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SUMMARY For capacity expansion of the Quasi-Zenith Satellite Sys-
tem (QZSS) safety confirmation system, frame slotted ALOHA with flag
method has previously been proposed as an access control scheme. While
it is always able to communicate in an optimum state, its maximum channel
efficiency is only 36.8%. In this paper, we propose adding a reservation
channel (R-Ch) to the frame slotted ALOHA with flag method to increase
the upper limit of the channel efficiency. With an R-Ch, collision due to ran-
dom channel selection is decreased by selecting channels in multiple steps,
and the channel efficiency is improved up to 84.0%. The time required
for accommodating 3 million mobile terminals, each sending one message,
when using the flag method only and the flag method with an R-Ch are
compared. It is shown that the accommodating time can be reduced to less
than half by adding an R-Ch to the flag method.
key words: Quasi-Zenith Satellite System (QZSS), Global Positioning Sys-
tem (GPS), access control, frame slotted ALOHA, flag method, 1-bit flag,
synchronized spread spectrum code division multiple access (synchronized
SS-CDMA)

1. Introduction

During the Great East Japan Earthquake in 2011, much of
the terrestrial communication infrastructure was destroyed
in the earthquake and the tsunami. Furthermore, the in-
frastructure that was not damaged by the earthquake or the
tsunami became unusable due to a power failure and conges-
tion caused by a lot of requests. As a result, a lot of time was
required to confirm someone’s location and circumstances,
thus rescue and support service could not be provided imme-
diately. Therefore, a safety confirmation system that can be
performed without a terrestrial mobile network is necessary.

After the earthquake in 2011, it has been discussed
that the Quasi-Zenith Satellite System (QZSS) should have
a safety confirmation system for individual’s location infor-
mation and short messages as one of the functions [1]. In
the safety confirmation system, it is assumed that personal
wireless terminal such as mobile phones and car navigation
systems are used. For these mobile terminals (MTs), a trans-
mission power of 1W is necessary to realize communication
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Fig. 1 Overall structure of QZSS safety confirmation system with syn-
chronized SS-CDMA.

with the satellites, located at a distance of approximately
36,000 km away, when theMTs use low-gain non-directional
antennas.

To realize this system, we have previously proposed
synchronized spread spectrum code division multiple access
(synchronized SS-CDMA) [2]–[10]. In the synchronized
SS-CDMA, long spreading codes are used for SS to ultra
wideband in order to get high spreading gain and to real-
ize direct communication between the MT and the satellite.
Furthermore, it is possible to accommodate messages from
many MTs at high density by utilizing orthogonal code for
CDMA in the uplink. Generally, the CDMA scheme de-
mands precise transmit power control to suppress inter-code
interference. Because it needs a fast feedback control chan-
nel, satellite communication systems with a large number of
terminals has difficulty with adopting the CDMA scheme, as
satellite communication suffers from long round trip delays.
SS-CDMA mitigates this issue by means of the orthogonal
code as a spreading code and achieves high-density uplink
transmission.

Figure 1 shows an overall structure of the QZSS safety
confirmation system using synchronized SS-CDMA. MTs
sendmessage data (MD) to a database server via satellite and
a hub station (HUB). The satellite operates as a relay between
theMT and the HUB. TheMD includes unique identification
data (ID), location information, and a short message of the
individual’s circumstances. In order to realize quick safety
confirmation, it is necessary to accommodate MD sent from
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a large number of MTs (3 million or more [1]) within a
limited time. Since most of the uplink (fromMT to satellite)
and downlink (from satellite to MT) bandwidth is used as a
data channel, low bandwidth is assigned as a control channel.
Moreover, there is a long round-trip time (RTT) condition of
approximately 0.48 s due to the distance between the satellite
and MT (or HUB) of approximately 36,000 km.

It is well-known that the ALOHA-based random access
method performs well for satellite communication systems,
radio frequency identifier (RFID) systems, and initial link
establishment of the mobile communication system. Espe-
cially, CDMA slotted ALOHA [11]–[13] has been proposed
and evaluated for satellite packet communication and other
tasks. In order to optimize the communication capacity of
the ALOHA-based system, it is important to estimate the
number of MTs that wish to communicate. However, it
is difficult to realize optimized random access by using the
conventional method since it is assumed that a massive num-
ber of terminals request access at the same time during big
disasters.

