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(57) ABSTRACT 

In some implementations, a method for managing a receiver 
for user equipment in a Long Term Evolution (LTE) system 
includes activating the UE receiver during a control portion of 
a Sub-frame including control information. After receiving 
the control portion, the UE receiver is deactivated during a 
data-traffic portion of the sub-frame. 
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SWITCHING ACTIVATION OF UE 
RECEVERS 

CLAIM OF PRIORITY 

0001. This application claims priority under 35 U.S.C. 
S119(e) to U.S. Provisional Patent Application Ser. No. 
61/481,105, filed on Apr. 29, 2011, the entire contents of 
which are hereby incorporated by reference. 

BACKGROUND 

0002. This document relates to wireless communications 
in wireless communication systems. 
0003. As used herein, the terms “user equipment” and 
“UE' can refer to wireless devices such as mobile telephones, 
personal digital assistants (PDAs), handheld or laptop com 
puters, and similar devices or other User Agents (“UA) that 
have telecommunications capabilities. In some embodi 
ments, a UE may refer to a mobile, wireless device. The term 
“UE may also refer to devices that have similar capabilities 
but that are not generally transportable. Such as desktop com 
puters, set-top boxes, or network nodes. 
0004 Intraditional wireless telecommunications systems, 
transmission equipment in a base station or other network 
node transmits signals throughout a geographical region 
known as a cell. As technology has evolved, more advanced 
equipment has been introduced that can provide services that 
were not possible previously. This advanced equipment might 
include, for example, an evolved universal terrestrial radio 
access network (E-UTRAN) node B(eNB) rather than a base 
station or other systems and devices that are more highly 
evolved than the equivalent equipment in a traditional wire 
less telecommunications system. Such advanced or next gen 
eration equipment may be referred to herein as long-term 
evolution (LTE) equipment, and a packet-based network that 
uses Such equipment can be referred to as an evolved packet 
system (EPS). Additional improvements to LTE systems and 
equipment result in an LTE advanced (LTE-A) system. As 
used herein, the phrase “base station' will refer to any com 
ponent or network node, Such as a traditional base station or 
an LTE or LTE-A base station (including eNBs), that can 
provide a UE with access to other components in a telecom 
munications system. 
0005. In mobile communication systems such as E-UT 
RAN, a base station provides radio access to one or more 
UEs. The base station comprises a packet scheduler for 
dynamically scheduling downlink traffic data packet trans 
missions and allocating uplink traffic data packet transmis 
sion resources among all the UEs communicating with the 
base station. The functions of the scheduler include, among 
others, dividing the available air interface capacity between 
UEs, deciding the transport channel to be used for each UE's 
packet data transmissions, and monitoring packet allocation 
and system load. To facilitate communications, a plurality of 
different communication channels may be established 
between a base station and a UE. The scheduler dynamically 
allocates resources for Physical Downlink Shared CHannel 
(PDSCH) and Physical Uplink Shared CHannel (PUSCH) 
data transmissions, and sends Scheduling information to the 
UEs through a Physical Downlink Control CHannel (PD 
CCH). 
0006. As the label implies, the PDCCH is a downlink 
channel that allows the base station to control a UE during 
data communications. To this end, the PDCCH is used to 
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transmit control information within control data packets 
referred to as Downlink Control Information (DCI) mes 
sages. The control information conveyed within DCI mes 
sages may be used to transmit uplink or downlink scheduling 
assignments (for PUSCH and PDSCH respectively) or to 
convey other control information. The control information 
may be directed towards or addressed to one UE, a group of 
UEs, or all UEs within the cell. Downlink scheduling assign 
ments may be sent to a UE to indicate to the UE parameters 
related to the formatting of a forthcoming transmission of 
downlink communication traffic packets by the base station 
on a Physical Downlink Shared Channel (PDSCH) and to 
indicate the location of the physical resources to be used for 
that transmission. Uplink scheduling assignments may be 
sent to a UE to indicate parameters related to a forthcoming 
transmission of uplink communication traffic packets by the 
UE on a Physical Uplink Shared Channel (PUSCH) and to 
indicate the location of the physical resources on which the 
transmission may take place. DCI messages may also convey 
other types of control information or provide specific instruc 
tions to the UE (e.g., power control commands, an order to 
perform a random access procedure, or a semi-persistent 
scheduling activation or deactivation). A separate DCI packet 
may be transmitted by the base station to a UE for each traffic 
packet/sub-frame transmission. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 FIG. 1A illustrates an example a wireless system 
architecture; 
0008 FIG. 1B illustrates an example Long Term Evolu 
tion (LTE) system; 
0009 FIG.1C illustrates RRC connection states and DRX 
sub-states in LTE: 
0010 
0011 FIG. 1E is a diagram illustrating assignment mes 
sage construction and mapping to PDCCH: 
(0012 FIGS. 2A and 2B are flow charts for illustrating 
methods for explicitly transitioning the states of the UEs: 
(0013 FIGS. 3A and 3B are flow charts for illustrating 
methods for implicitly transitioning the states of the UEs: 
0014) 
0015 FIG. 5 illustrates a schematic diagram illustrating a 
process for managing a receiver of a user equipment; 
0016 FIG. 6A-C are schematic diagrams illustrating 
sequences when no data is transmitted; 
0017 FIG. 7 is a codeword system illustrating a set of 
wake-up indicators being encoded and decoded; 
0018 FIGS. 8A-D are mappings between codewords and 
values of wake-up indicators; 
0019 FIG. 9 is a schematic diagram illustrating time 
domain multiplexing of wake-up messages within a DRX 
cycle length; 
0020 FIG. 10 is a schematic diagram that illustrates a 
single-user wake-up message addressed to a UE-specific 
RNTI; 
0021 FIGS. 11A and 11B are schematic diagrams illus 
trating wake-up using normal DL assignment on PDCCH but 
with delayed PDSCH; and 
0022 
tecture 

FIG.1D illustrates an example downlink sub-frame; 

FIG. 4 illustrates an example sub-frame; 

FIG. 12 shows an example of a radio station archi 
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DETAILED DESCRIPTION 

