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(57) ABSTRACT 

Example embodiments presented herein are directed towards 
a base station (401), and corresponding method, for schedul 
ing a downlink broadcast transmission using PDSCH. The 
base station (401) is also configured to provide an OFDM 
PDSCH to a wireless terminal (505A) which monitors ePD 
CCH for receiving downlink control data. Thus, by applying 
such a symbol, a wireless terminal (505A) which monitors 
ePDCCH and a wireless terminal (505B) which monitors 
PDCCH may receive the same downlink broadcast transmis 
sion on PDSCH. Example embodiments are also directed 
towards a wireless terminal (505A) for receiving such down 
link broadcast transmissions. 
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A NODE AND METHOD FOR DOWNLINK 
COMMUNICATIONS SCHEDULING 

TECHNICAL FIELD 

0001 Example embodiments presented herein are 
directed towards a base station, and corresponding methods 
therein, for providing a Orthogonal Frequency Division Mul 
tiplexing (OFDM) Physical Downlink Shared Channel (PD 
SCH) start symbol for a wireless terminal which monitors an 
enhanced Physical Downlink Control Channel (ePDCCH) 
for obtaining downlink control data. Example embodiments 
are also presented for the wireless terminal, and correspond 
ing methods therein, for obtaining the OFDM PDSCH start 
symbol and for receiving downlink broadcast transmissions 
based on the OFDM PDSCH start symbol. 

BACKGROUND 

Long Term Evolution Systems 
0002 Long Term Evolution (LTE) uses Orthogonal Fre 
quency Division Multiplexing (OFDM) in the downlink 
direction and a Discrete Fourier Transform (DFT)-spread 
OFDM in the uplink direction. The basic LTE downlink 
physical resource canthus be seen as a time-frequency grid as 
illustrated in FIG. 1, where each resource element corre 
sponds to one OFDM subcarrier during one OFDM symbol 
interval. In the time domain, LTE downlink transmissions 
may be organized into radio frames of 10 ms, with each radio 
frame consisting of ten equally-sized subframes of length 
Tsubframe=1 ms, as illustrated in FIG. 2. 
0003. Furthermore, the resource allocation in LTE is typi 
cally described in terms of resource blocks, where a resource 
block corresponds to one slot (0.5 ms) in the time domain and 
12 Subcarriers in the frequency domain. Resource blocks are 
numbered in the frequency domain, starting with 0 from one 
end of the system bandwidth. 
0004 Downlink transmissions are dynamically sched 
uled, i.e., in each subframe the base station transmits control 
information about to which user equipments data is transmit 
ted and upon which resource blocks the data is transmitted, in 
the current downlink subframe. This control signaling is typi 
cally transmitted in the first 1, 2, 3 or 4 OFDM symbols in 
each subframe. The number 1, 2, 3 or 4 is known as the 
Control Format Indicator (CFI) indicated by the Physical CFI 
Channel (PCHICH) transmitted in the first symbol of the 
control region. The control region also comprises Physical 
Downlink Control Channels (PDCCH) and possibly Physical 
HARQ Indication Channels (PHICH) carrying ACK/NACK 
for uplink transmissions. The region of the remaining 14-n 
OFDM symbols in the subframe is denoted the shared data 
channel region and it comprises the Physical Downlink 
Shared Channel (PDSCH). 
0005. The downlink subframe also comprises Common 
Reference Symbols (CRS), which are known to the receiver 
and used for coherent demodulation of, for example, the 
control information. A downlink system with CFI-3 OFDM 
symbols as control is illustrated in FIG. 3. The PDCCH is 
used to carry downlink control information (DCI) such as 
scheduling decisions and power-control commands. 
0006 More specifically, the DCI comprises downlink 
scheduling assignments. The downlink scheduling assign 
ments comprise PDSCH resource indication, transport for 
mat, hybrid-ARQ information, and control information 
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related to spatial multiplexing (if applicable). A downlink 
scheduling assignment also comprises a command for the 
power control of the Physical Uplink Control Channel 
(PUCCH) used for the transmission of hybrid-ARQ acknowl 
edgements in response to downlink scheduling assignments. 
0007. The DCI also comprises uplink scheduling grants. 
The uplink scheduling grants comprise Physical Uplink 
Shared Channel (PUSCH) resource indications, transportfor 
mat information, and hybrid-ARQ-related information. An 
uplink scheduling grant also comprises a command for the 
power control of the PUSCH. The DCI further comprises 
power-control commands for a set of terminals as a comple 
ment to the commands comprised in the scheduling assign 
ments/grants. 
0008. One PDCCH carries one DCI message with one of 
the formats described above. As multiple terminals can be 
scheduled simultaneously, on both downlink and uplink 
transmissions, there must be a possibility to transmit multiple 
scheduling messages within each subframe. Each scheduling 
message is transmitted on a separate PDCCH, and conse 
quently there are typically multiple simultaneous PDCCH 
transmissions within each cell. Furthermore, to Support dif 
ferent radio-channel conditions, link adaptation can be used, 
where the code rate of the PDCCH is selected to match the 
radio-channel conditions. 

Heterogeneous Networks 
0009 Heterogeneous networks have recently attained a 
large amount of interest within the mobile cellular industry 
and are regarded by operators and many vendors as the 
deployment needed to meet high user experiences in mobile 
broadband. Heterogeneous networks can be characterized as 
deployments with a mixture of cells of differently sized and 
overlapping coverage areas. One example of such a network 
is where pico cells are deployed within the coverage area of a 
macro cell, as illustrated in FIG. 4. A pico cell is a small 
cellular base station transmitting with low output power and 
typically covers a much smaller geographical area than a 
macro base station. 
0010 Heterogeneous networks represent an alternative to 
the densification of macro networks, and have classically 
been considered in cellular networks with traffic hotspots as a 
deployment method for increasing network capacity. In Such 
scenarios, Small cells covering the traffic hotspot can off-load 
the macro cell and thus improve both capacity and the overall 
data throughput within the coverage area of the macro cell. In 
emerging mobile broadband applications, there is however a 
continuous demand for higher data rates and therefore it is of 
interest to deploy low power nodes, not necessarily to only 
cover traffic hotspots, but also at locations within the macro 
cell coverage where the signal-to-noise ratio prevents high 
data rates. 
0011 User equipments (UE) attached to cellular networks 
continuously monitor which cell they shall be associated 
with. This monitoring is typically conducted by evaluating 
the radio reception quality of its serving cell (current asso 
ciation) against radio reception quality of neighbor cells. If 
the radio reception quality of a neighbor cell is better than the 
serving cell, a new cell association will be established for the 
user equipment. In LTE networks, the procedures for chang 
ing cell association depend on which of the two RRC states, 
RRC IDLE and RRC CONNECTED, the user equipment is 
within. In connected mode the user equipment is known by 
the Radio Access Network (RAN) and cell association deci 
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sions are taken by the RAN. The cell association decisions are 
usually based on mobility measurement reports provided by 
the user equipment. If a mobility measurement report indi 
cates that the user equipment is better served by a neighbor 
cell, then the network initiates a handover procedure. Mobil 
ity measurement reports refer to measured Reference Signal 
Received Power (RSRP), or Reference Signal Received 
Quality (RSRO), in units of dB. 
0012 Depending on how these mobility measurements, 
possibly complemented by a configurable offset (handover 
bias or cell reselection offset), are used a user equipment may 
be connected to the cell with the strongest received power, for 
example RSRP, the cell with the best path gain, or a combi 
nation of the two. These different cell association principles 
do not typically result in the same selected cell when the base 
station output powers of cells differ. This is sometimes 
referred to as link imbalance. For example, the output power 
of a pico base station is in the order of 30 dBm or less, while 
a macro base station may have an output power of 46 dBm. 
Consequently, even in the proximity of the pico cell, the 
downlink signal strength from the macro cell may be larger 
than that of the pico cell. From a downlink perspective, it is 
better to select a cell based on downlink received power, 
whereas from an uplink perspective, it would be better to 
select a cell based on the path loss as illustrated in FIG. 5. 
Hence, in this scenario, it could be more beneficial from a 
system perspective to connect to the pico cell even if the 
macro downlink is much stronger than the pico cell downlink. 
Increasing the coverage of small cells for operations in link 
imbalance Zones may, for example, be done by adding an 
offset, or a bias, to the RSRP measurements. However, opera 
tions with larger offsets, or hand over biases, would require 
Inter-Cell Interference Coordination (ICIC) across layers, 
particularly in very highly loaded systems. The link imbal 
ance is sometimes referred to as the cell range expansion 
Zone, as traditionally the cell border is defined by the RSRP 
with Zero offset. 

