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(57) ABSTRACT 

A terminal device free of interference between an RACH and 
a PUSCH or the like even when a base station device with a 
large coverage is installed. In the device, a configuration 
number extraction unit (103) extracts a configuration number 
from a BCH received by a BCH reception unit (102). A 
control unit (104) determines the corresponding RACH for 
mat (the necessity of repetition, the CP length TCP, the sec 
ond preamble length TPRE2, and the GT length TGT) accord 
ing to the configuration number, notifies a repetition unit 
(109) of the result of the judgment of necessity of repetition, 
notifies the repetition unit (109) of the second preamble 
length TPRE2, notifies a CP addition unit (110) of the CP 
length TCP, and notifies a GT addition unit (112) of the GT 
length TGT. When the repetition unit (109) receives the noti 
fication of performing the repetition, it performs the repeti 
tion according to the second preamble length received from a 
TPRE2 determination section (154). The CP addition unit 
(110) produces a CP according to the CP length received from 
a TCP determination section (155). 
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TERMINAL DEVICE AND BASE STATION 
DEVICE 

TECHNICAL FIELD 

0001. The present invention relates to a terminal apparatus 
and a base station apparatus that carry out radio communica 
tion. 

BACKGROUND ART 

0002 FIG. 1 is a diagram illustrating a slot for RACH 
(Random Access Channel) (Access Slot) and a slot for SCH 
(Shared Channel) (Time Slot) defined in a W-CDMA (Wide 
band Code Division Multiple Access) system. For both slots, 
one frame is 10 msec. The access slot uses a portion result 
ing from dividing two frames into 14 portions as a transmis 
sion unit for RACH. On the other hand, the time slot uses a 
portion resulting from dividing one frame into 14 portions as 
a transmission unit for SCH. Therefore, the transmission unit 
for RACH is twice as long as SCH. 
0003. The access slot and time slot operate in parallel 
temporally. That is, RACH and SCH may be received simul 
taneously by a base station apparatus. However, since the 3G 
(third-generation) adopts the CDMA scheme, and RACH and 
SCH are spectrum-spread with spread codes which are 
orthogonal to each other, the base station apparatus can 
demodulate RACH and SCH. 
0004. On the other hand, the 3GPP Long Term Evolution 
(hereinafter referred to as “LTE') is currently studying about 
a base station apparatus having a wide range communicable 
area (coverage). When the base station apparatus secures a 
wide range coverage, a timing of receiving a signal transmit 
ted from each terminal apparatus significantly differs from 
each other, depending on the positional relationship between 
the base station apparatus and each terminal apparatus. For 
example, the propagation delay of a terminal apparatus 
located in the vicinity of a base station apparatus decreases 
because the distance between the base station apparatus and 
the terminal apparatus is Small. On the other hand, the propa 
gation delay of a terminal apparatus located at an end point 
(cell edge) of the communicable area increases because the 
distance between the base station apparatus and the terminal 
apparatus is large. 
0005 According to the LTE, a base station can control 
transmission timing of a terminal apparatus arbitrarily by 
using a time alignment function. And therefore, regarding a 
channel transmitted from a terminal apparatus after a connec 
tion between the base station apparatus and the terminal appa 
ratus is established, i.e. PUSCH (Physical Uplink Shared 
Channel) and PUCCH (Physical Uplink Control Channel), 
differences in propagation delays among terminal appara 
tuses are not considerable. 

0006 Non-Patent Document 1: TS25.211 pp. 13-15 

DISCLOSURE OF INVENTION 

Problems to be Solved by the Invention 

0007. However, since the time alignment function does 
not work at the time of establishment of an initial connection, 
differences in propagation delays among terminal appara 
tuses pose a big problem when the base station apparatus 
secures a wide range coverage. Hereinafter, this problem will 
be explained using the accompanying drawings. 
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0008 FIG. 2 is a system configuration diagram showing a 
case where two terminal apparatuses are located within a 
coverage of one base station apparatus. In FIG. 2, Suppose 
terminal apparatus A is located in the vicinity of the base 
station apparatus and terminal apparatus B is located at a cell 
edge. First, terminal apparatuses A and B perform a cell 
search using P-SCH (Primary Synchronization Channel) 
regularly transmitted from the base station apparatus. Each 
terminal apparatus A or B then sets a transmission timing of 
RACH based on a reception timing of P-SCH acquired in the 
cell search processing, transmits RACH to the base station 
apparatus at this transmission timing and makes a connection 
request. At the stage where the base station apparatus receives 
RACH, a connection between the base station apparatus and 
the terminal apparatus is established. 
0009 FIG. 3 illustrates a lapse of time after the base sta 
tion apparatus transmits P-SCH until receiving RACH. Sup 
pose the base station apparatus transmits P-SCH at time T. 
Terminal apparatuses A and B perform a cell search using this 
P-SCH and detect a reception timing of P-SCH. However, 
since apparatuses A and B have different distances from the 
base station apparatus, terminal apparatus A and terminal 
apparatus B have different reception timings of P-SCH. Ter 
minal apparatuses A and B transmit RACH based on the 
reception timings of P-SCH. The base station apparatus 
detects respective reception timingST and T of RACH, 
measures respective propagation delayST, and T, of 
terminal apparatuses A and B and instructs terminal appara 
tuses A and B to adjust an uplink transmission timing as time 
alignment. 
0010 Thus, since an initial time alignment is performed in 
an RACH sequence, a propagation delay between uplink and 
downlink needs to be secured. Here, assuming that the cov 
erage of the base station apparatus is a circle and the radius 
(cell radius) is Dm and the velocity of light is cm/s) for 
simplicity, the propagation delay T. between uplink and 
downlink becomes as shown in equation 1 below. For 
example, when the cell radius is 15 km, the propagation 
delay Tibetween uplink and downlink becomes 0.1 mSec. 

