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Fig. 6 schematically illustrates occupying positions of DMRS ports in REs according 

to an embodiment of the present disclosure; 

Fig. 7 schematically illustrates occupying positions of DMRS ports in REs according 

to an embodiment of the present disclosure; 

Fig. 8 schematically illustrates an exemplary downlink reference signal design 5 

according to an embodiment of the present disclosure; 

Fig. 9 schematically illustrates an exemplary downlink reference signal design 

according to an embodiment of the present disclosure; 

Fig. 10 schematically illustrates an exemplary uplink reference signal design 

according to an embodiment of the present disclosure; 10 

Fig. 11 schematically illustrates an exemplary uplink reference signal design 

according to an embodiment of the present disclosure; 

Fig. 12 illustrates a flowchart of a wireless communication method according to an 

embodiment of the present disclosure; 

Fig. 13 illustrates a flowchart of a wireless communication method according to an 15 

embodiment of the present disclosure; 

Fig. 14 schematically illustrates an exemplary downlink reference signal design 

according to an embodiment of the present disclosure; 

Fig. 15 schematically illustrates an exemplary downlink reference signal design 

according to an embodiment of the present disclosure; and 20 

Fig. 16 schematically illustrates an exemplary downlink reference signal design 

according to the embodiment of the present disclosure. 

 

 

DETAILED DESCRIPTION 25 

 

In the following detailed description, reference is made to the accompanying drawings, 

which form a part thereof.  In the drawings, similar symbols typically identify similar 

components, unless context dictates otherwise.  It will be readily understood that the 

aspects of the present disclosure can be arranged, substituted, combined, and 30 



5 

 

designed in a wide variety of different configurations, all of which are explicitly 

contemplated and make part of this disclosure. 

 

Latency reduction is a topic in 3GPP RAN1 and a main method is to reduce TTI length 

for example from 14 OFDM symbols (1 ms) to 1-7 OFDM symbols so that transmission 5 

latency can be reduced.  In addition, coexistence with legacy UE should be kept so 

shortened TTI design is still within legacy subframe/frame.  Fig.1 shows some 

examples of TTI length reduction.  In Fig. 1, from the top to the bottom, the first plot 

shows normal TTIs, that is, the TTI length is one subframe; the second plot shows 

shortened TTIs whose length is 1 slot (7 OFMD symbols); the third plot shows 10 

shortened TTIs whose length is 4 or 3 OFDM symbols (for example, the first and the 

third TTIs in a subframe have 4 OFDM symbols, and the second and the fourth TTIs 

have 3 OFDM symbols); the fourth plot shows shortened TTIs whose length is 1 OFDM 

symbol. 

 15 

How to design reference signals (RSs) is one of issues related to shortened TTIs. 

Signaling overhead, performance degradation and latency reduction guarantee can be 

main factors to consider for RS design. 

 

In an embodiment of the present disclosure, it is proposed to map at least a first type of 20 

RSs onto OFDM symbol(s) other than the OFDM symbols onto which shortened TTIs 

are mapped in a subframe.  In other words, at least one type of RSs can be mapped 

onto resource elements (REs) that are not in the OFDM symbols of shortened TTIs. 

 

Accordingly, an embodiment of the present disclosure provides a wireless 25 

communication device 200.  Fig. 2 schematically illustrates a block diagram of wireless 

communication device 200 according to an embodiment of the present disclosure.  The 

communication device 200 can comprise: circuitry 201 operative to map at least a first 

type of RSs onto OFDM symbol(s) other than the OFDM symbols onto which shortened 
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TTIs are mapped in a subframe; and a transmitter 202 operative to transmit a physical 

channel in one of the shortened TTIs and transmit at least the first type of RSs. 

 

It is noted that the wireless communication device 200 can be an eNode B (eNB) or a 

user equipment (UE) depending on whether the transmission is downlink transmission 5 

or an uplink transmission.  In the downlink transmission, the wireless communication 

200 can be an eNB or the like, and the first type of RSs can be any RS suitable for 

downlink, such as DMRS (DeModulation Reference Signal), CSI-RS (Channel Status 

Information-Reference Signal), CRS (Cell-Specific Reference Signal) and so on.  In the 

uplink transmission, the wireless communication 200 can be a UE or the like, and the 10 

first type of RSs can be any RS suitable for uplink, such as DMRS and SRS (Sounding 

Reference Signal). 

 

The OFDM symbol(s) for the first type of RSs can be located at any position without 

shortened TTI mapped in the subframe.  For example, each shortened TTI can be 15 

placed after the OFDM symbol(s) with the first type of RSs associated with said 

shortened TTI, that is, the first type of RSs are placed earlier than their associated 

shortened TTI(s).  According to this example, since the RSs are detected first, the 

following shortened TTI(s) can be demodulated successfully based on the information 

of the detected RSs, thus guaranteeing latency reduction. 20 

 

The OFDM symbol(s) for the first type of RSs can be one or more OFDM symbols, and 

if there are multiple OFDM symbols for the first type of RSs, they can be adjacent to 

each other, or spaced from each other.  When they are spaced from each other, the 

RSs can be closer to their associated shortened TTI(s), and thus the demodulation 25 

performance can be improved. 

 

In an embodiment, same OFDM symbol(s) are shared by multiple shortened TTIs to 

map their associated RSs of the first type.  According to this embodiment, not every 
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shortened TTI need separate OFDM symbol(s) to map its associated RSs of the first 

type; therefore, overhead can be reduced. 