Therefore, we have previously proposed a large-
capacity QZSS safety confirmation system using frame slot-
ted ALOHA with flag method [2], [3]. By applying the flag
method, it can always communicate in an optimum state that
yieldsmaximum channel efficiency. However, themaximum
channel efficiency is 36.8%, which means that more than
half of all MTs must retransmit their MD. Although reserva-
tion ALOHA (R-ALOHA) [14]–[16] has been proposed for
improving the upper limit of the channel efficiency, it has
difficulties to improve the throughput of R-ALOHA because
of the long RTT and the massive number of MTs.

In this paper, we propose an access control scheme with
a reservation channel (R-Ch) to improve the upper limit of
the channel efficiency for the QZSS safety confirmation sys-
tem using synchronized SS-CDMA. The R-Ch is a control
channel that uses bandwidth from the data channel spectrum.
By computer simulation, we evaluated the time to accommo-
date 3 million MTs, when each MT sends one piece of MD.
We obtain that the proposed scheme improves the channel
efficiency.

This paper is organized as follows. In Sect. 2, the
conventional access control scheme with flag method is ex-
plained. In Sect. 3, the proposed access control scheme with
R-Ch is explained. In Sect. 4, the time required to accom-
modate MTs for the frame slotted ALOHA with flag method
is evaluated. Finally, the conclusions are given in Sect. 5.

2. Access Control Scheme for QZSS Safety Confirma-
tion System

2.1 QZSS Safety Confirmation System

Table 1 shows an assumed condition of the QZSS safety
confirmation system with synchronized SS-CDMA. In this
paper, the satellite’s altitude is 35,786 km because the satel-
lite is assumed to be in a geostationary earth orbital satellite.
The systemuses the S band betweenMTs and the satellite and

Table 1 Condition of the QZSS safety confirmation system with syn-
chronized SS-CDMA.

Altitude 35,786 km

Use band
MT⇔ satellite S band, FDD
satellite⇔ HUB Ku band, FDD

Transmit power of MT 1W (30 dBm)
Length of spread code 10,000
Packet length of MD 300 bits

Chip rate 1Mchip/s
Bit rate 100 bit/s

The target capacity per hour 3 million or more MT

the Ku band between the satellite and the HUB. Frequency
division duplex (FDD) is used between MTs and the satel-
lite, and is also used between the satellite and the HUB. The
transmission power of each MT is 1W. The packet length
of the MD is 300 bits. The MD packet includes ID, loca-
tion information, and a short message. Location information
consists of latitude, longitude and height. The number of
bits for latitude, longitude and height is 33, 34 and 22 bits,
respectively. This gives a high position resolution of bet-
ter than 2m in the horizontal and vertical direction. ID is
28 bits. The short message is 160 bits. Remaining 23 bits
are check digits. The length of the spread code is 10,000 and
the chip rate is 1Mchip/s; therefore, the bit rate is 100 bit/s.
The target capacity per hour is 3 million MD or more.

In addition, the proposed system assumes that the MT
and satellite timing is synchronized by using synchronized
SS-CDMA [4], [5], [7]–[10]. The MTs have synchronized
clocks with a precision of order 50 ns by using highly ac-
curate QZSS and the Global Positioning System (GPS) po-
sitioning signals [7]–[10]. Since the MTs can estimate the
distance to the satellite by receiving QZSS and GPS posi-
tioning signals, MTs can send their signals to the satellite
with timing lag taken into consideration. Therefore, the re-
ceived signal of the satellite is synchronized with less than
50 ns order precision.

Highly accurate timing and frequency synchronization
among all MTs is the most important issue for the synchro-
nized SS-CDMA to provide high-density multiple access
using long spreading codes in the uplink. We have previ-
ously evaluated the synchronization accuracy necessary to
achieve nearly 100% of the accommodation rate in the syn-
chronized SS-CDMA by computer simulation. As a result,
the timing accuracy required to achieve a 1% packet error
rate was nearly equal to 56 ns [5].

2.2 Access Control Scheme Using Frame Slotted ALOHA
with Flag Method

Figure 2 shows a frame slotted ALOHA with CDMA using
time synchronization. Figure 2(a) shows a time structure of
the frame slotted ALOHA. A frame structure of the frame
slotted ALOHA with CDMA using time synchronization is
shown in Fig. 2(b). The frame is constructed from the L
time slots and S CDMA channels that are identified with
a spreading code. The number of CDMA channels S is
constant for a system, whereas the time slots L is variable
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Fig. 2 Frame slotted ALOHA with CDMA using time synchronization.