2D Equation 1 TPD = -sec (Equation 1) 
C 

0011 FIG. 4 is a diagram illustrating a first frame format 
(Format No. =1) of an uplink of the LTE, the upperpart of FIG. 
4 illustrates a frame configuration and the lower part of FIG. 
4 illustrates a RACH configuration. One frame is 10 msec 
long and is made up often transmission unit TTIs (Transmis 
sion Time Interval). Of the ten TTIs, the first TTI is assigned 
to RACH and the remaining TTIs are assigned to PUSCH or 
PUCCH. 
0012 Since the time alignment function is not working 
during a RACH sequence, 0.1 msec is secured for CP (Cy 
clic Prefix) and GT (Guard Time) respectively. Here, “CP” 
refers to a redundant portion, which is a copy made of the last 
part of a symbol and added to the head of the symbol, to 
prevent the influence of a delay wave. On the other hand, 
“preamble' is an initial connection request signal portion 
generated according to a certain generation rule and the base 
station detects this preamble to thereby detect a connection 
request from the terminal apparatus. Furthermore, "GT is an 
interval during which no data is transmitted (non-transmis 
sion section). Note that, CP and GT of PUSCH and PUCCH 
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are respectively defined as 4.69 usec and 0 usec in the 
LTE, because the time alignment function is working on 
them. 
0013 With the effect of the addition of CP, it is possible to 
secure the gain of correlation detection of RACH preamble 
even if there is any uplink/downlink propagation delay. Fur 
thermore, with the effect of the addition of GT, interference 
with neighboring TTIs can be avoided. According to a frame 
format of FIG. 4 a coverage having 0.1 msec propagation 
delay between the uplink and downlink, that is, a coverage 
having a cell radius of up to 15 km can be secured. 
0014) To secure an area of a wider range, the 3GPP is also 
currently proposing a second frame format (Format No. 2) 
shown in FIG.5 as an option in addition to FIG. 4. According 
to this frame format, as shown in the upper part of FIG. 5, first 
two TTIs of the frame are assigned to RACH, and as shown in 
the lower part of FIG. 5, 0.2 msec is secured for CP and GT 
respectively and preambles each having 0.8 msec long are 
repeatedly arranged (Repetition) as the preamble section. 
0015. A calculation result according to equation 1 above 
shows that a coverage having a cell radius of 30 km is 
secured according to the frame format in FIG. 5. 
0016. However, installations of base station apparatuses 
with greater coverage are sought after in foreign countries, 
because, differently from Japan, those countries have many 
topographic features which afford quite unobstructed views. 
0017. There is an agreement in the LTE that a base station 
apparatus broadcasts a 4-bit configuration number (informa 
tion about the cell radius) according to the cell radius to a 
terminal apparatus and the terminal apparatus thereby trans 
mits RACH corresponding to the configuration number. FIG. 
6 is a diagram illustrating examples of configuration numbers 
proposed in R1-072330. In this example, a cell radius of a 
maximum 115.8 km is proposed. 
0018 When a coverage having a cell radius of 115.8 km 

is secured according to the frame format shown in FIG. 5, the 
RACH transmitted by a terminal apparatus located in the 
vicinity of the cell edge may temporally overlap with PUSCH 
or PUCCH transmitted by another terminal apparatus located 
in the vicinity of the base station apparatus due to an uplink/ 
downlink propagation delay. 
0019 Moreover, the LTE adopts the SC-FDMA (Single 
Carrier-Frequency Division Multiple Access) scheme as an 
uplink modulation scheme and does not perform spectrum 
spreading as with the 3G, and therefore there is a necessity for 
adopting measures to prevent interference (temporal overlap 
ping) between RACH and PUSCH, for example. 
0020. The present invention provides a terminal apparatus 
and a base station apparatus capable of avoiding interference 
between RACH and channels other than RACH (e.g., 
PUSCH) even if a base station apparatus having a relatively 
large coverage is installed. 