 

In addition, in an embodiment, the position of the OFDM symbol(s) for transmitting the 

first type of RSs can depend on the length of the PDCCH region in the subframe. For 5 

example, if the PDCCH occupies the 1st OFDM symbol in a subframe, the OFDM 

symbol(s) for the first type of RSs can start from the 2nd OFDM symbol.  If the PDCCH 

occupies the first two OFDM symbols in the subframe, the OFDM symbol(s) for the first 

type of RSs can start from the third OFDM symbol in the same subframe. 

 10 

The wireless communication device 200 also comprises a transmitter 202 as 

mentioned in the above.  The transmitter 202 is operative to transmit the first type of 

RSs and other RSs if any and also transmit a physical channel in one of the shortened 

TTIs.  The physical channel can be any channel that is suitable to transmit in the 

shortened TTI, for example, a channel for control information or a channel for data. 15 

 

In addition, as shown in Fig. 2, the wireless communication device 200 according to the 

present disclosure may optionally include a CPU (Central Processing Unit) 210 for 

executing related programs to process various data and control operations of 

respective units in the wireless communication device 200, a ROM (Read Only Memory) 20 

213 for storing various programs required for performing various process and control by 

the CPU 210, a RAM (Random Access Memory) 215 for storing intermediate data 

temporarily produced in the procedure of process and control by the CPU 210, and/or a 

storage unit 217 for storing various programs, data and so on. The above circuitry 201, 

and transmitter 202, CPU 210, ROM 213, RAM 215 and/or storage unit 217 etc. may 25 

be interconnected via data and/or command bus 220 and transfer signals between one 

another. 

 

Respective components as described above do not limit the scope of the present 

disclosure. According to one implementation of the disclosure, the functions of the 30 



8 

 

above circuitry 201 and transmitter 202 may be implemented by hardware, and the 

above CPU 210, ROM 213, RAM 215 and/or storage unit 217 may not be necessary.  

Alternatively, the functions of the above circuitry 201 and transmitter 202 may also be 

implemented by functional software in combination with the above CPU 210, ROM 213, 

RAM 215 and/or storage unit 217 etc. 5 

 

Corresponding to the above wireless communication device 200, an embodiment of the 

present disclosure also provide a wireless communication method 300 which can be 

performed by the wireless communication device 200.  Fig. 3 illustrates a flowchart of 

the wireless communication method 300 according to an embodiment of the present 10 

disclosure.  The wireless communication method 300 can comprise: a step 301 of 

mapping at least a first type of RSs onto OFDM symbol(s) other than the OFDM 

symbols onto which shortened TTIs are mapped in a subframe; and a step 302 of 

transmitting a physical channel in one of the shortened TTIs and transmitting at least 

the first type of RSs.  It is noted that the description and the benefits of the device 200 15 

can also be applied to the method 300, which will not be repeated here. 

 

Accordingly, at a receiving side, embodiments of the present disclosure provide a 

wireless communication method and a wireless communication device performing the 

method at the receiving side.  It is noted that, referring to the transmission side, the 20 

communication device at the receiving side can also be a UE or an eNB depending on 

whether the transmission is downlink transmission or an uplink transmission. 

 

Fig. 4 illustrates a flowchart of a wireless communication method 400 at the receiving 

side according to an embodiment of the present disclosure.  The method 400 25 

comprises: a step 401 of receiving at least a first type of RSs and receiving a physical 

channel in a shortened TTI which comprises 1-7 OFDM symbols; and a step 402 of 

demodulating the physical channel based on at least the first type of RSs, wherein the 

first type of RSs are mapped onto OFDM symbol(s) onto which no shortened TTIs are 

mapped.  Accordingly, a wireless communication device at the receiving side can 30 
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comprise: a receiver operative to receive at least a first type of RSs and receive a 

physical channel in a shortened TTI which comprises1-7 OFDM symbols; and circuitry 

operative to demodulate the physical channel based on at least the first type of RSs, 

wherein the first type of RSs are mapped onto OFDM symbol(s) onto which no 

shortened TTIs are mapped.  It is noted the above details on the transmission side can 5 

also be applied to the receiving side unless the context indicates otherwise.  In 

particular, the schematic structure of the wireless communication device at the 

receiving side can be similar to Fig. 2 except that the transmitter 202 is replaced by the 

receiver. 

 10 

In the following, several specific instances related to the above embodiments will be 

described in detail in order to make the present disclosure be easily understood by 

those skilled in the art. 

 

Fig. 5 schematically illustrates an exemplary downlink reference signal design 15 

according to an embodiment of the present disclosure.  In this embodiment, it is 

assumed that the first type of RSs is DMRS, and the length of the shortened TTIs is 1 

OFDM symbol.  In the subframe shown in Fig. 5, 14 OFDM symbols which are #0 to 

#13 in sequence are present, OFDM symbol #0 is used for PDCCH (Physical Downlink 

Control Channel), two CRS ports occupy 16 REs, the DMRSs are mapped onto 16 REs 20 

(those REs are denoted as REs 1-16 in Fig. 5 ) in OFDM symbols #1 and #2 which are 

not the OFDM symbols for the shortened TTIs, and the OFDM symbols #1 and #2 can 

be shared by multiple shortened TTIs after the OFDM symbols #1 and #2.  Here, 

OFDM symbols #1 and #2 being shared by multiple shortened TTIs can mean that 

each shortened TTI has its own DMRSs in respective separate REs in those OFDM 25 

symbols.  For example, each shortened TTI has two related DMRSs in two separate 

REs.  As shown in Fig. 5, the DMRSs in REs 1 and 5 can be associated with sTTI0, the 

