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The present invention proposes transmission methods of  PDCCH and PDSCH for coverage enhancement of MTCUEs. 
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In a system that supports carrier aggregation, cells can be classified as shown in Figure 7. 

As shown in Figure 7, the configured cells are set by UE as cells that allow carrier aggregation based on measurement report among 

the cells of the base station.The configured cells reserve resources in advance for ACK/NACK transmission for PDSCH 

transmission.Activated cells are cells that are set to actually transmit PDSCH/PUSCH among the configured cells and perform CSI 

report and SRS transmission for PDSCH/PUSCH transmission.De-activated cells are cells that do not transmit PDSCH/PUSCH due 

to commands or timer operation of the base station, and CSI report and SRS transmission are also interrupted. 
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SS consists of P-SS and S-SS, which are signals used to perform cell discovery. 

Figures 7(a) and (b) illustrate the frame structure for the transmission of SS in systems using a basic CP and an extended CP, 

respectively. For ease of inter-RAT measurement, the SS is transmitted in the second slot of subframe 0 and subframe 5, 

respectively, taking into account the GSM frame length of 4.6 ms, and the boundaries for the corresponding radio frame are 

detectable via S-SS. The P-SS is transmitted in the last OFDM symbol in the slot, and the S-SS is transmitted in the OFDM 

symbol right next to the P-SS. SS may transmit a total of 504 physical cell IDs via a combination of three P-SSs and 168 S-SSs. 

In addition, SS and PBCH are transmitted within 6RB in the middle of the system bandwidth, allowing the UE to detect or 

decode regardless of the transmission bandwidth. 

 

(a) For Basic CPs 
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(b) For Extended CP 

Figure 7. Frame structure for SS transmission 

The transmission diversity method of SS uses only a single antenna port and is not separately defined in the standard. In other 

words, a single antenna transmission or a transmissionmethod that is transparent to the UE (e.g., PVS, TSTD, CDD) can be used. 

a. P-SS Code 

A ZC (Zadoff-Chu) sequence of length 63 is defined in the frequency domain and used as the sequence of P-SS. The ZC 
sequence is defined by Equation (1), and the sequence element corresponding to the DC subcarrier , n=31, is punctured.  Nzc = 
63 in Equation (1). 

  
9 remaining subcarriers out of the 6RB (=72 subcarriers) in the middle are always transmitted at a value of 0, which facilitates the 
design of filters for synchronization performance. To define a total of three P-SSs, the values of u=25, 29, and 34 are used in 
Equation (1). At this time, 29 and 34 have a conjugate symmetry, so that two correlations can be performed simultaneously. Here, 
the conjugate asymmetry means the relationship in the following Equation (2), and this characteristic can be used to implement a 
one-shot correlator foru=29 and for 34, which can reduce the overall computational amount by about 33.3%. 

  

b. S-SS Code 

The sequence used for S-SS is an interleaved concatenation of two m-sequences of length 31, and the two sequences are combined 

to transmit 168 cell group IDs.As a sequence of S-SS, the m-sequence is robust in a frequency selective environment, and the 

amount of computation can be reduced by using the fast m-sequence transform using the fast Hadamard transform. In addition, 

configuring S-SS with two short codes has been proposed to reduce the computational burden of the terminal. Figure 8 is a diagram 

showing how two sequences in the logical domain are interleaved and mapped in the physical domain. When two m-sequences used 

for S-SS code generation are defined as S1 and S2, respectively, if the S-SS of subframe 0 transmits the cell group ID in two 

combinations of (S1, S2), the S-SS of subframe 5 can be transmitted by swapping them for (S2,S1), thereby distinguishing a 10 ms 

frame boundary.  At this time, the S-SS code used uses a generating polynomial of x5 +x2 +1, and a total of 31 codes can be 

generated through different circular shifts.   
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Figure 8. S-SS Code Generation Method 

To improve reception performance, two different sequences are defined based on P-SS, scrambled to S-SS, but scrambled to S1 and 
S2 with different sequences. After that, an S1-based scrambling code is defined and scrambling is performed on S2. At this time, the 
S-SS codes are exchanged in 5 ms, but the P-SS-based scrambling codes are not exchanged. The P-SS-based scrambling code is 
defined as six cyclic shift versions according to the P-SS index in the m-sequence generated from the generating polynomial of 
x5+x3+1, and the S1-based scrambling code is defined as eight cyclic shift versions according to the index of S1 in the m-sequences 
generated from the polynomial of x5+x4+x2+x1+1. 

 

 
 

  

Figure 9 Figure 10 
  

Figure 9 and Figure 10 show the RS structure of both normal CP case and extended CP case, respectively for 3GPP LTE system which 

supports up to four numbers of antenna. Here,  mean cell specific common RS to be transmitted for channel 

measurement and data demodulation commonly for each antenna port 0-3. In addition, UE-specific RS , is supported for single-

antenna port transmission of PDSCH. The UE is informed by higher layers whether the UE-specific RS is present or not and is a valid 
when only corresponding PDSCH is mapped. The UE specific RS is just transmitted in resource elements if data demodulation is 
needed. 
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The SRS, which are not associated with uplink data and/or control transmission, are primarily used for channel quality 
estimation to enable frequency-selective scheduling on the uplink. However, they can be used for other purposes such as to 
enhance power control or to support various start-up functions for UEs not recently scheduled. Some examples include 
initial Modulation and Coding Scheme (MCS) selection, initial power control for data transmissions, timing advance, and 
so-called frequency semi-selective scheduling in which the frequency resource is assigned selectively for the first slot of a 
subframe and hops pseudorandomly to a different frequency in the second slot. In addition, SRS can be used for downlink 
channel quality estimation under the assumption that the wireless channel is reciprocal between the uplink and downlink. 
This assumption is particularly valid in a time division duplex (TDD) system where the uplink and downlink share the same 
frequency spectrum and are separated in time domain. The subframes in which SRS are transmitted by any UE within the 
cell are indicated by cell-specific broadcast signaling. A 4-bit cell-specific 'srsSubframeConfiguration' parameter indicates 
15 possible sets of subframes in which SRS may be transmitted within each radio frame. This configurability provides 
flexibility in adjusting the SRS overhead depending on the deployment scenario. A 16th configuration switches the SRS off 
completely in the cell, which may for example be appropriate for a cell serving primarily high-speed UEs. The SRS 
transmissions are always in the last SC-FDMA symbol in the configured subframes, as shown in Figure 11. Thus the SRS 
and DM RS are located in different SC-FDMA symbols. PUSCH data transmission is not permitted on the SC-FDMA 
symbol designated for SRS, resulting in a worst-case sounding overhead (with an SRS symbol in every subframe) of ~7%. 