Means for Solving the Problem 
0021. The terminal apparatus of the present invention 
includes: a configuration including a receiving section that 
receives information transmitted from a base station appara 
tus about a cell radius within which a base station apparatus 
broadcast, that is transmitted by the base station apparatus; a 
control section that sets a length of a non-transmission inter 
val included in RACH (Random Access Channel) transmitted 
to the base station apparatus based on a configuration number 
included in the information BCH (Broadcast Channel) 
received by the receiving section; and a RACH transmitting 
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section that transmits, to the base station apparatus, the 
RACH including the non-transmission interval having the 
length set by the control section. 
0022. The base station apparatus of the present invention 
performs mapping scheduling on data transmitted by each 
terminal apparatus using a channel other than RACH (Ran 
dom. Access Channel). The base station apparatus includes a 
mapping determining section that performs, when a cell 
radius is greater than a predetermined threshold, mapping 
scheduling so that any channel other than the RACH is not 
assigned to a TTI (Transmission Time Interval) next to a TTI 
to which the RACH can be assigned. 

Advantageous Effects of Invention 
0023. According to the present invention, the terminal 
apparatus adjusts the length of GT according to the informa 
tion about the cell radius or the base station apparatus per 
forms scheduling beforehand so that no channels other than 
RACH (e.g., channel such as PUSCH) are assigned to a 
region which is likely to receive interference, and it is thereby 
possible to prevent interference between RACH and channels 
other than RACH even if a base station apparatus having a 
large coverage is installed. 

BRIEF DESCRIPTION OF DRAWINGS 

0024 FIG. 1 is a diagram illustrating a slot for RACH and 
a slot for SCH in the 3G: 
0025 FIG. 2 is a system configuration diagram when two 
terminal apparatuses exist within a coverage of one base 
station apparatus; 
0026 FIG. 3 is a diagram illustrating a lapse of time after 
a base station apparatus transmits P-SCH until receipt of 
RACH: 
0027 FIG. 4 is a diagram illustrating a first frame format 
of an uplink of the LTE: 
0028 FIG. 5 is a diagram illustrating a second frame for 
mat of an uplink of the LTE: 
0029 FIG. 6 is a diagram illustrating examples of configu 
ration numbers proposed in R1-072330; 
0030 FIG. 7 is a block diagram illustrating main compo 
nents of a terminal apparatus according to Embodiment 1 of 
the present invention; 
0031 FIG. 8 is a diagram illustrating an example of a table 
stored in the control section of the terminal apparatus accord 
ing to Embodiment 1 of the present invention; 
0032 FIG. 9 is a flowchart illustrating a flow of RACH 
transmission processing by the terminal apparatus according 
to Embodiment 1 of the present invention; 
0033 FIG. 10 is a diagram illustrating a frame format 
having configuration number is 13 according to Embodiment 
1 of the present invention; 
0034 FIG. 11 is a diagram illustrating an example of a 
table stored in the control section of the terminal apparatus 
according to Embodiment 1 of the present invention; 
0035 FIG. 12 is a diagram illustrating a frame format 
having configuration number is 13 according to Embodiment 
1 of the present invention; 
0036 FIG. 13 is a block diagram illustrating main com 
ponents of a base station apparatus according to Embodiment 
1 of the present invention; 
0037 FIG. 14 is a block diagram illustrating main com 
ponents of a base station apparatus according to Embodiment 
2 of the present invention; 
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0038 FIG. 15 is a diagram illustrating an example of map 
ping by a mapping determining section of the base station 
apparatus according to Embodiment 2 of the present inven 
tion; and 
0039 FIG. 16 is a block diagram illustrating main com 
ponents of a terminal apparatus according to Embodiment 2 
of the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0040. Hereinafter, embodiments of the present invention 
will be explained in detail with reference to the accompany 
ing drawings. 