DMRSs in REs 2 and 6 can be associated with sTTI1, and so on. Alternatively, OFDM 

symbols #1 and #2 being shared by multiple shortened TTIs can mean that the DMRSs 

for some or all the shortened TTIs in the subframe can be code division-multiplexed.  30 
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For example, REs 1 to 8 in combination carries the DMRSs for sTTI0 to sTTI3, and 

those DMRSs are not separated in frequency domain but are separated in the code 

domain.  Alternatively, OFDM symbols #1 and #2 being shared by multiple shortened 

TTIs can mean that some or all the shortened TTIs can use the same DMRSs.  For 

example, sTTI0 and sTTI1 can use the same DMRSs mapped onto the REs 1 and 5. 5 

According to this embodiment, the average overhead can be reduced, demodulation 

performance can be improved, and latency reduction gain is kept. 

 

In the embodiment of Fig. 5, the DMRSs in the OFDM symbol(s) shared by the multiple 

shortened TTIs can be used to multiplex multiple DMRS ports each of which is 10 

associated with one or more of the multiple shortened TTIs.  For example, assuming 8 

DMRS ports (rank 8) are supported, there can be two ways to multiplex those DMRS 

ports.  In a first way, each DMRS port occupies for example two separate REs.  Fig. 6 

schematically illustrates occupying positions of DMRS ports in REs in an example.  Fig. 

6 is a cutout from Fig. 5, which depicts the REs which are mapped with DMRSs in Fig. 15 

5, wherein the numbers after “#” represent DMRS port numbers.  In the example of Fig. 

6, each of DMRS ports #7-#14 occupies two REs, for example, DMRS port #7 occupies 

REs 1 and 5, DMRS port #8 occupies REs 9 and 13, and so on, as shown in Fig. 5 and 

6.  In a second way, several DMRS port can jointly occupy the same multiple REs, and 

those several DMRS ports are code division-multiplexed in the multiple REs.  Fig. 7 20 

schematically illustrates occupying positions of DMRS ports in REs in another example.  

In the example of Fig. 7, the DMRS ports #7, #9, #11 and #13 are code division-

multiplexed rather than frequency division-multiplexed in REs 1-8 in the left OFDM 

symbol in Fig. 7, and the DMRS ports #8, #10, #12 and #14 are code-division 

multiplexed in REs 9-16 in the right OFDM symbol in Fig. 7.  In both of the above ways, 25 

each DMRS port can be associated with one or more shortened TTIs. 

 

In order for a UE to demodulate the physical channel in each shortened TTI, the UE 

needs to know the position and the usage of the DMRS ports for it.  Herein, the position 

of the DMRS ports means which REs the DMRS ports occupy and how they are 30 



11 

 

multiplexed in those REs, and the usage of the DMRS ports means which shortened 

TTI is associated with which DMRS port.  In one example, the position and/or the 

usage of the DMRS ports can be indicated in downlink channel information (DCI) 

transmitted in the PDCCH.  In this example, the configuration of DMRS ports is flexible, 

and several UEs can share the same DMRSs.  It is noted that the position or the usage 5 

which is not indicated by the DCI in this example can be fixed by specification or 

configured by the medium access control (MAC) or radio resource control (RRC) layer.  

In another example, the position and the usage of the DMRS ports can be fixed by 

specification or configured by the MAC or RRC layer.  In this embodiment, the DCI can 

be transmitted in the PDCCH or in a shortened TTI, and the overhead is reduced.  10 

According to this example, there should be a mapping between DMRS ports and the 

shortened TTIs to be demodulated.  For example, port #7 is associated with sTTI0, port 

#8 is associated with sTTI1, and so on.  In yet another example, the position of the 

DMRS ports can be fixed by specification or configured by the MAC or RRC layer, DCI 

can be transmitted in a shortened TTI whose associated DMRS port is fixed by 15 

specification or configured by MAC or RRC layer, and the usage of the DMRS ports 

other than the DMRS port that is associated with the DCI is indicated in the DCI.  In this 

example, only the DMRS port for the shortened TTI of the DCI is fixed or configured in 

advance, and the usage of the other DMRS ports can be indicated in the DCI.  

Therefore, it balances flexibility and overhead. 20 

 

In another embodiment, a second type of RSs which are CSI-RSs can be mapped onto 

the same OFDM symbol(s) as the DMRSs.  Fig. 8 schematically illustrates an 

exemplary downlink reference signal design according to the embodiment of the 

present disclosure.  The example shown in Fig. 8 is similar to the example shown in Fig. 25 

5 except that CSI-RSs are considered and they are mapped onto the same OFDM 

symbols as DMRSs.  In such a way, CSI-RS overhead is saved.  As an alternative to 

Fig. 8, the CSI-RSs for the shortened TTIs can also be located in the last one or two 

