procesamiento se configura para hacer
que el nodo de red de acceso de radio (300):

transmita un simbolo de multiplexaciéon de divisiéon de
frecuencia ortogonal, OFDM, en una ranura de enlace
descendente a un dispositivo inalambrico (200) usando la
interfaz de comunicaciones (320), en donde por lo menos
parte del simbolo OFDM esta incluido en un espacio de
busqueda especifico de dispositivo de dicho dispositivo

inalambrico, y en donde por lo menos parte del simbolo

Iguales

PI02-F20 Vr3 (2017-07-31)




OFDM esta incluido en un espacio de busqueda comun
de dicho dispositivo inalambrico;

en donde el espacio de busqueda especifico de dispositivo
comprende una seflal de referencia especifica de
dispositivo, y el espacio de busqueda comin comprende
una sefial de referencia no especifica de dispositivo, dicha
red de acceso de radio esta caracterizada porque el
espacio de busqueda especifico de dispositivo esta
contenido en una primera subbanda usada por dicho
dispositivo inalambrico y el espacio de busqueda comun
esta contenido en una segunda subbanda usada por dicho

dispositivo inalambrico.

OFDM esta incluido en un espacio de busqueda comun de
dicho dispositivo inalambrico;

en donde el espacio de busqueda especifico de dispositivo
comprende una sefial de referencia especifica de
dispositivo, y el espacio de busqueda comun comprende
una sefial de referencia no especifica de dispositivo, dicha
red de acceso de radio esta caracterizada porque el espacio
de busqueda especifico de dispositivo esta contenido en
una primera subbanda usada por dicho dispositivo
inalambrico y el espacio de busqueda comun esta
contenido en una segunda subbanda usada por dicho

dispositivo inalambrico.

21.  Un programa de computador (1320) para permitir
el monitoreo de espacios de busqueda, el programa de
computador comprende cédigo de computador el cual,
cuando se ejecuta en un circuito de procesamiento (310)

de un dispositivo inalambrico (200) hace que el

21. Un programa de computador (1320) para permitir
el monitoreo de espacios de busqueda, el programa de
computador comprende codigo de computador el cual,
cuando se ejecuta en un circuito de procesamiento (310) de

un dispositivo inalambrico (200) hace que el dispositivo

Iguales
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dispositivo inalambrico (200) realice el método de
cualquiera de las reivindicaciones 1 a 12 o cuando se
ejecuta en el circuito de procesamiento de un nodo de
acceso de radio (300), hace que el nodo de acceso de radio
(300) realice el método de cualquiera de las

retvindicaciones 14 a 19.

inalambrico (200) realice el método de cualquiera de las
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Description
TECHNICAL FIELD

[0001] Embodiments presented herein relate to a
method, a wireless device, a computer program, and a
computer program product for monitoring search spaces.

BACKGROUND

[0002] In communications networks, there may be a
challenge to obtain good performance and capacity for
a given communications protocal, its various design as-
pects and the physical environment in which the commu-
nications network is deployed.

[0003] For example, one design aspect with a consid-
erable impact on performance and capacity for a given
communications protocol in a communications network
is the use of reference signals (RSs). RSs of different
types can be transmitted, received, and used within an
orthogonal frequency-division multiplexing (OF DM) sym-
bol.

[0004] In additionto RSs, there are basically two types
of physical downlink control channels (PDCCHs) envi-
sionedforfuture radio access technologies; common PD-
CCHs and device-specific PDCCHs. The PDCCHs may
be transmitted in a common control region or a device-
specific control region.

[0005] In the 3GPP Long Term Evolution (LTE) suite
of telecommunication standards, a search space may be
understood as a set of candidate control channels which
a wireless device is supposed to attempt to decode.
There may be more than one search space. In particular,
a search space may be a common search space, which
is common to all wireless device of the cell, or a device-
specific search space, which may have properties deter-
mined by a non-injective function of device identity and
may thus be shared with some other devices of the cell.
In a LTE cell, all search spaces may be contained in a
constant set of one or more subbands.

[0006] For the PDCCH in 3GPP Rel. 8, the common
control region (structured as a common control search
space) is located within the protocol layer-1/layer-2
(L1/L2) control regions in the first few OFDM symbols
spanning the entire system bandwidth, as well as any
device-specific control regions (structured as device-
specific search space(s)). In addition, common reference
signals (CRS) are transmitted in the entire subframe (in-
cludingthe L1/L2 controlregion). Any PDCCH in the com-
mon or device-specific search space(s) are transmitted
using the same antenna weights (beamforming) as the
CRS.

[0007] The wireless device monitors the common and
the device-specific search spaces in respective control
regions and uses the CRS to estimate a channel, in order
to do blind decoding of possible PDCCH candidates in
the search spaces. This prevents device-specific beam-
forming of any device-specific PDCCHs, since the CRSs
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are not assumed to be beamformed in a device-specific
way. Many of the PDCCH messages are not addressed
to individual wireless devices but to a group of wireless
devices, for example, random access responses, system
information, allocation and paging information.

[0008] In 3GPP Rel. 11, a new set of device-specific
control channel search space(s) were added along with
related device-specific demodulation reference signals
(DMRS). This enables the network to send device-spe-
cific control messages to a wireless device using device-
specific beamforming, for example directed towards a
certain wireless device or a certain group of wireless de-
vices. Search spaces known as ePDCCH search spaces
(where the prefix e- is short for enhanced) are located in
a control region sent (and received) after the L1/L2 sym-
bols in the dataregion, and are confined to a small subset
of resource blocks.

[0009] Fig. 1 schematically illustrates an example of a
structure of a 3GPP Rel. 11 subframe 150 showing fre-
quency usage (in terms of bandwidth) as a function of
time. The subframe 150 comprises a PDCCH control re-
gion 190, a data region 170 and an ePDCCH control re-
gion 180, where the ePDCCH control region 180 com-
prises an ePDCCH 160. The ePDCCH 160 may carry
control information scheduling a data region 170 in the
same subframe. The wireless device monitors the ePD-
CCH in the one or more ePDCCH search spaces 180. If
an ePDCCH 160 is found, the found ePDCCH may iden-
tify a data region 170 in the subframe. It follows from Fig.
1 that the decoding of any data in the scheduled data
region cannot be started until the ePDCCH region has
been fully monitored, that is, after the entire subframe
has been received. There may as well be deinterleaving.
[0010] As a further example of this type of arrange-
ment, US 2016/043849 A1 discloses a wireless device
which receives a first-type (e.g., type 1) EPDCCH com-
mon search space (CSS) subframe. The wireless device
monitors first-type downlink control information (DCI), for
example within the first-type EPDCCH CSS subframe,
wherein a broadcast channel is received in the first-type
EPDCCH CSS. The wireless device receives configura-
tion information for a second-type (e.g., type 2) EPDCCH
CSS, for example from the first-type EPDCCH CSS,
wherein a system information block is received in the
second-type EPDCCH CSS. The wireless device then
monitors a second-type DCI, for example in the second-
type EPDCCH CSS.

[0011] Hence, there is a need for an improved moni-
toring in search spaces.

SUMMARY

[0012] An object of embodiments herein is to provide
efficient monitoring of search spaces.

[0013] Aspects of the present invention are provided
in the independent claims. Preferred embodiments are
provided in the dependent claims.

[0014] According to a first aspect there is presented a
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method for monitoring search spaces according to ind-
pendent claim 1 and further detailed in the dependent
claims referring back to this claim. Advantageously this
method provides efficient monitoring of the search spac-
es, in turn enabling efficient monitoring of control regions.
[0015] Advantageously this method for monitoring
search spaces reduces latency compared to existing
mechanisms for monitoring of control regions. Decoding
may start after reception of the control symbol and the
first data symbol, instead of at the end of the entire sub-
frame as in existing mechanisms for monitoring of control
regions. This latency gain may be possible regardless of
whether the control data is common or device-specific.

[0016] Accordingtoasecondaspectthereis presented
awireless device for monitoring search spaces according
to independent claim 13.

[0017] According to a third aspect there is provided a
method for enabling monitoring of search spaces accord-
ing to independent claim 14 and further detailed in the
dependent claims referring back to this claim.

[0018] According to a fourth aspect there is provided
aradio access network for enabling monitoring of search
spaces according to independent claim 20.

[0019] According to a fifth aspect there is presented a
computer program for monitoring search spaces accord-
ing to independent claim 21.

[0020] Advantageously the solution provided in the
present invention enables efficient monitoring of the
search spaces by the wireless device, in turn enabling
efficient monitoring of control regions.

[0021] Advantageously the method for enabling mon-
itoring of search spaces enables latency to be reduced
compared to existing mechanisms for monitoring of con-
trol regions. Decoding is enabled to start after reception
by the wireless device of the control symbol and the first
data symboal, instead of at the end of the entire subframe
as in existing mechanisms for monitoring of control re-
gions. This latency gain may be possible regardless of
whether the control data is common or device-specific.

[0022] It is to be noted that any feature of the above-
mentioned aspects may be applied to any other aspect,
wherever appropriate. Likewise, any advantage of the
firstaspect may equally apply to the second, third, fourth,
fifth, sixth, seventh, eight, ninth, tenth, eleventh, and/or
twelfth aspect, respectively, and vice versa. Other objec-
tives, features and advantages of the enclosed embod-
iments will be apparent from the following detailed dis-
closure, from the attached dependent claims as well as
from the drawings.

[0023] Generally, allterms usedinthe claims areto be
interpreted according to their ordinary meaning in the
technical field, unless explicitly defined otherwise herein.
All references to "a/an/the element, apparatus, compo-
nent, means, step, etc." are to be interpreted openly as
referring to at least one instance of the element, appa-
ratus, component, means, step, etc., unless explicitly
stated otherwise. The steps of any method disclosed
herein do not have to be performed in the exact order
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disclosed, unless explicitly stated.
BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The inventive conceptis now described, by way
of example, with reference to the accompanying draw-
ings, on which:

Fig. 1 schematically illustrates a subframe structure
according to prior art;

Fig. 2 is a schematic diagram illustrating a commu-
nication network according to embodiments;

Figs. 34, 5, and 6 are flowcharts of methods accord-
ing to embodiments;

Fig. 7 schematically illustrates an OFDM symbol
structure according to an embodiment;

Fig. 8 schematically illustrates control regions com-
prising PDCCHs scheduling data regions, according
to an embodiment;

Fig. 9 is a schematic diagram showing functional
units of a wireless device according to an embodi-
ment;

Fig. 10 is a schematic diagram showing functional
maodules of a wireless device according to an em-
bodiment;

Fig. 11 is a schematic diagram showing functional
units of a radio access network node according to
an embodiment;

Fig. 12 is a schematic diagram showing functional
maodules of a radio access network node according
to an embodiment; and

Fig. 13 shows one example of a computer program
product comprising computer readable storage me-
dium according to an embodiment.