Figure 11. Uplink subframe configuration with SRS symbol 
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In the current LTE standard, there are two transmission methods: open-loop MIMO, which operates without channel information, and 
closed-loop MIMO. In closed-loop MIMO, the transmitting and receiving ends perform beamforming based on channel information, 
i.e., CSI, to obtain the multiplexing gain of the MIMO antenna. The base station instructs the UE to feed back downlink CSI by 
allocating a Physical Uplink Control CHannel (PUCCH) or Physical Uplink Shared CHannel (PUSCH) to obtain CSI. 

CSI is classified into three types of information: Rank Indicator (RI), Precoding Matrix Index (PMI), and Channel Quality Indication 
(CQI). RI represents the rank information of the channel  and means the number of streams that the UE receives through the same 
frequency time resource. Since this value is determined to be dominant by long term fading of the channel, it is usually fed back from 
the UE to the base station with a longer cycle than the PMI and CQI value.     Second, PMI is a value that reflects the spatial 
characteristics of the channel and indicates the precoding index of the base station preferred by the UE based on metric such as SINR. 
CQI is a value indicating the strength of a channel, and usually refers to the reception SINR that a base station can obtain when using 
PMI. 

In more advanced communication systems such as LTE-A, additional multi-user diversity has been added using MU-MIMO (multi-user 
MIMO). For this purpose, higher accuracy is required from a channel feedback perspective. This is because in MU-MIMO, there is an 
interference channel between multiplexed UEs in the antenna domain, so the feedback channel accuracy has a significant impact not 
only on the UE that provided the feedback but also on the interference of other multiplexed UEs. 
Therefore, in order to increase the feedback channel accuracy in LTE-A, it was decided to design the final PMI by dividing it into two: 
long term and/or wideband PMI, W1, and short term and/or sub-band PMI, W2.  

An example of a hierarchical codebook transformation method that constructs a single final PMI from the two channel information is to 
transform the codebook using the long-term covariance matrix of the channel, as shown below. 

 
In the above equation, W2 (=short term PMI) is the codeword of the codebook created to reflect the short-term channel information, W 
is a codeword of the final transformed codebook, and norm(A) means a matrix in which the norm of each column of matrix A is 
normalized to 1. 
 

The specific structures of the existing W1 and W2 are as follows: 

(Equation 0) 
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The above codeword structure is designed to reflect the correlation characteristics of the channels that occur when cross polarized 
antennas are used and the spacing between antennas is close (usually when the distance between adjacent antennas is less than half 
the signal wavelength). In the case of cross polarized antennas, the antennas can be divided into a horizontal antenna group and a 
vertical antenna group, each antenna group has the characteristics of a ULA (uniform linear array) antenna, and the two antenna 
groups are co-located. Therefore, the correlation between the antennas of each group has the same linear phase increment 

characteristics, and the correlation between the antenna groups has a phase rotation characteristics. Since the codebook is ultimately 
a value that quantizesthe channel, it is necessary to design the codebook to reflect the characteristics of the channel corresponding to 
the source. For convenience of explanation, the rank 1 codeword created with the above structure can be used as an example to 
confirm that these channel characteristics have been reflected in the codeword satisfying Equation 0. 

  

In the above equation, the codeword is expressed as a vector of Nt (the number of Tx antennas) by 1, and is structured with the 

upper and lower vectors, each of which shows the correlation characteristics of the horizontal antenna group and the vertical 

antenna group.  It is advantageous to express it as a vector with linear phase increments to reflect the correlation 

characteristics between the antennas of each antenna group, and the DFT matrix can be used as a representative example. 

Higher channel accuracy is also required for CoMP. In the case of CoMPJT, multiple base stations cooperatively transmit the same 
data to a specific UE, so it can theoretically be considered a MIMO system with geographically distributed antennas. In other words, 
when MU-MIMO is performed in JT, a high level of channel accuracy is required to avoid interference between co-scheduled UEs, 
just like single-cell MU-MIMO. In the case of CoMP CB, sophisticated channel information is also required to avoid interference 
from adjacent cells to the serving cell. 

 

 

Time domain inter-cell interference coordination is possible, whereby the aggressor cell uses silent subframes (also called almost 
blank subframes; ABS) to reduce the transmission power/activity of some physical channels (including the operation of setting 
them to zero power), and the victim cell schedules UEs taking this into account. In this case, from the victim cell UE's perspective, 
the interference level varies significantly depending on the subframe. In this situation, in order to perform more accurate radio link 
monitoring (RLM) or radio resource management (RRM) operations, which measure RSRP/RSRQ, etc., in each subframe, or to 
measure channel state information (CSI) for link adaptation, the monitoring/measurement should be limited to sets of subframes 
with uniform interference characteristics. In the 3GPP LTE system, restricted RLM and RRM/CSI measurements are defined as 
follows:  
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In the LTE-A system, we are considering transmitting multiple ACK/NACK information/signals for multiple PDSCHs transmitted 
through multiple DLCCs through a specific UL CC. For this purpose, unlike ACK/NACK transmission using PUCCH format la/lb 
in the existing Rel-8 LTE, after channel coding multiple ACK/NACK information (e.g. Reed-Muller code, Tail-biting 
convolutional code, etc.), it may be considered to transmit multiple ACK/NACK information/signals using PUCCH format 2 or a 
new PUCCH format (i.e. E-PUCCH format) that has been modified based on the following Block-spreading. 