0023 FIG. 1A shows an example of a wireless communi 
cation system. A wireless communication system includes 
one or more radio access networks 135 and one or more core 
networks 125. Radio access networks 135a and 135b include 
one or more base stations (BSs) 105a, 105b. The system may 
provide wireless services to one or more wireless devices 
110a, 110b, 110c, and 110d. Base stations 105a and 105b can 
provide wireless service to wireless devices 110a-d in one or 
more wireless sectors. In some implementations, base sta 
tions 105a, 105b use directional antennas to produce two or 
more directional beams to provide wireless coverage in dif 
ferent sectors. A core network 125 communicates with one or 
more base stations 105a and 105b. In some implementations, 
a core network 125 includes one or more base stations 105a 
and 105b. The core network 125 may include wireless com 
munication equipment such as one or more servers. In some 
implementations, the core network 125 is in communication 
with a network 130 that provides connectivity with other 
wireless communication systems and wired communication 
systems. The wireless communication system may commu 
nicate with wireless devices 110a-d using a wireless technol 
ogy Such as one based on orthogonal frequency division mul 
tiplexing (OFDM), Orthogonal Frequency Division Multiple 
Access (OFDMA). Single Carrier Frequency Division Mul 
tiple Access (SC-FDMA), Discrete Fourier Transform 
Spread Orthogonal Frequency Division Multiplexing (DFT 
SOFDM), Space-Division Multiplexing (SDM), Frequency 
Division Multiplexing (FDM), Time-Division Multiplexing 
(TDM), Code Division Multiplexing (CDM), or others. The 
wireless communication system may transmit information 
using Medium Access Control (MAC) and Physical (PHY) 
layers. The techniques and systems described herein may be 
implemented in various wireless communication systems 
such as a system based on Long Term Evolution (LTE) Global 
System for Mobile Communication (GSM) protocols, Code 
Division Multiple Access (CDMA) protocols, Universal 
Mobile Telecommunications System (UMTS). Unlicensed 
Mobile Access (UMA), or others. 
0024 Wireless devices, such as Smartphones, may gener 
ate and consume significant amounts of data over a wide 
variety of data traffic types and services. Smartphone devices 
may be viewed as computing platforms with wireless connec 
tivity, capable of running a wide-ranging variety of applica 
tions and services that are either pre-installed by the device 
manufacturer or installed by the user according to the user's 
specific usage requirements. The applications may originate 
from a wide-ranging group of Sources such as Software 
houses, manufacturers, and third-party developers. 
0025 Wireless networks may distinguish between user 
plane traffic and control-plane traffic. Various examples of 
user-plane traffic and services carried by wireless networks 
include Voice, video, internet data, web browsing sessions, 
upload/download file transfer, instant messaging, e-mail, 
navigation services, RSS feeds, and streaming media. Con 
trol-plane traffic signaling may be used to enable or Support 
transfer of the user plane data via the wireless network, 
including, for example, mobility control and radio resource 
control functionality. Various examples of control plane traf 
fic include core-network mobility and attachment control, 
(e.g., Non-Access Stratum (NAS) signaling), radio access 
network control (e.g., Radio Resource Control (RRC)), and 
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physical layer control signaling such as may be used to facili 
tate advanced transmission techniques and for radio link 
adaptation purposes. 
0026 Applications, communicating via a wireless net 
work, may utilize Internet-based protocols to achieve a 
desired effect when provisioning for a specific service. For 
example, a navigation application may utilize TCP for file 
transfer of mapping data from a server to a device. The navi 
gation application may use periodic keep-alive signaling 
(e.g., exchanging PING messages) towards the navigation 
server to maintain an application-level connection in the pres 
ence of intermediary network nodes such as stateful firewalls. 
Similarly, an e-mail application may use a synchronization 
protocol to align mailbox contents on a wireless device with 
those in the e-mail server. The e-mail application may use a 
periodic server polling mechanism to check for new e-mail. 
0027 Wireless network designs are influenced by the data 
demands produced by various applications and associated 
data traffic distributions. For example, the amount and timing 
of data traffic may vary (e.g., bursty communications). To 
adapt, wireless communication networks may include 
dynamic scheduling Such that a quantity of assigned shared 
radio resources may be varied in rapid response to data 
demand (e.g., data buffer status). Such dynamic scheduling 
can operate on a time scale of one to two or three millisec 
onds. At a time scale above this (e.g., operating in the region 
of 100 milliseconds to several seconds), wireless networks 
can use a state-machine-oriented process or other system 
reconfiguration process to adapt a radio connection state or 
sub-state to the degree of observed traffic activity. Radio 
connection states or Sub-states may differ both in the degree 
of connectivity offered and in terms of the amount of battery 
power consumed by a wireless device. 
0028. A connectivity level can be characterized as repre 
senting connectivity attributes, such as location granularity, 
assigned resources, preparedness, and interfaces or bearers 
established. A location granularity attribute may be the accu 
racy to which a wireless network can track the current loca 
tion of a wireless device (e.g., to the cell level for more active 
devices, or to only a group of cells for less active devices). 
Examples of assigned resource attributes include the pres 
ence, absence, type or amount of radio transmission resources 
available to the wireless device for performing communica 
tion, as a function of expected activity level. 
0029. A preparedness attribute is an ability of a wireless 
device to receive or transmit information. The power con 
sumed by wireless devices may reflect a function of an ability 
of a wireless device (or readiness) to transmit or receive. For 
example, a wireless device can activate its receiver in order to 
receive downlink communication from a base station at any 
given instant, which may cause higher power consumption 
and battery drain. To save power, a mode referred to as dis 
continuous reception (DRX) may be used. In DRX, the wire 
less device can place its receiver in a sleep mode, e.g., turning 
off its receiver at certain times. The base station uses knowl 
edge of a UE's DRX pattern (e.g., sequence of wake-up 
intervals of the device) when determining times to transmit to 
a wireless device that is in a DRX mode. For example, a base 
station determines a time in which the wireless device will be 
actively listening for a transmission. The activity cycle of a 
DRX pattern can vary as a function of an assigned radio 
connection state or Sub-state. 
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0030 Interfaces (or bearers-established) attributes are 
other examples of connectivity attributes. End-to-end com 
munications (e.g., from a wireless device to a core network 
gateway or egress node towards the Internet) can require that 
user-specific connections, or bearers, are established between 
participating network nodes or entities. User-plane connec 
tivity through a radio access network and a core network can 
require the establishment of one or more network interfaces 
between various pairs of network nodes. The establishment of 
one or more of these network interfaces can be associated 
with a radio connection state or Sub-state as a function of the 
current activity level. 
0031 FIG. 1B is an LTE system 140 for managing activa 
tion of a receiver of the UEs 145a and 145b in accordance 
with some implementations of the present disclosure. For 
example, the system 140 may be arranged to allow deactiva 
tion of a UE receiver during one or more portions of time 
known as discontinuous reception instances (DRX). During 
other portions of time (non-DRX), the UE receiver may be 
activated. The portions of time may comprise one or more 
time units known as Sub-frames, a Sub-frame having a dura 
tion of 1 millisecond. A periodic cycle known as a DRX cycle 
may be configured and which defines those sub-frames that 
are designated as non-DRX. During a non-DRX sub-frame 
within a DRX cycle, the UE may receive a PDCCH region of 
the sub-frame and must also be prepared to receive a Physical 
Downlink Shared CHannel (PDSCH). In some implementa 
tions, the system 140 includes a “wake-up' signal within the 
PDCCH region of the sub-frame for LTE connected mode 
UEs, and the wake-up signal may have carefully designed 
properties such that system efficiency and UE battery effi 
ciency are improved. The system 140 may or may not add new 
Radio Resource Control (RRC) states to execute the UE 
receiver management. For example, the system 140 may 
retain the idle mode and connected mode RRC states only, or 
a new RRC state may be introduced. In the case that no new 
RRC states are introduced, a connected mode UE (for 
example one that may have been inactive for longer than a 
predetermined period of time), may be placed into a “con 
nected mode deep sleep’ (or CMDS) sub-state of connected 
mode. By adding the CMDS sub-state, the system 140 may 
provide additional system efficiency and UE battery savings. 
For example, the UE may not search for UE-specific uplink 
and downlink assignments during non-DRX Sub-frames 
when in the CMDS sub-state (it does not need to be ready to 
receive immediate user plane data on those Sub-frames). A 
UE in the CMDS sub-state may instead search only for a 
connected-mode wake-up signal during a non-DRX Sub 
frame. This allows for processing complexity reductions in 
the UE during any non-DRX'd sub-frame. In another 
example, the UE may be addressable via group wake-up 
Radio Network Temporary Identifier (RNTIs) when in the 
CMDS sub-state (as compared with dedicated UE-specific 
RNTIs), such that the system may efficiently wake-up mul 
tiple devices within the same PDCCH message and during the 
same Sub-frame. In some implementations, the UE may only 
receive the PDCCH region for the wake-up signal (the net 
work may not be allowed to send PDSCH to the UE during the 
same sub-frame as a wake-up). This may allow the UE to 
switch off its RF, analogue and front-end receiver circuitry 
(e.g., element 1215 of FIG. 12) immediately following the 
PDCCH region of any non-DRX sub-frame, irrespective of 
the PDCCH processing/decoding latency. This may allow for 
a substantially lower fraction of time for which the receiver 
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must be on when operating under a DRX cycle. For example, 
it may allow for the receiver to be on for only 3 OFDM 
symbols of each actively-received sub-frame rather than for 
14 symbols (a reduction of 78% in receiver “on” time for the 
same sub-frame DRX duty cycle). Conversely, it may allow 
for shorter DRX cycles (providing lower latency) but without 
a corresponding increase in UE power consumption. 
0032. In the illustrated implementation, the LTE system 
140 can include a core network called an Evolved Packet Core 
(EPC) and an LTE Radio Access Network, e.g., evolved 
UTRAN (E-UTRAN). The core network provides connectiv 
ity to an external network such as the Internet 170.The system 
includes one or more base stations such as eNode-B (eNB) 
base stations 150a and 150b that provide wireless service(s) 
to one or more devices such as UEs 145a and 145b. 
0033. An EPC-based core network can include a Serving 
Gateway (SGW) 160, a Mobility Management Endpoint 
(MME) 155, and a Packet Gateway (PGW) 165. The SGW 
160 can route traffic within a core network. The MME 155 is 
responsible for core-network mobility control, attachment of 
the UE 145 to the core network and for maintaining contact 
with idle mode UEs. The PGW 165 is responsible for 
enabling the ingress/egress of traffic from/to the Internet 170. 
The PGW 165 can allocate IP addresses to the UES 145. 

0034. An LTE-based wireless communication system has 
network interfaces defined between system elements. The 
network interfaces include the Uu interface defined between 
a UE and an eNB, the S1U user-plane interface defined 
between an eNBandanSGW, the S1C control-plane interface 
defined between an eNB and an MME (also known as 
S1-MME), and the S5/S8 interface defined between anSGW 
and a PGW. Note that the combination of S1U and S1C is 
often simplified to “S1.” 
0035. A wireless device can transition between connec 
tion states, such as RRC connection modes. In the LTE sys 
tem, two RRC connection modes exist, RRC connected and 
RRC idle. In an RRC connected mode, radio and radio access 
bearers (e.g., the Uu and S1 bearers) are established to enable 
the transfer of user plane data through a radio access network 
and onwards to the core network. In the RRC idle mode, radio 
and radio access bearers are not established and user-plane 
data is not transferred. In some implementations, a limited 
degree of control signaling is possible in idle mode to enable 
the wireless network to track the location of the device should 
a need for communications arise. 

0036 A wireless device, in an RRC-connected state, can 
use a DRX operational mode to conserve power by turning 
off transceiver functionality, e.g., turning-off transceiver cir 
cuitry Such as receiver circuitry. In some implementations, a 
wireless device ceases to monitor a wireless channel and, 
accordingly, ceases to operate a digital signal processor to 
decode wireless signals while in the DRX operational mode. 
0037 FIG. 1C shows an example of a transition diagram 
for RRC and DRX. RRC connection states include an RRC 
connected state 180 and an idle state 182. Transitions between 
the idle state 182 and the connected state 180 are effected via 
RRC establishment and release procedures. Such transitions 
can produce associated signaling traffic between a wireless 
device and a base station. 
0038 UE DRX functionality may comprise a mechanism 
to control when the UE monitors a wireless grant channel 
such as the downlink Physical Common Control Channel 
(PDCCH) in LTE by application of discontinuous reception. 
The specific times during which the UE may be active and 
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capable of reception may be described by a time-domain 
pattern known as a DRX cycle. The time domain pattern may 
vary or may be reconfigured as a function of a data activity 
level. Such a variation or reconfiguration may further be 
triggered or controlled by timers. For a particular communi 
cation between a network and a UE, a plurality of possible 
DRX cycle configurations may exist and one of the plurality 
may be selected in accordance with a desired system opera 
tion for the communication. In Such a case, the system may 
include a plurality of DRX sub-states and a controller con 
figured to select an appropriate DRX sub-state from the plu 
rality of DRX sub-states based, at least in part, on a desired 
system operation. Parameters or timers controlling or defin 
ing the DRX cycle may be associated with each of the plu 
rality of DRX Sub-states according to system configuration. 
In some implementations, DRX Sub-states per-se may not be 
explicitly implemented and in such a case the term “DRX 
Sub-state' may refer only to a particular configuration of 
parameters or condition of one or more timers (e.g., running 
or not running). The term “DRX sub-state' may therefore be 
used interchangeably with “DRX status of DRX-related 
parameters or timers; hence, a configured plurality of DRX 
related parameters may be referred to as a DRX sub-state. 
0039. The RRC connected mode state 180 may be associ 
ated with a plurality of DRX sub-states (or DRX status) 
within the Medium Access Control (MAC) layer. The DRX 
Sub-states (or DRX status) include a continuous reception 
(continuous-rx) state 184, a short DRX state 186, and a long 
DRX state 188. In the continuous reception state 184, a device 
may be continuously monitoring all or almost all downlink 
sub-frames for wireless traffic and can transmit data. In the 
short DRX state 186, the device can be controlled to turn off 
its receiver (e.g., sleep, or DRX) for all but Q out of N 
sub-frames. In the long DRX state 188, the device can be 
controlled to turn off its receiver (e.g., sleep, or DRX) for all 
but Q out of M sub-frames, where M is typically greater than 
N. In one example, Q equals 1, Nequals 8 and M equals 256. 
In an LTE-based system, a sub-frame is a 1 millisecond unit of 
transmission time. 