Embodiment 1 

0041. A case will be explained in Embodiment 1 of the 
present invention where a terminal apparatus adjusts a format 
of RACH and a length of GT transmitted from a base station 
apparatus, based on a configuration number broadcast 
through BCH (Broadcast Channel) and thereby prevents 
interference between RACH and PUSCH and so forth. 
0042 FIG. 7 is a block diagram illustrating main compo 
nents of the terminal apparatus according to the present 
embodiment. As shown in FIG. 7, to transmit RACH, termi 
nal apparatus 100 according to the present embodiment 
includes P-SCH receiving section 101, BCH receiving sec 
tion 102, configuration number extraction section 103, con 
trol section 104, preamble generation section 105, DFT sec 
tion 106, frequency domain mapping section 107, IDFT 
section 108, repetition section 109, CP adding section 110. 
time windowing adding section 111, GT adding section 112, 
RF section 113 and antenna114. Furthermore, control section 
104 includes uplink transmission timing determining section 
151, format number determining section 152, repetition 
necessity determining section 153. To determining sec 
tion 154, T determining section 155 and T determining 
Section 156. 
0043 P-SCH receiving section 101 receives P-SCH 
broadcast from the base station apparatus and outputs the 
P-SCH to control section 104. BCH receiving section 102 
receives BCH periodically broadcast from the base station 
apparatus and outputs the BCH to configuration number 
extraction section 103. 
0044 Configuration number extraction section 103 
extracts a 4-bit configuration number from the BCH received 
by BCH receiving section 102 and outputs the configuration 
number to control section 104. 
0045. Uplink transmission timing determining section 
151 of control section 104 determines an uplink transmission 
timing of RACH based on a reception timing of the P-SCH 
reception and reports the uplink transmission timing to pre 
amble generation section 105. 
0046. Furthermore, format number determining section 
152 of control section 104 randomly determines preamble 
information (root index number of preamble, amount of 
cyclic shift, frequency domain mapping information), reports 
the root index number of preamble and the amount of cyclic 
shift to preamble generation section 105 and reports the fre 
quency domain mapping information to frequency domain 
mapping section 107. Here, the frequency domain mapping 
information is information that indicates a frequency domain 
in which RACH is mapped. 
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0047. Furthermore, control section 104 stores a table 
shown in FIG. 8 in an inner memory, determines the corre 
sponding RACH format (whether or not to perform repeti 
tion, CP length T. second preamble length T, GT 
length T?) based on the configuration number extracted by 
configuration number extraction section 103 and reports the 
RACH format to each function block. To be more specific, 
repetition necessity determining section 153 determines 
whether or not to perform repetition and reports the deter 
mined repetition necessity result to repetition section 109. 
Furthermore, T, determining section 154 determines sec 
ond preamble length T. and reports the determined result 
to repetition section 109. Furthermore, Te determining sec 
tion 155 determines CP length T. and reports the deter 
mined result to CP adding section 110. Furthermore, T. 
determining section 156 determines GT length T. and 
reports the determined result to GT adding section 112. The 
method of setting the length of GT of the table shown in FIG. 
8 will be explained below. The total length of RACH is set to 
a fixed value beforehand. When the cell radius of the base 
station apparatus exceeds 30 km, that is, when the configu 
ration number is equal to or greater than 12 in FIG. 8, if 0.2 
msec is secured for the length of CP and the length of the 
second preamble is set to be equal to the length of the first 
preamble, the length of GT becomes less than the total value 
of the downlink propagation delay time and the uplink propa 
gation delay time. Therefore, in FIG.8 of the present embodi 
ment, in order to make the length of GT is equal to or greater 
than the total value of the downlink propagation delay time 
and the uplink propagation delay time, 0.2 msec is secured 
for the length of CP and the length of the second preamble is 
set to be smaller than the length of the first preamble. 
0048 Preamble generation section 105 generates the pre 
amble based on: the uplink transmission timing determined 
by uplink transmission timing determining section 151; and 
the root index number and the amount of cyclic shift reported 
from format number determining section 152, and outputs the 
preamble to DFT section 106. Here, preamble sequence a (k) 
is expressed by equation 2 below. 