-  Block-spreading 

Block-spreading technique is a method of modulating control information/signal (e.g. ACK/NACK, etc.) transmission using SC-
FDMA, unlike PUCCH format 1 or 2 series in existing LTE. In this method, as shown in Figure 10, the symbol sequence is 
transmitted in the time-domain spreading manner by OCC (Orthogonal Cover Code), and control signals of multiple UEs can be 
multiplexed in the same RB by using OCC. In the above PUCCH format 2, one symbol sequence is transmitted over the time 
domain and UE multiplexing is performed using the cyclic shift (i.e. CCS) of the CAZAC sequence, whereas in the case of the 
block-spreading-based E-PUCCH format, one symbol sequence is transmitted over the frequency domain and UE multiplexing is 
performed using OCC-based time-domain spreading.  As an example, Figure 10 shows a method of transmitting a symbol sequence 
by generating five SC-FDMA symbols using an OCC of length-5 (SF = 5). In the example in the figure, a total of 2 RS symbols are 
used during 1 slot, but various applications can be considered, such as using 3 RS symbols and using OCC with SF = 4. Here, the 
RS symbols can be generated from a CAZAC sequence with a specific cyclic shift, and can be transmitted in a form in which a 
specific OCC is applied (multiplied) to multiple RS symbols in the time domain. 

 

Figure 10. Example of E-PUCCH format based on block-spreading (i.e. PUCCH format 3)  

For convenience of explanation, this channel coding-based multiple ACK/NACK transmission method using PUCCH format 2 or 
E-PUCCH format is referred to as a “multi-bit ACK/NACK coding” transmission method. This method represents a method of 
transmitting an ACK/NACK  coded blocks generated by channel coding ACK/NACK or DTX information (meaning that PDCCH 
was not received/detected) for PDSCH of multiple DL CCs. For example, if a terminal operates in SU-MIMO mode on a DLCC 
and receives two codewords (CW), it can transmit a total of four feedback states of ACK/ACK, ACK/NACK, NACK/ACK, 
NACK/NACK for each CW for that CC, or it can have a maximum of five feedback states, including DTX. Also, if the terminal 
receives a single CW, it can have up to three states: ACK, NACK, and DTX (if NACK is processed in the same way as DTX, it can 
have a total of two states: ACK, NACK/DTX). 
 Therefore, if the terminal aggregates up to 5 DL CCs and operates in SU-MIMO mode on all CCs, it can have up to 55 
transmittable feedback states, and the ACK/NACK payload size to express them becomes a total of 12 bits (if DTX is processed in 
the same way as NACK, the number of feedback states becomes 45, and the ACK/NACK payload size to express them becomes a 
total of 10 bits). 
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In the previous ACK/NACK multiplexing (i.e. ACK/NACK selection) method applied to the existing Rel-8 TDD system, an 
implicit ACK/NACK selection method is basically considered, which uses an implicit PUCCH resource corresponding to a PDCCH 
that schedules each PDSCH of the corresponding UE (i.e. linked to the lowest CCE index) to secure PUCCH resources for each 
UE. Meanwhile, in the LTE-A FDD system, multiple ACK/NACK transmissions for multiple PDSCHs transmitted through 
multiple DL CCs through a specific UL CC that is basically configured UE-specifically are considered, and for this purpose, an 
"ACK/NACK selection" method is considered that uses an implicit PUCCH resource linked to a PDCCH that schedules specific, 
some, or all DLCCs (i.e. linked to the lowest CCE index nCCE, or linked to nCCE and nCCE+1), or a combination of the implicit 
PUCCH resource and an explicit PUCCH resource reserved in advance for each UE through an RRC signal. 

Meanwhile, in the LTE-ATDD system, a situation in which multiple CCs are aggregated (CA) can be considered, and accordingly, 
multiple ACK/NACK information/signals for multiple PDSCHs transmitted through multiple DL subframes and multiple CCs are 
considered to be transmitted through a specific CC (i.e. A/N CC) in the UL subframe corresponding to the multiple DL subframes. 
Here, unlike in the previous LTE-A FDD, we can consider a method of transmitting multiple ACK/NACKs corresponding to the 
maximum number of CWs that can be transmitted over all CCs assigned  to the UE for all DL subframes (i.e. full ACK/NACK), or 
we can consider a method of reducing the total number of ACK/NACKs transmitted by applying ACK/NACK bundling for CW 
and/or CC and/or SF domains (i.e. bundled ACK/NACK) (here, CW bundling means applying ACK/NACK bundling for CW per 
CC for each DL SF, CC bundling means applying ACK/NACK bundling for all or some CCs for each DLSF, and SF bundling 
means applying ACK/NACK bundling for all or some DL SFs for each CC). As a characteristic SF bundling method, we can 
consider the "ACK-counter" method that reports the number of ACKs per CC (or some number of ACKs) for all PDSCHs or DL 
grant PDCCHs received for each CC. At this time, an ACK/NACK transmission technique based on "multi-bit ACK/NACK 
coding" or "ACK/NACK selection" can be configurably applied depending on the size of the ACK/NACK payload per UE, i.e., the 
ACK/NACK payload for full or bundled ACK/NACK transmission set for each UE. 
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The term "quasi co-located (QC)" (or "quasi co-location (QC)") is defined and used as follows: 

 
Alternatively, the above definition can be similarly modified to be used as a representation of the channel as follows: 

 
 

The above definition related to QC is not distinguished in the present invention. In other words, the QC concept can follow one of the 
above definitions. Alternatively, in another similar form, the QC concept definition may be modified in a form where it can be assumed 
that antenna ports for which the QC assumption holds are transmitting in co-location (e.g., the UE can assume that the antenna ports are 
transmitting from the same transmission point, etc.), and the idea of the present invention includes such similar modified examples. For 
convenience of explanation, the above definitions related to QC are used interchangeably in the present invention. 

By the above definition, the UE cannot assume the same large-scale channel properties between the antenna ports (APs) for the 
non-quasi-co-located (NQQ antenna ports).  In other words, in this case, a typical UE receiver must perform independent processing for 
each configured non-quasi-co-located (NQC) AP for timing acquisition and tracking, frequency offset estimation and compensation, 
delay estimation, and Doppler estimation. 