OFDM symbols in the subframe, which avoids impact on normal data transmission in 

the shortened TTIs. 30 
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In the embodiments shown in Fig. 5 and Fig. 8, the two OFDM symbols for DMRSs are 

adjacent to each other.  In another embodiment, the OFDM symbols for DMRSs are 

spaced from each other such that the DMRSs are closer to the shortened TTIs to be 

demodulated.  Fig. 9 schematically illustrates an exemplary downlink reference signal 5 

design according to this embodiment of the present disclosure.  In this embodiment, the 

length of the shortened TTIs is also assumed to be 1 OFDM symbol, but the DMRSs 

are mapped onto OFDM symbols #1 and #8 respectively.  The DMRSs in the OFDM 

symbol #1 can be associated with the shortened TTIs following the OFDM symbol #1 

but earlier than the OFDM symbol #8, and the DMRSs in the OFDM symbol #8 can be 10 

associated with the shortened TTIs following the OFDM symbol #8.  Therefore, the 

shortened TTIs to be demodulated are closer to their associated DMRSs, and thus 

demodulation performance can be improved in addition to reduced averaged overhead 

and guaranteed latency reduction gain.  In addition, in the embodiment, the DMRSs in 

the OFDM symbol #1 or #8 shared by the multiple shortened TTIs can also be used to 15 

multiplex multiple DMRS ports.  For example, assuming rank 4 is supported, DMRS 

ports #7, #9, #11 and #13 are located in the OFDM symbol #1 and used for the 

shortened TTIs in OFDM symbols #2-#7, and DMRS ports #8, #10, #12 and #14 are 

located in the OFDM symbol #8 and used for the shortened TTIs in OFDM symbols #9-

#13. 20 

 

In the above, several embodiments relating to downlink are described, and in the 

following, embodiments relating to uplink will be described.  It is noted that the details 

described for the downlink may be applied to the uplink unless the context indicates 

otherwise, and vice verse. 25 

 

Fig. 10 schematically illustrates an exemplary uplink reference signal design according 

to an embodiment of the present disclosure.  In this embodiment, the first type of RSs 

(DMRSs in this embodiment) are always mapped onto the start OFDM symbol (#0) of 

the subframe.  Therefore, different UEs can share the same OFDM symbol for the 30 
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DMRSs.  For example, as shown in Fig. 10, a first UE can transmit DMRSs in OFDM 

symbol #0 and data in OFDM symbol #3, and a second UE can transmit DMRSs in 

OFDM symbol #0 and data in OFDM symbol #6.  The DMRSs for different UEs can be 

orthogonal based on sequence property.  In such a way, PAPR (Peak to Average 

Power Ratio) is small since there is no multiplexing between data and RSs in the same 5 

OFDM symbol.  In addition, this embodiment also keeps latency reduction gain and 

reduces RS overhead.  Alternatively, the first type of RSs (DMRSs in this embodiment) 

can be always mapped onto any other OFDM symbol of the subframe while preserving 

the above benefits.  For example, the DMRSs can be always mapped onto a middle 

OFDM symbol (for example, symbol #6 or #7) such that the demodulation performance 10 

can be further improved. 

 

Alternatively, for uplink, the first type of RSs associated with each shortened TTI can be 

mapped onto the OFDM symbol(s) adjacent to said shortened TTI.  Fig. 11 

schematically illustrates another exemplary uplink reference signal design according to 15 

an embodiment of the present disclosure.  In this embodiment, it is assumed that the 

shortened TTI has four OFDM symbols.  It can be seen from Fig. 11 that the OFDM 

symbol with the DMRSs is OFDM symbol #4 which is right after the shortened TTI in 

OFDM symbols #0-#3. In such a way, it is possible to further improve demodulation 

performance since DMRSs are closer to the shortened TTI to be demodulated.  20 

Obviously, the OFDM symbol(s) for DMRSs can also be put right before its associated 

shortened TTI. 

 

In another embodiment of the present disclosure, it is proposed that at most one type of 

RSs from CRSs and DMRSs in each TTI in a subframe, and the RSs within the OFDM 25 

symbol(s) of or before the shorten TTI transmitting a physical channel being used to 

demodulate the physical channel at a receiving side.  In this embodiment, if a 

shortened TTI includes CRSs, it will not include DMRSs, and the shortened TTI can be 

demodulated by the CRSs in it.  If a shortened TTI includes DMRSs, it will not include 

CRSs, and the shortened TTI can be demodulated by the DMRSs in it. If a shortened 30 
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TTI includes none of DMRSs and CRSs, the shortened TTI can be demodulated by 

RSs (DMRSs or CRSs) in other OFDM symbol(s) before the shorten TTI.  In addition, 

some CRSs and some DMRSs in the subframe can be jointly used to demodulate a 

shortened TTI. 

 5 

Accordingly, an embodiment of the present disclosure provides a wireless 

communication device comprising: circuitry operative to map at most one type of RSs 

from CRSs and DMRSs in each shorten TTI in a subframe; and a transmitter operative 

to transmit a physical channel in a shorten TTI, the RSs within the OFDM symbol(s) of 

or before the shorten TTI transmitting the physical channel being used to demodulate 10 

the physical channel at a receiving side.  The structure of the wireless communication 

device in this embodiment is similar to the structure shown in Fig. 2, which will not be 

repeated here.  It is noted that the transmission in this embodiment is usually a 

downlink transmission, and the wireless communication device can be an eNB or the 

like.  Fig. 12 illustrates a flowchart of a wireless communication method 1200 15 

performed by the above wireless communication device according to an embodiment of 

the present disclosure.  The method 1200 can comprise a step 1201 of mapping at 

most one type of RSs from CRSs and DMRSs in each shorten TTI in a subframe; and a 

step 1202 of transmitting a physical channel in a shorten TTI, the RSs within the OFDM 

symbol(s) of or before the shorten TTI transmitting the physical channel being used to 20 

demodulate the physical channel at a receiving side. 