0040. In some implementations, an expiration of an inac 
tivity timer causes a state transition (e.g., continuous recep 
tion State 184 to short DRX State 186 or short DRX state 186 
to long DRX state 188). Resumption of activity, such as the 
device having data to transmit or receiving new data, can 
cause a transition from a DRX state 186, 188 to the continu 
ous reception state 184. In some implementations, a base 
station sends a MAC command that causes a transition from 
the continuous reception state 184 to one of the DRX states 
186,188. In other words, MAC commands may also be used 
by the network (sent from eNB to the UE) in order to explic 
itly direct a transition to a different DRX sub-state with a 
longer DRX cycle. A resumption of data activity typically 
results in a transition to the continuous reception Sub-state. 
Transitions between Idle and Connected Mode may be 
effected using explicit RRC establishment and release signal 
ing procedures, which involves associated signaling over 
heads. The base station's decision to send a MAC command 
to cause the UE to transition to another DRX sub-state may be 
based on timers within the network, or may be based on a 
plurality of other factors or events. In one improved method, 
the base station may send the MAC command in response to 
a fast dormancy request received from the UE, the fast dor 
mancy request indicating the UE's desire to be transitioned to 
a more battery-efficient state, the more battery-efficient state 
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comprising a new DRX sub-state or new DRX status. The UE 
may transmit a fast dormancy request (e.g., explicit message, 
indication message) to the network based on a determination 
that no more data transfer is likely for a prolonged period. For 
example, the UE may transmit the explicit message (e.g., an 
indication message) requesting an updated Sub-state to a 
more battery efficient sub-state and the request to release 
resources. In some implementations, the explicit message (or 
indication message) may be a Signaling Connection Release 
Indication (SCRI) message. The UE's step of determining 
may involve an appraisal of currently-operational applica 
tions or processes running on the mobile device, and/or the 
status of acknowledged mode protocols or acknowledged 
mode transfer of data. For example, if the UE is aware that a 
particular data transfer has ended due to its reception of an 
acknowledgement message, the UE may decide to send a fast 
dormancy request to the network. The network may respond 
with a message to the UE to indicate that it should move to a 
new DRX sub-state or to otherwise alter its DRX status. This 
message may be sent within a MAC CE command or may be 
sent within a physical layer message such as on a PDCCH. In 
the improved method, receipt of the message at the UE not 
only triggers a transition to a new DRX Sub-state or a change 
in DRX status, but also triggers a release of assigned uplink 
control resources. Thus, by use of this improved method, the 
network does not need to send a further message specifically 
for the purposes of releasing the uplink resources, and signal 
ing overheads are thereby reduced. 
0041. In each of these DRX sub-states, both the UE and 
network can, in Some implementations, be synchronized in 
terms of the currently-applicable DRX status or DRX sub 
state such that both the network and UE identify when the UE 
receiver is active and when the UE receiver may be “off”. 
"asleep” or otherwise inactive. Within the connected mode, 
the synchronization may be achieved using network-config 
ured timers and/or parameters. 
0042. The LTE system may also provide for DRX battery 
saving in RRC Idle. When in Idle Mode, the UE may employ 
a DRX pattern according to a so-called paging cycle. On a 
possible paging occasion, the UE may activate its receiver to 
check for a page message sent by the network. At other times, 
the UE may deactivate its receiver in order to conserve power. 
0043 Based on the illustrated transition diagram, within 
the LTE system, two different approaches may be employed 
to control the UE's RRC state as a function of data activity or 
inactivity. In the first approach, inactive devices may be tran 
sitioned to idle mode relatively quickly. A resumption of data 
activity may invoke execution of RRC connection establish 
ment procedures and may incur signaling overhead. In the 
second approach, inactive devices may be held for a consid 
erable time (for example, many minutes, even hours) in RRC 
Connected Mode before a transition to idle is executed. 
0044 AUE may have a lower power consumption in RRC 
idle mode than in RRC Connected Mode; therefore, from a 
UE power consumption perspective, the first approach may 
provide power saving advantages when compared to the sec 
ond approach. However, to transfer those UEs that have been 
inactive for a period of time to the RRC idle state may require 
use of an explicit RRC connection release message sent by the 
eNB to the UE. An RRC connection setup procedure may also 
be used upon each resumption of data activity. Hence, whilst 
the first approach can be battery efficient, the first approach 
may include potentially large signaling overheads and there 
fore lower system efficiency. 
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0045. The signaling overheads associated with the first 
approach may be substantially avoided using the second 
approach. Though, the second approach may include 
increased battery consumption by the mobile device (this 
being a function of how battery efficient the DRX procedures 
are when in connected mode). Furthermore, power consump 
tion within an RRC connected mode DRX sub-state may also 
be higher than that of Idle Mode due to the use of network 
controlled mobility when in RRC Connected Mode. In Con 
nected Mode, the UE typically sends signal strength/quality 
measurement reports to the eNB either periodically, or on a 
triggered basis (for example, on detection of deteriorating 
signal conditions). The eNB may then be in control of when 
to direct the UE to hand over to another cell. Conversely, in 
RRC Idle Mode, mobility may be UE-controlled. That is, the 
UE may not report the signal strength/quality of other cells to 
the network but may use its own measurements of Such to 
select the preferred cell. Cells within the network may be 
arranged into logical groups known as tracking areas, each of 
which may consist of a plurality of cells. When in RRC Idle 
Mode, the UE may notify the network when changing to a cell 
within a new tracking area. This process (known as a tracking 
area update) typically occurs relatively infrequently and, in 
addition to the infrequent paging/DRX cycles, may reduce 
UE battery consumption whilst in the RRC Idle Mode. 
0046. The first approach may be referred to as a “call 
oriented” model. A burst of data activity may be treated 
similar to a phone call or other communication session, 
wherein at a macro level the packet data “call” is either “on” 
or “off”. Within a packet data call and on a micro time scale, 
data activity may not be continuous, but the packet call may 
be treated as “active' or “in-call” by the network for a rela 
tively short period of time. The UE may be held in the RRC 
connected mode for the duration of the packet call. For sus 
tained inactivity beyond this relatively short period of time, 
the UE may transition to Idle. With this understanding, a 
packet call can, in some implementations, comprise a burst of 
packet activity spanning only a few hundred milliseconds or 
up to a few seconds, for example, when downloading a par 
ticular web page from the internet. Subsequent packet calls 
with associated transitions to/from Idle may exist for other 
web pages accessed perhaps 20 seconds later. 
0047 FIG.1D is a downlink sub-frame 185illustrating the 
time/frequency structure. The sub-frame 185 is sub-divided 
into two equal length slots (numbered here n and n+1). In the 
time domain, the PDCCH region 186 comprises the first 3 out 
of the 14 total OFDM symbols (OS) within the sub-frame. An 
assignment to a UE may be contained somewhere within the 
PDCCH region 186. An example PDSCH 187 allocation is 
also shown, here spanning 2 resource blocks (each resource 
block in LTE comprises a frequency region equal to 12 Sub 
carriers at 15 kHz spacing, so 180 kHz). 
0048. In general, the LTE system is constructed with 
heavy reliance on the principle of shared channels. Access to 
the uplink and downlink shared channels within a cell, (UL 
SCH and DL-SCH respectively) may be governed by a cen 
tralised scheduling function residing within the basestation or 
eNB.UEs may be notified of uplink or downlink assignments 
(or 'grants') via control signalling messages carried from the 
eNB to the UE on a Physical Downlink Common Control 
Channel or PDCCH. 

0049. Whenever an LTE connected mode UE actively 
receives a sub-frame (i.e. any non-DRX'd sub-frame), it may 
search the PDCCH resource region of the sub-frame for any 

Nov. 1, 2012 

UL or DL assignments directed towards it. The PDCCH 
resource region may occupy the first NPDCCH OFDM sym 
bols of a Sub-frame where NPDCCH is a variable number 
(typically from 1 to 4 symbols depending on system configu 
ration). If the decoded PDCCH reveals a valid assignment for 
the UE, the UE proceeds to either: for an UL assignment, 
configure its transmitter in preparation for a forthcoming UL 
transmission on the assigned UL resources; or for a DL 
assignment, decode the corresponding resource portion in the 
remaining parts of the same DL Sub-frame in which the 
PDCCH was received. 
0050. Note that PDCCH messages may not contain UL or 
DL assignments and which are instead used to carry other 
control-related information such as an instruction for the UE 
to carry out a random access procedure. Such non-assignment 
messages are termed “PDCCH orders'. 
0051 FIG.1E is a diagram 188 illustrating construction of 
an assignment message 189 to a UE. An assignment message 
189 of length L1 bits is passed to a CRC encoder 190 and the 
resulting CRC 191 is scrambled (bit-wise XOR'd 192) with a 
UEID field the same length as the CRC 191 (the UEID may 
comprise e.g. a Radio Network Temporary Identifier or 
“RNTI). 
0052. The scrambled CRC 193 is appended to the original 
message 189 and the concatenated result is encoded (e.g. by 
a convolutional or other forward error correction encoder 
194) to form a total encoded message 195 of length L2 bits. 
The length L2 may take one of 4 values, each corresponding 
to a so-called Control Channel Element (CCE) aggregation 
level of 1, 2, 4 or 8. By varying the length of the message (L1) 
prior to encoding and/or the aggregation level (determining 
L2), the strength of the forward error correction may be 
adjusted. 
0053. The use of a scrambled CRC 193 provides an effi 
cient means to convey the intended destination user ID to the 
UE receiver without actually transmitting explicit bits for this 
purpose. Each UE receiver checks the integrity of the received 
and decoded CRC only after also performing an equivalent 
XOR (descrambling) operation with its own user ID. Thus, 
only assignment messages communicated error free over the 
radio link AND decoded by the user with the intended userID 
will pass the CRC integrity check and will be classified as 
valid assignments. The pre-encoded assignment message (of 
length L1 bits) is often referred to as a Downlink Control 
Information Format (or DCI Format) in the 3GPP specifica 
tions. 

0054 The strength of the forward error correction encod 
ing applied to an assignment message may depend upon the 
pre- and post-encoding message sizes (L1 and L2). These 
however are not explicitly indicated by the eNB to the UE and 
instead the UE may attempt to determine the applied transmit 
encoding via Successive trial-and-error decoding attempts 
using its knowledge of the different allowable L1 and L2 
lengths. Furthermore, in order that multiple assignment mes 
sages directed to different UEs may be flexibly arranged and 
packed into the available PDCCH resource region, the UE 
may search a plurality of possible locations (in addition to the 
different message lengths) within the PDCCH region for the 
presence of any possible assignment for it. This is known as 
blind decoding within a defined search space. 
0055. The processing loads arising in the UE from blind 
decoding of PDCCH can be considerable. The number of 
possible combinations of message position and prefpost-en 
coder message lengths are therefore constrained to a limited 