With respect to APs that can assume QC, the UE has the advantage of being able to perform the following actions:  
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For Delay spread & Doppler spread, the UE may equally apply the power-delay-profile, delay spread and Doppler spectrum, and 

Doppler spread estimates for one port to the Wiener filter, etc. used to estimate the channel for another port.  

For frequency shift & Received Timing, after the UE performs time and frequency synchronization for one port, it can apply the 
same synchronization to the demodulation of other ports. 

For average received power, the UE can average RSRP measurements over two or more antenna ports. 
 

When the UE receives a specific DMRS-based DL-related DCI format (e.g., DCI 2C) via  PDCCH (or ePDCCH), the UE 
performs a channel estimation for the scheduled PDSCH via  configured DMRS sequence and then performs data demodulation. 
For example, if the UE can make a QC assumption that the DMRS ports configuration it received from such DL scheduling grant 
is related to specific RS (e.g., specific CSI-RS or specific CRS or its own DL serving-cell CRS, etc.) ports, the UE can improve 
the DMRS-based receiver processing performance by applying the large-scale channel properties estimation, such as delay spread, 
estimated from the specific RS (e.g., specific CSI-RS or specific CRS or its own DL serving-cell CRS, etc.) ports when estimating 
the channel through the DMRS ports.     
 

ePDCCH 

Here, the E-PDCCH is assumed to be transmitted in the existing PDSCH region, as shown in the figure, that is, after the PDCCH 
is transmitted when viewed on the time axis. Here, the E-PDCCH is assumed to be transmitted in the existing PDSCH region, as 
shown in the figure, that is, after the PDCCH is transmitted when viewed on the time axis. In the figure, E-PDCCH is shown to be 
transmitted using continuous frequency resources, but this is only an example, and it is also possible to transmit using 
discontinuous frequency resources for frequency diversity. 
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The next-generation LTE-A system is considering configuring low-cost/low-spec terminals that focus on data communications 
such as meter reading, water level measurement, surveillance camera utilization, and vending machine inventory reporting. 
These terminals are collectively referred to as MachineType Communication (MTC) terminals for convenience. In the case of 
MTC terminals, since the amount of data to be transmitted is small and uplink/downlink data transmission and reception occurs 
occasionally, it is efficient to lower the unit price of the terminal and reduce battery consumption to match this low data 
transmission rate. These MTC terminals are characterized by low mobility and thus have the characteristic that the channel 
environment hardly changes. Currently, LTE-A is considering enabling these MTC terminals to have wider coverage than 
before, and various coverage enhancement techniques for MTC terminals are being discussed for this purpose. 

When eNodeB transmits PDCCH and PDSCH to MTC UEs in the same way as it transmits them to legacy UEs, MTC UEs with 
coverage issues will have difficulty receiving them. To address this, when the eNodeB transmits an MTC UE PDCCH or 
PDSCH with a coverage issue, techniques for coverage enhancement, such as subframe repetition and subframe bundling, can be 
applied and transmitted. 

Therefore, for MTC UEs with coverage issues, PDCCH and PDSCH can be transmitted through a large number of subframes of 
about 100. In this case, if the PDSCH is transmitted through the subframe where PDCCH is transmitted in the same way as 
before, a problem occurs in that the UE must buffer the PDSCH for all subframes in which the PDCCH is transmitted until the 
UE successfully receives the PDCCH. In addition, when PDCCH is transmitted over multiple subframes and the UE receives 
PDCCHs successfully using multiple subframes, a problem occurs in that the UE cannot know the subframe in which the 
transmission of the PDCCH starts. The present invention proposes methods for solving transmission problems of PDCCH and 
PDSCH for MTC UEs where such coverage issue exists. 

In the present invention, for convenience, the content of the invention is explained limited to PDCCH transmission, but the 
techniques proposed in the present invention can be applied equally even when ePDCCH is used instead of PDCCH. 

  

- Transmission of PDCCH 

PDCCHs for MTC UEs can be repeatedly transmitted over a large number of subframes for coverage enhancement.The UE can 
receive PDCCH from bundles of multiple subframes and use the signals of PDCCH transmitted to multiple subframes together 
to successfully receive PDCCH. For example, as shown in <FIG. 1>, PDCCH can be transmitted via N subframe bundles.  The 
UE can successfully receive PDCCHs using n (1≤n≤N) of these subframes. 

N, the number of subframe bundles to which PDCCH is transmitted, can always be a cell-specific value. Therefore, the number 
of subframe bundles for transmission of PDCCH for cell-specific data transmission such as SIB or for transmission of PDCCH 
for UE-specific data transmission can be all cell-specific. At this time, N, the number of subframe bundles to which PDCCH is 
transmitted, can be a predefined fixed value. Or it can be a value that is configured to the UE through a master information block 
(MIB) or a system information block (SIB). These PDCCH transmission subframe bundles may consist of consecutive 
subframes, but may also consist of non-consecutive subframes. 

N, the number of subframe bundles to which PDCCH is transmitted, has a cell-specific value for transmission of PDCCH for 
cell-specific data transmission such as SIB, but can have a UE-specific value for transmission of PDCCH for UE-specific data 
transmission. At this time, N, the number of subframe bundles to which UE-specific PDCCH is transmitted, can be configured to 
the UE through higher-layer signals such as RRC signals. Or it can be fixed to a pre-fixed value. 
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In order for a UE to receive PDCCH transmitted over multiple subframe bundles, it is necessary to know the starting position of 
the subframe bundle to which PDCCH is transmitted. For this purpose, the subframe location in which transmission of PDCCH 
is started is not as free as before, and transmission of PDCCH can only be initiated through a subframe location agreed upon in 
advance. The transmission start subframe location of this PDCCH bundle can be defined as a fixed value.  This fixed value may 
be transmitted via the MIB. For example, assuming that it starts only at SF N % N = 0 (e.g. N = 20), we can transmit the N value 
via the MIB. In addition, offsets (assuming that N = offset is the only starting point) may also come as MIBs. For example, 
PDCCH transmission for an MTC UE with coverage issue can only be initiated through subframes or SFN positions that are 
multiples of 100 (0, 100, 200, 300, ...). At this time, the UE may attempt to receive PDCCHs via N subframes starting from a 
subframe or SFN position corresponding to a multiple of 100. In particular, the subframe location at which transmission of 
PDCCH bundle can start can be UE-specific. In this case, information about the subframe location in which transmission of 
PDCCH bundle can start can be configured through higher-layer signals such as RRC. 