[0025] Like numbers refer to like elements throughout
the figures. Any step or feature illustrated by dashed lines
should be regarded as optional.

DETAILED DESCRIPTION

[0026] The inventive concept will now be described
more fully hereinafter with reference to the accompany-
ing drawings, on which certain embodiments of the in-
ventive concept are shown. This inventive concept may,
however, be embodied in many different forms and
should not be construed as limited to the embodiments
set forth herein; rather, these embodiments are provided
by way of example so that this disclosure will be thorough
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and complete, and will fully convey the scope of the in-
ventive concept to those skilled in the art.

[0027] The presentinvention is defined by the append-
ed claims and limited only by their scope. Any embodi-
ment and/or aspect (of the invention and/or disclosure)
referred to in this description and not fully falling within
the scope of said appended claims is to be interpreted
as an example useful for understanding the present in-
vention.

[0028] Fig. 2 is a schematic diagram illustrating a com-
munications network 100 where embodiments presented
herein can be applied. The communications network 100
comprises a radio access network (as represented by its
radio coverage area 120 in which a radio access network
node 300 provides network access), a core network 130,
and a service network 140.

[0029] The radio access network is operatively con-
nectedto the core network 130 which inturnis operatively
connected to the service network 140. The radio access
network node 300 thereby enables wireless devices 200
to access services and exchange data as provided by
the service network 140.

[0030] Examples of wireless devices 200 include, but
are not limited to, mobile stations, mobile phones, hand-
sets, wireless local loop phones, user equipment (UE),
smartphones, laptop computers, tablet computers, sen-
sors, actuators, modems, repeaters, and network-
equipped Internet of Things devices. Examples of radio
access network nodes 110 include, but are not limited
to, radio base stations, base transceiver stations, Node
Bs, evolved Node Bs, gNB (in communications networks
denoted "new radio” or NR for short), and access points.
As the skilled person understands, the communications
system 100 may comprise a plurality of radio access net-
work nodes 110, each providing network access to a plu-
rality of wireless devices 200. The herein disclosed em-
bodiments are not limited to any particular number of
radio access network nodes 110 or wireless devices 200.
[0031] For evolving communications systems, it is en-
visioned that codewords can be mapped to individual
OFDM symbols, or even several codewords per OFDM
symbol. It is noted that codewords and OFDM symbols
are notnecessarily exactly aligned, i.e., some codewords
may span multiple OFDM symboals. This may enable the
wireless device to start decoding as soon as an OFDM
symbol comprising data has been received.

[0032] The fifth generation of mobile telecommunica-
tions and wireless technology (5G) is not yet fully defined
butinan advanceddrafting stage within 3GPP. Itincludes
work on 5G (NR) Access Technology. LTE terminology
is used in this disclosure in a forward-looking sense, to
include equivalent 5G entities or functionalities although
a different term may be specified in 5G. A general de-
scription of the agreements on 5G New Radio (NR) Ac-
cess Technology so far is contained in 3GPP TR 38.802
V0.3.0 (2016-10), of which a draft version has been pub-
lished as R1-1610848. Final specifications may be pub-
lished inter alia in the future 3GPP TS 38.2** series.
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[0033] There are afew issues with the above disclosed
existing mechanisms for monitoring of (data and) control
regions when considering an evolved communications
system, where low latency is important, and where beam-
formed control messaging is used. Furthermore, in an
evolved communications system where the wireless de-
vices in some aspects do not know the system bandwidth
it may be unnecessary to have an L1/L2 control region
spanning the entire, possibly very large bandwidth, when
any wireless device only can access a small part of it.
For example, the radio access network node may trans-
mit and receive signals over a 100 MHz bandwidth and
each wireless device may be limited to transmitting and
receiving signals over a 40 MHz bandwidth.

[0034] The embodiments disclosed herein therefore
relate to mechanisms for monitoring search spaces and
for enabling monitoring of search spaces. In order to ob-
tain such mechanisms there are provided a wireless de-
vice 200, a method performed by the wireless device
200, a computer program product comprising code, for
example in the form of a computer program, that when
run on a wireless device 200, causes the wireless device
200 to perform the method. In order to obtain such mech-
anisms there are provided a radio access network node
300, a method performed by the radio access network
node 300, a computer program product comprising code,
for example in the form of a computer program, thatwhen
runon aradio access network node 300, causes theradio
access network node 300 to perform the method.
[0035] At least some of the embodiments disclosed
herein relate to the transmission, reception, and usage
of RSs of different types within an OFDM symbol in the
downlink (i.e., as transmitted by the radio access network
node and received by the wireless device). The embod-
iments may equally be applicable to an OFDM symbol
transmitted in sidelink. For example, the RSs may be
used for demodulation of control channels that may be
mapped to a control region.

[0036] Figs. 3 and 4 are flowcharts illustrating embod-
iments as methods for monitoring search spaces. The
methods are performed by the wireless device 200. The
methods may advantageously be realized by executing
computer programs 1320a.

[0037] Reference is now made to Fig. 3 illustrating a
method for monitoring search spaces as performed by
the wireless device 200 according to an embodiment.
[0038] If both a common control region in a common
search space (enabling beamforming to reach many
wireless devices 200) and device-specific regions in de-
vice-specific search spaces (enabling beamforming to
reach aspecificwireless device) are provided in the same
OFDM symbol, or at least begin in the same OFDM sym-
bol, latencies may be controlled or reduced. Hence, the
wireless device 200 is configured to perform step S104:
S$104: The wireless device 200 receives an OFDM sym-
bol in a downlink slot. At least part of the OFDM symbol
is included in a device-specific search space and in a
common search space.
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[0039] Upon having received the OFDM symbol the
wireless device 200 monitors both a device-specific
search space and a common search space and is thus
configured to perform steps S106, S108:

S106: The wireless device 200 monitors the device-
specific search space for at least one device-specific
reference signal.

S108: The wireless device 200 monitors the common
search space for at least one non-device-specificref-
erence signal.

[0040] In this respect, to monitor the search space for
a reference signal is to be interpreted as: to read the
search space attempting to recognize the reference sig-
nal, to search for the reference signal in the search space,
to try to match the reference signal in the search space,
to try to decode a control message transmitted in the
search space knowing that the reference signal may be
present, and/or to try to decode a control message trans-
mitted in the search space assuming the possible pres-
ence of the reference signal.

[0041] The method thus allows for transmission of both
common and device-specific control messages (possibly
beamformed differently) in the same OFDM symbol, en-
abling immediate decoding to start in the first OFDM sym-
bolof any scheduled dataregion (common and/or device-
specific). For this purpose, reference signals for data are
preferably inserted in the beginning of the data region.
[0042] Embodiments relating to further details of mon-
itoring search spaces as performed by the wireless de-
vice 200 will now be disclosed.

[0043] There may be different locations of the OFDM
symbol in the downlink slot. According to an embodiment
the OFDM symbol is the first time-wise occurring OFDM
symbol in the downlink slot. Formulated differently, the
OFDM symbol is initial in the downlink slot; with respect
to time, the OFDM symbol was transmitted before the
other symbols. There may be different locations of the
device-specific search space. According to an embodi-
ment at least part of the device-specific search space is
comprised in the first OFDM symbol. There may be dif-
ferent locations of the common search space. According
to an embodiment at least part of the common search
space is comprised in the first OFDM symbol.

[0044] Reference is now made to Fig. 4 illustrating
methods for monitoring search spaces as performed by
the wireless device 200 according to further embodi-
ments. It is assumed that steps S104, S106, S108 are
performed as in the above description with reference to
Fig. 3, which therefore need not be repeated.

[0045] The wireless device may be made aware of the
different control regions, location and type henceforth.
Hence, according to an embodiment the wireless device
200 is configured to perform step $102:

$102: The wireless device obtains information regarding
frequency location within the OFDM symbol of the de-
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vice-specific search space and the common search
space.

[0046] This information may comprise respective con-
trolregion location and size in the frequency domain. The
location may be based on cell ID. For the device-specific
case the information may be device-specific. The fre-
quency locations may be conveyed from the radio access
network node 300 to the wireless device 200 by means
of semi-static signalingoverradioresource control (RRC)
signaling, medium access control (MAC) element sign-
aling, dynamic signaling in a previous PDCCH, or by oth-
er means. Optionally, the wireless device may obtain the
time location of the OFDM symboal, e.qg., in terms of the
position of the symbol.

[0047] Each search space, or control region, may be
defined as a set of subbands. Hence, according to an
embodiment, each of the device-specific search space
and the common search space is contained in a respec-
tive frequency subband. Each frequency subband may
have a bandwidth in the order of 5 MHz. Different sub-
bands may have different bandwidths. A common control
subband and a device-specific control subband can
thereby be used within (at least) one andthe same OFDM
symbol.

[0048] A set of non-device-specific demodulation ref-
erence signals (DMRS) may be defined for the common
subband or common search space, and a set of device-
specific DMRS may be defined for the device-specific
subband or device-specific search space. Hence, ac-
cording to an embodiment, the device-specific search
space comprises resources reserved for a device-spe-
cific DMRS, and the common search space comprises
resources reserved for a non-device-specific DMRS. In
this respect, the fact that the resources are reserved is
to be interpreted as the resources have predefined (or
pre-agreed) positions in the time/frequency grid. The re-
maining resource elements in the OFDM symbol that do
not carry RSs may be used for control payload, such as
common and/or device-specific PDCCH. Similarly, each
subband or search space may comprise resources re-
served for multiple DMRSs. If a search space comprises
multiple search space candidates, each candidate may
be associated with its own DMRS resources. DMRS re-
sources of different candidates may overlap or partially
overlap, or may alternatively be disjoint.

[0049] As disclosed above, at least part of the OFDM
symbol is included in a device-specific search space and
in a common search space. An OFDM symbol may thus
contain common and device-specific search spaces.
Each search space may comprise one or several control
channel candidates, such as PDCCH candidates, search
space candidates, or search space control channel can-
didates. If a PDCCH is transmitted, it is transmitted on
one of the search space PDCCH candidates. If a PDCCH
is transmitted, then also a corresponding DMRS may be
transmitted. Depending on which PDCCH is transmitted,
there may be two combinations of PDCCH and DMRS
simultaneously, otherwise only one. Alternatively, DMRS
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may be connected to a search space or a search space
controlchannel candidate and transmitted independently
of whether PDCCH is transmitted or not.