US 2012/0275366 A1 

number of predefined possibilities; that is, both the number of 
FEC encoding possibilities and the search space are reduced. 
Candidate combinations of message position and L2 message 
length are defined. For each candidate combination a UE 
must then check for each of the possible L1 message lengths 
by performing a blind decoding operation. In the current LTE 
system, a UE must typically perform up to 44 blind decodes 
for each PDCCH reception instance. This may comprise a 
search for 2 possible L1 message lengths for each of 6 can 
didate combinations within a so-called “common search 
space' and a search for 2 further L1 message lengths for each 
of 16 candidate combinations within a so-called “dedicated 
search space' or (interchangeably) “UE-specific search 
space”. (6*2)+(16*2)=44 blind decodes. The same common 
search space is read by all UEs in the system whereas the 
locations of the dedicated search spaces may differ for each 
UE. The dedicated search space for a UE varies on each 
Sub-frame according to a predefined sequence known to both 
the UE and the eNB. The predefined sequence is a function of 
an RNTI associated with the UE. 
0056. Each blind decode involves running a tail-biting 
convolutional code decoding operation which can contribute 
to a significant amount of processing and battery drain for a 
device remaining in connected mode for an extended period, 
even if in long DRX. 
0057 FIGS. 2A and 2B are flowcharts illustrating 
example methods 200 and 218, respectively, for explicit tran 
sitions to a deeper-sleep (e.g. CMDS) sub-state of connected 
mode. The illustrated method is described with respect to 
system 140 of FIG. 1, but this method could be used by any 
other suitable system. Moreover, system 140 may use any 
other Suitable techniques for performing these tasks. Thus, 
many of the steps in this flowchart may take place simulta 
neously and/or in different orders as shown. System 140 may 
also use methods with additional steps, fewer steps, and/or 
different steps, so long as the methods remain appropriate. 
0058 Generally, in an explicit transition method, the UE 
145 may enter the CMDS sub-state in response to at least an 
explicit message or command transmitted by eNB 150. In an 
eNB-initiated explicit transition method 200, the eNB 150 
may send or transmit the explicit network message in 
response to an event. In other words, the eNB 150 may detect 
or otherwise identify an event that triggers the transmission of 
the explicit message. A trigger event 220 may be the expiry of 
a data packet inactivity timer (the timer maintained by the 
eNB 150), and/or another event. 
0059 Alternatively or in combination, in the UE-initiated 
explicit transition method 218, the UE 150 may first send or 
transmit a request message to the eNB 150 requesting a 
transition to the CMDS sub-state based, at least in part, on 
knowledge or information determined or otherwise identified 
by the UE 145. In some implementations, this information 
may be knowledge or information relating to: the status of 
applications on the device (e.g., open, running, closed, dor 
mant), data protocols associated with applications on the 
device (e.g., data transfer complete, protocol procedure 
complete, data segment acknowledged), and/or other 
knowledge or information identified by the UE 145. The 
request message may indicate, for example, a high likeli 
hood that no more packet data is expected for a period of time. 
Other knowledge or information may also be used by the UE 
145 when formulating the request message Such as the status 
of other functions or input to the UE (e.g. screen on/off, 
presence or absence of user keyboard or touch-screen input, 
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presence or absence of Voice-activated input). In either case, 
the explicit message may be transmitted through one of sev 
eral protocol layers in the communications system, for 
example, via RRC signaling, MAC signaling or L1 signaling. 
0060. In either of the two cases shown in FIGS. 2A and 2B, 
the system 140 may or may not be configured such that UE 
145 returns an acknowledgement (208/230) confirming 
receipt of the explicit message from the eNB 150. The 
acknowledgement may be sent at various protocol layers, for 
example, Radio Resource Control (RRC), RLC, HARQ (L1), 
and/or others. An acknowledgement may ensure that both the 
UE 145 and the eNB 150 have the same understanding of the 
UE's current state (CMDS or not). The eNB 150, the UE 145, 
or both may execute other actions or procedures upon the UE 
145 entering the CMDS sub-state. For example, requirements 
for the UE 145 to return one or more measurement reporting 
types that are not considered essential for correct operation 
when in the CMDS sub-state may be terminated, measure 
ment reporting may be limited to those needed for mobility 
control only, or both. For example, UE reporting related to 
Self-Optimising Networks (SON). Automatic Neighbour 
Relations (ANR) and Minimisation of Drive Test (MDT) 
purposes may be identified as nonessential measurements, so 
these measurement configurations may be released autono 
mously in the UE 145 and the eNB 150 on transition to the 
CMDS sub-state. Alternatively or in combination, their con 
figurations may be deactivated by the UE 145 and the eNB 
150 upon entering the CMDS sub-state and resumed upon 
exiting the CMDS sub-state. Requirements for the UE to 
transmit one or more uplink control signal types (such as for 
Channel Quality Indication—CQI, Precoding Matrix Indica 
tion—PMI, Rank Indication RI, and uplink Sounding Ref 
erence Signals—SRS) may also be terminated upon entering 
the CMDS sub-state. Such procedures may allow for 
improved UE battery savings when in the CMDS sub-state 
due to reduced UE processing requirements to formulate the 
measurement reports or to process UL control signals/feed 
back and due to the reduced occurrence of uplink transmis 
sion by the UE. Following transmission of the explicit mes 
sage in either method 200 or 218, the UE and eNB may be 
synchronized in their understanding of when the transition to 
the CMDS sub-state occurred (e.g., a predetermined period of 
time following the message transmission or the acknowledge 
ment transmission). 
0061 Referring to FIG. 2A, method 200 begins at step 202 
where eNB 150 identifies an event trigger associated with 
transitioning to the CMDS sub-state. At step 204, the eNB 
150 determines to transition the UE 145 to the CMDS Sub 
state based, at least in part, on the identified the event trigger. 
Next, at step 206, the eNB 150 transmits an explicit message 
to the UE 145 to transition to the CMDS Sub-State of the DRX 
cycle. In response to the explicit message, the UE 208 may 
transmit an acknowledgement message to the eNB 150. In 
Some implementations, the acknowledgement message may 
be optional. At step 210, the UE 145 transitions to the CMDS 
Sub-state. 

0062 Referring to FIG. 2B, the method 218 begins at step 
220 where UE 145 identifies an event trigger associated with 
transitioning to the CMDS sub-state. At step 222, the UE 145 
transmits a request message to the eNB 150. If the eNB 150 
determines not to transition the UE 145 at decisional step 224, 
then, at step 226, the eNB 150 waits for further events. If the 
eNB 150 determines to transition the UE 145, then, at step 
228, the eNB 150 transmits an explicit message to the UE 145 
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to transitions to the CMDS sub-state. Next, at step 230, the 
UE 145 transmit message acknowledgement to the eNB 145. 
In some implementations, the acknowledgement message 
may be optional. At step 232, the UE 145 transitions to the 
CMDS Sub-State. 
0063 FIGS. 3A and 3B are flowcharts illustrating 
example methods 300 and 308 for implicit transitions to the 
CMDS sub-state. In an implicit transition method, the UE 145 
may transition to the CMDS sub-state as the result of an event 
commonly-known to both the UE 145 and the eNB 150. 
Because the timing of the event is known to both the UE 145 
and the eNB 150, the UE 145 may enter the CMDS sub-state 
without the use of an explicit signaling message, thereby 
saving some signaling overhead. The known event may 
include one or more of the following: the expiry of an inac 
tivity timer (such as a time since the last active uplink or 
downlink data or packet transmission instance); the expiry of 
an uplink timing alignment timer, a DRX cycle counter reach 
ing a pre-determined threshold value; a timer expiring or a 
counter reaching a predetermined value Subsequent to the 
timer or counter having been reset or initialized based on 
another DRX Sub-state transition (e.g. continuous-RX to long 
or short DRX); or others. 
0064. Referring to FIG.3A, method 300 begins at step 302 
where the eNB302 identifies an event trigger associated with 
transitioning to the CMDS sub-state. At step 302, the eNB 
150 determines that the UE 145 implicitly transitioned to the 
CMDS sub-state. Referring to FIG.3B, method 308 begins at 
step 310 where the UE 145 identifies the event trigger asso 
ciated with transitioning the CMDS sub-state. At step 312, the 
UE 145 transitions to the CMDS sub-state of the DRX cycle. 
0065. In either the explicit transitions discussed in connec 
tion with FIGS. 2A and 2B or the implicit transitions dis 
cussed in connection with FIGS. 3A and 3B, the eNB 145 or 
UE 150 may be implemented to detect the erroneous event 
Such that the UE 145 and eNB 150 do not have the same 
understanding regarding the UEs current status (CMDS or 
not). For example, if the eNB 150 persistently receives no 
response from the UE 145 following PDSCH transmissions, 
the eNB 150 may infer that the UE 145 has moved to the 
CMDS sub-state and may attempt to contact the UE using 
CMDS procedures such as use of a wake-up signal directed to 
that UE 145. Alternatively or in combination, the UE 145 may 
need to occasionally check for wake-up signals even when the 
UE 145 identifies a status other than the CMDS sub-state, in 
order to detect the situation wherein the eNB 150 incorrectly 
believes the UE 145 to be in the CMDS Sub-State. 

0066. The UE may exit the CMDS sub-state upon certain 
events. These exit events may include one or more of the 
following: receipt of a positive wake-up indicator from the 
eNB: initiation of resumed UL transmission procedures by 
the UE (e.g., sending of a random access message, a sched 
uling request message, or other uplink message by the UE); or 
others. In response to at least an exit event, the UE 145 may 
return to normal (non-CMDS) connected mode operation. If 
the UE 145 receives a positive wake-up indicator when in the 
CMDS sub-state, the UE 145 may exit the CMDS DRX cycle 
and return to the continuous reception Sub-state of the con 
nected mode. 

0067. If the UE 145 determines a need to resume UL 
transmission when in the CMDS sub-state, the UE 145 may 
send a preamble on a physical random access channel 
(PRACH), or the UE may send a scheduling request on a 
physical uplink control channel (PUCCH). The choice 
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regarding whether to use the PRACH or the PUCCH to 
resume UL transmission may depend on whether the UE is 
uplink-synchronized to the eNB 150 (determined according 
to the status of a timing alignment timer) or on whether 
PUCCH resources for SR have been assigned (by the eNB) to 
the UE. 

0068. On completion of the PRACH procedure or on 
receipt of an SR on PUCCH resources assigned to the UE 
145, the eNB 150 may be able to determine the identity of the 
transmitting UE 145, and hence may be able to determine that 
the UE 145 has exited the CMDS sub-state. At this point, the 
eNB 150 and UE 145 may again be synchronized in terms of 
their understanding of the UE's status (CMDS or not). 
Optionally, a signal or message transmitted by the eNB 150 to 
the UE 145 may serve as an acknowledgement of its under 
standing that the UE 145 may no longer be in the CMDS 
sub-state. If the UE 145 does not receive such an acknowl 
edgement from the eNB 150 within a certain time period 
following its attempts to resume UL transmission from within 
the CMDS sub-state, the UE 145 may return to the CMDS 
Sub-state and may subsequently re-attempt resumption of UL 
transmission and a successful exit from CMDS. 