0013 3GPP LTE release 10 specified new ICIC features 
for enabling reliable operations in the cell range expansion 
Zone of pico users in a connected mode up to offsets of 6 dB. 
for example, pico cell range of RSRP+6 dB. This new ICIC 
feature is sometimes referred to as enhanced ICIC and pro 
vides specification of signaling Support for time domain 
based ICIC. 

0014. A user equipment receiving data has to first detect 
the physical layer control information in order to know which 
resource blocks comprises the data intended for that user as 
well as other information required to demodulate the received 
data. When to receive downlink data is in general not known 
in advance so the user equipment needs to monitor the physi 
cal layer control transmissions in all Subframes. 
0015 The principle of time domain ICIC is illustrated in 
FIG. 6. In the example illustrated in FIG. 6, an interfering 
macro cell avoids scheduling data to macro users in certain 
subframes, in order to create protected radio resources for the 
pico cell. The macro eNB indicates via the LTE backhaul X2 
interface to the neighbor pico eNB which subframes it intends 
to not schedule users within. The pico eNB can then take this 
information into account when scheduling users operating 
within the cell range expansion Zone; such that these users are 
prioritized to be scheduled in protected subframes, for 
example, low interference Subframes. Users operating near 
the pico eNB may in principle be scheduled in all subframes. 
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One may notice that time domain ICIC assumes that pico cells 
are time synchronized to the macro cell, as a prerequisite for 
creating protected subframes. 
0016. In mobile cellular networks, system information is 
broadcasted in each cell and comprises information needed 
for the user equipment to both access the cell and properly 
operate within cell. In LTE, system information is structured 
into one Master Information Block (MIB) and thirteen Sys 
tem Information Blocks (SIBs), referring to SIB1 to SIB13. 
In contrast to the MIB, SIBs are schedulable in both time and 
frequency (SIB2 to SIB13), or in frequency only (SIB1). 
0017 FIG. 7 illustrates where the transmissions of MIB 
and SIB1 occur in a time synchronized heterogeneous net 
work. As may be observed from this figure, the MIB is trans 
mitted in subframe #0 of the LTE radio frame and the SIB1 is 
transmitted in subframe #5 of every even radio frame. 
Another observation from this figure is that the MIB trans 
mission in the macro cell interferes with the MIB transmis 
sion in the pico cell. The same holds also for the SIB1 trans 
missions, but in this case there is a possibility to coordinate 
data transmissions in the frequency domain. However, the 
physical layer control signaling of the SIB1 transmissions 
cannot be coordinated across the macro and the pico cells. 
Thus, the physical layer control part of the macro SIB1 trans 
missions will interfere with the corresponding physical con 
trol transmissions of SIB1 in the pico cell. As SIB2 to SIB13 
transmissions are schedulable in both time and frequency, it is 
possible ensure that these system information blocks are 
scheduled in protected subframes only. 
(0018. A user equipment in RRC CONNECTED state is 
notified by its serving base station (eNB) about changes in the 
system information either via a paging message or via a 
counter in the SIB1 that is incremented every time the system 
information has been changed. A user equipment receiving a 
system change notification via paging acquires system infor 
mation by first reading the SIB1. Due to potentially very high 
macro interference towards physical layer broadcast channels 
carrying MIB and SIB1 for a pico user in the cell range 
expansion Zone, detection of paging messages (sent in cell 
configured paging occasions), random access responses, or 
SIB1 transmissions may not be possible. 

Random Access 

0019. In LTE, as in any communication system, a mobile 
terminal may need to contact the network (via the eNodeB) 
without having a dedicated resource in the Uplink (from user 
equipment to base station). To handle this, a random access 
procedure is available where a user equipment that does not 
have a dedicated UL resource may transmit a signal to the 
base station. The first message of this procedure is typically 
transmitted on a special resource reserved for random access, 
a Physical Random Access Channel (PRACH). This channel 
can for instance be limited in time and/or frequency (as in 
LTE). An example of a random access preamble transmission 
is illustrated in FIG. 8. 
0020. The resources available for PRACH transmissions 
are provided to the terminals as part of the broadcasted system 
information in system information block 2 (SIB-2) (or as part 
of dedicated RRC signaling in case of for example, han 
dover). The resources comprise a preamble sequence and a 
time? frequency resource. In each cell, there are 64 preamble 
sequences available. Two Subsets of the 64 sequences are 
defined, where the set of sequences in each Subset is signaled 
as part of the system information. When performing a (con 
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tention-based) random-access attempt, the terminal selects at 
random one sequence in one of the Subsets. As long as no 
other terminal is performing a random-access attempt using 
the same sequence at the same time instant, no collisions will 
occur and the attempt will, with a high likelihood, be detected 
by the eNodeB. 
0021. In LTE, the random access procedure may be used 
for a number of different reasons. Among these reasons are 
initial access (e.g., for UEs in the RRC IDLE state), incom 
ing handover, resynchronization of the UL, Scheduling 
request (e.g., for a UE that has not allocated any other 
resource for contacting the base station), and positioning. The 
contention-based random access procedure used in LTE Rel 
10 is illustrated in FIG. 9. The user equipment starts the 
random access procedure by randomly selecting one of the 
preambles available for contention-based random access. The 
user equipment then transmits the selected random access 
preamble on the Physical Random Access Channel (PRACH) 
to eNodeB in RAN. 
0022. The RAN acknowledges any preamble it detects by 
transmitting a random access response (MSG2) comprising 
an initial grant to be used on the uplink shared channel, a 
temporary C-RNTI (TC-RNTI), and a time alignment (TA) 
update based on the timing offset of the preamble measured 
by the eNodeB on the PRACH. The MSG2 is transmitted in 
the DL to the user equipment using the PDSCH and its cor 
responding PDCCH message that schedules the PDSCH 
comprises a cyclic redundancy check (CRC) which is 
Scrambled with the RA-RNTI. 
ePDCCH 

0023. In LTE release 11 discussions, an enhanced PDCCH 
(ePDCCH) is introduced which is based on user equipment 
specific reference signals and is localized in frequency as 
opposed to the PDCCH which spans the whole bandwidth. 
Hence, a subset of the available RB pairs in a subframe is 
configured to be used for ePDCCH transmissions. 
0024. A benefit of using user equipment specific precod 
ing is that precoding gains may also be achieved for control 
channels. Another benefit is that different RB pairs for ePD 
CCH may be allocated to different cells or different points 
within a cell. Thereby, intercell interference coordination 
between control channels may be achieved. This frequency 
coordination is not possible with the PDCCH since the 
PDCCH spans the whole bandwidth. 
0025 FIG. 10 shows an ePDCCH which, similarly to the 
CCE in the PDCCH, is divided into multiple eCCE and 
mapped to one of the enhanced control regions, for example, 
mapped to one PRB pair reserved for ePDCCH transmission. 
Even if the enhanced control channel enables user equipment 
specific precoding and Such localized transmission as illus 
trated in FIG. 10, it may in some cases be useful to be able to 
transmit an enhanced control channel in a broadcasted, wide 
area coverage fashion. This is useful if the eNB does not have 
reliable information to perform precoding towards a certain 
user equipment. Then a wide area coverage transmission is 
more robust, although the precoding gain is lost. 
0026. Another case is when the particular control message 

is intended for more than one user equipment(s). In this case, 
user equipment specific precoding cannot be used. An 
example of this case is the transmission of common control 
information as in the PDCCH, for example, in the common 
search space. The transmission of system information blocks 
(SIB), random access responses and paging will be scheduled 
from the common search space of the ePDCCH. 
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0027. In yet another case, sub-band precoding may be 
utilized. Since the user equipment estimates the channel in 
each RB pair individually, the eNB can choose different pre 
coding vectors in the different RB pairs, if the eNB has such 
information that the preferred precoding vectors are different 
in different parts of the frequency band. In any of these cases, 
a distributed transmission may be used, as illustrated in FIG. 
11, where the eREG belonging to the same ePDCCH are 
distributed over the enhanced control regions. 
0028. A user equipment may be configured to monitor its 
control channel in the ePDCCH instead of the PDCCH. 
Hence, both its UE specific search space (USS) and its com 
mon search space (CSS) are monitored in the ePDCCH 
resources. Alternatively, a user equipment may monitor the 
USS in the ePDCCH and the CSS in PDCCH. 
0029. For some user equipment categories in the future, 
Such as low cost machine type communication user equip 
ments (MTC), they don't monitor the PDCCH at all. One 
reason could be that they have a reduced and user equipment 
specific reception bandwidth and cannot receive the full sys 
tem bandwidth, which is required to monitor the PDCCH. 
Therefore, these user equipments must always monitor CSS 
and USS in the ePDCCH. For at least these user equipments, 
initial access to a cell must also be performed directly to 
ePDCCH. Also, user equipments that are capable of monitor 
ing either or both of PDCCH and ePDCCH may choose to 
perform initial access using the ePDCCH if it is available in 
the cell. 