[0050] Hence, according to an embodiment, the wire-
less device 200 is configured to perform steps S 1064,
$106b as part of step $106:

S 106a: The wireless device 200 detects a device-
specific PDCCH message in the device-specific
search space.

S106b: The wireless device 200 identifies, from the
device-specific PDCCH message, resource blocks
for a device-specific data region.

[0051] According to afurther embodiment the wireless
device 200 is configured to perform steps $108a, S108b
as part of step S108:

S 108a: The wireless device 200 detects a non-de-
vice-specific PDCCH message in the common
search space.

S108b: The wireless device 200 identifies, from the
non-device-specific PDCCH message, resource
blocks for a non-device-specific data region.

[0052] In this respect, resource elements not used for
DMRS within a subband may be utilized for control pur-
poses and/or data transmissions. Resource elements
outside the control subbands may be used for data trans-
missions.

[0053] This means that within a same OFDM symbol,
the network, via the radio access network node, may
transmit a PDCCH addressed to multiple wireless devic-
es 200 using a first beamforming setting, and may trans-
mit a PDCCH addressed to a specific wireless device
200 using a second beamforming setting, different from
the first beamforming setting. Preferably, the first beam-
forming setting is relatively wide or at least wider than
the second beamforming setting. In this connection, a
wide setting is one expected to have a low degree of
spatial or angular selectivity; in line-of-sight conditions,
this corresponds to a large beam angle. This allows the
wireless device 200 to monitor the search space(s) inthe
control regions for both group messages and individual
messages, decode these PDCCHs as early as is theo-
retically possible and start decoding data code words vir-
tually immediately in the addressed data region.

[0054] It can even be envisioned that parts of the
OFDM symbol not used for control are used for data. The
control regions might not occupy all resources in the
OFDM symbol, and hence there may be resources left
in the OFDM symbol that may be utilized for e.g. data
traffic to at least one wireless device 200.

[0055] Figs.5 and 6 are flowcharts illustrating embod-
iments as methods for enabling monitoring of search
spaces. The methods are performed by the radio access
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network node 300. The methods may advantageously
be realized by executing computer programs 1320b. In
these example embodiments, the radio access network
node 300 transmits an OFDM symbal in downlink, but
variations are equally possible where an OFDM symbol
is transmitted in sidelink.

[0056] Reference is now made to Fig. 5 illustrating a
method for enabling monitoring of search spaces as per-
formed by the radio access network node 300 according
to an embodiment.

[0057] As disclosed above, the wireless device 200 in
a step S104 receives an OFDM symbol in a downlink
slot. It is assumed that the radio access network node
300 transmits such an OFDM symbol. Hence, the radio
access network node 300 is configured to perform step
S204.

[0058] S204: The radio access network node 300
transmits an OFDM symbol in a downlink slot. At least
part of the OFDM symbol is included in a device-specific
search space and a common search space. The device-
specific search space comprises a device-specific refer-
ence signal, and/or the common search space comprises
a non-device-specific reference signal.

[0059] It is noted for completeness, that at least one
of the search spaces comprises a RS if a physical control
channel is transmitted in the downlink slot. If no physical
control channel is transmitted, no RS is present.

[0060] Embodiments relating to further details of ena-
bling monitoring of search spaces as performed by the
radio access network node 300 will now be disclosed.
[0061] Thus, at leastone of (a) and (b) in the following
holds: (a) the device-specific search space comprises a
device-specific reference signal, (b) the common search
space comprises a non-device-specific reference signal.
[0062] Accordingtoanembodimentthe device-specif-
icreference signal enables a specific wireless device 200
or a specific group of wireless devices to monitor control
messages.

[0063] According to an embodiment the non-device-
specific reference signal enables non-specific wireless
devices in a coverage area of the radio access network
node 300 to monitor control messages.

[0064] Reference is now made to Fig. 6 illustrating
methods for enabling monitoring of search spaces as per-
formed by the radio access network node 300 according
to further embodiments. It is assumed that step S204 is
performed as described above with reference to Fig. 5,
so that this description need not be repeated.

[0065] As disclosed above, according to an embodi-
ment the wireless device 200 obtains location informa-
tion. Hence, according to an embodiment the radio ac-
cess network node 300 is configured to perform step
S202:

$202: The radio access network node 300 provides in-
formation regarding frequency within the OFDM symbol
of the device-specific search space and the common
search space to a wireless device 200.

[0066] Further embodiments applicable to both the
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wireless device 200 and the radio access network node
300 will now be disclosed.

[0067] Fig. 7 schematically illustrates an OFDM sym-
bol structure 700 comprising both device-specific and
non-device-specific controlregions 710, 720. Respective
control regions comprise resources for respective
DMRS. Each control region comprises resource ele-
ments (RE) 740, 760 that are reserved for DMRS. Further
REs 730, 750 may contain the PDCCH messages. The
densities of the DMRS may be differentin different control
regions or may be uniform. The density and locations of
respective DMRS may be configured or be in accordance
with a fixed pattern, in dependence of the subband. Fur-
ther, the DMRS may be associated with individual search
space PDCCH candidates and only be transmitted if a
PDCCH is actually transmitted. If a DMRS is associated
with an individual search space PDCCH candidate,
DMRS resources of different candidates may overlap,
partially overlap or may alternatively be disjoint.

[0068] The radio access network node may be config-
ured to only send a reference signal of a certain type if
it also sends a PDCCH message of that type. In that way
interference levels in the network may be controlled, or
kept small. When transmitted, the reference signals may
be located in the vicinity of the sent PDCCH message
within the control region.

[0069] Fig.8illustrates an OFDM symbol structure 800
comprising both device-specific and non-device-specific
control regions (PDCCHs) 810, 820 identifying the loca-
tion in time and/or frequency of data regions 830, 840. If
the code words in one or both of the common or user-
specific (or device-specific) region are arranged for de-
coding per OFDM symbol, latency may be reduced. In
Fig. 8 the two types of control regions are non-overlap-
ping, but they may alternatively be fully or partially over-
lapping.

[0070] Hence, accordingtoan embodimentthe device-
specific search space and the common search space at
least partially overlap. In case the common controlregion
and the device-specific control region (partially) overlap,
the respective reference signals must be distinguishable.
There are several ways this may be ensured. The allo-
cation may be that RSs (of a certain type) are only avail-
able when a PDCCH (of that type) is actually transmitted.
Then preferably the RSs are transmitted only in the vi-
cinity of the sent PDCCH. Since the radio access network
node is aware of what it sends in a given resource, the
radio access network node can ensure that different
types of RSs are distinguishable. The wireless device
200 only has to monitor the overlapping search spaces
using different assumptions concerning the RS type and
concerning location of candidate message and RSs. RSs
can be made distinguishable if they are transmitted in a
non-overlapping fashion, in well enough isolated beams,
or using orthogonal or quasi-orthogonal RS sequences.
Different RS for the different search spaces may thus
enable a device to distinguish between a control mes-
sage transmitted in a common search space and in a
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device-specific search space, even if the control channel
transmissions would use the same time-frequency re-
sources.

[0071] Alternatively, the device-specific search space
and the common search space are separated (or dis-
joint). Hence, according to another embodiment the de-
vice-specific search space and the common search
space do notoverlap. An allocation scheme may be used
to ensure that the device-specific RSs and the common
RSs do not overlap.

[0072] Device-specific RSs may have properties or
characteristics which are dependent on the wireless de-
vice, a wireless device identity, a Cell Radio Network
Temporary Identifier (CRNTI), wireless device capabili-
ties, a configured parameter for the wireless device, or
any other characteristic that may differentiate two or more
wireless devices or may differentiate two or more groups
of wireless devices.

[0073] Non-device-specific RSs may have properties
or characteristics which are dependent on a cell ID, a
location in the time or frequency domain, or a parameter
configured for a set of wireless devices. A set of wireless
devices in this sense may comprise those wireless de-
vices which are to receive the PDCCH in the common
search space; the set may in particular comprise all wire-
less devices in a cell.

[0074] According to embodiments disclosed herein a
control region may thus be monitored by means of so
called search spaces, where a search space defines the
possible locations of a control message. Properties of a
search space may depend on a size of used control re-
sources; for instance, in LTE the size is given by the
aggregation level. Ifthere are many possible aggregation
levels/sizes of mapped control messages, there are
many search spaces. This is true for both device-specific
and common control regions. The embodiments dis-
closed herein are not dependent on, or limited to, the
exact structure of the control regions or how they are to
be monitored.

[0075] An illustrative example of a search space con-
sisting of one single subband has been used throughout
this description, but as understood by a person of ordi-
nary skill in the art, search spaces may have a different
number of subbands, possibly of different sizes. That s,
although the embodiments and examples disclosed
herein depict only one OFDM symbol comprising control
messages, it is clear to the skilled person that there may
be one or mare than one OFDM symbol comprising con-
trolmessages aslong as atleast one OFDM symbol com-
prises both device-specific and non-device-specific
search spaces.

[0076] Fig. 9 schematically illustrates, in terms of a
number of functional units, the components of a wireless
device 200 according to an embodiment. Processing cir-
cuitry 210 is provided using any combination of one or
more of a suitable central processing unit (CPU), multi-
processor, microcontroller, digital signal processor
(DSP), etc., capable of executing software instructions
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stored in a computer program product 1310a (as in Fig.
13), e.g. in the form of a storage medium 230. The
processing circuitry 210 may further be provided as at
least one application-specific integrated circuit (ASIC),
or field programmable gate array (FPGA).

[0077] Particularly, the processing circuitry 210 is con-
figured to cause the wireless device 200 to perform a set
of operations, or steps, S102-5108, as disclosed above.
For example, the storage medium 230 may store the set
of operations, and the processing circuitry 210 may be
configured to retrieve the set of operations from the stor-
age medium 230 to cause the wireless device 200 to
perform the set of operations. The set of operations may
be provided as a set of executable instructions.