0069. When in the CMDS sub-state, the UE 145 may 
evaluate defined portions of time that are commonly known to 
both the UE and the eNB for a wake-up message. The eNB 
150 may be aware that the UE 145 may not be contactable 
during other times. However, for correct system operation, a 
UE 145 in the CMDS sub-state may be required to search for 
certain other signals or messages. For example, in the current 
LTE system, connected mode users may search for paging 
messages addressed to a Paging Radio Network Temporary 
Identifier (P-RNTI) and which may be sent by the eNB 150 
during certain pre-defined Sub-frames in time. These paging 
messages may indicate to all or Substantially all connected 
mode users in the cell that there has been a change in the cell's 
broadcast system information. Upon receiving Such a paging 
message on P-RNTI, a connected mode user may read the 
updated broadcast system information. The broadcast system 
information may be sent on the PDSCH using DL assign 
ments sent in the PDCCH region addressed to a System 
Information Radio Network Temporary Identifier (SI-RNTI). 
0070 This ability to inform connected mode users of 
updates to the broadcast system information may also be 
provided to CMDS users. A first solution may include the 
CMDS UEs checking not only for wake-up messages on 
PDCCH, but also (at the appropriate times) for messages 
addressed to P-RNTI on PDCCH. The messages addressed to 
P-RNTI on PDCCH may be associated with PDSCH trans 
missions, these containing the system information update 
indication. A second solution differs from the first solution in 
that it does not include the UE to verify for P-RNTI messages 
in the PDCCH. Instead, the UE may search for wake-up 
messages on PDCCH and the eNB 150 sends or transmits one 
or more wake-up signals to wake up all or Substantially all 
CMDS users whenever there is a change to system informa 
tion. This wake-up signal may optionally contain information 
enabling the UEs to determine the cause of the wake-up 
(system information update or otherwise). If the cause of the 
wake-up is communicated the CMDS, UEs 145 may subse 
quently exit the CMDS sub-state and read or determine the 
updated system information. If the cause is not communi 
cated, the UEs 145 may still exit the CMDS sub-state and as 
a result, return to checking the defined sub-frames for mes 
sages addressed to P-RNTI. The eNB 150 may then send the 
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paging message which is addressed to P-RNTI and includes a 
notification of a system information update. Subsequent to 
receiving this, the UEs 145 may read or determine the updated 
system information messages (which are themselves 
addressed to SI-RNTI). 
0071 FIG. 4 illustrates a sub-frame 400 for transmitting 
multi-user wake up messages. In the illustrated implementa 
tion, the sub-frame 400 includes a PDCCH resource region 
402, and the PDCCH resource region 402 includes the wake 
up message 404. When in the CMDS sub-state, the UE 145 
may search for the wake-up messages 404 during the PDCCH 
regions 402 of a pre-defined set of sub-frames. The PDCCH 
wake-up messages 404 may be addressed to a group of UES 
145 using a group identifier referred to as a wake-up Radio 
Network Temporary Identifier (w-RNTI). A PDCCH wake 
up message 402 addressed to a particular w-RNTI may con 
vey wake up indication information for one or more UEs 145 
of the group. 
0072 AUE 145 may be configured with one or more of the 
following parameters or information fields that help define 
the set of possible PDCCH wake-up message instances appli 
cable to the UE 145 when in the CMDS sub-state, and to 
define the formatting of the PDCCH wake-up messages such 
that they may be efficiently and correctly detected and 
decoded by the UE: parameters defining the DRX pattern 
behavior; a wake-up RNTI; information regarding the loca 
tion of the bits associated with the UEs specific wake-up 
indicator within the wake-up messages; information restrict 
ing the pre- and post-encoding sizes of the wake-up mes 
sages; or others. The parameters defining the DRX pattern 
behavior may include DRX cycle duration, DRX sub-frame 
offset, DRX Inactivity Timer, or others. These may be the 
same DRX parameter values as used by the UE 145 when not 
in the CMDS sub-state, or may be alternate values that are 
used by the UE 145 when in the CMDS sub-state. The alter 
nate (CMDS-specific) values may be individually signaled by 
the eNB 150 to each UE 145 via dedicated signaling or 
CMDS-specific values to be used by all CMDSUES 145 may 
be sent by the eNB 150 via common (broadcast) signaling. 
The wake-up RNTI may be explicitly assigned by the eNB 
150 to the UE 145 using dedicated signaling means. Alterna 
tively or in combination, the wake-up RNTI may be derived 
by the UE 145 based upon a pre-existing ID for the same UE 
145. The pre-existing UE ID may comprise a previously 
assigned RNTI (e.g., C-RNTI), a subscriber ID (such as a 
Temporary Mobile Subscriber Identity TMSI, or an Inter 
national Mobile Subscriber Identity—IMSI), or a device ID 
(such as an International Mobile Equipment Identity— 
IMEI). The process of deriving may be based on a mathemati 
cal formula or a pre-defined associative table mapping the 
pre-existing UE ID to the UEs CMDS wake-up RNTI. 
Optionally, the formula, parameters related to the formula, or 
the associative table itself may be broadcast to all UEs within 
the cell by the eNB 150. The wake-up RNTI may be assigned 
for a certain duration, for example, the duration of a stay 
within the CMDS sub-state, or for the duration of a stay in 
connected mode. Information regarding the location of the 
bits associated with the UEs specific wake-up indicator 
within the wake-up messages (or other information allowing 
the UE to decode the common wake-up message and extract 
wake-up information specific to that UE). This information 
may be explicitly assigned by the eNB 150 to the UE 145 
using dedicated signaling means. Alternatively this informa 
tion may be derived by the UE 145 based upon a pre-existing 
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ID for the same UE 145. The pre-existing UE ID may com 
prise a previously-assigned RNTI (e.g. C-RNTI), a subscriber 
ID (such as a Temporary Mobile Subscriber Identity TMSI, 
or an International Mobile Subscriber Identity—IMSI), or a 
device ID (such as an International Mobile Equipment Iden 
tity—IMEI). The process of deriving may be based on a 
mathematical formula or a pre-defined associative table map 
ping the pre-existing UE ID to one or more parameters that 
collectively provide the UE 145 with the information used to 
decode the common wake-up message and extract wake-up 
information specific to that UE. Optionally, the formula, 
parameters related to the formula, or the associative table 
itself may be broadcast to all UEs within the cell by the eNB. 
The information may be assigned for a certain duration, for 
example, the duration of a stay within the CMDS sub-state, or 
for the duration of a stay in connected mode. Information 
restricting the pre- and post-encoding sizes of the wake-up 
messages (denoted here L1, and L2 respectively) and/or 
information as to where in the PDCCH time/frequency 
region, the eNB 150 may be allowed to transmit a wake-up 
signal specific to the shared wake-up RNTI. 
(0073. The UE 145 may be associated with the above 
parameters and information explicitly, implicitly, or a mix 
ture of the two. In the explicit method, the eNB 150 may 
assign the parameters or information via explicit signaling 
(e.g., RRC signaling, MAC signaling, L1 signaling). In the 
implicit method, the UE 145 and eNB 150 may calculate the 
parameters or information based upon a UE ID and a pre 
defined formula or associative table which maps the UEID to 
the parameter values or information fields. The formula or 
table may be pre-defined or may be described in full or in part 
via explicit signaling (e.g., broadcast by the eNB 150 in the 
system information of the cell, sent by the eNB 150 via 
dedicated signaling to the UE 145). In a partially-explicit, 
partially-implicit method, the eNB 150 may explicitly assigns 
one or more of the parameters or information fields to the UE 
145 via explicit signaling, whilst those parameters that are not 
explicitly signaled are calculated by the UE 145 and eNB 150 
based upon a UE ID and a pre-defined formula which maps 
the UE ID to the remaining parameter values, i.e., a combi 
nation of the above two methods. 

0074 Part or all of such CMDS configuration information 
may be pre-configured, or Some/all parameters or informa 
tion fields may be configured at the time of entry into the 
CMDS sub-state (e.g. carried within the explicit transition 
message sent by the eNB to the UE), or during a previous 
RRC connection establishment, or RRC (re)configuration 
procedure. 
(0075 FIG. 5 is a schematic diagram 500 illustrating 
details of a downlink transmission of data to a UE residing 
initially in the CMDS sub-state. In the illustrated implemen 
tation, the diagram 500 includes a plurality of sub-frames 502 
and a graph. 504 illustrating UE receiver activation and deac 
tivation. The UE 145 may again operate with a DRX cycle and 
Sub-frame offset (as aforementioned, these may the same or 
different to those used when not in the CMDS sub-state). 
Again, according to the configured cycle, the UE 145 may be 
expected to actively receive sub-frame K (other sub-frames 
are notionally designated as DRX). Note however, that the 
UE 145 may only be expected to receive the PDCCH region 
506 of sub-frame K (the eNB may not transmit PDSCH data 
to the UE 145 during sub-frame K). In this case, the UE 145 
may disable front-end receiver circuitry of the UE receiver for 
all non-PDCCH regions of the sub-frame 506, which may 
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allow for processing and battery power savings in the UE 145 
during actively received sub-frames when in the CMDS sub 
state compared to normal connected mode operation. There 
fore, during sub-frame K, the UE 145 may receive and buffer 
only the signal for the PDCCH region 506 or at least a portion 
of the PDCCH region 506. After receiving the PDCCH region 
506, the UE 145 may process the received PDCCH signal to 
identify any included messages addressed to awake-up RNTI 
with which the UE 145 is associated and which the UE 145 
may share with a number of other UEs in the CMDS sub 
State. 

0076. On sub-frame K, the UE 145 may search for a 
PDCCH wake-up message 508 addressed to a wake-up RNTI 
associated with the UE 145. This process may be executed 
using a blind decoding operation using a convolutional 
decoder to attempt to decode a message of length equal to the 
known pre-encoded and post-encoded wake-up message 
length(s) aforementioned parameters L1 and L2. A single 
length L1 may used in the system for wake-up messages to 
reduce the blind decoding complexity at the UE receiver. One 
or more possible values of L2 may be implemented. Whilst 
restriction of L2 to one length may help to further reduce the 
number of blind decoding attempts, this restriction may also 
remove the possibility to vary the strength of the applied FEC 
for a fixed L1. Hence to retain some flexibility in the applied 
FEC strength, more than one value of L2 may be imple 
mented. 
0077 Blind decoding complexity may be reduced (vs. 
current LTE connected mode behavior) due to the fact that the 
UE 145 may not check other L1 (and possibly L2) message 
lengths in the PDCCH506 for DL/UL assignments and hence 
the blind decoding complexity may be reduced. The blind 
decoding operation may also check one or more known loca 
tions (sets of time/frequency resources) within the PDCCH 
region 506 for the presence of the wake-up message. A 
reduced number of known locations may be used to minimize 
or otherwise reduce the computational complexity associated 
with the blind decoding operation. For example, the UE 145 
may include information that the system may transmit wake 
up messages on a restricted Sub-set of time/frequency regions 
within the PDCCH 506. In this case, the UE 145 may not 
search for wake-up messages in other time? frequency loca 
tions within the PDCCH 506 outside of the identified 
SOUCS. 

0078. An additional possibility is that the particular time/ 
frequency resources (within the PDCCH 506) on which a 
wake-up message is transmitted, may be used to identify a 
Sub-set of users to whom the message is addressed. For 
example, a sub-set 'A' of UEs 145 may be configured to 
search for wake-up messages transmitted on time/frequency 
resource set #1, whereas sub-set “B” of UEs 145 may be 
configured to search for wake-up messages transmitted on 
time/frequency resource set #2. The eNB 150 may send wake 
up messages on either (or both) of the resource sets depending 
on which selected UEs 145 the eNB wishes to address. In this 
case, the same w-RNTI may be used for each set of users as 
the message location may identify which set of users is being 
addressed. The search space is not common to all users, nor is 
it specific to one user. Instead, the search space may be com 
mon to a sub-set of users. 