SUMMARY 

0030. In receiving downlink broadcast transmissions, a 
user equipment may use a start symbol for the PDSCH that 
carries the broadcast message. The start symbol aids in iden 
tifying the start of downlink broadcast transmissions in a 
channel. This start symbol may be obtained via downlink 
control data. As described above, different user equipments 
may monitor different channels for receiving downlink con 
trol data. As a result, the different user equipment may not be 
able to receive the same broadcast transmission on the same 
PDSCH channel. 
0031. Some of the example embodiments presented herein 
are directed towards providing a starting OFDM PDSCH start 
symbol of a PDSCH transmission comprising system infor 
mation, random access responses or a paging message by 
means other than using the PCFICH. According to some of 
the example embodiments, the network may indicate the 
same configured value in the PCFICH so that user equipments 
which are unable to read the PCFICH may decode the same 
message as user equipments that are able to read the PCFICH. 
0032. Thus, some of the example embodiments may com 
prise explicit and dynamic signaling of the OFDM PDSCH 
start symbol in a DCI message (transmitted via ePDCCH). 
Some of the example embodiments may comprise semi-static 
signaling via a RRC message (transmitted via PDSCH). 
Other example embodiments may comprise a pre-defined and 
fixed OFDM PDSCH start symbol for PDSCH transmissions. 
0033. An example advantage of the example embodi 
ments presented herein is the ability of allowing a user equip 
ment to receive system information, paging and random 
access responses in cases of high intercell interference on the 
control channel. A further example advantage is providing 
reduced control channel overhead. 
0034. Accordingly, some of the example embodiments are 
directed towards a method, in a base station, for Scheduling a 
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downlink broadcast transmission using a PDSCH and for 
providing an OFDM PDSCH start symbol for the broadcast 
transmissions. The base station is comprised in a wireless 
communications network. The method comprises providing, 
to at least one wireless terminal which monitors an ePDCCH 
for receiving downlink control information, the OFDM 
PDSCH start symbol. The OFDM PDSCH start symbol is 
provided in a message transmitted outside of a control region 
of a subframe, where the control region comprises at least a 
PDCCH. Alternatively, the OFDM PDSCH start symbol is 
based on a predefined value. 
0035) Some of the example embodiments are directed 
towards a base station for scheduling a downlink broadcast 
transmission using a PDSCH and for providing an OFDM 
PDSCH start symbol for the broadcast transmissions. The 
base station is comprised in a wireless communications net 
work. The base station comprises processing circuitry con 
figured to provide, to at least one wireless terminal which 
monitors an ePDCCH for receiving downlink control infor 
mation, the OFDM PDSCH start symbol. The OFDM 
PDSCH start value is provided in a message transmitted out 
side of a control region of the subframe, where the control 
region comprises at least a PDCCH. Alternatively, the OFDM 
PDSCH start value is based on a predefined value. 
0036 Some of the example embodiments are directed 
towards a method in a wireless terminal for receiving down 
link broadcast transmissions in a PDSCH. The wireless ter 
minal is comprised in a wireless communications network. 
The method comprises monitoring an ePDCCH for downlink 
control information. The method further comprises obtaining 
an OFDM PDSCH start value for downlink broadcast trans 
missions. The OFDM PDSCH start symbol is provided in a 
message transmitted outside of a control region of a Sub 
frame, where the control region comprises at least a PDCCH. 
Alternatively, the OFDM PDSCH start symbol is based on a 
predefined value. The method also comprises receiving 
downlink broadcast transmissions on the PDSCH based on 
the OFDM PDSCH start symbol. 
0037. Some of the example embodiments are directed 
towards a wireless terminal for receiving downlink broadcast 
transmissions in a PDSCH. The wireless terminal is com 
prised in a wireless communications network. The wireless 
terminal comprises processing circuitry configured to moni 
tor an ePDCCH for downlink control information. The pro 
cessing circuitry is also configured to obtain an OFDM 
PDSCH start symbol for downlink broadcast transmissions. 
The OFDM PDSCH start value is provided in a message 
transmitted outside of a control region of a subframe, where 
the control region comprises at least a PDCCH. Alternatively, 
the OFDM PDSCH start symbol is based on a predefined 
value. The wireless terminal further comprises radio circuitry 
configured to receive downlink broadcast transmissions on 
the PDSCH based on the OFDM PDSCH start symbol. 

DEFINITIONS 

0038 ACK Acknowledgement 
0039 ARQ Automatic Repeat Request 
0040 C-RNTI Cell-RNTI 
0041 CA Carrier Aggregation 
0042 CIF Carrier Indicator Field 
0043 CAZAC Constant Amplitude Zero Auto Correlation 
0044 CC Component Carrier 
0045 CCE Control Channel Element 
0046 CFI Control Format Indicator 
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0047 CRC Cyclic Redundancy Check 
0048. CRS Common Reference Symbol 
0049 CSS Common Search Space 
0050 DCI Downlink Control Information 
0051 DFT Discrete Fourier Transform 
0052 DL Downlink 
0053 eNBeNodeB 
0054 ePBCH Evolved PBCH 
0055 ePDCCH Enhanced PDCCH 
0056 eREG Enhanced Resource Element Group 
0057 HARQ Hybrid Automatic Repeat Request 
0058 ICIC Inter-Cell Interference Coordination 
0059 LTE Long Term Evolution 
0060 MAC Medium Access Control 
0061 MIB Master Information Block 
0062) MIMO Multiple-Input Multiple-Output 
0063. MSG Message 
0064 MTC Machine Type Communication 
0065. NACK Non Acknowledgement 
0066 OFDM Orthogonal Frequency Division Multiple 
Access 

0067. P-RNTI Paging-RNTI 
0068 PBCH Physical Broadcast Channel 
0069. PCC Primary Component Carrier 
(0070 PCFICH Physical Control Format Indicator Chan 

nel 
(0071 PDCCH Physical Downlink Control Channel 
(0072 PDSCH Physical Downlink Shared Channel 
0073 PF3 PUCCH Format 3 
(0074 PHICH Physical Hybrid ARQ Indicator Channel 
(0075 PRACH Physical Random Access Channel 
(0076 PRB Physical Resource Block 
(0077. PUCCH Physical Uplink Control Channel 
(0078 PUSCH Physical Uplink Shared Channel 
0079 RA Random Access 
0080 RAN Radio Access Network 
I0081 RAR Random Access Response 
0082 RB Resource Block 
I0083. RNTI Radio Network Temporary Identifier 
0084. RRC Radio Resource Control 
I0085 RSRP Reference Signal Received Power 
I0086 RSRO Reference Signal Received Quality 
I0087 SCC Secondary Component Carrier 
I0088 SI-RNTI System Information-RNTI 
I0089. SIB System Information Block 
(0090 TA Time Alignment 
0.091 TC-RNTI Temporary C-RNTI 
0092 TDD Time Division Duplex 
0093 TPC Transmit Power Control 
(0094) UE User equipment 
0.095 UL Uplink 
(0096 USS User Specific Search Space 