 

At a receiving side, embodiments of the present disclosure provide a wireless 

communication method and a wireless communication device performing the method at 

the receiving side.  It is noted that, referring to the transmission side, the 25 

communication device at the receiving side can be a UE or the like.  Fig. 13 illustrates a 

flowchart of a wireless communication method 1300 at the receiving side according to 

an embodiment of the present disclosure.  The method 1300 comprises: a step 1301 of 

receiving a physical channel in a shorten TTI; and a step 1302 of demodulating the 

physical channel based on RSs within OFDM symbol(s) of or before the shorten TTI, 30 
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wherein at most one type of RSs from CRSs and DMRSs are mapped in each shorten 

TTI in a subframe, and each shortened TTI comprises 1-7 OFDM symbols.  

Accordingly, a wireless communication device at the receiving side can comprise: a 

receiver operative to receive a physical channel in a shorten TTI; and circuitry operative 

to demodulate the physical channel based on RSs within OFDM symbol(s) of or before 5 

the shorten TTI, wherein at most one type of RSs from CRSs and DMRSs are mapped 

in each shorten TTI in a subframe, and each shortened TTI comprises 1-7 OFDM 

symbols.  It is noted the above details on the transmission side can also be applied to 

the receiving side unless the context indicates otherwise.  In particular, the schematic 

structure of the wireless communication device at the receiving side can be similar to 10 

Fig. 2 except that the transmitter 202 is replaced by the receiver. 

 

In the following, several specific instances related to the above embodiments will be 

described in detail in order to make the present disclosure be easily understood by 

those skilled in the art. 15 

 

In one embodiment, either CRSs or DMRSs are mapped in each shorten TTI, and the 

CRSs or DMRSs in the shorten TTI transmitting the physical channel is used to 

demodulate the physical channel.  Fig. 14 schematically illustrates an exemplary 

downlink reference signal design according to the embodiment of the present 20 

disclosure.  In this embodiment, it is assumed that the length of the shortened TTI is 

one OFDM symbol, and legacy CRSs are used.  It can be seen that the shortened TTIs 

that have legacy CRSs do not include DMRSs, and those shortened TTIs that do not 

have legacy CRSs include DMRSs.  In this case, different shortened TTIs use different 

types of RSs for demodulation.  The shortened TTIs which only include CRSs will use 25 

CRSs for demodulation, and the shortened TTIs which only include DMRS will use 

DMRSs for demodulation.  Different shortened TTIs may use different transmission 

schemes for demodulation.  The benefit of such an approach is that the RS overhead 

can be further reduced since DMRSs are not transmitted in some OFDM symbols. 

 30 
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Fig. 15 schematically illustrates another exemplary downlink reference signal design 

according to the embodiment of the present disclosure.  The difference between Fig. 15 

and Fig. 14 is that the length of the shortened TTIs is 2 OFDM symbols in Fig. 15, and 

thus the DMRSs are not necessarily transmitted in every OFDM symbol of the 

shortened TTI without CRSs.  Obviously, the DMRSs can also be transmitted in every 5 

OFDM symbol of the shortened TTI without CRSs.  Similar to Fig. 14, the RS overhead 

can  be reduced. 

 

In another embodiment, CRSs are mapped in some shorten TTIs; neither CRSs nor 

DMRSs are mapped in the other shorten TTIs; and the CRSs in one OFDM symbol are 10 

used to demodulate multiple OFDM symbols which are not earlier than said one OFDM 

symbol, or all CRSs that are not later than each shorten TTI are used to demodulate 

said shorten TTI.  Fig. 16 schematically illustrates an exemplary downlink reference 

signal design according to the embodiment of the present disclosure.  In this 

embodiment, it is assumed that the length of the shortened TTI is one OFDM symbol, 15 

and legacy CRSs are used.  It can be seen that no DMRSs are transmitted, and a 

shortened TTI without RSs can be demodulated by CRSs in one nearest OFDM symbol 

before said shortened TTI or can be demodulated by all CRSs that are not later than 

said shortened TTI.  In such a manner, RS overhead can be largely reduced and 

latency reduction gain can be guaranteed. 20 

 

The present disclosure can be realized by software, hardware, or software in 

cooperation with hardware. Each functional block used in the description of each 

embodiment described above can be realized by an LSI as an integrated circuit, and 

each process described in the each embodiment may be controlled by LSI. They may 25 

be individually formed as chips, or one chip may be formed so as to include a part or all 

of the functional blocks. They may include a data input and output coupled thereto. The 

LSI here may be referred to as an IC, a system LSI, a super LSI, or an ultra LSI 

depending on a difference in the degree of integration. However, the technique of 

implementing an integrated circuit is not limited to the LSI and may be realized by using 30 
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a dedicated circuit or a general-purpose processor. In addition, a FPGA (Field 

Programmable Gate Array) that can be programmed after the manufacture of the LSI or 

a reconfigurable processor in which the connections and the settings of circuits cells 

disposed inside the LSI can be reconfigured may be used. 

 5 

It is noted that the present disclosure intends to be variously changed or modified by 

those skilled in the art based on the description presented in the specification and 

known technologies without departing from the content and the scope of the present 

disclosure, and such changes and applications fall within the scope that claimed to be 

protected.  Furthermore, in a range not departing from the content of the disclosure, the 10 

constituent elements of the above-described embodiments may be arbitrarily combined. 

 

Embodiments of the present disclosure can at least provide the following subject 

matters. 

(1). A wireless communication device comprising: 15 

circuitry operative to map at least a first type of reference signals (RSs) onto 

orthogonal frequency division multiplexing (OFDM) symbol(s) other than the OFDM 

symbols onto which shortened transmission time intervals (TTIs) are mapped in a 

subframe, each of the shortened TTIs comprising 1-7 OFDM symbols; and 

a transmitter operative to transmit a physical channel in one of the shortened 20 

TTIs and transmit at least the first type of RSs. 