Fig. 3 Frame slotted ALOHA with flag method.

depending on how many of the MTs that are active. Each
MT selects a channel and a time slot randomly, and then
transmits the MD. Each MT will transmit their MD only
once per frame. Under this condition, the channel efficiency
of frame slotted ALOHA is maximized when it satisfies
Eq. (1),

SL = N, (1)

where N is the number of MTs that wish to communicate
in a frame. Worth to note is that the time required for each
MT to have their data sent, the completion time, is expected
to be longer than the time elapsed during L time slots. The
reason is that it is difficult to satisfy Eq. (1) because the HUB
cannot know the number of MTs that request to send MD.

We have previously proposed flag method to provide a
control channel in order to estimate the number of MTs that
desire to send the MD [2], [3]. Figure 3 shows a frame slot-
ted ALOHA with flag method [17]–[19]. The flag method
has two modes, send flag mode (sFG mode), where time is
allocated to send control data, and send message data mode
(sMD mode), where time is allocated to sending MD.

Figure 4 shows an exchange of signals in sFG mode. In
sFGmode, the HUB sends a control signal (sFG) to estimate

Fig. 4 Exchange of signals in sFG mode.

the number of MTs. MTs send a 1-bit flag signal (FG). The
HUB receives the superimposed FG fromMTs and estimates
the number of MTs by measuring the received total power of
FGs.

In sMD mode, the HUB optimizes the number of slots
per frame L by the estimated number of MTs. Since the ID
numbers are evenly distributed among MTs, and since it is
a random process as to which MTs that will want to send
data, each time slot will on average have an equal number
of MTs. Therefore, the HUB can communicate in a state of
optimum throughput by controlling the timing that each MT
sends their MD.

3. Proposed Access Control Scheme with Reservation
Channel (R-Ch)

3.1 Procedure of Access Control with R-Ch

Although the HUB can communicate in an optimum state by
using flagmethod, more than half of theMTsmust retransmit
their MD due to the low channel efficiency of 36.8%, which
is the optimum channel efficiency with slotted ALOHA [20].
This low channel efficiency results from the collision among
users with random channel selection. To address this issue, it
is necessary to suppress the duplication in channel selection
to improve the channel efficiency. We propose an access
control scheme using an R-Ch. Figure 5 shows a frame
slotted ALOHA using flag method with an R-Ch. The R-Ch
uses a part of the sMD mode and serves as a control channel
for slot reservation.

The access scheme using an R-Ch is divided into two
steps, the reservation phase and transmission phase, in sMD
mode. In the reservation phase, each MT reserves a channel
to send their MD. In the transmission phase, each MT sends
their MD using their reserved channel.

Figure 6 shows a behavior of the reservation phase.
Firstly, a multiple access group of MTs is divided into some
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Fig. 5 Frame slotted ALOHA using flag method with an R-Ch.

Fig. 6 Behavior of reservation phase.

subgroups. Secondly, channel reservation is performed in
a subgroup, and the result sent to the HUB. Thirdly, MTs
in the next subgroup select a channel based on the vacant
channel information from HUB. The purpose of dividing the
access group is to reduce the collision probability of R-Ch.
In the reservation of subgroup 1 in Fig. 6, sufficiently many
channels are prepared for a small number ofMTs. Hence, the
collision probability decreases significantly compared with
the casewhere they are not divided. In the reservation of sub-
group 2, the MTs receive information of the vacant channels
after the reservation of the subgroup 1, so there is no colli-
sion between the subgroups 1 and 2. Moreover, even in the
reservation of subgroup 2, the collision probability between
MTs of subgroup 2 is low since sufficiently many channels
are prepared for a small number of MTs. By repeating this,
it is possible to suppress the collision due to random channel
selection. Therefore, channel efficiency will be improved.
In this scheme, the HUB does not have to identify the ID
of each MT, and only has to know the reserved channels.
Therefore, it can be realized by a very simple control.

Figure 7 shows a flowchart of the control algorithm em-
ployed by the HUB. At first, the HUB estimates the number
of MTs by using the flag method. The HUB then updates
the number of time slots L. After this, the HUB executes
the reservation phase and the transmission phase of sMD
mode. The following shows the flow from the start to the
end of the communication. The numbers n) in the following
description correspond to those in Fig. 7.

1) The HUB broadcasts the control signal of sending FG.
2) MTs that want to send their MD reply with the FG
signal.

3) The HUB estimates the number of MTs from the total
power of received FGs.