0079. In a more generic case where different groups of 
users search the same candidate wake-up message locations, 
multiple wake-up messages may use different w-RNTIs. If a 
valid PDCCH message 508 associated with the UE's w-RNTI 
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is detected or otherwise identified, the UE 145 may proceed to 
determine the value of its particular wake-up indicator. If the 
indicator is not transmitted, or its value does not correspond to 
a positive wake-up indication, the UE 145 may execute no 
further processes and returns to its DRX duty cycle, remain 
ing in the CMDS sub-state and checking for further wake-up 
messages 508 at the next non-DRX'd sub-frame of the con 
figured DRX cycle. If the value of the indicator does corre 
spond to a positive wake-up indication, the UE 145 may 
activate the UE receiver to receive signals within the sub 
frame beginning “M” sub-frames after the start of sub-frame 
K (the sub-frame in which the PDCCH wake-up message 508 
was detected). “M” is therefore the “wake-up delay 510 
expressed in Sub-frame units. By means of example, the illus 
trated value of M is equal to 2, although it will be appreciated 
that various values of M may be used without departing from 
the scope of the disclosure. During the process, the UE and 
the eNB may maintain the same information as to the value of 
M 

0080 “M” may be the same value for all UEs 145 or may 
be different values per-UE. If a common value for M is used 
across UEs 145, and this value may be a variable parameter, 
the value may be signaled by the network to all UEs 145 via 
common signaling. Alternatively or in combination, the value 
of M may be different values for each UE, which may assist in 
resolving scheduler blocking issues in the time window fol 
lowing a Sub-frame in which multiple users were woken up. 
Such UE-specific values of M may be explicitly signaled or 
assigned to the UE 145 by the eNB 150 (such as via RRC 
signaling, or even within the wake-up message itself this 
may include multiple bits per wake-up indicator to signal the 
value of M to the UE 145), or may be implicitly derived based 
upon a user ID such as an RNTI, IMSI or TMSI. Different 
protocol layers (e.g. RRC, MAC, L1) may be used to signal 
M 

I0081. As an extension to this principle, the UE 145 may 
also be configured with a further parameter Z, and may con 
figure the UE receiver to actively receive a defined “window' 
of sub-frames of length Z following receipt of a positive 
wake-up indication. For example, the window may comprise 
the Z sub-frames from (K+M) to (K+M+Z-1). In doing so, 
the eNB 150 may distribute the pending PDSCH transmis 
sions to multiple simultaneously-woken UEs within the time 
window of Z sub-frames, rather than being restricted to 
addressing all UEs PDSCH assignments within a time win 
dow of just one Sub-frame. Hence, scheduler blocking issues 
may be alleviated. In the illustrated implementation, Z=1. 
I0082 Following transmission of the wake-up message 
508 in sub-frame K, the eNB 150 may then determine that the 
UE 145 will receive the (K+M)th sub-frame and then transmit 
a PDSCH assignment message 512 during the PDCCH region 
514 and to transmit the DL data during the PDSCH region 516 
of the sub-frame. The PDSCH assignment 512 may be trans 
mitted in the PDCCH region 514 of sub-frame K+M and uses 
a UE-specific RNTI (such as C-RNTI) as per normal con 
nected mode operation in LTE. The inactivity timer 518 may 
be restarted in sub-frame K+M due to the presence of the DL 
assignment and the timer may continue to run in this example 
for 2 further sub-frames (the length of the DRX inactivity 
timer 518). In this example, no further data may be commu 
nicated during those sub-frames and the UE 145 may hence 
returneither to along or short DRX sub-state (subsequently to 



US 2012/0275366 A1 

the CMDS sub-state if inactivity continues) or directly to the 
CMDS sub-state (if the system is configured to allow this 
direct transition). 
I0083 FIGS. 6A-C are schematic diagrams 600, 620, and 
640 illustrating sequences when no data is transmitted. In 
particular, diagram 600 illustrates when sub-frame K does not 
contain a PDCCH wake-up message addressed to the UEs 
w-RNTI. In this event, the UE 145 may not receive sub-frame 
K+M, and the UE 145 may return to the DRX cycle and 
receives the PDCCH region of sub-frame K+LDRX to check 
once again for the presence of a valid wake-up indicator. 
Diagram 620 illustrates a process when sub-frame K does 
contain a PDCCH wake-up message addressed to the UEs 
w-RNTI, but the UE determines that the message indicates it 
should not wake-up. In this event, the UE 145 also may not 
receive sub-frame K+M. The UE 145 may return to its DRX 
cycle and receive the PDCCH region of sub-frame K+LDRX 
to check once again for the presence of a valid wake-up 
indicator. Diagram 640 illustrates a process when sub-frame 
K does contains a PDCCH wake-up message addressed to the 
UEs w-RNTI and the UE interprets that the message indicates 
that it should wake-up. This may be a result of the eNB 150 
attempting to wake-up another UE 145b and the particular 
formatting of the wake-up message may not have allowed for 
this to occur without also waking up this UE 145a (e.g., 
multiple UEs share the same indicator). In this (false-alarm) 
event, the UE 145 may receive sub-frame K+M but may not 
identify a PDSCH assignment message addressed to it within 
the PDCCH region of that sub-frame. The UE returns to its 
normal DRX cycle of operation and will receive the PDCCH 
region of sub-frame K+LDRX to again check for the presence 
of a valid wake-up indicator. As has been previously 
described, the PDCCH processing complexity during the 
actively-received Sub-frames may also be reduced when com 
pared to the case of current LTE connected mode operation by 
virtue of the fact that the number of blind decodes may 
reduced. The resulting reduction in UE battery drain may 
provide for extended times between battery recharges, or may 
enable the network to set shorter DRX cycle times whilst 
preserving the same time between UE battery recharges. 
These shorter DRX cycle times may in-turn offer reduced 
latency, and improved user experience and system perfor 
aCC. 

0084. A wake-up message in the PDCCH region may 
comprise Li-information bits in addition to L, bits for the 
CRC/RNTI such that L-L-L. In general, the CRC 
appended to a DCI format message may comprise a Cyclic 
Redundancy Check computed over the length L. of the DCI 
format and this may subsequently be bitwise exclusive-OR'd 
(XOR'd) with a 16-bit RNTI value such as a w-RNTI, a 
C-RNTI, a P-RNTI, an RA-RNTI, an SPS-RNTI or an SI 
RNTI. The PDCCH wake-up message length(s) may be 
arranged to be equal to the lengths of pre-existing DCI for 
mats in the LTE system. In this way, the message lengths may 
be compatible with the existing LTE physical layer thereby 
minimising or otherwise reducing the need for redesign when 
accommodating the proposed wake-up message functionality 
On PDCCH 

0085 Table 1 lists example sizes (in bits) of the existing 
DCI formats 1C and 3/3A. L is the length in bits of the DCI 
format with a 16-bit CRC and L is the length in bits of the 
DCI format without the 16-bit CRC. The value N denotes 
the number of 180 kHz resource blocks defined within the 
system bandwidth. The use of PDCCH wake-up message 
lengths other than those shown in Table 1 is not precluded. 
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TABLE 1 

Sizes (in bits) of existing DCI formats 1C and 3/3A 

DCI format 1C DCI format 33A 

System Without With Without With 
BW N. CRC (L.) CRC (LI) CRC (L.) CRC (L) 

1.6 MHz 6 8 24 2O 36 
3 MHz 15 10 26 22 38 
SMHz 25 12 28 24 40 
10 MHz 50 13 29 26 42 
15 MHz 75 14 30 27 43 
20 MHz 100 15 31 28 44 

I0086 APDCCH wake-up message instance is defined as a 
PDCCH transmission on a particular sub-frame and using a 
particular w-RNTI. The Linformation bits within a PDCCH 
wake-up message allow for one of up to N2"-1 possible 
wake-up codewords to be transmitted for that instance. 
I0087. A number (N) of UEs may be configured to listen 
to the PDCCH wake-up message instance and to each decode 
the transmitted wake-up codeword. Each UE may decode the 
codeword in order to extract wake-up information of rel 
evance to that UE (for example, to determine whether or not 
it should wake-up). 
I0088 FIG. 7 is a codeword system 700 that shows a set of 
wake-up indicators 702a-m (one for each of the N, UEs) 
being encoded by the eNB 150 in order to produce awake-up 
codeword of length L. bits 703. The codeword may be sub 
ject to appropriate forward error correction encoding prior to 
transmission. This correction may comprise CRC attachment 
and convolutional encoding in which: for each codeword (i.e. 
wake-up message) a CRC may be calculated over the L. bits 
it contains; the CRC may be appended to the data after being 
scrambled using a specific wake-up RNTI (w-RNTI); and 
convolutional encoding may be performed on the concat 
enated sequence comprising the codeword and CRC bits. 
I0089. The transmitted PDCCH wake-up message instance 
is subsequently received by a plurality of UEs. Following 
appropriate forward error correction decoding of the 
PDCCH, each UE is then in possession of the same L. 
decoded PDCCH bits comprising the received wake-up code 
word. Each UE decodes the codeword in order to determine 
the value of the wake-up indicator 704a-m of relevance to that 
particular UE. Thus, the step of codeword decoding may be 
specific to each UE. 
0090. In general, the wake-up indicators for each UE may 
be binary or multi-valued. For example, a binary indicator 
may be used to simply indicate “wake-up' or “do no wake 
up”. Multi-valued indicators may allow for the carriage of 
additional information to the UE, and to provide further func 
tionality or flexibility. For example, a multi-valued indicator 
may be used to indicate “wake-up in M sub-frames time” 
where the value of M is signalled within the indicator value. 
0091. A large variety of possibilities exist regarding how 
the indicators are mapped to wake-up codewords on the 
PDCCH. The mappings may be designed to optimise particu 
lar performance attributes of the communication Scheme. 
Such performance attributes may include: wake-up messag 
ing capacity (e.g., attempt to maximise the number of UES 
that may be addressed via a single PDCCH wake-up code 
word); false alarm probability (e.g., attempt to minimise the 
probability that a UE incorrectly interprets a transmitted 
wake-up codeword to mean it should wake-up, when Such 
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action was not intended by the eNB); wake-up message com 
munication reliability (e.g., using a repetition or block code to 
produce multiple bits per indicator prior to the existing FEC 
encoding operation—this may be used to further increase the 
level of FEC protection). 
0092 FIGS. 8A-D illustrates example mappings 800, 820, 
840, and 860 between codewords and positions or values of 
wake-up indicators. In these examples, the PDCCH wake-up 
message length is selected to be L-13 bits, equal to the 
length of DCI format 1C for an LTE system with 10 MHz 
system bandwidth. FIG. 8A shows a first (and simple) 
example codeword mapping 800 in which each indicator is 
binary valued and is mapped exclusively to a single bit posi 
tion (1 ... L) within the wake-up codeword. This results in 
N=13 UEs that may be associated with the same PDCCH 
wake-up message instance. In this implementation, multiple 
PDCCH message instances may exist within the same sub 
frame, these being distinguished by means of their differing 
w-RNTIs. A total of 2 w-RNTIs are shown, and therefore a 
total of 2xN-26 users may receive wake-up indicators 
within the same sub-frame. 