(Equation 2) A. 
0049 u in equation 2 above denotes a root index number. 
Furthermore, N. denotes a sequence length and is always 
constant regardless of the configuration number. There is an 
agreement of N=839 in the LTE. 
0050 DFT section 106 performs N. point discrete Fourier 
transform (DFT) on the preamble sequence, thereby convert 
the preamble sequence to a frequency domain and outputs the 
preamble sequence to frequency domain mapping section 
107. 
0051 Frequency domain mapping section 107 maps the 
output signal of DFT section 106 to a predetermined region 
on the frequency axis according to the frequency domain 
mapping information reported from format number determin 
ing section 152 and outputs the output signal to IDFT section 
108. 
0052 IDFT section 108 performs No point discrete 
inverse Fourier transform (IDFT) on the output signal of 
frequency domain mapping section 107, thereby restores the 
output signal back to a time domain signal and outputs the 
output signal to repetition section 109. Here, N2N. 
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0053 Repetition section 109 operates according to the 
determined repetition necessity result reported from repeti 
tion necessity determining section 153. That is upon receiv 
ing a report that repetition will not be performed, repetition 
section 109 performs no processing on the output signal of 
IDFT section 108 and outputs the output signal to CP adding 
section 110 as is. On the other hand, upon receiving a report 
that repetition will be performed, repetition section 109 per 
forms repetition processing on the output signal of IDFT 
section 108 according to the second preamble length reported 
from Te determining section 154 and outputs the output 
signal to CP adding section 110. 
0054 CP adding section 110 copies the last halfportion of 
the preamble of the output signal of repetition section 109 
based on the CP length reported from T. determining sec 
tion 155, creates a CP and adds this to the start of the pre 
amble. 
0055 Time windowing adding section 111 performs, for 
example, raised cosine windowing processing on the output 
signal of CP adding section 110 and thereby performs pro 
cessing of making the symbol end be terminated with 0. 
0056 GT adding section 112 adds a non-transmission 
interval to the output signal of time windowing adding section 
111 based on the GT length reported from T. determining 
Section 156. 
0057 RF section 113 converts the frequency band of the 
output signal of GT adding section 112 to a high frequency 
band and then transmits the high frequency signal from 
antenna 114 to the base station apparatus. 
0058 Next, the flow of RACH transmission processing in 
the terminal apparatus according to the present embodiment 
will be explained using a flowchart in FIG. 9. 
0059) Immediately after power is turned ON for example, 
terminal apparatus 100 performs a cell search as initial-stage 
processing. To be more specific, terminal apparatus 100 per 
forms the first step processing of the cell search using P-SCH 
broadcast from the base station apparatus and detects Syn 
chronization timing (ST201, ST202). When synchronization 
is established successfully (ST202;YES), terminal apparatus 
100 then performs the second step processing of the cell 
search using S-SCH (Secondary Synchronization Channel) 
broadcast from the base station apparatus and detects a code 
group (ST203, ST204). When the code group is detected 
successfully (ST204, YES), terminal apparatus 100 finally 
performs the third-stage processing of the cell search and 
detects a cell ID (ST205, ST206). After completion of the 
above processing, the terminal apparatus 100 become able to 
receive a downlink signal. 
0060 Next, terminal apparatus 100 receives BCH periodi 
cally broadcast from the base station apparatus and detects a 
4-bit configuration number Nc (ST207, ST208). 
0061 Next, terminal apparatus 100 determines a RACH 
format (whether or not to perform repetition, CP length T, 
second preamble length T, GT length.T.) from the table 
shown in FIG. 8 stored in the control section beforehand 
based on the configuration number. To be more specific, when 
the configuration number is equal to or less than 7 (ST209; 
YES), since the cell radius is equal to or less than 15 km), 
terminal apparatus 100 does not perform repetition process 
ing as the frame format shown in FIG. 4 (Format No. 1, 
repetition=Disable), sets the CP length to 0.2 msec (T-0. 
2), the second preamble length to Omsec (TO) and the 
GT length to 0.1 msec (T-0.1) (ST210). On the other 
hand, when the configuration number is equal to or more than 
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8 and equal to or less than 11 (ST209; NO, ST211; YES), 
since the cell radius is equal to or more than 15 km and equal 
to or less than 30 km, terminal apparatus 100 performs 
repetition processing as the frame format shown in FIG. 5 
(Format No. 2, repetition-Enable) to set the CP length to 0.2 
msec (T-0.2), second preamble length to 0.8 msec 
(T=0.8) and GT length to 0.2msec (T-0.2) (ST212). 
On the other hand, when the configuration number is 12 
(ST211; N0, ST213: Nc=12), terminal apparatus 100 per 
forms repetition processing (Format No.-2, repetition-En 
able) to set the CP length to 0.2 msec (T-0.2), second 
preamble length to 0.7 msec (T-0.7) and GT length to 
0.3 msec (T-0.3) (ST214). On the other hand, when the 
configuration number is 13 (ST211; N0, ST213; Nc=13), 
terminal apparatus 100 performs repetition processing (For 
mat No. 2, repetition-Enable) to set the CP length to 0.2 
msec (T-0.2), second preamble length to 0.6 msec 
(T=0.6) and GT length to 0.4msec (T-0.4) (ST215). 
On the other hand, when the configuration number is 14 
(ST211: NO, ST213: Nc=14), terminal apparatus 100 per 
forms repetition processing (Format No.-2, 
repetition-Enable), sets the CP length to 0.2 msec (T-0. 
2), second preamble length to 0.2msec (T-0.2) and GT 
length to 0.8 msec (T=0.8) (ST216). 
0062. In this way, when the configuration number is 12 to 
14, since the cell radius is equal to or greater than 30 km), GT 
needs to be further increased with respect to the frame format 
in FIG. 5. Since those configuration numbers have the cell 
radii 38.0, 57.4 and 115.8 km), respectively, the respective 
uplink/downlink propagation delays are 0.253, 0.383 and 
0.772 msec from equation 1 above, and therefore GT needs 
to be greater than these values to avoid interference. The 
present embodiment sets the GT lengths to 0.3, 0.4 and 0.8 
msec respectively. 
0063 As an example of this, a frame format having a 
configuration number of 13 is shown in FIG. 10. Between 
FIG. 5 and FIG. 10, the frame format is the same but the 
RACH configuration is different. In FIG. 10, instead of set 
ting the GT length to 0.4 mSec, the repeated second pre 
amble portion is reduced by 0.2 msec from the tail end 
thereof, so that the total length of RACH becomes 2.0msec. 
0064. In the above example, it is described that the second 
preamble portion is shortened to increase GT while maintain 
ing the total length of RACH, but CP may also be shortened 
instead of shortening the second preamble portion. The rela 
tionship between the configuration number and each param 
eter is shown in FIG. 11 in this case, and the frame format 
having a configuration number of 13 is shown in FIG. 12. 
Between FIG.5 and FIG. 12, the frame format is the same but 
the RACH configuration is different. In FIG. 12, instead of 
setting the length of GT to 0.4 msec, CP is reduced by 0.2 
msec, so that the totallength of RACH becomes 2.0 m.sec. 
0065. The frame format in FIG. 12 will be explained in 
detail below. When the cell radius of the base station appara 
tus exceeds 30km. that is, when the configuration number is 
equal to or greater than 12, if an attempt is made to secure 0.2 
msec for the CP length and secure the length of the second 
preamble portion is the same as that of the first preamble 
portion, the GT length will be less than the total value of the 
downlink propagation delay time and the uplink propagation 
delay time. Therefore, in FIG. 12 of the present embodiment, 
the same length as the length of the first preamble is secured 
for the second preamble such that the GT length becomes 
equal to or greater than the total value of the downlink propa 