(2). The wireless communication device according to (1), wherein 

same OFDM symbol(s) are shared by multiple shortened TTIs to map their 

associated RSs of the first type. 

(3). The wireless communication device according to any of (1)-(2), wherein 25 

each shortened TTI is placed after the OFDM symbol(s) with the first type of 

RSs associated with said shortened TTI. 

(4). The wireless communication device according to any of (1)-(3), wherein 

two or more OFDM symbols in the subframe are used to map the first type of 

RSs; and 30 
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the two or more OFDM symbols are spaced from each other. 

(5). The wireless communication device according to any of (1)-(4), wherein the 

position of the OFDM symbol(s) to transmit the first type of RSs depends on the length 

of the physical downlink control channel (PDCCH) region in the subframe. 

(6). The wireless communication device according to any of (2)-(5), wherein 5 

the first type of RSs are demodulation reference signals (DMRSs); and 

the DMRSs in the OFDM symbol(s) shared by the multiple shortened TTIs are 

used to multiplex multiple DMRS ports each of which is associated with one or more of 

the multiple shortened TTIs. 

(7). The wireless communication device according to (6), wherein 10 

the position and/or the usage of the DMRS ports are indicated in downlink 

channel information (DCI) transmitted in a physical downlink control channel (PDCCH). 

(8). The wireless communication device according to (6), wherein 

the position and the usage of the DMRS ports are fixed by specification or 

configured by the medium access control (MAC) or radio resource control (RRC) layer. 15 

(9). The wireless communication device according to (6), wherein 

the position of the DMRS ports is fixed by specification or configured by the 

MAC or RRC layer; 

DCI is transmitted in a shortened TTI whose associated DMRS port is fixed by 

specification or configured by MAC or RRC layer; and 20 

 the usage of the DMRS ports other than the DMRS port that is associated with 

the DCI is indicated in the DCI. 

(10). The wireless communication device according to any of (1)-(9), wherein 

the first type of RSs are demodulation reference signals (DMRSs); and 

a second type of RSs which are channel status information-reference signals 25 

(CSI-RSs) are mapped onto the same OFDM symbol(s) as the DMRSs. 

(11). The wireless communication device according to any of (1)-(4), wherein 

the transmission performed by the transmitter is uplink transmission; and 

the first type of RSs are always mapped onto the start OFDM symbol of the 

subframe. 30 
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(12). The wireless communication device according to any of (1)-(4), wherein 

the transmission performed by the transmitter is uplink transmission; and 

the first type of RSs associated with each shortened TTI are mapped onto the 

OFDM symbol(s) adjacent to said shortened TTI. 

(13). A wireless communication method comprising: 5 

mapping at least a first type of reference signals (RSs) onto orthogonal 

frequency division multiplexing (OFDM) symbol(s) other than the OFDM symbols onto 

which shortened transmission time intervals (TTIs) are mapped in a subframe, each of 

the shortened TTIs comprising 1-7 OFDM symbols; and 

transmitting a physical channel in one of the shortened TTIs and transmitting at 10 

least the first type of RSs. 

(14). The wireless communication method according to (13), wherein 

same OFDM symbol(s) are shared by multiple shortened TTIs to map their 

associated RSs of the first type. 

(15). The wireless communication method according to any of (13)-(14), wherein 15 

each shortened TTI is placed after the OFDM symbol(s) with the first type of 

RSs associated with said shortened TTI. 

(16). The wireless communication method according to any of (13)-(15), wherein 

two or more OFDM symbols in the subframe are used to map the first type of 

RSs; and 20 

the two or more OFDM symbols are spaced from each other. 

(17). The wireless communication method according to any of (13)-(16), wherein 

the position of the OFDM symbol(s) to transmit the first type of RSs depends on the 

length of the physical downlink control channel (PDCCH) region in the subframe. 

(18). The wireless communication method according to any of (14)-(17), wherein 25 

the first type of RSs are demodulation reference signals (DMRSs); and 

the DMRSs in the OFDM symbol(s) shared by the multiple shortened TTIs are 

used to multiplex multiple DMRS ports each of which is associated with one or more of 

the multiple shortened TTIs. 

(19). The wireless communication method according to (18), wherein 30 
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the position and/or the usage of the DMRS ports are indicated in downlink 

channel information (DCI) transmitted in a physical downlink control channel (PDCCH). 

(20). The wireless communication method according to (18), wherein 

the position and the usage of the DMRS ports are fixed by specification or 

configured by the medium access control (MAC) or radio resource control (RRC) layer. 5 

(21). The wireless communication method according to (18), wherein 

the position of the DMRS ports is fixed by specification or configured by the 

MAC or RRC layer; 

DCI is transmitted in a shortened TTI whose associated DMRS port is fixed by 

specification or configured by MAC or RRC layer; and 10 

 the usage of the DMRS ports other than the DMRS port that is associated with 

the DCI is indicated in the DCI. 

(22). The wireless communication method according to any of (13)-(21), wherein 

the first type of RSs are demodulation reference signals (DMRSs); and 

a second type of RSs which are channel status information-reference signals 15 

(CSI-RSs) are mapped onto the same OFDM symbol(s) as the DMRSs. 

(23). The wireless communication method according to any of (13)-(16), wherein 

the transmission is uplink transmission; and 

the first type of RSs are always mapped onto the start OFDM symbol of the 

subframe. 20 

(24). The wireless communication method according to any of (13)-(16), wherein 

the transmission is uplink transmission; and 

the first type of RSs associated with each shortened TTI are mapped onto the 

OFDM symbol(s) adjacent to said shortened TTI. 