O097 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing will be described in more detail with 
from the following more particular description of the example 
embodiments, as illustrated in the accompanying drawings in 
which like reference characters refer to the same parts 
throughout the different views. The drawings are not neces 
sarily to Scale, emphasis instead being placed upon illustrat 
ing the example embodiments. 
0098 FIG. 1 is an illustrative example of a LTE downlink 
physical resource; 
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0099 FIG. 2 is a schematic of a LTE time-domain struc 
ture; 
0100 FIG. 3 is a depiction of a downlink subframe; 
0101 FIG. 4 is an illustrative example of a heterogeneous 
network with macro and pico cell deployments; 
0102 FIG. 5 is an illustrative example of cell association 
criteria in a heterogeneous network; 
0103 FIG. 6 is a depiction of protected subframes, created 
by a macro cell, at the pico layer, 
0104 FIG. 7 is an illustrative example of MIB and SIB1 
transmissions; 
0105 FIG. 8 is a depiction of a random access preamble 
transmission; 
0106 FIG. 9 is a schematic of signaling over an air inter 
face for a contention-based random access procedure in LTE: 
0107 FIGS. 10 and 11 are illustrative examples of CCE 
mapping in downlink Subframes; 
0108 FIG. 12 is an illustrative example of an ePDCCH 
and PDDCH scheduling: 
0109 FIG. 13 is a messaging diagram providing an over 
view of the example embodiments presented herein; 
0110 FIG. 14 is an illustrative example of PDSCH sched 
uling via a start symbol indicated in a DCI message in the 
ePDCCH, according to some of the example embodiments: 
0111 FIG.15 is a messaging diagram depicting the sched 
uling of FIG. 14, according to some of the example embodi 
ments, 
0112 FIG. 16 is an illustrative example of PDSCH sched 
uling via a start symbol indicated in a RRC message, accord 
ing to Some of the example embodiments; 
0113 FIG. 17 is a messaging diagram depicting the sched 
uling of FIG. 16, according to some of the example embodi 
ments; 
0114 FIG. 18 is an example node configuration of a base 
station, according to some of the example embodiments; 
0115 FIG. 19 is an example node configuration of a wire 
less terminal or user equipment, according to Some of the 
example embodiments; 
0116 FIG. 20 is a flow diagram illustrating example 
operations which may be taken by the base station of FIG. 18. 
according to some of the example embodiments; and 
0117 FIG. 21 is a flow diagram illustrating example 
operations which may be taken by the user equipment of FIG. 
19, according to Some of the example embodiments. 

DETAILED DESCRIPTION 

0118. In the following description, for purposes of expla 
nation and not limitation, specific details are set forth, Such as 
particular components, elements, techniques, etc., in order to 
provide a thorough understanding of the example embodi 
ments presented herein. However, the example embodiments 
may be practiced in other manners that depart from these 
specific details. In other instances, detailed descriptions of 
well-known methods and elements are omitted so as not to 
obscure the description of the example embodiments. It the 
following text, it should be appreciated that the term user 
equipment and wireless terminal may be used interchange 
able. Furthermore, it would be appreciated that the terms user 
equipment and wireless terminal may be interpreted as 
including any form of communication device. 
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General Overview 

0119. In order to better explain the example embodiments 
presented herein, a problem will first be identified and dis 
cussed. In high interference situations, as is commonly 
encountered in heterogeneous networks, there is a problem to 
receive legacy control signals (PDCCH, PCFICH and 
PHICH), transmitted in the legacy control region, especially 
when in a cell range expansion Zone (or link imbalance Zone 
as illustrated in FIG.5). A solution to the PDCCH and PHICH 
reception problems is the introduction of the ePDCCH and 
ePHICH which are being developed in 3GPP for release 11 
and beyond. 
I0120 In heterogeneous deployments the reception of 
SIB-1 is in particular problematic as this system information 
block cannot be scheduled in time. This implies that macro 
and pico scheduling of the SIB-1 using the related PDCCHs 
may collide and thus cause severe interference problems for 
pico cell edge users leading to the SIB-1 being undetectable. 
Hence, some of the example embodiments also address this 
scenario by using ePDCCH for broadcasting SIB-1 in CCS 
for pico cells operating with larger cell range expansion. 
0121 When ePDCCH is used, then the OFDM PDSCH 
start symbol in the Subframe may be a user equipment spe 
cifically RRC configured parameter to avoid the problem of 
receiving downlink control information via the PCFICH. 
This OFDM start symbol is then used for both ePDCCH and 
PDSCH. Alternatively, if the PCFICH may be used, the 
OFDM PDSCH start symbol may be dynamically indicated 
using the PCFICH, for both ePDCCH and PDSCH but this 
will only be a robust solution for user equipments that may 
reliably detect PCFICH and hence do not experience the 
mentioned interference problem. 
(0.122 FIG. 12 illustrates an example where an ePDCCH 
with a configured start symbol schedules a PDSCH, denoted 
PDSCH 1. A non-legacy user equipment may use the ePD 
CCH for receiving downlink control information for receiv 
ing downlink broadcast transmissions in PDSCH 1. In the 
same subframe, another user equipment (e.g., a legacy user 
equipment or a pre-release 11 user equipment, which does not 
have support for ePDCCH reception) may receive downlink 
control information scheduled from the PDCCH for receiving 
downlink broadcast transmissions from PDSCH 2. The 
legacy user equipment, which can receive the PCFICH and 
the PDCCH will follow the start symbol CFI as indicated in 
the PCFICH. Hence, the two user equipments may have dif 
ferent PDSCH start symbols in the same subframe. It should 
be noted that the user equipment scheduled using ePDCCH 
(e.g., the non-legacy user equipment) may have much better 
coverage than the user equipment scheduled by the PDCCH 
(e.g., the legacy user equipment) since it does not have the 
mentioned interference problem in the legacy control region. 
I0123. The eNB schedules system information blocks 
(SIB) transmitted by PDSCH by using the PDCCH and the 
ePDCCH to reach user equipments which monitors the first or 
the second control channel for Such system information. The 
system information is in 3GPP release 10 broadcasted and 
scheduled by the PDCCH in the common search space (CSS), 
with CRC scrambled by SI-RNTI. Since the same PDSCH 
comprising the SIB is scheduled from both PDCCH and 
ePDCCH, the OFDM PDSCH start symbol for this PDSCH 
must be assumed to be the same for both user equipments 
(e.g., legacy and non-legacy) monitoring PDCCH and ePD 
CCH, however, such an assumption may not be valid. Fur 
thermore, since the ePDCCH start symbol may be user equip 
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ment specifically configured, the two user equipments may 
have different start symbols configured. This problem is 
known as start symbol alignment. 
0.124. The eNB also schedules a random access response 
(RAR message 2, FIG. 9), using the RA-RNTI. Which user 
equipment that transmitted the RA preamble (RAR message 
1, FIG.9) is unknown to the eNB, so it does not know which 
OFDM start symbol should be used for RAR message 2 (since 
it is user equipment specifically configured), or if the user 
equipment follows the start symbol indicated in PCFICH to 
demodulate the PDSCH. Hence, there is a problem of receiv 
ing RA response messages. 
0125. In addition, paging transmissions are also broad 
casted and comprise a PDSCH that is scheduled through the 
common search space using P-RNTI. Also user equipments in 
a RRC IDLE mode may receive paging messages but in this 
case, the network does not know which eNB the user equip 
ment is synchronized to. Hence, the network does not know 
whether the user equipment may reliably detect PCFICH or 
not, or whether the user equipment monitors the ePDCCH or 
the PDCCH for P-RNTI transmission. If ePDCCH is used to 
transmit paging, there is no configuration of an OFDM start 
symbol for user equipments that are in RRC IDLE mode. It is 
thus a problem of how to transmit and receive paging mes 
SageS. 