[0078] Thus the processing circuitry 210 is thereby ar-
ranged to execute methods as herein disclosed. The stor-
age medium 230 may also comprise persistent storage,
which, for example, can be any single one or combination
of magnetic memory, optical memory, sclid state memory
or even remotely mounted memory. The wireless device
200 may further comprise a communications interface
220 at least configured for communications with a radio
access network node. As such the communications in-
terface 220 may comprise one or more transmitters and
receivers, comprising analogue and digital components.
The processing circuitry 210 controls the general oper-
ation of the wireless device 200 e.g. by sending data and
control signals to the communications interface 220 and
the storage medium 230, by receiving data and reports
fromthe communications interface 220, and by retrieving
data and instructions from the storage medium 230. Oth-
er components, as well as the related functionality, of the
wireless device 200 are omitted in order not to obscure
the concepts presented herein.

[0079] Fig. 10 schematically illustrates, in terms of a
number of functional modules, the components of awire-
less device 200 according to an embodiment. The wire-
less device 200 of Fig. 10 comprises a number of func-
tional modules; areceive module 210b configured to per-
form step S104, a monitor module 210¢ configured to
perform step S106, and a monitor module 210f config-
ured to perform step S108. The wireless device 200 of
Fig. 10 may further comprise a number of optional func-
tional modules, such as any of an obtain module 210a
configured to perform step $102, a detect module 210d
configured to perform step S 106a, an identify module
210e configured to perform step S 106b, a detect module
210g configured to perform step S 108a, and an identify
module 210h configured to perform step S108b.

[0080] Ingeneral terms, each functional module 210a-
210h may in one embodiment be implemented only in
hardware or and in another embodiment with the help of
software, i.e., the latter embodiment having computer
program instructions stored on the storage medium 230
which when run on the processing circuitry makes the
wireless device 200 perform the corresponding steps
mentioned above in conjunction with Fig 10. It should
also be mentioned that even though the modules corre-
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spond to parts of a computer program, they do not need
to be separate modules therein, but the way in which they
are implemented in software is dependent on the pro-
gramming language used. Preferably, one or more or all
functional modules 210a-210h may be implemented by
the processing circuitry 210, possibly in cooperation with
the communications interface 220 and/or the storage me-
dium 230. The processing circuitry 210 may thus be con-
figured to from the storage medium 230 fetch instructions
as provided by a functional module 210a-210h and to
execute these instructions, thereby performing any steps
as disclosed herein.

[0081] Fig. 11 schematically illustrates, in terms of a
number of functional units, the components of a radio
access network node 300 according to an embodiment.
Processing circuitry 310 is provided using any combina-
tion of one or more of a suitable central processing unit
(CPU), multiprocessor, microcontroller, digital signal
pracessor (DSP), etc., capable of executing software in-
structions stored in a computer program product 1310b
(asinFig. 13), e.g. in the form of a storage medium 330.
The processing circuitry 310 may further be provided as
atleastone application-specific integrated circuit (ASIC),
or field programmable gate array (FPGA).

[0082] Particularly, the processing circuitry 310 is con-
figured to cause the radio access network node 300 to
perform a set of operations, or steps, S202-S204, as dis-
closed above. Forexample, the storage medium 330 may
store the set of operations, and the processing circuitry
310 may be configured to retrieve the set of operations
from the storage medium 330 to cause the radic access
netwark node 300 to perform the set of operations. The
set of operations may be provided as a set of executable
instructions. Thus the processing circuitry 310 is thereby
arranged to execute methods as herein disclosed.
[0083] The storage medium 330 may also comprise
persistent storage, which, for example, can be any single
one or combination of magnetic memory, optical memo-
ry, solid state memory or even remotely mounted mem-
ory.

[0084] Theradioaccess network node 300 may further
comprise a communications interface 320 for communi-
cations with other entities and devices of the communi-
cations network 100 and the wireless device 200. As such
the communications interface 320 may comprise one or
more transmitters and receivers, comprising analog and
digital components.

[0085] The processing circuitry 310 controls the gen-
eral operation of the radio access network node 300 e.g.
by sending data and control signals to the communica-
tions interface 320 and the storage medium 330, by re-
ceiving data and reports from the communications inter-
face 320, and by retrieving data and instructions from the
storage medium 330. Other components, as well as the
related functionality, of the radio access network node
300 are omitted in order not to obscure the concepts pre-
sented herein.

[0086] Fig. 12 schematically illustrates, in terms of a
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number of functional modules, the components of aradio
access network node 300 according to an embodiment.
Theradio access network node 300 of Fig. 12 comprises
atransmitmodule 310b configured to perform step S204.
The radio access network node 300 of Fig. 12 may further
comprise a number of optional functional modules, such
as a provide module 310a configured to perform step
$202. In general terms, each functional module 310a-
310b may be implemented in hardware or in software.
Preferably, one or more or all functional modules 310a-
310b may be implemented by the processing circuitry
310, possibly in cooperation with the communications
interface 320 and/or the storage medium 330. The
processing circuitry 310 may thus be arranged to from
the storage medium 330 fetch instructions as provided
by a functional module 310a-310b and to execute these
instructions, thereby performing any steps of the radio
access network node 300 as disclosed herein.

[0087] Fig. 13 shows one example of a computer pro-
gram product 1310a, 1310b comprising computer read-
able means 1330. On this computer readable means
1330, a computer program 1320a can be stored, which
computer program 1320a can cause the processing cir-
cuitry 210 and thereto operatively coupled entities and
devices, such as the communications interface 220 and
the storage medium 230, to execute methods according
to embodiments described herein. The computer pro-
gram 1320a and/or computer program product 1310a
may thus provide means for performing any steps of the
wireless device 200 as herein disclosed. On this compu-
ter readable means 1330, a computer program 1320b
can be stored, which computer program 1320b can cause
the processing circuitry 310 and thereto operatively cou-
pled entities and devices, such as the communications
interface 320 and the storage medium 330, to execute
methods according to embodiments described herein.
The computer program 1320b and/or computer program
product 1310b may thus provide means for performing
any steps of theradio access network node 300 as herein
disclosed.

[0088] Inthe example of Fig. 13,the computer program
product 1310a, 1310b is illustrated as an optical disc,
such as a CD (compact disc) or a DVD (digital versatile
disc) or a Blu-Ray disc. The computer program product
1310a, 1310b could also be embodied as amemary, such
asarandomaccess memory (RAM), aread-only memory
(ROM), an erasable programmable read-only memory
(EPROM), or an electrically erasable programmable
read-only memory (EEPROM) and more particularly as
a non-volatile storage medium of a device in an external
memory such as a USB (Universal Serial Bus) memory
or a Flash memory, such as a compact Flash memory.
Thus, while the computer program 1320a, 1320b is here
schematically shown as a track on the depicted optical
disk, the computer program 1320a, 1320b can be stored
in any way which is suitable for the computer program
product 1310a, 1310b.

[0089] The inventive concept has mainly been de-
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scribed above with reference to a few embodiments.
However, as is readily appreciated by a person skilled in
the art, other embodiments than the ones disclosed
above are equally possible within the scope of the inven-
tive concept, as defined by the appended patent claims.

Claims

1. A method for monitoring search spaces, the method
being performed by a wireless device (200), the
method comprising:

receiving (S104) an orthogonal frequency-divi-
sion multiplexing, OFDM, symbol in a downlink
slot, wherein at least part of the OFDM symbol
is included in a device-specific search space of
said wireless device, and wherein at least an-
other part of the OFDM symbol is included in a
common search space of said wireless device;
monitoring (S106) the device-specific search
space for at least one device-specific reference
signal; and

monitoring (S108) the common search space for
at least one non-device-specific reference sig-
nal,

said method being characterized in that the
device-specific search space is contained in a
first subband used by said wireless device and
the common search space is contained in a sec-
ond subband used by said wireless device.

2. The method according to claim 1, wherein the de-
vice-specific search space and the common search
space are provided in the same OFDM symbal.

3. The method according to any of the preceding
claims, further comprising:

detecting (S106a) a device-specific physical
downlink control channel, PDCCH, message in
the device-specific search space; and
identifying (S106b), from the device-specific
PDCCH message, resource blocks for a device-
specific data region.

4. The method according to any of the preceding
claims, further comprising:

detecting (S108a) a non-device-specific physi-
caldownlink control channel, PDCCH, message
in the common search space;

identifying (S108b), from the non-device-specif-
ic PDCCH message, resource blocks for a non-
device-specific data region.

5. The method according to any of the preceding
claims, wherein at least part of the device-specific
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search space is comprised in the first OF DM symbol
received in said downlink slot.

The method according to any of the preceding
claims, wherein at least part of the common search
space is comprised in the first OFDM symbol re-
ceived in said downlink slot.

The method according to any of the preceding
claims, whereinthe OFDM symbolis an initial OFDM
symbol in the downlink slot.

The method according to any of the preceding
claims, wherein the device-specific search space
comprises resources reserved for a device-specific
demodulation reference signal, DMRS, and wherein
the common search space comprises resources re-
served for a non-device-specific DMRS.

The method according to any of the preceding
claims, wherein the non-device-specific DMRS de-
pends on cell parameters, and wherein the device-
specific DMRS depends on at least one parameter
of the wireless device (200).

The method according to any of the preceding
claims, wherein the device-specific search space
and the common search space at least partially over-

lap.

The method according to any of the preceding
claims, wherein the device-specific search space
and the common search space are mutually disjoint.

The method according to any of the preceding
claims, further comprising:

obtaining (§102), from a radio access network
node (300), information regarding frequency lo-
cation within the OFDM symbol of the device-
specific search space and the common search
space.

A wireless device (200) for monitoring search spac-
es, the wireless device (200) comprising processing
circuitry (210) and a communication interface (220),
the processing circuitry being configured to cause
the wireless device (200) to:

receive an orthogonal frequency-division multi-
plexing, OFDM, symbol in a downlink slot using
the communication interface (220), wherein at
least part of the OFDM symbol is included in a
device-specific search space of said wireless
device, and wherein at least ancther part of the
OFDM symbol is included in a common search
space of said wireless device;

monitor the device-specific search space for at
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least one device-specific reference signal; and
monitor the common search space for at least
one non-device-specific reference signal, said
wireless device being characterized in that the
device-specific search space is contained in a
first subband used by said wireless device and
the common search space is contained in a sec-
ond subband used by said wireless device.

14. A method for enabling monitoring of search spaces,

15.

16.

17.

18.

19.

the method being performed by a radio access net-
work node (300), the method comprising:

transmitting (S204) an orthogonal frequency-di-
vision multiplexing, OFDM, symbol in adownlink
slot to a wireless device (200), wherein at least
part of the OFDM symbol is included in a device-
specific search space, and wherein at least an-
other part of the OFDM symbol is included in a
common search space of said wireless device,
wherein the device-specific search space com-
prises a device-specific reference signal, and
the common search space comprises a hon-de-
vice-specific reference signal, said method be-
ing characterized in that the device-specific
search space is contained in a first subband
used by said wireless device and the common
search space is contained in a second subband
used by said wireless device.