(25). A wireless communication device comprising: 25 

a receiver operative to receive at least a first type of reference signals (RSs) and 

receive a physical channel in a shortened transmission time interval (TTI) which 

comprises1-7 orthogonal frequency division multiplexing (OFDM) symbols; and 

circuitry operative to demodulate the physical channel based on at least the first 

type of RSs, wherein 30 
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the first type of RSs are mapped onto OFDM symbol(s) onto which no shortened 

TTIs are mapped. 

(26). The wireless communication device according to (25), wherein 

same OFDM symbol(s) are shared by multiple shortened TTIs to map their 

associated RSs of the first type. 5 

(27). The wireless communication device according to any of (25)-(26), wherein 

each shortened TTI is placed after the OFDM symbol(s) with the first type of 

RSs associated with said shortened TTI. 

(28). The wireless communication device according to any of (25)-(27), wherein 

two or more OFDM symbols in the subframe are used to map the first type of 10 

RSs; and 

the two or more OFDM symbols are spaced from each other. 

(29). The wireless communication device according to any of (25)-(28), wherein 

the position of the OFDM symbol(s) to map the first type of RSs depends on the length 

of the physical downlink control channel (PDCCH) region in the subframe. 15 

(30). The wireless communication device according to any of (26)-(29), wherein 

the first type of RSs are demodulation reference signals (DMRSs); and 

the DMRSs in the OFDM symbol(s) shared by the multiple shortened TTIs are 

used to multiplex multiple DMRS ports each of which is associated with one or more of 

the multiple shortened TTIs. 20 

(31). The wireless communication device according to (30), wherein 

the position and/or the usage of the DMRS ports are indicated in downlink 

channel information (DCI) transmitted in a physical downlink control channel (PDCCH). 

(32). The wireless communication device according to (30), wherein 

the position and the usage of the DMRS ports are fixed by specification or 25 

configured by the medium access control (MAC) or radio resource control (RRC) layer. 

(33). The wireless communication device according to (30), wherein 

the position of the DMRS ports is fixed by specification or configured by the 

MAC or RRC layer; 
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DCI is transmitted in a shortened TTI whose associated DMRS port is fixed by 

specification or configured by MAC or RRC layer; and 

 the usage of the DMRS ports other than the DMRS port that is associated with 

the DCI is indicated in the DCI. 

(34). The wireless communication device according to any of (25)-(33), wherein 5 

the first type of RSs are demodulation reference signals (DMRSs); and 

a second type of RSs which are channel status information-reference signals 

(CSI-RSs) are mapped onto the same OFDM symbol(s) as the DMRSs. 

(35). The wireless communication device according to any of (25)-(28), wherein 

the receiving is in uplink; and 10 

the first type of RSs are always mapped onto the start OFDM symbol of the 

subframe. 

(36). The wireless communication device according to any of (25)-(28), wherein 

the receiving is in uplink; and 

the first type of RSs associated with each shortened TTI are mapped onto the 15 

OFDM symbol(s) adjacent to said shortened TTI. 

(37). A wireless communication method comprising: 

receiving at least a first type of reference signals (RSs) and receiving a physical 

channel in a shortened transmission time interval (TTI) which comprises 1-7 orthogonal 

frequency division multiplexing (OFDM) symbols; and 20 

demodulating the physical channel based on at least the first type of RSs, 

wherein 

the first type of RSs are mapped onto OFDM symbol(s) onto which no shortened 

TTIs are mapped. 

(38). The wireless communication method according to (37), wherein 25 

same OFDM symbol(s) are shared by multiple shortened TTIs to map their 

associated RSs of the first type. 

(39). The wireless communication method according to any of (37)-(38), wherein 

each shortened TTI is placed after the OFDM symbol(s) with the first type of 

RSs associated with said shortened TTI. 30 
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(40). The wireless communication method according to any of (37)-(39), wherein 

two or more OFDM symbols in the subframe are used to map the first type of 

RSs; and 

the two or more OFDM symbols are spaced from each other. 

(41). The wireless communication method according to any of (37)-(40), wherein 5 

the position of the OFDM symbol(s) to map the first type of RSs depends on the length 

of the physical downlink control channel (PDCCH) region in the subframe. 

(42). The wireless communication method according to any of (37)-(41), wherein 

the first type of RSs are demodulation reference signals (DMRSs); and 

the DMRSs in the OFDM symbol(s) shared by the multiple shortened TTIs are 10 

used to multiplex multiple DMRS ports each of which is associated with one or more of 

the multiple shortened TTIs. 

(43). The wireless communication method according to (42), wherein 

the position and/or the usage of the DMRS ports are indicated in downlink 

channel information (DCI) transmitted in a physical downlink control channel (PDCCH). 15 

(44). The wireless communication method according to (42), wherein 

the position and the usage of the DMRS ports are fixed by specification or 

configured by the medium access control (MAC) or radio resource control (RRC) layer. 

(45). The wireless communication method according to (42), wherein 

the position of the DMRS ports is fixed by specification or configured by the 20 

MAC or RRC layer; 

DCI is transmitted in a shortened TTI whose associated DMRS port is fixed by 

specification or configured by MAC or RRC layer; and 

 the usage of the DMRS ports other than the DMRS port that is associated with 

the DCI is indicated in the DCI. 25 

(46). The wireless communication method according to any of (37)-(45), wherein 

the first type of RSs are demodulation reference signals (DMRSs); and 

a second type of RSs which are channel status information-reference signals 

(CSI-RSs) are mapped onto the same OFDM symbol(s) as the DMRSs. 