General Overview of the Example Embodiments 
0126 Some of the example embodiments presented herein 
are directed towards OFDM PDSCH start symbol alignment 
for all user equipments in a cell. The example embodiments 
solve at least the above mentioned problems by providing the 
starting OFDM PDSCH start symbol of the PDSCH trans 
mission comprising system information, random access 
responses or a paging message by other means than using the 
PCFICH. 
0127 FIG. 13 provides an overview illustration of the 
example embodiments presented herein. As previously dis 
cussed, wireless terminals 505A which monitor ePDCCH 
(e.g., non-legacy user equipments) and wireless terminals 
505B which monitor PDCCH (e.g., legacy user equipments) 
for downlink control data may not be able to receive downlink 
broadcast transmissions from a same PDSCH. Thus, some of 
the example embodiments presented herein are directed 
towards providing a wireless terminal, which monitors ePD 
CCH for downlink control information, an OFDM PDSCH 
start symbol which will enable both types of wireless termi 
nals to receive the same downlink broadcasts transmissions. 
0128. According to some of the example embodiments, a 
wireless terminal 505A may monitor ePDCCH for obtaining 
downlink control information (operation 28). A base station 
401 provides an OFDM PDSCH start symbol to the wireless 
terminal 505A (operation 10). This start symbol may be pro 
vided, for example, via a DCI or RRC message. 
0129. The wireless terminal 505A may thereafter obtain 
the OFDM PDSCH start symbol (operation 30). It should be 
appreciated that the OFDM PDSCH start symbol need not be 
transmitted by the base station 401. According to some of the 
example embodiments, the OFDM PDSCH start symbol may 
be based on a predefined value. In some example embodi 
ments, this predefined value may be fixed or may depend on 
any number of network parameters. An example of Such a 
parameter is a system bandwidth. Thus, there may be any 
number of predefined symbol values associated with different 
possible values of a system bandwidth. The wireless terminal 
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505A may retrieve such an OFDM PDSCH start symbol via, 
for example, a table or database. 
0.130. Once the wireless terminal 505A has obtained the 
OFDM PDSCH start symbol, the wireless terminal 505A may 
begin to receive downlink broadcast transmissions on the 
PDSCH (operation 34). Some of the example embodiments 
may comprise the network indicating the OFDM PDSCH 
start symbol is the same as the start value configured in the 
PCFICH so that user equipments that may (e.g., legacy UEs) 
and user equipments that may not (e.g., non-legacy UEs) read 
the PCFICH can decode the same message. Thus, a wireless 
terminal 505B which is configured to read a PDCCH for 
downlink control information may obtain the OFDM PDSCH 
start symbol from the PDCCH. Therefore, both wireless ter 
minals 505A and 505B may receive the same scheduled 
downlink broadcast transmissions (example operation 16). 
I0131 The remainder of the text is organized as follows. 
Specific examples of how the OFDM PDSCH start symbol 
may be provided to a wireless terminal are provided under the 
subheadings Symbol Handling via DCI Messaging, Sym 
bol Handling via RRC Messaging and Fixed Symbol Val 
ues. Example node configurations of a base station and wire 
less terminal are provided under the subheading Example 
Node Configurations. Finally, example operations which 
may be taken by the base station and wireless terminal are 
provided under the subheading Example Node Operations. 

Symbol Handling Via DCI Messaging 

(0132 FIG. 14 illustrates providing an OFDM PDSCH 
start symbol via a DCI message provided in ePDCCH, 
according to some of the example embodiments. The OFDM 
PDSCH start symbol for the scheduled PDSCH transmission 
is indicated in the DCI message used to schedule the PDSCH 
transmission. This has the advantage that a dynamic start 
symbol which will minimize overhead may be used since the 
size of the legacy control region may always be adjusted to the 
required control channel capacity. 
0.133 According to some of the example embodiments, 
the indication is performed in the DCI of the ePDCCH trans 
mission by adding additional bits, such as one or two bits, or 
alternatively by re-using unused bits or code points of an 
existing DCI message. According to Some of the example 
embodiments, the indication (or OFDM PDSCH start sym 
bol) in the DCI message may comprise the same CFI (or start 
symbol supplied by the CFI) that is transmitted by PCFICH. 
In this way can both terminals (e.g., legacy and non-legacy), 
each that monitor one of CSS in PDCCH and ePDCCH, may 
receive the same message scheduled in PDSCH. 
0.134. Such scheduled PDSCH could be a random access 
response, a transmission of a system information block (SIB), 
a paging, or any other channel introduced in the future that is 
of broadcast or unknown recipient nature. Such scheduled 
PDSCH could also be a normal shared data channel transmis 
sion where overhead may be reduced since the ePDCCH start 
symbol is RRC configured or configured by signaling in the 
PBCH or ePBCH (i.e., MIB) and thus semi-static, but the 
OFDM PDSCH start symbol may be dynamic by comprising 
the start symbol of the PDSCH in the DCI that schedules the 
PDSCH. For a LTE TDD system (frame structure 2) unused 
DAIbits may be reused for such indication of the OFDM start 
symbol in the DCI message. 
0.135 FIG. 15 illustrates messaging for the signaling of the 
OFDM PDSCH start symbol as described in FIG. 14. First, 
the CFI start symbol for receiving downlink broadcast trans 
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missions on the PDSCH is provided to a user equipment 
which monitors PDCCH (e.g., a legacy user equipment) via 
the PCFICH. In 3GPP release 10, such information may be 
provided to the user equipment, which monitors PDCCH, via 
SI-RNTI. A non-legacy user equipment which monitors ePD 
CCH may receive the OFDM PDSCH start symbol in a DCI 
message transmitted via ePDCCH. Thereafter, both the user 
equipment which monitors ePDCCH for downlink control 
information, as well as the user equipment which monitors 
the PDCCH, may receive same downlink broadcast transmis 
sions starting at the provided start symbol. 

Symbol Handling Via RRC Messaging 
0.136 FIG. 16 illustrates providing an OFDM PDSCH 
start symbol via RRC messaging, according to some of the 
example embodiments. An first RRC configured value is used 
as the OFDM start symbol for PDSCH transmissions of sys 
tem information, paging and random access responses. This 
RRC configured value may be different than a second RRC 
configured value used when scheduling a PDSCH transmis 
sion using ePDCCH or PDCCH via C-RNTI. The second 
RRC configured value, if used, determines the start position 
of PDSCH (when scheduled using C-RNTI) and may also 
indicate the start value for the ePDCCH. In this case, when 
detecting ePDCCH, the user equipment may use the second 
RRC configured value to detect the ePDCCH. Subsequently, 
if the ePDCCH comprises a scheduling of a broadcast mes 
sage, it will use the first RRC configured value as the start 
value for the PDSCH comprising the broadcast message. The 
second value is the aligned among all user equipments that 
receive the broadcast message, while the first value could be 
any user equipment specifically RRC configured value. 
0.137 According to some of the example embodiments, 
the user equipment may be configured with the OFDM start 
symbol by reading PBCH or ePBCH of the serving cell, or 
configured with the value from a RRC message transmitted 
within a SIB transmitted from the serving cell. According to 
Some of the example embodiments, the user equipment may 
be configured to receive the OFDM PDSCH start symbol in a 
user equipment dedicated RRC message by the serving cellor 
in a handover command. It is further possible that the user 
equipment be configured with any number of options, in any 
combination, described herein. 
0138 According to some of the example embodiments, 
the CFI start value indicated in the PCFICH may be set to be 
equal to the first RRC configured value so that the same 
PDSCH start symbol may be assumed for user equipments 
that can or are configured to read the PCFICH and user 
equipments that rely on the RRC configured OFDM start 
symbol for receiving downlink broadcast transmissions the 
PDSCH. 
0139 FIG. 17 illustrates a messaging diagram for provid 
ing the OFDM PDSCH start symbol via RRC messaging. As 
illustrated, user equipments which monitor ePDCCH may 
obtain the OFDM PDSCH start symbol via PDSCH or ePD 
CCH. User equipments which monitor PDCCH for downlink 
control data may receive the start symbol via a CFI in 
PCFICH or via PDCCH with SI-RNTI. Thereafter, both user 
equipments may obtain the same downlink broadcast trans 
mission data via the PDSCH. 

Fixed Symbol Values 
0140. According to some of the example embodiments, 
the OFDM PDSCH start symbol may be a fixed value. The 
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OFDM start symbol for system information, random access 
or paging transmissions may be pre-defined in the standard 
specifications to be eithern 0, 1, 2, 3 or 4. According to some 
of the example embodiments, the OFDM PDSCH start sym 
bol may also be related to the maximum size of the legacy 
control region, which may be 0, 2, 3 or 4. According to some 
of the example embodiments, the OFDM PDSCH start sym 
bol may be a pre-configured value based on a system band 
width or any other system parameters. Thus, there may be a 
number of pre-configured OFDM PDSCH start symbol val 
ues where each value may be associated with a respective 
system parameter. In Such an instance, the wireless terminal 
may retrieve the OFDM PDSCH start symbol provided by the 
base station. For instance, the system bandwidth may be used 
to determine the start value and the system bandwidth is 
signaled in the MIB. So when user equipment detects the 
MIB, it may derive the start symbol value used for broadcast 
transmissions in the cell. 