 
<Figure 1> 

 

 
<Figure 11> 

 

 

 
When PDCCH is transmitted through multiple subframe bundles, the PDCCH is  transmitted through all or some subframes during the 
PDCCH transmission duration, as shown in <Figure 11>. At this time, the present invention proposes to place a limit on the UE-
specific search space region of the PDCCH transmitted during the PDCCH transmission duration from the PDCCH transmission start 
subframe to the PDCCH transmission end subframe or on the PDCCH transmission resources. 

PDCCH transmission 
duration 

PDCCH 
transmission start 
subframe 

PDCCH 
transmission end 
subframe 
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At this time, if the PDCCH is transmitted through multiple subframe bundles and the PDCCH can be transmitted through different 
PDCCH resources for each subframe, the complexity of the UE for receiving the PDCCH increases exponentially as the number of 
PDCCH transmission subframes increases. Therefore, the present invention proposes to use the following method when PDCCH is 

transmitted through multiple subframe bundles.  

 When an eNodeB transmits a PDCCH to a UE over multiple subframes during a PDCCH transmission duration, the PDCCH 

may be transmitted over CCE resources that use the same m value (m=0,,M(L)-1) over one of the CSS regions or USS 
regions during the duration. In other words, the UE can assume that the PDCCH is transmitted through the USS resource or 

CSS resource corresponding to the same m value during the subframe region in which the same PDCCH is transmitted. 
 When an eNodeB transmits a PDCCH to a UE over  multiple subframes during a PDCCH transmission duration, the PDCCH 

may be transmitted using m=0 over one of the CSS region or the USS region during the duration. In other words, the UE can 
assume that the PDCCH is transmitted through the USS resource or CSS resource corresponding to m=0 during the subframe 
region in which the same PDCCH is transmitted. 

 When an eNodeB transmits a UE-specific PDCCH to a UE over multiple subframes during a PDCCH transmission duration, 
the UE-specific PDCCH may be transmitted over the same CCE (or EREG or RE) resource during the duration. Specifically, 
when a UE-specific PDCCH is transmitted over the same CCE (or EREG or RE) resource during the PDCCH transmission 
duration, the UE may assume that the CCE (or EREG or RE) resource on which the UE-specific PDCCH is transmitted is the 
same as the CCE (or EREG or RE) resource transmitted from the PDCCH transmission start subframe. 
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- At this time, the CCE (or EREG or RE) resource that configures the UE-specific search space in which the UE-
specific PDCCH can be transmitted during the PDCCH transmission duration can be configured identically to 
the CCE (or EREG or RE) resource that is applied in the PDCCH transmission start subframe.CCE (or EREG 
or RE) resources applied in the PDCCH transmission start subframe can be obtained by the same expression in 
the same way as before.   

- Or, at this time, the CCE (or EREG or RE) resource that configures the UE-specific search space in which the 
UE-specific PDCCH may be transmitted during the PDCCH transmission duration is obtained by the 
expression , and the value of Yk can be used by being fixed to a specific 
non-zero value. 

- Transmission of PDSCH/PUSCH 

PDSCH/PUSCH can also be transmitted via multiple subframe bundles for MTC UEs with coverage issues. For example, PDSCH is 
transmitted through D subframes, and the UE can successfully receive the PDSCH using n subframes (1≤d≤D) among the D PDSCH 
subframes.  Or, for example, the UE can transmit PUSCH over D subframes. These PDSCH/PUSCH transmission subframe bundles 
may consist of consecutive subframes, but may also consist of non-consecutive subframes. 

According to the current LTE specification, the UE can decode the PDSCH transmitted to the same subframe after decoding the PDCCH 
(if it is not SPS PDSCH). For MTC UEs that are experiencing coverage issues, both PDCCH and PDSCH may be transmitted across 
multiple subframes, so a new definition of the timing of when PDSCH is received after PDCCH is received may be required. Similar to 
the way PDCCH and PDSCH are transmitted in the past, the PDSCH transmitted to the UE and the PDCCH containing DL grant 
information for the corresponding PDSCH can be transmitted through the same subframes. In this case, since the UE cannot receive the 
PDSCH until it successfully receives the PDCCH, a problem arises in that it must store all PDSCHs it receives until it successfully 
receives the PDCCH. 

Therefore, for MTC UEs where cost saving is important even if the delay in data transmission increases, the present invention proposes 
a transmission method as illustrated in <Figure 2>. The eNodeB can transmit a PDCCH to the UE using a total of N subframe bundles. 
At this time, the PDSCH/PUSCH associated with the corresponding PDCCH can be transmitted from the subframe following G 
subframes after all PDCCH bundles are transmitted. In other words, for example, if the last PDCCH is transmitted through subframe N-
1, PDSCH/PUSCH can be transmitted through D subframe bundles starting from subframe N+G. At this time, the values of N and D can 
be set to always be the same. Or, information about the value of D may be included in the PDCCH and transmitted. 

In this case, the value of G corresponding to the subframe interval between the transmission of the PDCCH subframe bundle and the 
PDSCH/PUSCH subframe bundle may be fixed or configured to the UE via higher-layer signals such as MID, SIB, or RRC signals. At 
this time, the value of G, which corresponds to the subframe interval between the transmission of the PDCCH subframe bundle and the 
PDSCH subframe bundle, may be fixed to 0. In other words, after the transmission of the PDCCH subframe bundle is completed, the 
PDSCH/PUSCH subframe bundle can be transmitted continuously from the next subframe. In addition, the value of G, which 
corresponds to the subframe  interval between the transmission of the PDCCH subframe bundle and the PUSCH subframe bundle, may 
be fixed to 4 or the same value as when subframe bundling for the PDCCH is not set. 
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In particular, after the transmission of the PDCCH subframe bundle is completed, if the location of the subframe where the 
PDSCH/PUSCH subframe bundle transmission is to start is a subframe in which the PDSCH/PUSCH cannot be transmitted, the 
transmission of the PDSCH/PUSCH bundle can start in the subframe in which the nearest PDSCH/PUSCH can be transmitted among the 
subframes following that subframe. 