US 2012/0004.002 A1 

gation delay time and the uplink propagation delay time, 
while CP is set to be shorter than 0.2 msec (FIG. 12 shows 
a case where the CP length is set to Omsec). 
0066. Here, when CP is reduced preferentially, CP is pref 
erably reduced from the head of CP. This is because the 
continuity between CP and the preamble can thereby be 
secured. When the amount of reduction is still not enough 
even after all CP is reduced, the length of the second preamble 
may be shortened. When the length of the second preamble is 
shortened, the length of the second preamble is preferably 
reduced from the tail end of the second preamble. 
0067 Next, preamble reception processing of RACH in 
the base station apparatus according to the present embodi 
ment will be explained. FIG. 13 is a block diagram illustrating 
main components of the base station apparatus according to 
the present embodiment. As shown in FIG. 13, base station 
apparatus 300 according to the present embodiment includes 
antenna 301, RF section 302, storage section 303, preamble 
extraction section 304, combination section 305, DFT section 
306, preamble replica generation section 307, correlation 
calculation section 308, IDFT section 309 and preamble 
detection section 310. Furthermore, storage section 303 
stores repetition necessity information, root index set, cyclic 
shift set, mapping set and preamble detection threshold. 
0068 RF section 302 converts a high frequency signal 
received by antenna 301 to a baseband signal. 
0069 Preamble extraction section 304 determines a time 
window based on the repetition necessity information stored 
beforehand in storage section 303. That is, preamble extrac 
tion section 304 provides one time window when no repeti 
tion is performed and provides two time windows when rep 
etition is performed. Preamble extraction section 304 then 
extracts a preamble portion from the output signal of RF 
section 302 in the time window. 
0070 Combination section 305 operates only when rep 
etition is performed and coherently combines preambles 
extracted in the two time windows. This allows a combination 
gain up to 3 dB to be obtained. 
0071 DFT section 306 transforms the output signal of 
combination section 305 into a frequency domain by N 
point DFT. 
0072 Preamble replica generation section 307 uses the 
root index set, the cyclic shift set and the mapping set preset 
in storage section 303 and generates all replicas that can be 
generated by all combinations of these sets. 
0073 Correlation calculation section 308 performs a fre 
quency domain correlation calculation on the output signal of 
DFT section 306 with all preamble replicas generated by 
preamble replica generation section 307. IDFT section 309 
converts the respective correlation results to time domain 
signals through N. point IDFT. 
0074 Preamble detection section 310 performs a pre 
amble detection on the output signal of IDFT section 309. To 
be more specific, when there is a correlation value that 
exceeds a predetermined preamble detection threshold, pre 
amble detection section 310 assumes that a preamble has 
been received. 
0075 Thus, according to the present embodiment, since 
the configuration number and the cell radius correspond one 
to-one, the terminal apparatus adjusts the format of RACH 
and the length of GT according to the configuration number. 
By this means, even if a base station apparatus having a large 
coverage is installed, it is possible to avoid interference 
between RACH and channels other than RACH. To increase 
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GT while maintaining the total length of RACH, the second 
preamble portion may be shortened or CP may be shortened. 
0076. A case has been illustrated in the present embodi 
ment where RACH is made up of a first preamble and a 
second preamble, but the present invention is not limited to 
this and is also applicable to a configuration where a TTI 
length for RACH is extended and a third preamble is dis 
posed. In this case, by deleting the tail end of the third pre 
amble or CP, it is possible to adjust the total length of RACH 
to within the prescribed TTI length without producing dis 
continuous points between preambles. 