Example Node Configurations 

0141 FIG. 18 illustrates an example node configuration of 
a base station or eNB 401 which may perform some of the 
example embodiments described herein. The base station 401 
may comprise radio circuitry or a communication port 410 
that may be configured to receive and/or transmit communi 
cation data, instructions, and/or messages. It should be appre 
ciated that the radio circuitry or communication port 410 may 
be comprised as any number of transceiving, receiving, and/ 
or transmitting units or circuitry. It should further be appre 
ciated that the radio circuitry or communication port 410 may 
be in the form of any input or output communications port 
known in the art. The radio circuitry or communication port 
410 may comprise RF circuitry and baseband processing 
circuitry (not shown). 
0142. The base station 401 may also comprise a process 
ing unit or circuitry 420 which may be configured to provide 
scheduling for a downlink broadcast transmission based on an 
OFDM PDSCH start symbol and also be configured to pro 
vide Such a symbol to a wireless terminal. The processing 
circuitry 420 may be any suitable type of computation unit, 
for example, a microprocessor, digital signal processor 
(DSP), field programmable gate array (FPGA), or application 
specific integrated circuit (ASIC), or any other form of cir 
cuitry. The base station 401 may further comprise a memory 
unit or circuitry 430 which may be any suitable type of com 
puter readable memory and may be of Volatile and/or non 
volatile type. The memory 430 may be configured to store 
received, transmitted, and/or measured data, device param 
eters, communication priorities, and/or executable program 
instructions. 
0.143 FIG. 19 illustrates an example node configuration of 
a wireless terminal 505 which may perform some of the 
example embodiments described herein. It should be appre 
ciated that the wireless terminal 505 may be a user equipment, 
machine-to-machine type device, or any other device capable 
of communicating with a communications network. The 
wireless terminal 505 may comprise radio circuitry or a com 
munication port 510 that may be configured to receive and/or 
transmit communication data, instructions, and/or messages. 
It should be appreciated that the radio circuitry or communi 
cation port 510 may be comprised as any number of trans 
ceiving, receiving, and/or transmitting units or circuitry. It 
should further be appreciated that the radio circuitry or com 
munication port 510 may be in the form of any input or output 
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communications port known in the art. The radio circuitry or 
communication port 510 may comprise RF circuitry and 
baseband processing circuitry (not shown). 
0144. The wireless terminal 505 may also comprise a pro 
cessing unit or circuitry 520 which may be configured to 
obtain downlink broadcast transmission on PDSCH using a 
received OFDM PDSCH symbol as described herein. The 
processing circuitry 520 may be any Suitable type of compu 
tation unit, for example, a microprocessor, digital signal pro 
cessor (DSP), field programmable gate array (FPGA), or 
application specific integrated circuit (ASIC), or any other 
form of circuitry. The wireless terminal 505 may further 
comprise a memory unit or circuitry 530 which may be any 
suitable type of computer readable memory and may be of 
volatile and/or non-volatile type. The memory 530 may be 
configured to store received, transmitted, and/or measured 
data, device parameters, communication priorities, and/or 
executable program instructions. 

Example Node Operations 
0145 FIG. 20 is a flow diagram depicting example opera 
tions which may be taken by the base station 401 as described 
herein for Scheduling downlink broadcast transmissions 
using an OFDM PDSCH start symbol and for providing such 
a symbol. It should also be appreciated that FIG. 20 comprises 
some operations which are illustrated with a solid border and 
some operations which are illustrated with a dashed border. 
The operations which are comprised in a solid border are 
operations which are comprised in the broadest example 
embodiment. The operations which are comprised in a dashed 
border are example embodiments which may be comprised 
in, or a part of, or are further operations which may be taken 
in addition to the operations of the broader example embodi 
ments. It should be appreciated that these operations need not 
be performed in order. Furthermore, it should be appreciated 
that not all of the operations need to be performed. The 
example operations may be performed in any order and in any 
combination. 
0146) Operation 10 
0147 The base station 401 is configured to provide 10, to 
at least one wireless terminal 505A that monitors an ePDCCH 
for receiving downlink control information, an OFDM 
PDSCH start symbol. The OFDM PDSCH start symbol 
assists in identifying a start of downlink broadcast transmis 
sions provided on the PDSCH. The processing circuitry 420 
is configured to provide the OFDM PDSCH start symbol to 
the at least one wireless terminal 505A that monitors the 
ePDCCH for receiving downlink control information. 
0148. According to some of the example embodiments, 
the OFDM PDSCH start symbol may be provided via a mes 
sage transmitted outside of a control region of a subframe, 
where the control region may comprise at least a PDCCH. 
This control region is sometimes referred to as a legacy con 
trol region. It should be appreciated that the control region 
may comprise Zero symbols. In such an instance, the OFDM 
PDSCH start symbol may comprise a value of zero. Examples 
of such a control region provided at least in FIGS. 12, 14 and 
16. 
0149 According to some of the example embodiments, 
the OFDM PDSCH start symbol may be based on a pre 
defined value. Thus, the OFDM PDSCH start symbol may be 
a fixed value. According to some of the example embodi 
ments, the OFDM PDSCH start symbol may depend on any 
number of system parameters, for example, a system band 
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width. Therefore, different predefined values may be associ 
ated with respective system bandwidth values. Such a fixed 
value may be provided by the base station and retrieved by the 
wireless terminal via, for example, a table or database. 
0150. According to some of the example embodiments, 
the provided OFDM PDSCH start symbol is of a same value 
as the CFI via PCFICH. 
0151 Example Operation 11 
0152. According to some of the example embodiments, 
the OFDM PDSCH start symbol may be provided by sending 
11 a DCI message via the ePDCCH. The radio circuitry 410 
may be configured to send the DCI message via the ePDCCH. 
Examples of providing the OFDM PDSCH start symbol via 
DCI messaging is described further under at least the sub 
headings Overview of Example Embodiments and Symbol 
Handling via DCI Messaging. 
0153. Example Operation 12 
0154 According to some of the example embodiments, 
the base station 401 may configure 12 a PCFICHCFI value in 
a subframe, in which downlink broadcast transmissions are 
sent, to be equal to the OFDM PDSCH start symbol. The 
processing circuitry 420 may configured the PCFICH CFI 
value in the subframe, in which the downlink broadcast trans 
missions are sent, to be equal to the OFDM PDSCH start 
symbol. 
(O155 The PCFICHCFI is obtained by wireless terminals 
505B which monitor PDCCH for obtaining downlink control 
information. Thus, by configuring the PCFICH CFI to be 
equal to the OFDM PDSCH provided via the DCI message, 
both wireless terminals 505A and 505B may receive the same 
downlink broadcast transmissions via the same PDSCH. 
0156 Example Operation 13 
0157 According to some of the example embodiments, 
the base station 401 may send 13 a RRC message comprising 
the OFDM PDSCH start symbol via PDSCH. In this example 
embodiment, the OFDM PDSCH start symbol is an RRC 
configured value. The radio circuitry 410 may be configured 
to send the RRC message via PDSCH. Examples of providing 
the OFDM PDSCH start symbol via the RRC message is 
described further under at least the subheadings Overview of 
Example Embodiments and Symbol Handling via RRC 
Messaging. 
0158 Example Operation 14 According to some of the 
example embodiments, the base station 401 may configure 14 
a PCFICHCFI value in a subframe, in which downlink broad 
cast transmissions are sent, to be equal to the OFDM PDSCH 
start symbol. The processing circuitry 420 may configure the 
PCFICH CFI value in the subframe, in which the downlink 
broadcast transmissions are sent, to be equal to the OFDM 
PDSCH start symbol. 
0159. The PCFICHCFI is obtained by wireless terminals 
505B which monitor PDCCH for obtaining downlink control 
information. Thus, by configuring the PCFICH CFI to be 
equal to the RRC configured OFDM PDSCH provided via the 
RRC message, both wireless terminals 505A and 505B may 
receive the same downlink broadcast transmissions via the 
Same PDSCH. 
(0160 Example Operation 16 
0.161 According to some of the example embodiments, 
the base station 401 may also be configured to send 16, to at 
least one other wireless terminal 505B which monitors the 
PDCCH for receiving downlink control information, same 
downlink broadcast transmissions scheduled in the PDSCH. 
The radio circuitry 410 is configured to send, to the at least 
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one other wireless terminal 505B which monitors the 
PDCCH for receiving downlink control information, the 
same downlink broadcast transmissions scheduled in the 
PDSCH. 