The method according to claim 14, wherein the de-
vice-specific search space and the common search
space are provided in the same OFDM symboal.

The method according to claim 14 or 15, wherein the
device-specific reference signal enables the wire-
less device to monitor control messages.

The method according to any of claims 14 to 16,
wherein the non-device-specific reference signal en-
ables the wireless device and other wireless devices
in a coverage area of the radio access network node
(300) to monitor control messages.

The method according to any of claims 14 to 17,
further comprising:

providing (S202) information regarding frequency lo-
cationwithinthe OF DM symbol of the device-specific
search space and the common search space to the
wireless device (200).

The method according to any of claims 14 to 18,
wherein the common search space comprises re-
sources reserved for a non-device-specific demod-
ulation reference signal, DMRS, wherein the non-
device-specific DMRS depends on cell parameters,
and wherein the device-specific search space com-
prises resources reserved for a device-specific de-
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modulation reference signal, DMRS, wherein the de-
vice-specific DMRS depends on at least one param-
eter of the wireless device (200).

20. Aradio access network node (300) for enabling mon-

itoring of search spaces, the radio access network
node (300) comprising processing circuitry (310) and
a communication interface (320), the processing cir-
cuitry being configured to cause the radio access
network node (300) to:

transmit an orthogonal frequency-division mul-
tiplexing, OFDM, symbol in a downlink slot to a
wireless device (200) using the communications
interface (320), wherein at least part of the
OFDM symboal is included in a device-specific
search space of said wireless device, and
wherein at least part of the OFDM symbol is in-
cluded in a common search space of said wire-
less device;

wherein the device-specific search space com-
prises a device-specific reference signal, and
the common search space comprises a non-de-
vice-specific reference signal, said radio access
network being characterized in thatthe device-
specific search space is contained in a first sub-
band used by said wireless device and the com-
mon search space is contained in a second sub-
band used by said wireless device.

21. A computer program (1320) for enabling monitoring

of search spaces, the computer program comprising
computer code which, when run on processing cir-
cuitry (310) of a wireless device (200), causes the
wireless device (200) to perform the method of any
of claims 1 to 12 or when run on processing circuitry
of a radio access node (300), causes the radio ac-
cess node (300) to perform the method of any of
claims 14 to 19.

Patentanspriiche

1.

Verfahren zum Uberwachen von Suchbereichen,
wobei das Verfahren von einer drahtlosen Vorrich-
tung (200) durchgefihrt wird, wobei das Verfahren
umfasst:

Empfangen (S104) eines orthogonalen Fre-
guenzmultiplex-Symbols, OFDM-Symbol, in ei-
nem Downlink-Schlitz, wobei mindestens ein
Teil des OFDM-Symbols in einem vorrichtungs-
spezifischen Suchbereich der drahtlosen Vor-
richtung enthaltenist, und wobei mindestens ein
anderer Teil des OFDM-Symbols in einem ge-
meinsamen Suchbereich der drahtlosen Vor-
richtung enthalten ist;

Uberwachen (S106) des vorrichtungsspezifi-
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schen Suchbereichs auf mindestens ein vorrich-
tungsspezifisches Referenzsignal; und

Uberwachen (S108) des gemeinsamen Such-
bereichs auf mindestens ein nicht vorrichtungs-
spezifisches Referenzsignal, wobei das Verfah-
rendadurch gekennzeichnetist, dass dervor-
richtungsspezifische Suchbereich in einem ers-
ten Teilband enthalten ist, das von der drahtlo-
sen Vorrichtung verwendet wird, und dadurch,
dass der gemeinsame Suchbereich in einem
zweiten Teilband enthalten ist, das von der
drahtlosen Vorrichtung verwendet wird.

Verfahren nach Anspruch 1, wobei der vorrichtungs-
spezifische Suchbereich und der gemeinsame
Suchbereich im selben OFDM-Symbol bereitgestellt
werden.

Verfahren nach einem dervorstehenden Anspriiche,
ferner umfassend:

Erkennen (S106a) einer vorrichtungsspezifi-
schen physischen Downlink-Steuerkanal-
Nachricht, PDCCH-Nachricht, in dem vorrich-
tungsspezifischen Suchbereich; und
Identifizieren (S106b), aus der vorrichtungsspe-
zifischen PDCCH-Nachricht, von Ressourcen-
bldcken fiir einen vorrichtungsspezifischen Da-
tenbereich.

4. Verfahrennacheinem dervorstehenden Anspriiche,

ferner umfassend:

Erkennen (S108a) einer nicht vorrichtungsspe-
zifischen physischen Downlink-Steuerkanal-
Nachricht, PDCCH-Nachricht, in dem gemein-
samen Suchbereich;

Identifizieren (S108b), aus der nicht vorrich-
tungsspezifischen PDCCH-Nachricht, von Res-
sourcenblécken fir einen nicht vorrichtungs-
spezifischen Datenbereich.

Verfahren nach einem dervorstehenden Anspriiche,
wobei mindestens ein Teil des vorrichtungsspezifi-
schen Suchbereichs im ersten OFDM-Symbol ent-
halten ist, das in dem Downlink-Schlitz empfangen
wird.

Verfahren nach einem dervorstehenden Anspriiche,
wobei mindestens ein Teil des gemeinsamen Such-
bereichs im ersten OF DM-Symbol enthalten ist, das
in dem Downlink-Schlitz empfangen wird.

Verfahren nach einem dervorstehenden Anspriiche,
wobei das OFDM-Symbol ein erstes OFDM-Symbol

in dem Downlink-Schlitz ist.

Verfahren nach einem dervorstehenden Anspriiche,
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wobei der vorrichtungsspezifische Suchbereich
Ressourcen umfasst, die flr ein vorrichtungsspezi-
fisches Demodulationsreferenzsignal, DMRS, re-
serviert sind, und wobei der gemeinsame Suchbe-
reich Ressourcen umfasst, die fiir ein nicht vorrich-
tungsspezifisches DMRS reserviert sind.

Verfahren nach einem dervorstehenden Anspriiche,
wobei das nicht vorrichtungsspezifische DMRS von
Zellparametern abhangt, und wobei das vorrich-
tungsspezifische DMRS von mindestens einem Pa-
rameter der drahtlosen Vorrichtung (200) abhangt.

Verfahren nach einem dervorstehenden Anspriiche,
wobei sich der vorrichtungsspezifische Suchbereich
und der gemeinsame Suchbereich zumindest teil-
weise Uberlappen.

Verfahren nach einem dervorstehenden Anspriiche,
wobei der vorrichtungsspezifische Suchbereich und
der gemeinsame Suchbereich zueinander disjunkt
sind.

Verfahren nach einem dervorstehenden Anspriiche,
ferner umfassend:

Erhalten (S102), aus einem Funkzugangsnetzkno-
ten (300), von Informationen beziiglichdes Frequen-
zorts innerhalb des OFDM-Symbols des vorrich-
tungsspezifischen Suchbereichs und des gemeinsa-
men Suchbereichs.

Drahtlose Vorrichtung (200) zum Uberwachen von
Suchbereichen, wobei die drahtlose Vorrichtung
(200) eine Verarbeitungsschaltung (210) und eine
Kommunikationsschnittstelle (220) umfasst, wobei
die Verarbeitungsschaltung dafir konfiguriertist, die
drahtlose Vorrichtung (200) zu Folgendem zu ver-
anlassen:

Empfangen eines orthogonalen Frequenzmulti-
plex-Symbols, OF DM-Symbols, in einem Down-
link-Schlitz unter Verwendung der Kommunika-
tionsschnittstelle (220), wobei mindestens ein
Teil des OFDM-Symbols in einem vorrichtungs-
spezifischen Suchbereich der drahtlosen Vor-
richtung enthaltenist, und wobei mindestens ein
anderer Teil des OFDM-Symbols in einem ge-
meinsamen Suchbereich der drahtlosen Vor-
richtung enthalten ist;

Uberwachen des vorrichtungsspezifischen
Suchbereichs auf mindestens ein vorrichtungs-
spezifisches Referenzsignal; und

Uberwachen des gemeinsamen Suchbereichs
auf mindestens ein nicht vorrichtungsspezifi-
sches Referenzsignal, wobei die drahtlose Vor-
richtung dadurch gekennzeichnet ist, dass
der vorrichtungsspezifische Suchbereich in ei-
nem ersten Teilband enthalten ist, das von der
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14.

15.

16.
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18.

19.
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drahtlosen Vorrichtung verwendet wird, und da-
durch, dass der gemeinsame Suchbereich in
einem zweiten Teilband enthalten ist, das von
der drahtlosen Vorrichtung verwendet wird.

Verfahren zum Erméglichen der Uberwachung von
Suchbereichen, wobei das Verfahren von einem
Funkzugangsnetzknoten (300) durchgefiihrt wird,
wobei das Verfahren umfasst:

Ubertragen (S204) eines orthogonalen Frequenz-
multiplex-Symbols, OFDM-Symbols, in einem
Downlink-Schlitz an eine drahtloses Vorrichtung
(200), wobei mindestens ein Teil des OFDM-Sym-
bols in einem varrichtungsspezifischen Suchbereich
enthalten ist, und wobei mindestens ein anderer Teil
des OFDM-Symbols in einem gemeinsamen Such-
bereich der drahtlosen Vorrichtung enthalten ist, wo-
beider vorrichtungsspezifische Suchbereich ein vor-
richtungsspezifisches Referenzsignal umfasst und
der gemeinsame Suchbereich ein nicht vorrich-
tungsspezifisches Referenzsignal umfasst, wobei
das Verfahren dadurch gekennzeichnet ist, dass
der vorrichtungsspezifische Suchbereich in einem
ersten Teilband enthalten ist, das von der drahtlosen
Vorrichtung verwendet wird, und dadurch, dass der
gemeinsame Suchbereich in einem zweiten Teil-
band enthalten ist, das von der drahtlosen Vorrich-
tung verwendet wird.

Verfahren nach Anspruch 14, wobei der vorrich-
tungsspezifische Suchbereich und der gemeinsame
Suchbereich im selben OFDM-Symbol bereitgestellt
werden.

Verfahren nach Anspruch 14 oder 15, wobei das vor-
richtungsspezifische Referenzsignal es der drahtlo-
sen Vorrichtung ermdglicht, Steuernachrichten zu
Uberwachen.