(47). The wireless communication method according to any of (37)-(40), wherein 30 
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the receiving is in uplink; and 

the first type of RSs are always mapped onto the start OFDM symbol of the 

subframe. 

(48). The wireless communication method according to any of (37)-(40), wherein 

the receiving is in uplink; and 5 

the first type of RSs associated with each shortened TTI are mapped onto the 

OFDM symbol(s) adjacent to said shortened TTI. 

(49). A wireless communication device comprising: 

circuitry operative to map at most one type of reference signals (RSs) from cell-

specific reference signals (CRSs) and demodulation reference signals (DMRSs) in 10 

each shorten transmission time interval (TTI) in a subframe, each shortened TTI 

comprising 1-7 orthogonal frequency division multiplexing (OFDM) symbols; and 

a transmitter operative to transmit a physical channel in a shorten TTI, the RSs 

within the OFDM symbol(s) of or before the shorten TTI transmitting the physical 

channel being used to demodulate the physical channel at a receiving side. 15 

(50). The wireless communication device according to (49), wherein 

either CRSs or DMRSs are mapped in each shorten TTI, and 

the CRSs or DMRSs in the shorten TTI transmitting the physical channel is used 

to demodulate the physical channel. 

(51). The wireless communication device according to (49), wherein 20 

 CRSs are mapped in some shorten TTIs;  

neither CRSs nor DMRSs are mapped in the other shorten TTIs; and 

the CRSs in one OFDM symbol are used to demodulate multiple OFDM symbols 

which are not earlier than said one OFDM symbol, or all CRSs that are not later than 

each shorten TTI are used to demodulate said shorten TTI. 25 

(52). A wireless communication method comprising: 

mapping at most one type of reference signals (RSs) from cell-specific reference 

signals (CRSs) and demodulation reference signals (DMRSs) in each shorten 

transmission time interval (TTI) in a subframe, each shortened TTI comprising 1-7 

orthogonal frequency division multiplexing (OFDM) symbols; and 30 
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transmitting a physical channel in a shorten TTI, the RSs within the OFDM 

symbol(s) of or before the shorten TTI transmitting the physical channel being used to 

demodulate the physical channel at a receiving side. 

(53). The wireless communication method according to (52), wherein 

either CRSs or DMRSs are mapped in each shorten TTI, and 5 

the CRSs or DMRSs in the shorten TTI transmitting the physical channel is used 

to demodulate the physical channel. 

(54). The wireless communication method according to (52), wherein 

 CRSs are mapped in some shorten TTIs;  

neither CRSs nor DMRSs are mapped in the other shorten TTIs; and 10 

the CRSs in one OFDM symbol are used to demodulate multiple OFDM symbols 

which are not earlier than said one OFDM symbol, or all CRSs that are not later than 

each shorten TTI are used to demodulate said shorten TTI. 

(55). A wireless communication device comprising: 

a receiver operative to receive a physical channel in a shorten transmission time 15 

interval (TTI); and 

circuitry operative to demodulate the physical channel based on reference 

signals (RSs) within orthogonal frequency division multiplexing (OFDM) symbol(s) of or 

before the shorten TTI, wherein 

at most one type of RSs from cell-specific reference signals (CRSs) and 20 

demodulation reference signals (DMRSs) are mapped in each shorten TTI in a 

subframe, and each shortened TTI comprises 1-7 OFDM symbols. 

(56). The wireless communication device according to (55), wherein 

either CRSs or DMRSs are mapped in each shorten TTI, and 

the CRSs or DMRSs in the shorten TTI transmitting the physical channel is used 25 

to demodulate the physical channel. 

(57). The wireless communication device according to (55), wherein 

 CRSs are mapped in some shorten TTIs;  

neither CRSs nor DMRSs are mapped in the other shorten TTIs; and 



26 

 

the CRSs in one OFDM symbol are used to demodulate multiple OFDM symbols 

which are not earlier than said one OFDM symbol, or all CRSs that are not later than 

each shorten TTI are used to demodulate said shorten TTI. 

(58). A wireless communication method comprising: 

receiving a physical channel in a shorten transmission time interval (TTI); and 5 

demodulating the physical channel based on reference signals (RSs) within 

orthogonal frequency division multiplexing (OFDM) symbol(s) of or before the shorten 

TTI, wherein 

at most one type of RSs from cell-specific reference signals (CRSs) and 

demodulation reference signals (DMRSs) are mapped in each shorten TTI in a 10 

subframe, and each shortened TTI comprises 1-7 OFDM symbols. 

(59). The wireless communication method according to (58), wherein 

either CRSs or DMRSs are mapped in each shorten TTI, and 

the CRSs or DMRSs in the shorten TTI transmitting the physical channel is used 

to demodulate the physical channel. 15 

(60). The wireless communication method according to (58), wherein 

 CRSs are mapped in some shorten TTIs;  

neither CRSs nor DMRSs are mapped in the other shorten TTIs; and 

the CRSs in one OFDM symbol are used to demodulate multiple OFDM symbols 

which are not earlier than said one OFDM symbol, or all CRSs that are not later than 20 

each shorten TTI are used to demodulate said shorten TTI. 

 

In addition, embodiments of the present disclosure can also provide an integrated 

circuit which comprises module(s) for performing the step(s) in the above respective 

communication methods.  Further, embodiments of the present can also provide a 25 

computer readable storage medium having stored thereon a computer program 

containing a program code which, when executed on a computing device, performs the 

step(s) of the above respective communication methods. 
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