0162 Thus, as explained previously in FIGS. 12 and 13, 
wireless terminals 505A and 505B may monitor different 
control channels, and therefore may receive different start 
values. The receipt of different start values may result in 
different wireless terminals (e.g., wireless terminals 505A 
and 505B) receiving different downlink broadcast transmis 
sions via different PDSCHs. With the aid of the example 
embodiments presented herein, wireless terminals which 
monitor different control channels may now receive the same 
downlink broadcast transmissions via the same PDSCH via 
the transmission of the OFDM PDSCH start symbol. 
0163 FIG. 21 is a flow diagram depicting example opera 
tions which may be taken by the wireless terminal 505A as 
described herein for receiving downlink broadcast transmis 
sions via a PDSCH. It should also be appreciated that FIG. 21 
comprises some operations which are illustrated with a solid 
border and some operations which are illustrated with a 
dashed border. The operations which are comprised in a solid 
border are operations which are comprised in the broadest 
example embodiment. The operations which are comprised in 
a dashed border are example embodiments which may be 
comprised in, or a part of, or are further operations which may 
be taken in addition to the operations of the broader example 
embodiments. It should be appreciated that these operations 
need not be performed in order. Furthermore, it should be 
appreciated that not all of the operations need to be per 
formed. The example operations may be performed in any 
order and in any combination. 
(0164 
0.165. The wireless terminal 505A is configured to monitor 
28 an ePDCCH for downlink control information. The pro 
cessing circuitry 520 is configured to monitor the ePDCCH 
for the downlink control information. An example of such 
downlink control information is a start symbol for reading 
downlink broadcast transmissions. 

(0166 Operation 30 
(0167. The wireless terminal 505A is also configured to 
obtain 30 an OFDM PDSCH start symbol. The OFDM 
PDSCH start symbol may be used for identifying a start in the 
downlink broadcast transmissions. The processing circuitry 
520 is configured to obtain the OFDM PDSCH start symbol. 
0168 According to some of the example embodiments, 
the OFDM PDSCH start symbol may be obtained via a mes 
sage transmitted outside of a control region of a subframe, 
where the control region may comprise at least a PDCCH. 
This control region is sometimes referred to as a legacy con 
trol region. It should be appreciated that the control region 
may comprise Zero symbols. In such an instance, the OFDM 
PDSCH start symbol may comprise a value of zero. Examples 
of such a control region provided at least in FIGS. 12, 14 and 
16. 

0169. According to some of the example embodiments, 
the OFDM PDSCH start symbol may be based on a pre 
defined value. Thus, the OFDM PDSCH start symbol may be 
a fixed value. According to some of the example embodi 
ments, the OFDM PDSCH start symbol may depend on any 
number of system parameters, for example, a system band 
width. Therefore, different predefined values may be associ 
ated with respective system bandwidth values. Such a fixe 
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value may be provided by the base station and retrieved by the 
wireless terminal via, for example, a table or database or via 
broadcast transmissions. 
0170 According to some of the example embodiments, 
the provided OFDM PDSCH start symbol is of a same value 
as the CFI via PCFICH. 
0171 Example Operation 31 According to some of the 
example embodiments, the message may be a DCI message 
and the obtaining 30 may further comprise receiving 31, from 
a network node, the DCI message via the ePDCCH. The radio 
circuitry 510 may be configured to receive, from the network 
node, the DCI message via ePDCCH. It should be appreciated 
that the network node may be the base station 401 or a rely 
node comprised in the network. Examples of receiving the 
OFDM PDSCH start symbol via DCI messaging is described 
further under at least the subheadings Overview of Example 
Embodiments and Symbol Handling via DCI Messaging. 
(0172 Example Operation 32 
0173 According to some of the example embodiments, 
the message may be a RRC message and the obtaining 30 may 
further comprise receiving 32, from a network node, the RRC 
message via the PDSCH. The radio circuitry 510 may be 
configured to receive, from the network node, the RRC mes 
sage via PDSCH. It should be appreciated that the network 
node may be the base station 401 or a relay node comprised in 
the network. It should also be appreciated that in these 
example embodiments, the OFDM PDSCH start symbol may 
be a RRC configured value. Examples of receiving the OFDM 
PDSCH start symbol via RRC messaging is described further 
under at least the subheadings Overview of Example 
Embodiments and Symbol Handling via RRC Messaging. 
(0174 Example Operation 33 
0.175. According to some of the example embodiments, 
the obtaining may further comprise retrieving 33 the OFDM 
PDSCH start symbol based on a static value or a pre-config 
ured value based on a system bandwidth. The processing 
circuitry 520 may be configured to retrieve the OFDM 
PDSCH start symbol based on the static value or the pre 
configured value based on the system bandwidth. 
0176). As described above, in at least example operation 
30, the pre-configured value may be based on a single fixed 
value or any number of different predefined values. Different 
predefined values may be associated with respective system 
bandwidth values. Such a fixe value may be provided by the 
base station and retrieved by the wireless terminal via, for 
example, a table or database. 
(0177 Operation 34 
(0178. The wireless terminal 505A is also configured to 
receive 34 downlink broadcast transmissions on the PDSCH 
based on the OFDM PDSCH start symbol. The radio circuitry 
510 is configured to receive the downlink broadcast transmis 
sions on the PDSCH based on the OFDM PDSCH start sym 
bol. 
(0179. Example Operation 35 
0180 According to some of the example embodiments, 
the receiving 34 may further comprise receiving 35 same 
downlink broadcast transmissions on the PDSCH as a wire 
less terminal 505B which monitors the PDCCH for receiving 
downlink control information. The radio circuitry 510 is con 
figured to receive same downlink broadcast transmissions on 
the PDSCH as the wireless terminal 505B which monitors the 
PDCCH for receiving downlink control information. 
0181. Thus, as explained previously in FIGS. 12 and 13, 
wireless terminals 505A and 505B may monitor different 
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control channels, and therefore may receive different start 
values. The receipt of different start values may result in 
different wireless terminals (e.g., wireless terminals 505A 
and 505B) receiving different downlink broadcast transmis 
sions via different PDSCHs. With the aid of the example 
embodiments presented herein, wireless terminals which 
monitor different control channels may now receive the same 
downlink broadcast transmissions via the same PDSCH. 

General Statements 

0182. It should be noted that although terminology from 
3GPP LTE has been used herein to explain the example 
embodiments, this should not be seen as limiting the scope of 
the example embodiments to only the aforementioned sys 
tem. Other wireless systems, comprising WCDMA, WiMax, 
UMB, WiFi and GSM, may also benefit from the example 
embodiments disclosed herein. 
0183 The description of the example embodiments pro 
vided herein have been presented for purposes of illustration. 
The description is not intended to be exhaustive or to limit 
example embodiments to the precise form disclosed, and 
modifications and variations are possible in light of the above 
teachings or may be acquired from practice of various alter 
natives to the provided embodiments. The examples dis 
cussed herein were chosen and described in order to explain 
the principles and the nature of various example embodi 
ments and its practical application to enable one skilled in the 
art to utilize the example embodiments in various manners 
and with various modifications as are suited to the particular 
use contemplated. The features of the embodiments described 
herein may be combined in all possible combinations of 
methods, apparatus, modules, systems, and computer pro 
gram products. It should be appreciated that the example 
embodiments presented herein may be practiced in any com 
bination with each other. 
0184. It should be noted that the word “comprising does 
not necessarily exclude the presence of other elements or 
steps than those listed and the words “a” or “an preceding an 
element do not exclude the presence of a plurality of such 
elements. It should further be noted that any reference signs 
do not limit the scope of the claims, that the example embodi 
ments may be implemented at least in part by means of both 
hardware and software, and that several “means”, “units” or 
“devices' may be represented by the same item of hardware. 
0185. Also note that terminology such as user equipment 
should be considered as non-limiting. A device or user equip 
ment as the term is used herein, is to be broadly interpreted to 
comprise a radiotelephone having ability for Internet/intranet 
access, web browser, organizer, calendar, a camera (e.g., 
Video and/or still image camera), a sound recorder (e.g., a 
microphone), and/or global positioning system (GPS) 
receiver, a personal communications system (PCS) user 
equipment that may combine a cellular radiotelephone with 
data processing; a personal digital assistant (PDA) that can 
comprise a radiotelephone or wireless communication sys 
tem; a laptop; a camera (e.g., video and/or still image camera) 
having communication ability; and any other computation or 
communication device capable of transceiving, such as a 
personal computer, a home entertainment system, a televi 
Sion, etc. It should be appreciated that the term user equip 
ment may also comprise any number of connected devices, 
wireless terminals or machine-to-machine devices. 
0186 The various example embodiments described herein 
are described in the general context of method steps or pro 
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cesses, which may be implemented in one aspect by a com 
puter program product, embodied in a computer-readable 
medium, comprising computer-executable instructions. Such 
as program code, executed by computers in networked envi 
ronments. A computer-readable medium may comprise 
removable and non-removable storage devices comprising, 
but not limited to, Read Only Memory (ROM), Random 
Access Memory (RAM), compact discs (CDs), digital versa 
tile discs (DVD), etc. Generally, program modules may com 
prise routines, programs, objects, components, data struc 
tures, etc. that perform particular tasks or implement 
particular abstract data types. Computer-executable instruc 
tions, associated data structures, and program modules rep 
resent examples of program code for executing steps of the 
methods disclosed herein. The particular sequence of Such 
executable instructions or associated data structures repre 
sents examples of corresponding acts for implementing the 
functions described in Such steps or processes. 
0187. In the drawings and specification, there have been 
disclosed exemplary embodiments. However, many varia 
tions and modifications can be made to these embodiments. 
Accordingly, although specific terms are employed, they are 
used in a generic and descriptive sense only and not for 
purposes of limitation, the scope of the embodiments being 
defined by the following claims. 