0093 FIG. 8B shows a second example codeword map 
ping 620 in which each of the UE indicators is again binary 
valued. In this example however, bit “i' within the codeword 
is set based upon a logical OR of N 4 UE indicators. 
More specifically, in this example bit “i' is set based on an OR 
of the indicators for UES: {i, i+L i+2L, i+3L). Thus, if 
any one of the UEs need to be woken-up, all 4 UEs associated 
with the same indicator will actually be woken-up regardless 
of whether they too should have been woken (i.e. this scheme 
carries a risk of false-alarm wake-up). The figure again shows 
that multiple PDCCH wake-up message instances may exist 
within the same Sub-frame, these being distinguished by 
means of their differing w-RNTIs. A total of 2 w-RNTIs are 
shown, and therefore a total of 2xNXN-104 users may 
receive wake-up indicators within the same sub-frame. The 
scheme is extensible to other values of N share 
0094 FIG. 8C shows a third example codeword mapping, 
in which each of the UE indicators is again binary valued. The 
mapping of the UE indicators to the wake-up codeword is 
more complex in this example. In a first step, the indicator for 
the n' UE (each of N, UEs) is first associated with an 
intermediate codeword C. C., is of length L. bits. If the UE 
indicator is set FALSE (i.e. “do not wake-up'), C is a vector 
of L. Zero's. If the indicator is set TRUE, C, is set to a 
UE-specific vector V, of L. bits, constrained such that only 
No of the bits in V, are set TRUE. Second, the final codeword 
Co., of length Lubits is constructed via a logical bitwise OR 
operation across all of the Nintermediate codewords (C) 
formed in the first step. Thus, with 'i' indicating the bit 
position, Co.(i)=(C, (i)|C(i)|C(i) . . . IC, (i)). The above 
represents one implementation of this scheme. It shall be 
appreciated that this implementation is not limiting and that 
the same result may be achieved via other implementations. 
For example, the scheme may be alternatively expressed as: 
each UE for which the UE indicator is to be set TRUE is 
associated with No bit positions within the codeword of length 
Lubits; and bits within the final codeword Co., of length L. 
bits are set TRUE if they correspond to any of the bit positions 
associated with the UEs for which the UE indicator is TRUE. 
In the example of FIG. 8C. No 2 for all UEs. Different values 
of No for different UEs are also possible. For example the No 
for a particular UE could vary depending on the likelihood of 
a positive wake-up indication being sent to that UE; i.e. a UE 
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that receives data infrequently (and is thus less likely to 
receive a positive wake-up indication) could use a larger value 
of Nothana UE that receives data more frequently (and is thus 
more likely to receive a positive wake-up indication). When 
decoding the received codeword, each UE checks to see 
whether ALL of the non-zero bit positions associated with its 
V, are set to TRUE. Only if all of these bit positions are set to 
TRUE will the UE wake-up. For example, to carry out this 
operation, the UE may mask the L received bits with the 
known V, codeword that is specific to this UE. The masking 
operation is typically a bitwise AND operation of the received 
codeword (C) with V. If the sum of the number of bits that 
are setTRUE in the resulting masked codeword is equal to No. 
the UE interprets this as a positive wake-up indication, oth 
erwise the UE interprets the received codeword as a negative 
wake-up indication. In this third example, in order to mini 
mise or otherwise reduce the false alarm probability, the 
positions of any non-zero bits in V, for this UE preferably 
overlap as little as possible with the positions of any potential 
non-zero bits in V, for other UEs. If there is no overlap, there 
is zero false alarm probability. However, the probability of 
false alarm may be a function of the proportion of wake-up 
indicators set to TRUE this wake-up instance (within the set 
of N); the value of N, the value of No.; and the length Lt. 
That is, variations in the above affect the probability that 
certain combinations of UEs with a positive wake-up indica 
tion correspond (unintentionally) to a positive decoded wake 
up indication for another UE. The eNB may individually 
signal the V, codeword itself (or equivalently the positions of 
the non-zero bits within V) to each of the relevant UEs. 
Alternatively, V, may be derived (by the eNB and by the UE) 
by means of a hashing function or other computational or 
algorithmic means. The hashing function or other computa 
tional or algorithmic means may require input of the value Li, 
and of a UEID (such as a pre-existing C-RNTI, a TMSI or an 
IMSI), and may output V, codeword values of length L, or 
equivalently, the bit positions within V. 
(0095 FIG. 8C shows two w-RNTI in use, with N=30 
for the first w-RNTI and N=20 for the second w-RNTI 
(thus wake-up indicators may be sent to up to 50 UEs within 
the same Sub-frame). In the particular example shown, V, for 
the UEs shown would equal: 
(0096 UE 1, V-1001000000000 
(0097 UE 2, V-0100010000000 
(0.098 UE3, V-0001000100000 
(0099 UE30, V-0000000100001 
10100 UE31, V-1000010000000 
10101 UE32, V-0101000000000 
10102 UE33, V-0010010000000 
(0103 UE50, V-0000000010100 
0104 N may take a range of values depending upon the 
desired false alarm probability and the desired wake-up mes 
sage capacity. It will be appreciated that use of only a single 
w-RNTIs is also possible. 
0105 FIG. 8D shows a fourth example codeword map 
ping, in which each of the UE indicators is again binary 
valued. The mapping of the UE indicators to the wake-up 
codeword follows the steps outlined for the third example of 
FIG. 8C. However, in this case, the value of No used for a 
given PDCCH wake-up message is signalled by means of the 
w-RNTI used to transmit the message. The mapping 860 
illustrates two sub-frame instances with a single PDCCH 
wake-up message per Sub-frame. This scheme differs from 
that of FIG. 8C in that the w-RNTI used for PDCCH wake-up 
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message transmission is not used to distinguish multiple 
PDCCH messages within the same sub-frame, but is instead 
used to signal to the UEs, the value of No that is in use for this 
sub-frame. This allows the eNB to adjust the false alarm 
probability depending on the number of UEs that have a 
positive page indication within a PDCCH wake-up message. 
0106. In the illustrated implementation, w-RNTI#1 in the 

first sub-frame instance is used to indicate that a value of 
No. 2 is in use, whilst in the second sub-frame instance, the 
(different) w-RNTI #2 is used to indicate that a value of No.3 
is in use. The UEs receiving the PDCCH wake-up message 
first determine the w-RNTI value that has been used, and use 
this to look-up a corresponding value of No. The UEs then 
configure their codeword decoders (and determine or select 
V) in accordance with the determined value of No. N. 20 
is shown for each of the two PDCCH wake-up message 
instances. 
0107 This ability to dynamically vary No on a per sub 
frame basis may be used by the eNB in order to optimise the 
false alarm probability based upon its knowledge of how 
many UEs will have a positive wake-up indicator set within 
this PDCCH wake-up message. The eNB is able to count the 
number of UEs that will be falsely woken-up for different 
values of No and may select the value of No that results in the 
lowest number of falsely woken-up UEs. 
0108. As an optional feature, the eNB may decide not to 
transmit the wake-up message at all (i.e. DTX), in the event 
that no positive wake-up indicators are transmitted for any of 
the UEs associated with a PDCCH wake-up message 
instance. By doing so, the eNB may be able to save power and 
transmission resources and to use these for other (non-wake 
up-related) transmissions. 
0109 FIG. 9 is a schematic diagram 900 illustrating time 
domain multiplexing of wake-up messages within a DRX 
cycle length (of L. Sub-frames). As previously mentioned, 
a PDCCH wake-up instance may be defined in terms of a 
sub-frame instance and a particular w-RNTI. Given that UEs 
listening for the wake-up indicators would typically be 
assigned a DRX cycle (and a DRX sub-frame offset for that 
DRX cycle, defining which sub-frames the UE actively lis 
tens for wake-up messages), time-domain multiplexing of 
PDCCH wake-up instances (and hence of UE indicators) is 
also possible. This may be used to increase the number of 
available wake-up indicators in the system. For example, each 
CMDSUE in the system may be associated with at least a 
triplet of parameters comprising {DRX sub-frame offset, 
w-RNTI, and UE indicator position within the PDCCH wake 
up message). 
0110. In this example, a total of "Qw-RNTIs are reserved 
in the system for wake-up messages. The DRX cycle length is 
configured to be L. Sub-frames in duration, and each wake 
up message comprises N wake-up indicators (these being 
mapped to wake-up codewords of length L. bits as previ 
ously described in FIG. 7). In such a configuration, the maxi 
mum number of supportable CMDS users is equal to: text 
missing or illegible when filed 
For example, assuming a DRX cycle length L, 320, Q 2. 
and N-13, the number of users that may be Supported (per 
cell) in the CDMS sub-state is 8320. 
0111. In general, not all sub-frames of the DRX cycle may 
be used for potential wake-up messages. It is also possible to 
employ wake-up messages with increased payload sizes (e.g. 
larger L, or larger N) but which are available on only a 
sub-set of the sub-frames within the DRX cycle. For example, 
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the same number of 8320 CMDS users per cell could be 
supported using DCI format 3/3A (L-26 bits for 10 MHz 
system bandwidth) and with N=26, but with wake-up mes 
sages possible on only half of the Sub-frames within the same 
320 sub-frame DRX cycle. Assuming a fixed probability (per 
sub-frame duration) that data arrives for a UE (therefore 
needing to be woken up at the next available opportunity), this 
has the effect of increasing the average number of UE indi 
cators that need to be set to TRUE per PDCCH wake-up 
message instance and hence the total number of wake-up 
messages that need to be transmitted may be reduced without 
extending the DRX cycle length for each user. In general, the 
system may be optimised by adjusting one or more of the UE 
indicator capacity of the PDCCH wake-up message (N) 
this may be further dependent on L. No, N.; the number 
ofw-RNTIs; the DRX cycle length (L); and the allocation 
of DRX sub-frame offsets to users (and hence the fraction of 
all Sub-frames that may be used for wake-up message oppor 
tunities). 
0112 FIG. 10 is a schematic diagram 1000 that illustrates 
a single-user (dedicated) wake-up message addressed to a 
UE-specific RNTI (e.g. a C-RNTI) and transmitted during the 
PDCCH region of a sub-frame. In this solution, a PDCCH 
message (DCI format comprising L, information bits) con 
tains a dedicated wake-up signal specific for only one UE 
(this UE residing in the CMDS sub-state). The wake-up signal 
may take the form of a normal UL or DL assignment 
addressed to the UEs dedicated RNTI (i.e. C-RNTI). The 
eNB may transmit the dedicated wake-up message during the 
PDCCH region of any actively-received (non-DRX) sub 
frame (as per the current LTE design). The distinction in this 
solution from the current LTE design however, is that the 
PDSCH associated with the DL assignment is delayed into 
another Sub-frame (i.e. a time-gap still exists between the 
PDCCH wake-up and the PDSCH as per the previously 
described multi-user wake-up solutions). As a result, a UE 
still need only activate its front-end receiver circuitry for the 
PDCCH region of each non-DRX sub-frame when in the 
CMDS sub-state (and may DRX the PDSCH region). Thus, in 
this solution, DL communications between an eNB and a UE 
may take one of two forms: (1) when in the CMDS sub-state, 
a DL assignment in the PDCCH region of sub-frame K is 
associated with a PDSCH transmission in sub-frame K+M 
(where the value of M is configured, dynamically signalled or 
pre-defined); and (2) when not in the CMDS sub-state, a DL 
assignment in the PDCCH region of sub-frame K is associ 
ated with a PDSCH transmission in the same sub-frame K 
(normal LTE operation). 
0113 Systems are known in the prior art in which a time 
gap (or time-slot or Sub-frame gap) exists between a DL 
assignment and the transmission of the associated DL data. 
For example, the FDD UMTS HSDPA system comprises a 
control channel termed the HS-SCCH and a DL data channel 
termed the HS-PDSCH. Both the HS-SCCH and the HS 
PDSCH are 2 ms (3 timeslots) in duration, yet the HS-PD 
SCH starts 2 timeslots after the start of the HS-SCCH. How 
ever, these known systems utilise a fixed time gap between the 
control channel and the associated data channel. 