Verfahren nach einem der Anspriiche 14 bis 16, wo-
bei das nicht vorrichtungsspezifische Referenzsig-
nalesderdrahtlosen Vorrichtung und anderen draht-
losen Vorrichtungen in einem Abdeckungsbereich
des Funkzugangsnetzknotens (300) ermdglicht,
Steuernachrichten zu iiberwachen.

Verfahren nach einem der Anspriiche 14 bis 17, fer-
ner umfassend:

Bereitstellen (S202) von Informationen beziiglich
des Frequenzorts innerhalb des OFDM-Symbols
des vorrichtungsspezifischen Suchbereichs und des
gemeinsamen Suchbereichs fir die drahtlose Vor-
richtung (200).

Verfahren nach einem der Anspriiche 14 bis 18, wo-
bei der gemeinsame Suchbereich Ressourcen um-
fasst, die fur ein nicht vorrichtungsspezifisches De-
maodulationsreferenzsignal, DMRS, reserviert sind,
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wobei das nicht vorrichtungsspezifische DMRS von
Zellparametern abhangt, und wobei der vorrich-
tungsspezifische Suchbereich Ressourcen umfasst,
die flr ein vorrichtungsspezifisches Demodulations-
referenzsignal, DMRS, reserviert sind, wobei das
vorrichtungsspezifische DMRS von mindestens ei-
nem Parameter der drahtlosen Vorrichtung (200) ab-
hangt.

Funkzugangsnetzknoten (300) zum Erméglichen
der Uberwachung von Suchbereichen, wobei der
Funkzugangsnetzknoten (300) eine Verarbeitungs-
schaltung (310) und eine Kommunikationsschnitt-
stelle (320) umfasst, wobei die Verarbeitungsschal-
tung dafiir konfiguriert ist, den Funkzugriffsnetzkno-
ten (300) zu Folgendem zu veranlassen:

Ubertragen eines orthogonalen Frequenzmulti-
plex-Symbols, OF DM-Symbols, in einem Down-
link-Schlitz an eine drahtlose Vorrichtung (200)
unter Verwendung der Kommunikationsschnitt-
stelle (320), wobei mindestens ein Teil des OF-
DM-Symbols in einem vorrichtungsspezifischen
Suchbereich der drahtlosen Vorrichtung enthal-
ten ist, und wobei mindestens ein Teil des OF-
DM-Symbols in einem gemeinsamen Suchbe-
reich der drahtlosen Vorrichtung enthalten ist;
wobei der vorrichtungsspezifische Suchbereich
ein vorrichtungsspezifisches Referenzsignal
umfasst und der gemeinsame Suchbereich ein
nicht vorrichtungsspezifisches Referenzsignal
umfasst, wobei das Funkzugangsnetz dadurch
gekennzeichnetist, dassder vorrichtungsspe-
zifische Suchbereich in einem ersten Teilband
enthalten ist, das von der drahtlosen Vorrich-
tung verwendet wird, und dadurch, dass der
gemeinsame Suchbereich in einem zweiten
Teilband enthalten ist, das von der drahtlosen
Vorrichtung verwendet wird.

Computerprogramm (1320) zum Ermdglichen der
Uberwachung von Suchbereichen, wobei das Com-
puterprogramm Computercode umfasst, der bei
Ausflhrung in einer Verarbeitungsschaltung (310)
einer drahtlosen Vorrichtung (200) bewirkt, dass die
drahtlose Vorrichtung (200) das Verfahren nach ei-
nem der Anspriiche 1 bis 12 ausfiihrt, oder der bei
Ausflhrung in einer Verarbeitungsschaltung eines
Funkzugangsknotens (300) bewirkt, dass der Funk-
zugangsknoten (300) das Verfahren nach einem der
Anspriche 14 bis 19 ausfihrt.

Revendications

1.

Procédé de surveillance d’espaces de recherche, le
procédé étant mis en oeuvre par un dispositif sans
fil (200), le procédé comprenant :
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la réception (5104) d’'un symbole de multiplexa-
ge par répartition orthogonale de la fréquence,
OFDM, dans un créneau de liaison descendan-
te, dans lequel au moins une partie du symbole
OFDM estincluse dans un espace de recherche
spécifique au dispositif dudit dispositif sans fil,
etdanslequelau moins une autre partie du sym-
bole OFDM est incluse dans un espace de re-
cherche commun dudit dispositif sans fil ;

la surveillance (S106) de I'espace de recherche
spécifique au dispositif pour détecter au moins
un signal de référence spécifique au dispositif ;
et

la surveillance (S108) de I'espace de recherche
commun pour détecter au moins un signal de
référence non spécifique au dispositif, ledit pro-
cédé étant caractérisé en ce que I'espace de
recherche spécifique au dispositif est contenu
dans une premiere sous-bande utilisée par ledit
dispositif sans fil et 'espace de recherche com-
mun est contenu dans une deuxiéme sous-ban-
de utilisée par ledit dispositif sans fil.

Procédé selon la revendication 1, dans lequel I'es-
pace de recherche spécifique au dispositif et 'espa-
ce de recherche commun sont fournis dans le méme
symbole OFDM.

Procédé selon I'une quelconque des revendications
précédentes, comprenant en outre :

la détection (§106a) d’'un message de canal de
commande de liaison descendante physique,
PDCCH, spécifique au dispositif dans 'espace
de recherche spécifique au dispositif ; et
Pidentification (S106b), a partir du message
PDCCH spécifique au dispositif, de blocs de res-
source pour une région de données spécifique
au dispositif.

4. Procédeé selon I'une quelconque des revendications

précédentes, comprenant en outre :

la détection (S108a) d’'un message de canal de
commande de liaison descendante physique,
PDCCH, non spécifique au dispositif dans I'es-
pace de recherche commun ;

I'identification (S108b), a partir du message
PDCCH non spécifiqgue au dispositif, de blocs
de ressource pour une région de données non
spécifique au dispositif.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel au moins une partie de
I'espace de recherche spécifique au dispositif est
comprise dans le premier symbole OFDM recu dans
ledit créneau de liaison descendante.
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Procédé selon I'une quelconque des revendications
précédentes, dans lequel au moins une partie de
I'espace de recherche commun est comprise dans
le premier symbole OFDM recu dans ledit créneau
de liaison descendante.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel le symbaole OFDM est un
symbole OFDMinitialdans le créneau de liaison des-
cendante.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel I'espace de recherche
spécifique au dispositif comprend des ressources ré-
servées pour un signal de référence de démodula-
tion, DMRS, spécifique au dispositif et dans lequel
I'espace de recherche commun comprend des res-
sources réservées pour un DMRS non spécifique au
dispositif.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel le DMRS non spécifique
au dispositif dépend de paramétres de cellule, et
dans lequelle DMRS spécifique au dispositifdépend
d’au moins un parametre du dispositif sans fil (200).

Procédé selon I'une quelconque des revendications
précédentes, dans lequel I'espace de recherche
spécifique au dispositif et I'espace de recherche
commun se chevauchent au moins partiellement.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel I'espace de recherche
spécifique au dispositif et I'espace de recherche
commun sont mutuellement disjoints.

Procédé selon I'une quelconque des revendications
précédentes, comprenant en outre :

I'obtention ($102), depuis un noeud de réseau d’'ac-
cés radio (300), d'informations concernant un em-
placement de fréquence au sein du symbole OFDM
de l'espace de recherche spécifique au dispositif et
de I'espace de recherche commun.

Dispositif sans fil (200) pour la surveillance d’espa-
ces de recherche, le dispositif sans fil (200) compre-
nant un circuit de traitement (210) et une interface
de communication (220), le circuit de traitement
étant configuré pour amener le dispositif sans fil
(200) a:

recevoir un symbole de multiplexage par répar-
tition orthogonale de la fréquence, OFDM, dans
un créneau de liaison descendante en utilisant
I'interface de communication (220), dans lequel
au moins une partie du symbole OFDM est in-
cluse dans un espace de recherche spécifique
au dispositif dudit dispositif sans fil, et dans le-
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quel au moins une autre partie du symbole
OFDM estincluse dans un espace de recherche
commun dudit dispositif sans fil ;

surveiller 'espace de recherche spécifique au
dispositif pour détecter au moins un signal de
référence spécifique au dispositif ; et

surveiller 'espace de recherche commun pour
détecter au moins un signal de référence non
spécifique au dispositif, ledit dispositif sans fil
étant caractérisé en ce que I'espace de recher-
che spécifiqgue au dispositif est contenu dans
une premiére sous-bande utilisée par ledit dis-
positif sansfil et l'espace de recherche commun
estcontenu dans une deuxiéme sous-bande uti-
lisée par ledit dispositif sans fil.

Procédé pour permettre la surveillance d’espaces
de recherche, le procédé étant mis en oeuvre par un
noeud de réseau d'acceés radio (300), le procedé
comprenant :

la transmission (S204) d’'un symbole de multiplexa-
ge par répartition orthogonale de la fréquence,
OFDM, dans un créneau de liaison descendante
vers undispositif sans fil (200), dans lequel au moins
une partie du symbole OFDM est incluse dans un
espace derecherche spécifique au dispositif, etdans
lequel au moins une autre partie du symbole OFDM
est incluse dans un espace de recherche commun
dudit dispositif sans fil, dans lequel I'espace de re-
cherche spécifique au dispositif comprend un signal
de référence spécifique au dispositif, et 'espace de
recherche commun comprend un signal de référen-
ce non spécifique au dispositif, ledit procédé étant
caractérisé en ce que 'espace de recherche spé-
cifique au dispositif est contenu dans une premiére
sous-bande utilisée par ledit dispositif sans fil et I'es-
pace de recherche commun est contenu dans une
deuxiéme sous-bande utilisée par ledit dispositif
sans fil.

Procédé selon la revendication 14, dans lequel I'es-
pace de recherche spécifique au dispositif et 'espa-
ce de recherche commun sont fournis dans le méme
symbole OFDM.

Procédé selon larevendication 14 ou 15, dans lequel
le signalde référence spécifique au dispositif permet
au dispositif sans fil de surveiller des messages de
commande.

Procédé selon I'une quelconque des revendications
14 4 16, dans lequel le signal de référence non spé-
cifique au dispositif permet au dispositif sans fil et a
d’autres dispositifs sans fil dans une zone de cou-
verture du noeud de réseau d’accés radio (300) de
surveiller des messages de commande.