 

 
<Figure 2> 

 

Another way to know where the PDSCH/PUSCH pointed to by the PDCCH is transmitted after receiving the PDCCH is to assume that 
the bundling of the PDSCH/PUSCH starts after a certain period of time after transmitting the PDCCH as a bundle.  If the difference 
between the subframe location where the transmission of this PDCCH bundle starts and the subframe location where the transmission of 
the PDSCH/PUSCH bundle starts is K subframe (e.g., K = 100, 200), the UE needs to know which subframe the PDCCH starts from. 
For example, if K = PDSCH/PUSCH starting subframe index - PDCCH starting subframe index is defined, the UE must know when the 
PDCCH starts in order to successfully recognize when the PDSCH/PUSCH starts. 

In this case, the value of K can be fixed or configured to the UE through higher-layer signals such as MID, SIG, or RRC signals. At this 
time, the value of K can be set to always be equal to the number of PDCCH subframe bundles. In other words, after the transmission of 
the PDCCH subframe bundle is completed, the PDSCH/PUSCH subframe bundle can be transmitted from the next subframe.  Or, when 

a PDCCH bundle is configured with N subframes, the subframe location where the transmission of the PDCCH bundle starts and the 
subframe position where the transmission of the PDSCH/PUSCH bundle starts, K, can be fixed to N-1. In other words, the transmission 
of a PDSCH/PUSCH subframe bundle can start in the subframe where transmission of the PDCCH subframe bundle ends. 

Specifically, when a UE receives a UE-specific PDCCH bundle, or receives a PDCCH bundle through a USS (UE-specific search 
space), the UE can transmit A/N information about PDCCH reception to the eNodeB using uplink resources after G1 subframes as 
illustrated in <Figure 3>. Specifically, when a UE receives a UE-specific PDCCH bundle, or receives a PDCCH bundle through a USS 
(UE-specific search space), the UE can transmit A/N information about PDCCH reception to the eNodeB using uplink resources after 
G1 subframes as illustrated in <Figure 3>. At this time, the G1 value can be 4, and the A/N information can be transmitted through the 
A uplink subframe bundle. 

As shown in <Figure 3>, an eNodeBs that receive A/N information for PDCCH from the UE can transmit a PDSCH through D 
subframe bundles after a G2 subframeafter receiving A/N subframe bundles if the A/N information is ACK. The UE that has received a 
PDSCH bundle can transmit A/N information for the PDSCH through the A2 uplink subframe bundles after a G3 subframe after 
receiving all the PDSCHs. At this time, the values of Gl, G2, G3, A, and A1 may be fixed respectively, or configured to the UE through 
higher-layer signals such as MID, SIG, or RRC signals. Or, after the UE transmits the entire PUSCH bundle to the eNodeB, it can 
receive A/N information for the PUSCH through A2 uplink subframe bundles starting from the subframe after the G3 subframe. 
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At this time, the values of Gl, G2, G3, A, and A1 may be fixed respectively, or configured to the UE through higher-layer signals such 

as MID, SIG, or RRC signals. At this time, the values of N, D, A and A2 can be set to always be the same. At this time, the G2 value 

can be 4, and the G3 value can be 4 or the same value as when subframe bundling for PDSCH/PUSCH is not set. 

 

 

 
<Figure 3> 

Another way for an MTC UE with a coverage issue to transmit PDSCH may be as follows: PDCCHs transmitted through multiple 
subframe bundles for MTC UEs with coverage issues can only be transmitted through pre-agreed subframe locations. At this time, 
transmission of the PDSCH bundle through which the grant is transmitted via the corresponding PDCCH can start simultaneously from 
the subframe in which transmission of the corresponding PDCCH starts, as illustrated in <Figure 7>.     
At this time, during the subframe duration during which PDCCH and PDSCH are to be transmitted, the subframe may be included in a 
subframe in which PDSCH cannot be transmitted, such as a special subframe in which PDSCH cannot be transmitted in a TDD 
environment (e.g. special subframe configuration 0, 5). In this case, the following methods can be used for transmission of PDCCH and 
PDSCH. First, when PDCCH must be transmitted through N subframe bundles and PDSCH must be transmitted through D subframe 
bundles, PDCCH can be transmitted through N subframes in which PDCCH can be transmitted, as shown in <Figure 8>. At this time, 
the PDSCH can be transmitted through D subframes to which the PDSCH can be transmitted, except for subframes (e.g. special 
subframes) where the PDSCH cannot be transmitted.  

 
<Figure 7> 

 

 
<Figure 8> 
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When performing repetitive PDCCH transmissions to transmit PDCCHs to MTC UEs with coverage issues, there is a problem that 
the transmission delay and energy consumption for receiving them become too large. To address this, the present invention 
proposes that an MTC UE with coverage issue receives the PDSCH directly without receiving the PDCCH. Or, it is proposed that 
an MTC UE with a coverage issue transmits PUSCH directly without receiving PDCCH. 
 

For this purpose, an MTC UE with coverage issue can receive PDSCH transmitted itself through a specified area or transmit a 
PUSCH. At this time, the subframe area where the PDSCH is transmitted for the MTC UE with coverage issue can be defined by 
the PDSCH bundle transmission period, PDSCH bundle transmission offset, and PDSCH bundle size 'D' as shown in <Figure 4>. 
The UE additionally needs to know the RB area where PDSCH is transmitted in the subframe. 