0114. In the proposed solution of FIG. 10, the sub-frame 
time gap between the control (PDCCH) and the PDSCH 
(data) is variable between at least two values: (1) no time gap 
when not in a deeper sleep state (active UEs); and (2) a time 
gap of length M Sub-frames when in a deeper sleep Sub-state 
(inactive UEs). Thus, the low data transfer latency achievable 
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with no time gap remains available for active UEs, whilst 
improved UE power/battery consumption is enabled for inac 
tive UEs (at the expense of a small latency penalty for the first 
transmission upon exiting the sleep state). 
0115 FIGS. 11A and 11B are schematic diagrams 1100 
and 1130 illustrating wake-up using normal DL assignment 
on PDCCH but with delayed PDSCH. The diagram 1145 
illustrates a CMDSUE searching for such awake-up message 
on C-RNTI during non-DRX sub-frame K. The wake-up 
signal is effectively a normal DL (or potentially UL) assign 
ment on PDCCH, and is sent using the UE-specific C-RNTI. 
However, the associated PDSCH transmission is delayed by 
M sub-frames (note that M could be any of a fixed value, a 
configurable value common amongst UEs, or a UE-specific 
value in the same ways as previously described for the multi 
user wake-up solutions). Because the wake-up signal sent on 
the PDCCH of sub-frame K is effectively the same as a 
normal DL assignment message, it therefore contains the 
parameters that are needed to describe the physical resources 
and formatting of the forthcoming PDSCH transmission (but 
here on sub-frame K+M rather than on sub-frame K). Thus, in 
Sub-frame K, a valid DL assignment message is detected by 
the UE and this is used as a triggerto wake up from the CMDS 
Sub-state and to return to normal operation and the associated 
PDSCH transmission is delayed until sub-frame K+M. 
0116. When in the UE is in the CMDS sub-state (as it is in 
this example during sub-frame K), the UE may interpret 
reception of the C-RNTI assignment message on the PDCCH 
in Sub-frame K as a “delayed assignment and may Subse 
quently execute data reception procedures as if a normal 
C-RNTI assignment message had been received in sub-frame 
K+M. That is, from sub-frame K+M onwards, the UE may 
“act in the same way as a non-CMDSUE would have if it had 
received a normal C-RNTI assignment. 
0117 Depending on the system design, the DRX inactiv 

ity timer may be restarted either at sub-frame K (due to the 
presence of the initial C-RNTI assignment message on the 
PDCCH), or at sub-frame K+M (due to the presence of the 
PDSCH or because the UE is acting “as if it had received an 
assignment message on Sub-frame K+M). It is the latter case 
that is shown in FIG. 11A in which the timer then continues to 
run for a further 2 sub-frames (the length of the DRX inac 
tivity timer). 
0118. The UE therefore receives the PDSCH in sub-frame 
K+M and restarts the DRX inactivity timer as would be the 
case for any normally-received PDSCH transmission. In this 
example, the DRX inactivity timer duration is set to 2 sub 
frames (meaning that two further sub-frames beyond sub 
frame K+M are received if no further data activity takes 
place). Note that the PDCCH in sub-frame K+M need not 
necessarily contain a DL assignment for the UE as this has 
already been received in sub-frame K. Preferably however, 
the eNB should not make a DL assignment (using the same 
PDCCH resources) to another UE in sub-frame K+M in order 
to avoid the potential for collision of ACK/NACK transmis 
sions from two UEs on PUCCH uplink resources that are 
linked to the PDCCH resources used for the DL assignments. 
This does not preclude the eNB from sending other control 
messages (not DL assignments) to the UE (or another UE) 
during the PDCCH region of sub-frame K+M, or from send 
ing a DL assignment that overwrites that received in Sub 
frame K. 
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0119. After sub-frame K+M, subsequent DL transmis 
sions to the UE on an arbitrary sub-frame (Y) whilst not in the 
CMDS sub-state would be made using a DL assignment 
during the PDCCH region of sub-frame Y and an associated 
PDSCH transmission within the same sub-frame. Thus, there 
is no further sub-frame time-gap between the PDCCH and the 
PDSCH so long as the UE is not in the CMDS sub-state. 
I0120. In FIG. 11B, the diagram 1170 illustrates a situation 
in which a CMDSUE listens for a wake-up message using 
C-RNTI on sub-frame K, but a valid DL (or UL) assignment 
message is not detected (hence the UE determines it should 
remain in the CMDS sub-state). The UE sleeps until the next 
DRX cycle (Sub-frame K--L) where it once again checks 
for the presence of a wake-up signal/DL or UL assignment 
using C-RNTI. 
I0121 FIG. 12 shows an example of radio station architec 
ture for use in a wireless communication system. Various 
examples of radio stations include base stations and wireless 
devices. A radio station 1205 such as a base station or a 
wireless device can include processor electronics 1210 such 
as a processor that implements one or more of the techniques 
presented in this document. A radio station 1605 can include 
transceiver electronics 1215 to send and receive wireless 
signals over one or more communication interfaces such as 
one or more antennas 1220. A radio station 1605 can include 
other communication interfaces for transmitting and receiv 
ing data. In some implementations, a radio station 1605 can 
include one or more wired network interfaces to communi 
cate with a wired network. In other implementations, a radio 
station 1605 can include one or more data interfaces 1230 for 
input/output (I/O) of user data (e.g., text input from a key 
board, graphical output to a display, touchscreen input, vibra 
tor, accelerometer, test port, or debug port). A radio station 
1605 can include one or more memories 1240 configured to 
store information Such as data and/or instructions. In still 
other implementations, processor electronics 1210 can 
include at least a portion of transceiver electronics 1215. 

What is claimed: 
1. A method in a user equipment (UE) comprising: 
activating the UE receiver during a control portion of a 

Sub-frame including control information; and 
after receiving the control portion, deactivating the UE 

receiver during a data-traffic portion of the sub-frame. 
2. The method of claim 1, further comprising: 
decoding the control portion to identify awake-up message 

for the UE, the wake-up message configured to activate 
the UE receiver in a subsequent sub-frame; and 

activating the UE receiver during both a control portion and 
a data-traffic portion of the Subsequent Sub-frame. 

3. The method of claim 2, wherein the wake-up message 
identifies at least one of a total number of sub-frames to delay 
prior to activating the UE receiver during the data-traffic 
portion or a total number of Sub-frames, including the Subse 
quent sub-frame, to activate the UE receiver during the data 
traffic portion. 

4. The method of claim 1, wherein the UE receiver is 
activated for three or fewer symbols of the control portion and 
is deactivated on Subsequent symbols of the Sub-frame. 

5. The method of claim 1, further comprising receiving, 
from a Base Station (BS), an explicit message to transition the 
UE to a Connected Mode Deep Sleep (CMDS) state, the 
CMDS state configured to deactivate the UE receiver during 
data-traffic portions of sub-frames. 



US 2012/0275366 A1 

6. The method of claim 1, further comprising transmitting 
a request to the BS to transition to the CMDS state in response 
to the UE identifying a trigger event. 

7. The method of claim 1, wherein the UE receives the 
explicit message independent of initially transmitting a 
request to the BS. 

8. The method of claim 1, further comprising transmitting, 
to the BS, an acknowledgement indicating a transition to the 
CMDS Sub-State. 

9. The method of claim 1, further comprising: 
determining a wake-up message included in the control 

portion identifies awake-up IDentifier (ID) assigned to a 
group of UEs including the UE; and 

determining awake-up indicator for the UE included in the 
wake-up message in response to determining the wake 
up RNTI, the wake-indicator configured to indicate 
whether to activate the UE receiver during data-traffic 
portions of a Sub-frame. 

10. The method of claim 9, further comprising determining 
a number of wake-up indicators for the UE included in the 
wake-up message, the number of wake-up indicators being 
determined based upon the wake-up RNTI used to transmit 
the wake-up message. 

11. The method of claim 9, wherein determining the wake 
up indicator comprises: 

decoding the wake-up message to identify a codeword 
associated with the wake-up ID; and 

decoding the codeword using an algorithm assigned to the 
UE, each of the UEs assigned a different algorithm. 

12. User Equipment (UE), comprising: 
one or more processors configured to: 

activate a UE receiver during a control portion of a 
Sub-frame including control information; and 

after receiving the control information, deactivating the 
UE receiver during a data-traffic portion of the sub 
frame. 

13. The UE of claim 12, the processors further operable to: 
decode the control portion to identify a wake-up message 

for the UE, the wake-up message configured to activate 
the UE receiver in a subsequent sub-frame; and 

activate the UE receiver during both a control portion and 
a data-traffic portion of the Subsequent Sub-frame. 

14. The UE of claim 13, wherein the wake-up message 
identifies at least one of a total number of sub-frames to delay 
prior to activating the UE receiver during the data-traffic 
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portion or a total number of Sub-frames, including the Subse 
quent sub-frame, to activate the UE receiver during the data 
traffic portion. 

15. The UE of claim 12, wherein the UE receiver is acti 
vated for three or fewer symbols of the control portion and is 
deactivated on Subsequent symbols of the Sub-frame. 

16. The UE of claim 12, the processors further operable to 
receive, from a Base Station (BS), an explicit message to 
transition the UE to a Connected Mode Deep Sleep (CMDS) 
state, the CMDS state configured to deactivate the UE 
receiver during data-traffic portions of Sub-frames. 

17. The UE of claim 12, the processors further operable to 
transmit a request to the BS to transition to the CMDS state in 
response to the UE identifying a trigger event. 

18. The UE of claim 12, wherein the UE receives the 
explicit message independent of initially transmitting a 
request to the BS. 

19. The UE of claim 12, the processors further operable to 
transmit, to the BS, an acknowledgement indicating a transi 
tion to the CMDS sub-state. 

20. The UE of claim 12, the processors further operable to: 
determine awake-up message included in the control por 

tion identifies a wake-up IDentifier (ID) assigned to a 
group of UEs including the UE; and 

determine a wake-up indicator for the UE included in the 
wake-up message in response to determining the wake 
up RNTI, the wake-indicator configured to indicate 
whether to activate the UE receiver during data-traffic 
portions of a Sub-frame. 

21. The UE of claim 20, the processors further operable to 
determine a number of wake-up indicators for the UE 
included in the wake-up message, the number of wake-up 
indicators being determined based upon the wake-up RNTI 
used to transmit the wake-up message. 

22. The UE of claim 20, wherein the processors operable to 
determining the wake-up indicator comprises the processors 
operable to: 

decode the wake-up message to identify a codeword asso 
ciated with the wake-up ID; and 

decode the codeword using an algorithm assigned to the 
UE, each of the UEs assigned a different algorithm. 
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