1-29. (canceled) 
30. A method in a base station for scheduling a downlink 

broadcast transmission using a Physical Downlink Shared 
Channel (PDSCH) and for providing an Orthogonal Fre 
quency Division Multiplexing (OFDM) PDSCH start symbol 
for identifying a start of said broadcast transmission, said 
base station being comprised in a wireless communications 
network, the method comprising: 

providing, to at least one wireless terminal that monitors an 
enhanced Physical Downlink Control Channel (ePD 
CCH) for receiving downlink control information, the 
OFDM PDSCH start symbol, wherein the OFDM 
PDSCH start symbol is provided in a message transmit 
ted outside of a control region of a subframe, said control 
region comprising at least a PDCCH. 

31. The method of claim 30, where a size of said control 
region is zero symbols and the OFDM PDSCH start symbolis 
ZO. 

32. The method of claim 30, wherein the message is a 
Downlink Control Information (DCI) message and the pro 
viding further comprises sending the DCI message via the 
ePDCCH. 

33. The method of claim 32, further comprising configur 
ing a Physical Control Format Indicator Channel (PCFICH) 
control format indicator (CFI) value in a subframe, in which 
downlink broadcast transmissions are sent, to be equal to the 
OFDM PDSCH start symbol. 

34. The method of claim 30, wherein the message is a radio 
resource control (RRC) message and the providing further 
comprises sending the RRC message via PDSCH. 

35. The method of claim 34, further comprising configur 
ing a Physical Control Format Indicator Channel (PCFICH) 
control format indicator (CFI) value in a subframe, in which 
downlink broadcast transmissions are sent, to be equal to the 
OFDM PDSCH start symbol, wherein the OFDM PDSCH 
start symbol is a radio resource control (RRC) configured 
value. 

36. The method of claim30, further comprising sending, to 
at least one other wireless terminal that monitors the PDCCH 
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for receiving downlink broadcast transmissions, same down 
link broadcast transmissions scheduled in the PDSCH. 

37. A base station for scheduling a downlink broadcast 
transmission using a Physical Downlink Shared Channel 
(PDSCH) and for providing an Orthogonal Frequency Divi 
sion Multiplexing (OFDM) PDSCH start symbol for identi 
fying a start of said broadcast transmissions, said base station 
being comprised in a wireless communications network, the 
base station comprising: 

processing circuitry configured to provide, to at least one 
wireless terminal that monitors an enhanced Physical 
Downlink Control Channel (ePDCCH) for receiving 
downlink control information, the OFDM PDSCH start 
symbol, wherein the OFDM PDSCH start value is pro 
vided in a message transmitted outside of a control 
region of the subframe, said control region comprising at 
least a PDCCH. 

38. The base station of claim 37, where a size of said 
control region is zero symbols and the OFDM PDSCH start 
symbol is Zero. 

39. The base station of claim 37, wherein the message is a 
Downlink Control Information (DCI) message, and wherein 
the base station further comprises radio circuitry configured 
to send the DCI message via the ePDCCH. 

40. The base station of claim 39, wherein the processing 
circuitry is further configured to configure a Physical Control 
Format Indicator Channel (PCFICH) control format indicator 
(CFI) value in a subframe, in which downlink broadcast trans 
missions are sent, to be equal to the OFDM PDSCH start 
symbol. 

41. The base station of claim 37, wherein the message is a 
Radio Resource Control (RRC) message, and the base station 
further comprises radio circuitry configured to send the RRC 
message via PDSCH. 

42. The base station of claim 41, further comprising pro 
cessing circuitry configured to configure a Physical Control 
Format Indicator Channel (PCFICH) control format indicator 
(CFI) value in a subframe, in which downlink broadcast trans 
missions are sent, to be equal to the OFDM PDSCH start 
symbol, wherein the OFDM PDSCH start symbol is a radio 
resource control (RRC) configured value. 

43. The base station of claim37, wherein the radio circuitry 
is further configured to send, to at least one other wireless 
terminal that monitors the PDCCH for receiving downlink 
broadcast transmissions, same downlink broadcast transmis 
Sions Scheduled in the PDSCH. 

44. A method in a wireless terminal for receiving downlink 
broadcast transmissions in a Physical Downlink Shared 
Channel (PDSCH) said wireless terminal being comprised in 
a wireless communications network, the method comprising: 

monitoring an enhanced Physical Downlink Control Chan 
nel (ePDCCH) for downlink control information: 

obtaining an Orthogonal Frequency Division Multiplexing 
(OFDM) PDSCH start symbol for identifying a start of 
the downlink broadcast transmissions, wherein said 
OFDM PDSCH start symbol is provided in a message 
transmitted outside of a control region of a subframe, 
said control region comprising at least a PDCCH, or 
wherein the OFDM PDSCH start symbol is based on a 
predefined value; and 

receiving downlink broadcast transmissions on the 
PDSCH, based on the OFDM PDSCH start symbol. 
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45. The method of claim 44, where a size of said control 
region is zero symbols and the OFDM PDSCH start symbolis 
ZO. 

46. The method of claim 44, wherein the message is a 
Downlink Control Information (DCI) message and the 
obtaining further comprises receiving, from a network node, 
the DCI message via the ePDCCH. 

47. The method of claim 44, wherein the message is a 
Radio Resource Control (RRC) message and the obtaining 
further comprises receiving, from a network node, the RRC 
message via PDSCH. 

48. The method of claim 44, wherein the obtaining further 
comprises retrieving the OFDM PDSCH start value based on 
a static value or a pre-configured value based on a system 
bandwidth. 

49. The method of claim 44, wherein the receiving further 
comprising receiving same downlink broadcast transmis 
sions on the PDSCH as a wireless terminal that monitors the 
PDCCH for receiving downlink control information. 

50. A wireless terminal for receiving downlink broadcast 
transmissions in a Physical Downlink Shared Channel (PD 
SCH) said wireless terminal being comprised in a wireless 
communications network, the wireless terminal comprising: 

processing circuitry configured to monitor an enhanced 
Physical Downlink Control Channel (ePDCCH) for 
downlink control information; 

processing circuitry configured to obtain an Orthogonal 
Frequency Division Multiplexing (OFDM) PDSCH 
start symbol for identifying a start of said downlink 
broadcast transmissions, said OFDM PDSCH start 
value being provided in a message transmitted outside of 
a control region of a subframe, said control region com 
prising at least a PDCCH, or the OFDM PDSCH start 
symbol is based on a predefined value; and 

radio circuitry configured to receive downlink broadcast 
transmissions on the PDSCH based on the OFDM 
PDSCH start symbol. 

51. The wireless terminal of claim 50, where a size of said 
control region is zero symbols and the OFDM PDSCH start 
symbol is Zero. 

52. The wireless terminal of claim 50, wherein the message 
is a Downlink Control Information (DCI) message and the 
radio circuitry is configured to receive the DCI message via 
the ePDCCH. 

53. The wireless terminal of claim 50, wherein the message 
is a Radio Resource Control (RRC) message and the radio 
circuitry is configured to receive the RRC message via 
PDSCH. 

54. The wireless terminal of claim 50, wherein the process 
ing circuitry is further configured to retrieve the OFDM 
PDSCH start value based on a static value or a pre-configured 
value based on a system bandwidth. 

55. The wireless terminal of claim 50, wherein the receiv 
ing circuitry is further configured to receive same downlink 
broadcast transmissions on the PDSCHas a wireless terminal 
that monitors the PDCCH for receiving downlink control 
information. 

56. The wireless terminal of claim 50, wherein the network 
node is a base station or a relay node. 
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