Fig. 7 Flowchart of the control algorithm employed by the HUB. This
flowchart shows procedure from the start to the end of the communication.

4) The HUB updates L using the estimated number of
MTs.

5) The HUB divides MTs into I multiple access groups.
6) The HUB divides each multiple access group into J
subgroups.

7) For each subgroup, the MTs reserve a channel in order
from the first subgroup.

8) The HUB aggregates the reservation state, and then
broadcasts the information of vacant channels for next
subgroup.

9) MTs in the next subgroup select and reserve channels
based on the vacant channel information from the HUB.

10) 8) and 9) are repeated until (J − 1) subgroups com-
plete the reservation.

11) MTs that complete the reservation send their MD us-
ing the reserved channel. MTs in the J-th subgroup
send their MD over the remaining vacant channels di-
rectly, without channel reservation.

12) 6)-11) are repeated until all MTs in the multiple ac-
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Fig. 8 Flow from the reservation phase to the transmission phase. This flow shows the case of the
number of subgroups J = 4.

Fig. 9 Structures of the control signals.

cess group complete sending their MD.
13) Returning to 1), and the above steps are repeated until
the response to the control signal of sending their MD
disappears.

The selected channel information aggregated into the HUB
is used only to provide the vacant slot information to MTs
of next subgroups. Since no MTs use the feedback of the
last (J-th) subgroup, MTs in the last subgroup only perform
the transmission phase. The MTs that failed to receive the
a flag of acknowledgement (ACK) are retried with the next
sFG mode.

Figure 8 shows a flow from the reservation phase to the
transmission phase in the case of the number of subgroups
J = 4. Since the RTT affects the feedback of the vacant
channels, it is necessary to consider its influence. In this
case, three subgroups per one time slot reserve the channel.
Figure 9(a) shows a structure of sending a reservation sig-
nal sri, j . The signal sri, j includes the multiple access group
number i, subgroup number j, and reception start time in-
formation of the satellite. Note to MDi in the time slot i
of Fig. 8, the first subgroup reserves channels in ri,1. Using
the feedback, the second subgroup reserves channels in ri,2.
Similarly, the third subgroup reserves channels in ri,3. In
time slot i subgroup 1-3 send their MD using the reserved
channel. The fourth subgroup selects channels from the va-

cant channels, and then sends their MD. Thus, duplication
in the channel selection can be reduced.

The MTs control the transmission timing of MD so that
the MD reaches the satellite synchronized at the notified
timing from HUB. The transmission timing of MD is con-
trolled based on two type signals: (1) a control signal for slot
time informing from HUB, and (2) highly accurate timing
and positioning information obtained from QZSS and GPS.
The control signal of MDi from HUB is written as sMDi in
Fig. 8. Figure 9(b) shows a structure of sending MD. The
signal sMDi includes the multiple access group number i
permitted to transmit MD and reception start time informa-
tion of the satellite. By using highly accurate timing and
positioning information obtained from QZSS and GPS, the
stricter transmission timing of MD is controlled as in the
following steps [2]–[10]. Firstly, the clock of MT is syn-
chronized with highly accurate timing information obtained
from the QZSS andGPS signal. Secondly, theMT calculates
the distance between the MT and the satellite using highly
accurate position information obtained from the QZSS and
GPS signal. Finally, the MD is transmitted at the time con-
sidering the latency due to the distance from the MT to the
satellite. As a result, the MDs of the multiple access group
arrive at the satellite in synchronization with the reception
start time of the satellite.

3.2 The Number of Required R-Ch

As shown in Fig. 5, a part of the data channel is allocated
to the R-Ch. Figure 10 shows a percentage of R-Ch to the
data (CDMA) channel in the case where (J − 1) subgroups
perform reservation per time slot. In Fig. 10, the number
of data channels including R-Ch is 10,000, the length of
the MD packet is 300 bits, and the data rate is 100 bit/s.
Therefore, one time slot is 3 s. The 1-bit flag signal is used
for channel reservation, and is spread by using a spread
code in the R-Ch. Since (J − 1) subgroups reserve channels
per time slot, the time to be allocated to each subgroup is
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Fig. 10 Percentage of R-Ch to the data channel.