Procédé selon I'une quelconque des revendications
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14 217, comprenant en outre :

la fourniture (S202) d'informations concernant un
emplacement de fréquence au sein du symbole
OFDM de l'espace de recherche spécifique au dis-
positif et de 'espace de recherche commun au dis-
positif sans fil (200).

Procédé selon I'une quelconque des revendications
14 218, dans lequel 'espace de recherche commun
comprend des ressources réservées pour un signal
de référence de démodulation, DMRS, non spécifi-
gue audispositifdanslequel le DMRS non spécifique
au dispositif dépend de paramétres de cellule, et
dans lequel 'espace de recherche spécifique au dis-
positif comprend des ressources réservées pour un
signal de référence de démodulation, DMRS, spéci-
fique au dispositif dans lequel le DMRS spécifique
au dispositif dépend d’au moins un paramétre du
dispositif sans fil (200).

Noeud de réseau d’accés radio (300) pour permettre
la surveillance d’espaces de recherche, le noeud de
réseau d’acces radio (300) comprenant un circuit de
traitement (310) et une interface de communication
(320), le circuit de traitement étant configuré pour
amener le noeud de réseau d’accés radio (300) a:

transmettre un symbole de multiplexage par ré-
partition orthogonale de la fréquence, OFDM,
dans un créneau de liaison descendante vers
un dispositif sans fil (200) en utilisant 'interface
de communications (320), dans lequel au moins
une partie du symbole OFDM est incluse dans
un espace de recherche spécifique au dispositif
dudit dispositif sans fil, et dans lequel au moins
une partie du symbole OFDM est incluse dans
unespace de recherche commun duditdispositif
sans fil ;

dans lequell'espace de recherche spécifique au
dispositif comprend un signal de référence spé-
cifique au dispositif, et 'espace de recherche
commun comprend un signal de référence non
spécifique au dispositif, ledit réseau d’acceés ra-
dio étant caractérisé en ce que I'espace de re-
cherche spécifigue au dispositif est contenu
dans une premiére sous-bande utilisée par ledit
dispositif sans fil et 'espace de recherche com-
mun est contenu dans une deuxiéme sous-ban-
de utilisée par ledit dispositif sans fil.

Programme informatique (1320) pour permetire la
surveillance d’espaces de recherche, le programme
informatique comprenant un code informatique qui,
lorsqu’il estexécuté sur un circuitde traitement (310)
d'un dispositif sans fil (200), améne le dispositif sans
fil (200) & mettre en oeuvre le procédé selon 'une
guelconque des revendications 1 a 12 ou lorsqu’il
est exécuté sur un circuit de traitement d’un noeud
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d’acceés radio (300), améne le noeud d'accés radio
(300) a mettre en oeuvre le procédé selon 'une quel-
conque des revendications 14 a 19.
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REIVINDICACIONES

1. Un método para monitorear espacios de busqueda, el método es realizado
por un dispositivo inalambrico (200), el método comprende:

recibir (S104) un simbolo de multiplexacion de division de frecuencia
ortogonal, OFDM, en una ranura de enlace descendente, en donde por lo menos
parte del simbolo OFDM esta incluido en un espacio de blusqueda especifico de
dispositivo de dicho dispositivo inalambrico, y en donde por lo menos otra parte del
simbolo OFDM esta incluida en un espacio de busqueda comun de dicho dispositivo
inalambrico;

monitorear (S106) el espacio de busqueda especifico de dispositivo por al
menos una sefal de referencia especifica de dispositivo; y

monitorear (S108) el espacio de busqueda comun por al menos una senal de
referencia no especifica de dispositivo,

dicho método esta caracterizado porque el espacio de busqueda especifico
de dispositivo esta contenido en una primera subbanda usada por dicho dispositivo
inalambrico y el espacio de busqueda comun estd contenido en una segunda

subbanda usada por dicho dispositivo inalambrico.

2. El método de acuerdo con la reivindicacion 1, en donde el espacio de
busqueda especifico de dispositivo y el espacio de busqueda comun estan provistos

en el mismo simbolo OFDM.

3. El método de acuerdo con cualquiera de las reivindicaciones anteriores, que
ademas comprende:

detectar (S106a) un mensaje de canal de control de enlace descendente
fisico especifico de dispositivo, PDCCH, en el espacio de busqueda especifico de

dispositivo; e



identificar (S106b), a partir del mensaje PDCCH especifico de dispositivo,

bloques de recurso para una region de datos especifica de dispositivo.

4. El método de acuerdo con cualquiera de las reivindicaciones anteriores, que
ademas comprende:
detectar (S108a) un mensaje de canal de control de enlace descendente
fisico, PDCCH, no especifico de dispositivo en el espacio de busqueda comun;
identificar (S108b), a partir del mensaje PDCCH no especifico de dispositivo,

bloques de recurso para una region de datos no especifica de dispositivo.

5. El método de acuerdo con cualquiera de las reivindicaciones anteriores, en
donde por lo menos parte del espacio de busqueda especifico de dispositivo esta
comprendido en el primer simbolo OFDM recibido en dicha ranura de enlace

descendente.

6. El método de acuerdo con cualquiera de las reivindicaciones anteriores, en
donde por lo menos parte del espacio de busqueda comun esta comprendido en el

primer simbolo OFDM recibido en dicha ranura de enlace descendente.

7. El método de acuerdo con cualquiera de las reivindicaciones anteriores, en
donde el simbolo OFDM es un simbolo OFDM inicial en la ranura de enlace

descendente.

8. El método de acuerdo con cualquiera de las reivindicaciones anteriores, en
donde el espacio de busqueda especifico de dispositivo comprende recursos
reservados para una sefal de referencia de demodulacién, DMRS, especifica de
dispositivo, y en donde el espacio de busqueda comun comprende recursos

reservados para una DMRS no especifica de dispositivo.



9. El método de acuerdo con cualquiera de las reivindicaciones anteriores, en
donde la DMRS no especifica de dispositivo depende de los parametros de celda,
y en donde la DMRS especifica de dispositivo depende de por lo menos un

parametro del dispositivo inalambrico (200).

10.  El método de acuerdo con cualquiera de las reivindicaciones anteriores, en
donde el espacio de busqueda especifico de dispositivo y el espacio de busqueda

comun por lo menos parcialmente se sobreponen.

11.  El método de acuerdo con cualquiera de las reivindicaciones anteriores, en
donde el espacio de busqueda especifico de dispositivo y el espacio de busqueda

comun estan mutuamente desunidos.

12.  El método de acuerdo con cualquiera de las reivindicaciones anteriores, que
ademas comprende:

obtener (S102), a partir de un nodo de red de acceso de radio (300),
informacion relacionada con ubicacién de frecuencia dentro del simbolo OFDM del

espacio de busqueda especifico de dispositivo y el espacio de busqueda comun.

13.  Un dispositivo inalambrico (200) para monitorear espacios de busqueda, el
dispositivo inalambrico (200) comprende circuito de procesamiento (210) y una
interfaz de comunicaciones (220), el circuito de procesamiento se configura para
hacer que el dispositivo inalambrico (200):

reciba un simbolo de multiplexacion de divisiébn de frecuencia ortogonal,
OFDM, en una ranura de enlace descendente usando la interfaz de comunicaciones
(220), en donde por lo menos parte del simbolo OFDM esté incluido en un espacio

de busqueda especifico de dispositivo, y en donde por lo menos otra parte del



simbolo OFDM esta incluida en un espacio de busqueda comun de dicho dispositivo
inalambrico;

monitoree el espacio de busqueda especifico de dispositivo por al menos una
senal de referencia especifica de dispositivo; y

monitoree el espacio de busqueda comun por al menos una sefial de
referencia no especifica de dispositivo, dicho dispositivo inalambrico esta
caracterizado porque el espacio de busqueda especifico de dispositivo esta
contenido en una primera subbanda usada por dicho dispositivo inalambrico y el
espacio de busqueda comun esta contenido en una segunda subbanda usada por

dicho dispositivo inalambrico.

14.  Un método para permitir el monitoreo de espacios de busqueda, el método
es realizado por un nodo de red de acceso de radio (300), el método comprende:

transmitir (S204) un simbolo de multiplexacién de divisibn de frecuencia
ortogonal, OFDM, en una ranura de enlace descendente a un dispositivo
inalambrico (200), en donde por lo menos parte del simbolo OFDM esta incluido en
un espacio de busqueda especifico de dispositivo, y en donde por lo menos otra
parte del simbolo OFDM esté incluida en un espacio de busqueda comun de dicho
dispositivo inaldmbrico,

en donde el espacio de busqueda especifico de dispositivo comprende una
senal de referencia especifica de dispositivo, y el espacio de busqueda comun
comprende una sefal de referencia no especifica de dispositivo, dicho método esté
caracterizado porque el espacio de busqueda especifico de dispositivo esta
contenido en una primera subbanda usada por dicho dispositivo inaldambrico y el
espacio de busqueda comun esta contenido en una segunda subbanda usada por

dicho dispositivo inaldambrico.



15.  El método de acuerdo con la reivindicacién 14, en donde el espacio de
busqueda especifico de dispositivo y el espacio de busqueda comun estan provistos

en el mismo simbolo OFDM.

16.  El método de acuerdo con la reivindicacion 14 o 15, en donde la senal de
referencia especifica de dispositivo permite que el dispositivo inalambrico monitoree

mensajes de control.

17.  El método de acuerdo con cualquiera de las reivindicaciones 14 a 16, en
donde la senal de referencia no especifica de dispositivo permite que el dispositivo
inalambrico y otros dispositivos inalambricos en un area de cobertura del nodo de

red de acceso de radio (300) monitoreen mensajes de control.

18. El método de acuerdo con cualquiera de las reivindicaciones 14 a 17, que
ademas comprende:

suministrar (S202) informacién relacionada con ubicacién de frecuencia
dentro del simbolo OFDM del espacio de busqueda especifico de dispositivo y el

espacio de busqueda comun al dispositivo inalambrico (200).

19. El método de acuerdo con cualquiera de las reivindicaciones 14 a 18, en
donde el espacio de busqueda comun comprende recursos reservados para una
senal de referencia de demodulacién, DMRS, no especifica de dispositivo, en donde
la DMRS no especifica de dispositivo depende de parametros de celda, y en donde
el espacio de busqueda especifico de dispositivo comprende recursos reservados
para una sefnal de referencia de demodulaciéon, DMRS, especifica de dispositivo, en
donde la DMRS especifica de dispositivo depende de por lo menos un parametro

del dispositivo inalambrico (200).