At this time, each element defining PDSCH/PUSCH for MTC UEs where issue exists may be cell-specific or UE-specific. For cell-
specific  PDSCH/PUSCH transmission areas, they can be defined as predefined fixed areas. Or, it may be a value configured to a 
UE through a higher-layer signal such as a master information block (MIB), a system information block (SIB), or RRC signal. In 
the case of the transmission area of UE-specific  PDSCH/PUSCH, it can be configured to the UE through higher-layer signals such 
as RRC signals. At this time, even if a UE-specific PDSCH/PUSCH area is used, two or more UEs can be designated to use the 
same PDSCH/PUSCH area. For example, in order to set the PDSCH area for an MTC UE with a coverage issue, the value of the 
PDSCH bundle transmission period may be set cell-specifically and configured to the UE through higher-layer signals such as a 
master information block (MIB), a system information block (SIB), or RRC signal. In addition, PDSCH bundle transmission offset, 
PDSCH bundle size 'D', and RB region where PDSCH is transmitted within a subframe are set UE-specifically and can be 
configured to the UE through higher-layer signals such as RRC signals. At this time, the bundle transmission offset value can be 
specified in association with the UE’s ID (e.g. C-RNTI). For example, if a UE knows its own UE ID (e.g. C-RNTI), it can use it to 
estimate the bundle transmission offset value. 

 

 
<Figure 4> 

The PDSCH area for cell-specific data transmission, such as SIB, can be designated cell-specifically. The PDSCH area for UE-

specific data transmission, such as data transmission to a specific UE, may be designated cell-specifically or UE-specifically. In 
particular, when a UE receives cell-specific  data through a cell-specific PDSCH area, the UE can use SI-RNTI (i.e. MTC-SI-

RNTI) for MTC UEs with  coverage issues to receive it.  Or, when the UE receives UE-specific  data through a cell-specific or UE-
specific PDSCH area, the UE may use the C-RNTI to receive it. For example, MTC-SI-RNTI or C-RNTI can be used for the 

following processes: 

 Used for scrambling bits within the transport block or code block of the corresponding PDSCH 

 Used in the CRC attachment process for bits within the transport block or code block of the corresponding PDSCH. 
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 Scrambling the pseudo-random sequence for generating DM-RS transmitted through the RB area of the corresponding 

PDSCH using MTC-SI- RNTI 

 
Specifically, when a UE receives a UE-specific  PDSCH bundle , it can transmit the A/N information about PDSCH reception to 
the eNodeB using uplink resources after G3 subframes. At this time, the G3 value can be 4 or the same value as when subframe 
bundling for   PDSCH/PUSCH is not set, and the A/N information can be transmitted through the A1  uplink subframe bundle. 
Alternatively, characteristically, after the UE transmits the entire PUSCH bundle to the eNodeB, it can receive A/N information 
for the PUSCH through A2 uplink subframe bundles starting from the subframe after the G3 subframe.  The values of G3 and 
A1 can be fixed, respectively or configured to the UE through higher-layer signals such as MID, SIG, or RRC signals. 

 

 

 
 

When performing repetitive PDCCH transmissions to transmit PDCCHs to MTC UEs with coverage issues, there is a problem 
that the transmission delay and energy consumption for receiving them become too large.    
To this end, the present invention proposes to transmit shortened PDCCHs containing only information about whether PDSCH 
is transmitted or whether PDSCH is transmitted to MTC UEs with coverage issues. The UEs are provided with a small amount 
of information to determine whether PDSCH is transmitted to itself through shortened PDCCHs, and receive data through a 
defined PDSCH area when a PDSCH is transmitted to itself. For example, a shortened PDCCH may only contain information 
about the UE’s ID (e.g. C-RNTI) receiving the PDCCH. When a UE receives a PDCCH containing information about its UE ID 
(e.g. C-RNTI), it can assume that a PDSCH is transmitted to it. 
When transmitting data to an MTC UE with a coverage issue, if a shortened PDCCH is used, as illustrated in <FIG. 5>, if a 
shortened PDCCH for a specific UE is transmitted through a specific subframe, the PDSCH can be transmitted through D 
subframe bundles starting from the subframe in which the PDCCH is transmitted. In the case of Uplink, if shortened PDCCH for 
a particular UE is transmitted through a specific subframe, the UE that receives the PDCCH can transmit a PUSCH through D  
subframe bundles after 4 subframes. Shortened PDCCHs can be transmitted with information about the value of D, which is the 
number of bundles in which PDSCH is transmitted. 

 

 
<Figure 5> 

 
A UE that receives a shortened PDCCH can receive data transmitted to it through a designated PDSCH area. In order to 
designate a PDSCH area and to transmit data through the  PDSCH area, the techniques mentioned in 'B. No PDCCH 
transmission' can be applied.The PDSCH area can be cell-specific or UE-specific. In addition, the PDSCH area  for cell-specific 
data transmission, such as SIB, can be designated cell-specifically. The PDSCH area for UE-specific data transmission, such as 
data transmission to a specific UE, may be designated cell-specifically or UE-specifically. 
Or, the PDSCH area for an MTC UE with coverage issue may be determined based on the PDCCH area to which the shortened 
PDCCH is transmitted. For example, there may be a PDSCH area determined according to the PDCCH area, as shown in <FIG. 
6>. At this time, if the UE receives a shortened PDCCH transmitted to itself through the PDCCH 1 region, it can receive data 
through the PDSCH region associated with the PDCCH 1 region, and if the UE receives a shortened PDCCH transmitted to 
itself through the PDCCH 2 region, it can receive data through the PDSCH region associated with the PDCCH 2 region. 
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<Figure 6> 

 

Specifically, when a UE receives a UE-specific PDSCH bundle, it can transmit A/N information about PDSCH reception to the 
eNodeB using uplink resources after G3  subframes. At this time, the G3 value can be 4 or the same value as when subframe 
bundling for PDSCH/PUSCH is not set, and the A/N information can be transmitted through the A1 uplink subframe bundle. Or, 
after the UE transmits the entire PUSCH bundle to the eNodeB, it can receive A/N information for the PUSCH through A2 
uplink subframe bundles starting from the subframe after the G3 subframe.  The values of G3 and A1 can be fixed, respectively 
or configured to the UE through higher-layer signals such as MID, SIG, or RRC signals. 
 

 

 

As mentioned above, for MTC UEs, PDCCHs can be transmitted in the form of PDCCH bundles via multiple consecutive or 
non-consecutive subframes, and the transmission of such PDCCH bundles can start from a pre-determined subframe location. 