Embodiment 2 

(0077. Embodiment 2 of the present invention will describe 
a case where a base station apparatus performs scheduling 
beforehand so that channels such as PUSCH are not assigned 
to a region (Restricted Block; RB) which is likely to receive 
interference thereby prevent interference between RACH and 
PUSCH or the like. 
0078 FIG. 14 is a block diagram showing main compo 
nents of a base station apparatus according to the present 
embodiment. As shown in FIG. 14, base station apparatus 400 
according to the present embodiment includes SRS receiving 
section 401, uplink quality measuring section 402, schedul 
ing section 403, RB determining section 404, mapping deter 
mining section 405, PDCCH generation section 406, RF sec 
tion 407 and antenna 408. 
(0079 SRS receiving section 401 receives SRS (Sounding 
Reference Signal) regularly transmitted from each terminal 
apparatus and outputs the SRS to uplink quality measuring 
section 402. Uplink quality measuring section 402 measures 
uplink quality based on the SRS and outputs uplink quality 
information indicating the measurement result to mapping 
determining section 405. 
0080 Scheduling section 403 determines the required 
number of data blocks from QoS (Quality of Service) infor 
mation and so forth of each terminal apparatus to be sched 
uled and reports the required number of data blocks to map 
ping determining section 405. 
I0081 RB determining section 404 reads cell radius infor 
mation defined beforehand for each base station apparatus 
from a memory, determines, when the cell radius information 
is equal to or less than 30 km, that interference with RACH 
does not occur and reports "RB assign enable' to mapping 
determining section 405. On the other hand, RB determining 
section 404 determines, when the cell radius information is 
equal to or greater than 30 km, that interference with RACH 
occurs and reports "RB assign disable to mapping determin 
ing section 405. 
I0082 Mapping determining section 405 determines 
assignment of a time and a frequency for each terminal appa 
ratus to transmit PUSCH based on the uplink quality infor 
mation, required number of data blocks and determination 
result of RB determining section 404. And the mapping deter 
mining section 405 outputs uplink mapping information indi 
cating the determination result to PDCCH generation section 
406. 
I0083 PDCCH generation section 406 modulates the 
uplink mapping information, generates PDCCH (Physical 
Downlink Control Channel) and outputs PDCCH to RF sec 
tion 407. 
I0084 RF section 407 converts PDCCH to a high fre 
quency band and them transmits the converted PDCCH from 
antenna 408 to each terminal apparatus. 
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0085 FIG. 15 is a diagram illustrating an example of map 
ping in mapping determining section 405. In FIG. 15, it is 
supposed that an occupied bandwidth is divided into four 
parts (bands 501 to 504), band 501 and band 503 are allowed 
to be assigned as bands for RACH, and band 502 and band 
504 are not allowed to be assigned as bands for RACH. FIG. 
15 illustrates a case where a band for RACH is uniquely 
determined by the system, but the present invention is not 
limited to this and assignment may be dynamically changed 
according to a predetermined rule. 
I0086. In the case of FIG. 15, RACH is assigned to one of 
band 501 band 503 and nothing is assigned to other bands in 
TTIH1 and TTI#2. Furthermore, channels other than RACH 
such as PUSCH and PUCCH areassigned to respective bands 
in TTI#3 to TTI#10. Here, when the determination result of 
RB determining section 404 is “RB assign Disable mapping 
determining section 405 performs mapping so as not to assign 
PUSCH, PUCCH and so forth to RBs corresponding to TTIH3 
of bands 501 and 503 which are bands to which RACH can be 
assigned, in order to avoid interference. 
0087 Next, data transmission processing by the terminal 
apparatus according to the present embodiment will be 
explained. FIG. 16 is a block diagram illustrating main com 
ponents of the terminal apparatus according to the present 
embodiment. As shown in FIG. 16, terminal apparatus 600 
according to the present embodiment includes error correct 
ing coding section 601, primary modulation section 602, DFT 
section 603, PDCCH receiving section 604, mapping infor 
mation extraction section 605, frequency domain mapping 
section 606, IDFT section 607, CP adding section 608, time 
windowing adding section 609, RF section 610 and antenna 
611. 

0088. Error correcting coding section 601 performs error 
correcting coding processing on transmission data and out 
puts the processed data to primary modulation section 602. 
0089. Primary modulation section 602 performs primary 
modulation processing, such as QPSK, on the output signal of 
error correcting coding section 601 and outputs the processed 
output signal to DFT section 603. 
0090 DFT section 603 performs discrete Fourier trans 
form (DFT) on the output signal of primary modulation sec 
tion 602, thereby, converts the output signal of primary modu 
lation section 602 to a frequency domain signal and outputs 
the converted output signal to frequency domain mapping 
section 606. 