20. Un nodo de red de acceso de radio (300) para permitir el monitoreo de
espacios de busqueda, el nodo de red de acceso de radio (300) comprende circuito
de procesamiento (310) y una interfaz de comunicacién (320), el circuito de
procesamiento se configura para hacer que el nodo de red de acceso de radio (300):
transmita un simbolo de multiplexacion de division de frecuencia ortogonal,
OFDM, en una ranura de enlace descendente a un dispositivo inalambrico (200)
usando la interfaz de comunicaciones (320), en donde por lo menos parte del
simbolo OFDM esté incluido en un espacio de busqueda especifico de dispositivo
de dicho dispositivo inalambrico, y en donde por lo menos parte del simbolo OFDM
esta incluido en un espacio de busqueda comun de dicho dispositivo inaldmbrico;
en donde el espacio de busqueda especifico de dispositivo comprende una
sefnal de referencia especifica de dispositivo, y el espacio de busqueda comun
comprende una senal de referencia no especifica de dispositivo, dicha red de
acceso de radio esta caracterizada porque el espacio de busqueda especifico de
dispositivo estd contenido en una primera subbanda usada por dicho dispositivo
inaldambrico y el espacio de busqueda comun esta contenido en una segunda

subbanda usada por dicho dispositivo inalambrico.

21.  Un programa de computador (1320) para permitir el monitoreo de espacios
de busqueda, el programa de computador comprende cddigo de computador el cual,
cuando se ejecuta en un circuito de procesamiento (310) de un dispositivo
inalambrico (200) hace que el dispositivo inalambrico (200) realice el método de
cualquiera de las reivindicaciones 1 a 12 o cuando se ejecuta en el circuito de
procesamiento de un nodo de acceso de radio (300), hace que el nodo de acceso

de radio (300) realice el método de cualquiera de las reivindicaciones 14 a 19.
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1 Introduction

In RAN#67, the study item on “Study on Latency reduction techniques for LTE™ was approved [1] . The
following areas are to be studied in RANI.

o Assess specification impact and study feasibility and performance of TTI lengths between 0.5ms
and one OFDM symbol, taking into account impact on reference signals and physical layer
control signaling

e backwards compatibility shall be preserved (thus allowing normal operation of pre-Rel 13 UEs
on the same carrier).

In this contribution, we discuss the design of DL channels, i.c. sSPDCCH and sPDSCH for shortened TTI.
2 Design of sPDCCH

2.1 Time-frequency resource configuration for sPDCCH

Current specification supports PDCCH, EPDCCH and MPDCCH. PDCCH occupied the whole system
bandwidth and locates in the beginning a few OFDM symbols in a subframe. EPDCCH and MPDCCH
occupies all OFDM symbols in a subframe other than those used for PDCCH, and is confined within a set
of configured PRBs. In order to harvest the benefits of reduced latency due to shortened TTI, it is necessary
that a new control channel sPDCCH is designed and present in each sTTI.

Within an sTTI, the sPDCCH can be TDMed or FDMed with the data channel, i.e. sSPDSCH. In order to
allow the UE to decode the sPDCCH as fast as possible, it is preferable to place the sPDCCH in the
beginning of an sTTIL Given that the number of OFDM symbols in an sTTI may be limited, pure TDM
between sPDCCH and sPDSCH in an sTTI may lead to significant DL control overhead. Therefore, it
should be allowed to have sPDCCH and sPDSCH transmitted in the same OFDM symbol. Figure 1 shows
an example of the considered sSPDCCH and sPDSCH multiplexing in an sTTI, using sTTI duration of 3 or
4 OFDM symbols as an example. The time-frequency resource for sPDCCH can be configured by higher
layers, either on a UE specific basis or on a cell specific basis.
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Figure 1: Multiplexing of sPDCCH and sPDSCH in an sTTI
Proposal 1: sPDCCH locates in the beginning of an sTTI.
Proposal 2: sPDCCH and sPDSCH can be present in the same OFDM symbol.
Proposal 3: Higher layer configures the time-frequency resource for sPDCCH on a UE specific or cell
specific basis.
2.2 Search space for sPDCCH

sPDCCH search space needs (o be defined for the UE to properly detect the DL control information. The
search space of legacy PDCCH is defined using CCEs with different aggregation levels. Each CCE
consists of 9 REGs and each REG consists of 4 REs. Therefore, one legacy PDCCH consists of at least
36REs. It is desirable that one sSPDCCH also consists of approximately 36REs such that the coverage of
sPDCCH can be comparable to that of PDCCH.

sPDCCH can then comprise one or several sCCLs, i.e. different aggregation levels, One sCCEs comprises
approximately 36REs. One sCCEs can be mapped to three sREGs, and each sREG consists of 12
consecutive REs in one OFDM symbol. Then each sREG is mapped te one PRB in the time-frequency
resource configured for sPDCCH. Figure 2 shows an example of the proposed sPDCCH.
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Figure 2: Proposed sPDCCH structure

The three sSREG in an sCCE can be mapped continuously or distributed onto the time-frequency resource
configured for sSPDCCH, as shown in Figure 3.

§ sERGO sERGI sERG2 sERG3 sERG4 sERGS

continuously mapping

distributed mapping

sCCEO sCCE1

v

sPDCCH physical frequency resource index

Figure 3: Mapping of sSREGs in an sCCE to REs

The set of aggregation levels supported by sPDCCH needs to be further studied. Assuming the DCI size for
sTTI operation is on a similar level as legacy TTIL, it is desirable to support aggregation level 8 for sPDCCH.
This would provide similar DL control coverage for sSPDCCH and PDCCH. Furthermore, the number of
decoding candidate for each supported sPDCCH aggregation level also needs further study. In general, it is
desirable to maintain similar number of sPDCCIH blind decoding attempt in Ims as that of PDCCI.

Proposal 4: One sPDCCH consists of one or more sCCEs, one sCCE consists of 3 sREGs, and each sREG
consists of 12 REs mapped to one PRB in the time-frequency resource configured for sPDCCH.

Proposal 5: The supported sSPDCCH aggregation levels and number of sPDCCH decoding candidates for
each sSPDCCH aggregation levels need further study.
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2.3 Demodulation reference signal for sSPDCCH

Both common reference signals and UE specific reference signals can be used as demodulation reference
signals for sPDCCH.

Using legacy CRS as the DMRS for sPDCCH is straightforward, which does not require new DMRS
design and additional DMRS overhead. Note that using legacy CRS for sPDCCH demodulation may
require the UE to perform channel estimation using CRS in the previous subframes, in order to obtain
sufficiently reliable channel estimates.

Legacy UE specific DMRS is not suitable for sPDCCH if the duration of sTTT is less than 0.5ms. Therefore,
new UE specific DMRS is required if sSPDCCH demodulation is based on UE specific DMRS. The new UE
specific DMRS would further increase the L.1 overhead.

Proposal 6: Prioritize legacy CRS as the demodulation reference signals for sPDCCH.
3 Design of sPDSCH

3.1 Transmission scheme for sSPDSCH

Two types of transmission schemes are supported for PDSCH, i.e. based on common reference signal or
UE specific reference signal. The discussion and analysis on demodulation reference signal for sPDSCH is
similar to that of sPDCCH. Overall, it is preferable to prioritize CRS based transmission for sPDSCH.
Proposal 7: Prioritize CRS based transmission scheme for sPDSCH.

3.2  Multi-sTTI scheduling for sSPDSCH

In order to reduce the sSPDCCH overhead, it is beneficial to consider multi-sTTI scheduling, i.e. one
sPDCCH schedules sSPDSCH transmission in multiple sTTIs. Two possible sSPDSCH transmission methods
exist for multi-sTTT scheduling.

e Altl: Separate sPDSCH TB in each of the multiple sTTIs scheduled by the single sPDCCH
o Alt2: Joint sSPDSCH TB across all the multiple sTTIs scheduled by the single sSPDCCH

With Altl, individual TBs are transmitted in the multiple sTTI. These TBs should correspond to different
HARQ processes. Therefore, further study is needed on whether the DCI fields of HARQ process ID, NDI,
RV should be present for each of the HARQ processes. It is likely that the corresponding DCI size will
increase compared to single TTT scheduling. Furthermore, larger 1.2/3 header overhead may occur with
Altl when compared to Alt2. The advantage of Altl is that HARQ-ACK for the sSPDSCH in an sTTI may
be fed back as soon as the decoding of the sSPDSCH in the sTTI is completed, which contributes also to the
overall latency reduction. Retransmission efficiency is also higher with Altl since only the incorrectly
decoded TB in an sTTI needs to be retransmitted.

Proposal 8: Multi-sTTI scheduling is supported for sPDSCH transmission. Further study whether separate
sPDSCH TB or a joint sPDSCH TB is transmitted in the multiple sTTIs.

3.3 TBS determination for sPDSCH

For the sPDSCH transmitted in an sTTI, the number of REs available for sPDSCIH transmission can be
significantly smaller. TBS scaling similar to PDSCH transmission in DWPTS but with a different scaling
factor can be considered for TBS determination for sPDSCH transmitted in an sTTL

If a single SPDSCH can be transmitted in multiple sTTI, it is preferable that the duration of the multiple
sTTIs do not exceed 1ms, to avoid new TBS table designs.

Proposal 9: TBS scaling can be considered for TES determination of sPDSCH transmiited in an sTTI.
4 Conclusions

In this contribution, we discuss the design of DL channels for shortened TTI. The following proposals are
provided:

Proposal 1: sPDCCH locates in the beginning of an sTTI.
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Proposal 2: sPDCCH and sPDSCH can be present in the same OFDM symbol.

Proposal 3: Higher layer configures the time-frequency resource for sPDCCH on a UE specific or cell
specific basis.

Proposal 4: One sPDCCH consists of one or more sCCEs, one sCCE consists of 3 sREGs, and each sREG
consists of 12 REs mapped to one PRB in the time-frequency resource configured for sPDCCH.

Proposal 5: The supported sSPDCCH aggregation levels and number of sPDCCH decoding candidates for
each sPDCCH aggregation levels need further study.

Proposal 6: Prioritize legacy CRS as the demodulation reference signals for sPDCCH.
Proposal 7: Prioritize CRS based transmission scheme for sPDSCH,

Proposal 8: Multi-sTTI scheduling is supported for sPDSCH transmission. Further study whether separate
sPDSCH TB or a joint sPDSCH TB is transmitted in the multiple sTTIs.

Proposal 9: TBS scaling can be considered for TBS determination of sPDSCH transmitted in an sTTI.
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