300/(J − 1). The number of reservation channels that are
available per time slot is 300x/(J−1), where x is the number
of CDMA channels for the R-Ch. Since the reservation
channel equals to the number of channels which are used for
data transmission, it is necessary to satisfy the following,

300x
J − 1

= 10000 − x. (2)

From Eq. (2), x is as follows,

x =
⌈
10000(J − 1)
300 + J − 1

⌉
, (3)

where dae is defined as the smallest integer that is greater or
equal to a. When each multiple access group is divided into
4 (= J) subgroups, that is when 3 (= J−1) subgroups reserve
channels, x = 100. Thus the number of channels for the R-
Ch depends on the number of subgroups. However, since
the number of subgroups is assumed to be 32 at most, the
occupancy of R-Ch is less than 10% (See Fig. 11 in detail).

3.3 Theoretical Value of Channel Efficiency

In this subsection, we find the theoretical value of channel
efficiency per time slot in each number of subgroups. Since
MTs in the same subgroup select a channel randomly in
vacant channels in ri, j shown in Fig. 10, the protocol is the
same as slotted ALOHA. The percentage of Tj to cj can be
considered as the throughput T , where Tj is the number of
MTs that could select a channel without duplication in the
j-th subgroup and cj is the number of vacant channels. The
theoretical formula of the throughput T of slotted ALOHA
is used to a calculation of the theoretical value [20]:

T =
Tj

cj
= G je−G j (4)

From Eq. (4), Tj is as follows,

Tj = G je−G j cj, (5)

whereG j is the traffic in the j-th subgroup that is determined
by Eq. (6),

G j =
Nj

cj
, (6)

where Nj is the number of MTs of j-th subgroup. Average
of Nj is equal to N/I J. In order to calculate the number
of duplicate channels easily, three or more MTs are decided
not to select the same channel. Therefore, the number of
duplicate channels in the j-th subgroup Fj is as follows,

Fj =

⌈
Nj − Tj

2

⌉
. (7)

The number of channels used in the j-th subgroup is the sum
of the number of channels without duplication (same as the
number of MTs that could select a channel without duplica-
tion) and the number of duplicate channels. Therefore, the
number of channels used in the j-th subgroup is Tj +Fj . The
information of the channel used is fed back to next subgroup,
and then cj is updated:

cj = cj−1 − (Tj−1 + Fj−1) (8)

The number of channels that the first subgroup can reserve is
the total number of channels S minus the number of channels
used for the R-Ch, c1 = S − x. The channel efficiency in
the i-th time slot C is the percentage of the number of MTs
that succeed in transmitting divided by the total number of
channels S. This is obtained by the Eq. (9),

C =
1
S

J∑
j=1

Tj =
1
S

J∑
j=1

G je−G j cj . (9)

When calculating the theoretical value, the number of MTs
in the multiple access group was decided to be equal to the
number of channels for data channel c1. The number of
subgroups J were decided to be 2, 4, 8, 16, 32, and 64, since
dividing MTs into subgroups of the power of 2 can be easily
realized by classifying it with specific bits of ID (28 bit). For
example, in the case of J = 4, the MTs are divided into 4
subgroups of “00”, “01”, “10” and “11” by the specific two
bits of each ID. Assuming that these bits are allocated evenly,
the four subgroups are expected to contain an equal number
of terminals.

Figure 11 shows a theoretical value of channel effi-
ciency in each subgroup that is obtained by using Eqs. (4)–
(9). When the number of subgroups increase, the channel
efficiency will be improved. This is because the duplication
between subgroups is suppressed. However, the channel effi-
ciency degrades after the peak of 83.2% calculated at J = 32.
This is because for more subgroups to be set, the data chan-
nel has to allocate more slots for the reservation channel and
end up with fewer slots for data transmission. Accordingly,
the best channel efficiency is obtained at J = 32.



192
IEICE TRANS. FUNDAMENTALS, VOL.E102–A, NO.1 JANUARY 2019

Fig. 11 Theoretical channel efficiency and number of spread code for
MD channel.

Table 2 Simulation condition.
Total number of MT (N )* 300,000

Number of CDMA channel (S)* 1,000
Bit rate 100 bit/s

Bit per MD packet 300
Number of subgroup (J) 2, 4, 8, 16, 32
Round-trip time (RTT) 0.48 s

* They are scaled to 1/10 to shorten the calculation time.