At this time, a problem may arise where the subframe in which the UE must receive the PDSCH bundle overlaps with the 
subframe where transmission of a new PDCCH bundle can begin. 
In this case, the UE can assume that no new PDCCH (which it should receive) is transmitted while receiving one PDSCH bundle 
as shown in (a) of <FIG. 9>. 
Or, if the subframe in which the UE is to receive a PDSCH bundle overlaps with the subframe in which transmission of a new 
PDCCH bundle can begin, the UE may stop receiving the PDSCH bundle it is receiving and attempt to receive a new PDCCH 
bundle, as illustrated in (b) of <FIG. 9>. Or, the UE may assume that a PDCCH bundle for another UE may be transmitted 
during the period in which the PDCCH bundle can be transmitted, and may stop receiving the PDSCH bundle that it is receiving 
and may not attempt to receive the PDCCH bundle. After completing the reception of the PDCCH bundle or after the subframe 
in which the PDCCH bundle is transmitted has elapsed, the UE can resume receiving the PDSCH bundle that was temporarily 
suspended. At this time, if the subframe in which the UE must receive the PDSCH bundle overlaps with the subframe in which 
transmission of a new PDCCH bundle can begin, and the UE stops receiving the PDSCH bundle and attempts to receive a new 
PDCCH bundle, the DL grant cannot be transmitted for the UE in the PDCCH bundle, and only the UL grant can be transmitted. 

When PDCCH is transmitted in the form of PDCCH bundles for MTCUE, and transmission of PDCCH bundle starts at a pre-
determined subframe location, a problem may occur where the timing of the subframe in which the UE is transmitting the 
PUSCH bundle overlaps with the timing of the subframe in which transmission of a new PDCCH bundle may start.    

In this case, the UE may assume that the PDCCH that it should receive is not transmitted while transmitting the PUSCH bundle, 
as shown in (a) of <FIG. 10>. 

Or, if the timing of the subframe in which  the PUSCH bundle must be transmitted overlaps with the timing of a subframe in 
which the transmission of a new PDCCH bundle can begin, the UE may attempt to transmit a PUSCH bundle and receive a new 
PDCCH bundle at the same time as illustrated in(b) of <FIG. 10>. At this time, the UE may assume that the UL grant is not 
transmitted to itself through the PDCCH bundle received while transmitting the PUSCH bundle. 
Or, in this case, the UE may attempt to receive a new PDCCH bundle at the same time as transmitting the PUSCH bundle, and at 

this time, the UE may assume that the UL grant is not transmitted to itself if the transmission of the PDCCH bundle is 
terminated before the transmission of the PUSCH bundle is terminated.  Or, the UE can assume that the UL grant is not 
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transmitted to itself if the transmission of the PDCCH bundle ends X subframes (e.g. X = 4) before the subframe in which the 

transmission of the PUSCH bundle ends. 

 

<Figure 9> 
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< FIG. 10> 

As shown in <FIG. 10>, the length of PDCCH bundle may have a value greater than the interval between subframe locations in 

which transmission of PDCCH bundle can start. In this case, the UE can assume that only one PDCCH is transmitted to it at a 

time. 

 

 
<FIG. 10> 

 

 

 
 

As mentioned earlier, for MTC UEs that require coverage enhancement, PDSCH can be transmitted over multiple consecutive or 
non-consecutive subframes. Similarly, for coverage enhancement of the  MTC UE, PBCH can be transmitted over multiple 
subframes. At this time, in addition to the existing PBCH transmitted to the center 6RB of 4 OFDM symbols (OFDM symbols 
#7 to #10), as shown in (a) of <Figure 12> on the OFDM symbol #0 in each 10 msec radio frame, an additional PBCH can be 
transmitted in subframes (subframes #1 to #9 in each 10 msec radio frame) where the existing PBCH is not transmitted.     At 
this time, the PBCHs that are transmitted to additional subframes may be transmitted through the RE resources through which 
the existing PBCH is transmitted, as shown in (a) of <FIG. 12>, or may be transmitted through the entire OFDM symbol area 
excluding the PDCCH area within the corresponding subframe, as illustrated in (b) of <Fig. 12>. At this time, in the present 
invention, a PBCH for an MTC UE that performs coverage enhancement transmitted as an additional subframe rather than the 
existing transmitted PBCH is called an additional PBCH. 

 

 



 

54 

 

 
< FIG. 12> 

 

 

When PBCH is transmitted over multiple subframes for MTC UEs that require coverage enhancement, legacy UEs are unaware 
of the existence of additional PBCHs transmitted through subframes where PBCH was not previously transmitted. Therefore, 
when the eNodeB transmits PDSCH (or EPDCCH) to a legacy UE in a subframe where an additional PBCH for an MTC UE 
performing coverage enhancement is transmitted,  the eNodeB must perform scheduling of the PDSCH (or EPDCCH) by 
avoiding the PRB region (e.g. center 6 PRB) where the additional PBCH is transmitted. 

When PBCH is transmitted over multiple subframes for an MTC UE requiring coverage enhancement, if PDSCH (or EPDCCH) 
is transmitted to the MTC UE in the subframe where the additional PBCH is transmitted,  scheduling of the PDSCH (or 
EPDCCH) can be performed by avoiding the PRB area (e.g. center 6 PRB) where the additional PBCH is transmitted. 

When a PBCH is transmitted over multiple subframes for an MTC UE that requires coverage enhancement, the MTC UE may 
be aware of the transmission of these additional PBCHs and the transmission resources. In this case, if the transmission PRB 
area of the additional PBCH and the PDSCH overlap when transmitting the PDSCH to the MTC UE, the eNodeB may not 
transmit the PDSCH to the MTC UE in that subframe. In other words, if the PRB area of the additional PBCH and the PDSCH 
overlap, the UE can assume that no PDSCH is transmitted in the subframe (it may not expect transmission of the PDSCH). Or, 
when transmitting a PDSCH to an MTCUE, if the transmission PRB area of the additional PBCH and the PDSCH overlap, the 
eNodeB can transmit the PDSCH to the MTC UE by rate-matching it for the RE area where the additional PBCH is transmitted 
in the corresponding subframe.  In other words, if the PRB area of the additional PBCH and the PDSCH overlap, the UE can 
assume that the PDSCH is transmitted in a rate-matched manner for the additional PBCH resource area in the corresponding 
subframe.     
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