0091 PDCCH receiving section 604 receives PDCCH 
broadcast from the base station apparatus and outputs this 
PDCCH to mapping information extraction section 605. 
0092. Mapping information extraction section 605 
extracts mapping information from the PDCCH reception 
result and outputs the mapping information to frequency 
domain mapping section 606. 
0093. Frequency domain mapping section 606 maps the 
output signal of DFT section 603 to a predetermined region 
on the frequency axis based on the mapping information and 
outputs the output signal to IDFT section 607. 
0094. IDFT section 607 performs discrete inverse Fourier 
transform (IDFT) on the output signal of frequency domain 
mapping section 606, thereby restores the output signal back 
to a time domain signal and outputs the time domain signal to 
CP adding section 608. 
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(0095 CP adding section 608 creates a CP for the output 
signal of IDFT section 607, adds the CP to the head of the 
output signal and outputs the output signal to time windowing 
adding section 609. 
0096 Time windowing adding section 609 performs 
raised cosine windowing processing or the like on the output 
signal of CP adding section 608 and thereby performs pro 
cessing of making the symbol end be terminated with 0. 
(0097 RF section 610 converts the frequency band of the 
output signal of time windowing adding section 609 to a high 
frequency band and then transmits the output signal from 
antenna 611 to the base station apparatus. 
0098. Thus, according to the present embodiment, since 
cell radius information is stored in the base station apparatus 
beforehand, the base station apparatus performs scheduling 
So as not to assign channels such as PUSCH to a region which 
is likely to receive interference. Even if a base station appa 
ratus having a large coverage is installed, this makes it pos 
sible to prevent interference between RACH and PUSCH or 
the like. 
0099. The disclosure of Japanese Patent Application No. 
2007-209915, filed on Aug. 10, 2007, including the specifi 
cation, drawings and abstract is incorporated herein by refer 
ence in its entirety. 

INDUSTRIAL APPLICABILITY 

0100. The present invention is suitable for use in a termi 
nal apparatus and base station apparatus in a radio commu 
nication System where a base station apparatus having a large 
coverage may be installed. 

1. A terminal apparatus comprising: 
a control section that sets a length of a non-transmission 

interval included in RACH (random access channel) 
transmitted to a base station apparatus based on infor 
mation about a cell radius of the base station apparatus; 
and 

a random access channel transmitting section that trans 
mits the random access channel including the non-trans 
mission interval having the length set by the control 
section to the base station apparatus. 

2. The terminal apparatus according to claim 1, wherein the 
control section sets the length of the non-transmission inter 
Val to be equal to or greater than a total value of a downlink 
propagation delay time and an uplink propagation delay. 

3. The terminal apparatus according to claim 1, wherein: 
the random access channel transmitted by the random 

access channel transmitting section comprises a redun 
dant interval, a first initial connection request signal 
interval arranged after the redundant interval, a second 
initial connection request signal interval arranged after 
the first initial connection request signal interval and the 
non-transmission interval arranged immediately after 
the second initial connection request signal interval; and 

the second initial connection request signal interval is 
shorter than the first initial connection request signal 
interval. 

4. The terminal apparatus according to claim 1, wherein: 
the random access channel transmitted by the random 

access channel transmitting section comprises a first 
initial connection request signal interval, a second initial 
connection request signal interval arranged after the first 
initial connection request signal interval and the non 
transmission interval arranged immediately after the 
second initial connection request signal interval; and 
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the RACH has no signal before interval before the first 
initial connection request signal interval. 

5. The terminal apparatus according to claim 1, wherein: 
the random access channel comprises a redundant interval, 

a first initial connection request signal interval arranged 
after the redundant section, a second initial connection 
request signal interval arranged after the first initial con 
nection request signal interval and the non-transmission 
interval arranged immediately after the second initial 
connection request signal interval; and 

the control section sets a length of the second initial con 
nection request signal interval according to the length of 
the non-transmission interval while keeping the length 
of the random access channel constant. 

6. The terminal apparatus according to claim 1, wherein: 
the random access channel comprises a redundant interval, 

a first initial connection request signal interval arranged 
after the redundant section, a second initial connection 
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request signal interval arranged after the first initial con 
nection request signal interval and the non-transmission 
interval arranged immediately after the second initial 
connection request signal interval; and 

the control section sets a length of the redundant interval 
according to the length of the non-transmission interval 
while keeping the length of the random access channel 
COnStant. 

7. A base station apparatus that performs mapping on data 
transmitted by each terminal apparatus using a channel other 
than random access channel, the base station apparatus com 
prising a mapping determining section that performs, when a 
cell radius is greater thana predetermined threshold, mapping 
Such that channels other than the random access channel are 
not assigned to a TTI (transmission time interval) next to a 
transmission time interval to which the random access chan 
nel can be assigned. 