4. Evaluation of Proposed Access Control Scheme with
R-Ch

4.1 Simulation Condition

Table 2 shows a simulation condition. Originally, the number
of MTs was 3 million and the length of the spread code was
10,000, but in order to shorten the calculation time, theywere
scaled to 1/10 (* in Table 2). EachMT is decided to send one
MD. MTs that succeed with data transmission receive ACK,
and thereafter stops generating traffic. MTs that receive no
ACK will try to retransmit their MD in the next frame. In
this simulation, the time to accommodate all MTs that desire
to send MD is evaluated. The channel efficiency of each
time slot is also evaluated. The number of time slots was
decided to be 2, 4, 8, 16, 32, and 64. If the number of
time slots of the frame I becomes smaller than the number
of subgroups J, resources required for reservation will be
insufficient. Hence, in this simulation, when I becomes
smaller than J, the HUB stops using the R-Ch and operates
only by the flag method. All signals sent from MTs are
decided to be received without error.

4.2 Channel Efficiency and Accommodating Time

Figure 12 shows simulation results of channel efficiency
when only flag method was used and when flag method with
an R-Ch was used. The vertical axis indicates the channel
efficiency, and the horizontal axis indicates the lapse time
from the start. The triangles represent the average accom-
modating time. Those results are the average of simulations

Fig. 12 Channel efficiency and average accommodating time by com-
puter simulation.

performed 30 times. There are some stepwise variations ob-
served in Fig. 12 despite having performed the simulation 30
times. The reason is that the initial number of MTs is fixed
at 300,000. By fixing the number of MTs, there is a fixed
bias in the number of subgroups and the number of slots in
each trial. The channel efficiency improves as the number of
subgroups is increased, and tend to be same as the theoretical
value shown in Fig. 11. As the channel efficiency improves
the accommodating time is shortened. Since the channel
efficiency is 83.9% at J = 16 and 84.0% at J = 32, J = 32
is the best. In contrast, since the accommodating time is
1,177 s (19 minutes 37 seconds) at J = 16 and 1,254 s (20
minutes 54 seconds), J = 16 is the shortest. This is because
if the number of time slots of the frame I becomes smaller
than J, the flag method is the only method to be performed.
Assuming that I is the same, the suspension timing of R-Ch
is faster when J is large than when J is small. Hence, in the
case of large J, there are many MTs that wish to communi-
cate even after the use of R-Ch has stopped. Compared with
the case of using R-Ch, the throughput when using only the
flag method deteriorates (the maximum channel efficiency
of 36.8%), so the accommodation time will increase after
the suspension timing of R-Ch. In the condition of Fig. 12, it
is seen that the influence of throughput degradation by using
only the flag method is significant for J = 32 or more. From
the above results, the accommodating time is seen to be the
shortest in the case of J = 16. Comparing to the case with no
reservation channel it is seen that the accommodating time
can be reduced to less than half.

4.3 Accommodating Time Considering Packet Error Rate
(PER)

In the condition of PER 1% [5], there are some MTs that
do not succeed in packet transmission due to packet error.
The MTs that failed to receive the ACK are retried with the
next sFG mode. The increase in the accommodation time
because of this retransmission is calculated as 1.4% in the
case of J = 16 of Fig. 12. The details are as follows.

In the case of J = 16 of Fig. 12, since the channel effi-
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ciency is 81.9% in the first frame, the rate of communication
failure due to random access is 18.1%. Considering PER, the
rate of communication failure increases by 0.8% to 18.9%.

In the second frame, the number of MTs requesting
communication increases by 4.4% by considering PER. In
the third and subsequent frames, same as in the second frame,
it is also assumed that the accommodation time increases by
4.4%. This increment of the number of MTs simply influ-
ences the increase of the accommodating time. FromFig. 12,
the accommodating time required for the second and subse-
quent frames without considering PER is 407 s, that is ex-
cluding the time of first frame 770 s from the total accommo-
dating time 1177 s. Considering PER, the accommodating
time required for the second and subsequent frames increases
by 18 s (4.4% of 407 s). Since the increment accommodat-
ing time of 18 s is 1.4% for the whole accommodating time,
the influence of increase in accommodation time considering
PER is negligibly small.

5. Conclusion

In this paper, we have proposed an access control scheme
with a reservation channel (R-Ch) for theQuasi-Zenith Satel-
lite System (QZSS) safety confirmation system. The channel
efficiency and the accommodating time using the flagmethod
with an R-Ch has been evaluated. By selecting channels in
multiple steps, packet collisions among subgroups are sup-
pressed, and it is possible to improve the channel efficiency
significantly. By computer simulation, a channel efficiency
of 84.0%, a value that matches the theoretical value, has been
confirmed. With the proposed method the accommodating
time is reduced to less than half. This makes it possible to ac-
commodate 3 millionMTs within approximately 20minutes,
when the number of subgroups is 16.
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