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5. Study of technical requirementsfor 950M Hz low power activeradio
systems

In order to make 950MHz low power active radio systems practicable, we need to discuss about
the interference for other systemsthat is used in frequency band outside of 950MHz band, the
sharing with passive tag systems that are used in same frequency band and the sharing with other
low power active radio systems that are used in same frequency band.

5.1 Prediction of the spread of 950MHz low power active radio systems and the number of
communication nodes that transmit data at the same time.

We predicted the spread of 950MHz low power active radio systemsin 2020.

Because, we estimated that the spread of LR-WPAN systems will be saturation at 2020.

The estimation was predicted from the growth of low power active radio systems, with the
systems to use 2.4GHz, form 2004 to 2008. (The numbers of 2008’s low power active radio
systems are prospects.) (Appendix 1)

We calculated that the prospects spread numbers of low power active radio systems that use
950MHz are Table 5-1-1.

Table5.1-1 Prediction of total number of nodes

Domain 2008 2012 2020
Security 336,220 7,223,369 50,514,416
Agriculture 2,433 101,603 1,418,898
Environment protection 0 0 0
Robot 79,014 671,136 1,425,224
Medical, Welfare 73,108 1,278,358 15,034,841
Facility Control 154,000 4,665,600 51,273,675
Architectural Monitoring 766 4,745 45,440
Logistics, Marketing 70 420 1,418
Total 645,610 13,945,230 119,713,912

First, we estimated that the numbers of nodes that transmit data at the same time, the nodeis
LR-WPAN node, are 10824/km”~2 by Appendix1. (The low power active radio systems premised
on Table5-1-1)

Second, we estimated that the numbers of nodes that transmit data at the same time, the nodeis
active tag’s node. It was estimated 7.16/km”2 from Appendix 1.

Third, we estimated that the numbers of nodes that transmit data at the same time, the nodeis
low power active radio system’s node. It was estimated 17984/km"2

5.2 Study of interference for other systemsthat is used in frequency band outside of 950MHz
band

If we would like to use 950MHz ~ 956MHz low power active radio systems, we have to study
that interference for PDC, STL, and PHS. PDC and STL are using radio bands that close to
950MHz. PHS is using radio bands where second harmonics of 950MHz band low power active
radio system may occur.
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And we must study that interference for IMT-2000 that system is used near future. IMT-2000 is
using 700/900MHz radio bands.

5.2.1 Requirement of studying interference

Regarding study of chapter 2, the density of the low power active radio system nodes is high.
And the nodes communication distance is short that the length is 10m ~ 100m.

We are premised on the low power active radio system’s EIRP is 3dBm when we study about
the interference of low power active radio systems.

Because, regarding Appendix 2, we think that we can get enough communication distance when
EIRP is supposed 3dBm. The EIRP is calculated from the low power active radio system’s
antenna power (=1mW) and antenna gain (=3dBi). The antenna gain is same val ue of the low
power passive tag system.

We can set the low power active system’s EIRP is less than 13dBm. The max EIRP valueis
decided by Japanese regulation.

We are premised that 950M Hz passive tag systems interference values for other systems, when
we use the low power active radio systems that EIRP value is 13dBm.

When we studied regarding the 950MHz passive tag system interference for other systems, we
decided that the systems have to use 952MHz ~ 955MHz.

5.2.2 Interferencefor PDC

PDC system iswireless radio system that use 956~957MHz. PDC system will be used
continuously.

We study of the low power active radio system effects for PDC systems. The effects are
spurious emission and the blocking from the low power active radio system main wave.

Theright limit of spurious emission strength of low power active radio systems are less than
52dBm/100kHz (EIRP) that dose not serious effect for PDC systems.

Because, regarding Appendix 3, we can allow that the effect of low power active radio systems
dose not exceed the PDC base station permissible range of interfere at 99% of probability. If the
spurious emission strength of low power active radio systemsis less than -52dBm/100kHz
(EIRP), the effect don’t exceed the PDC base station permissible range of interfere at 99% of
probability.

Theright limit of frequency band of 950MHz low power active radio systems is under
955.8MHz when the power of transmission is not stronger than 3dBm (EIRP) that dose not
serious effect for PDC systems.

Because, we think that the low power active radio systems don’t affect for PDC systems when
the strength is not stronger than 3dBm (EIRP) and the using band is far from PDC system band
width. The distance is about 200 kHz.
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5.2.3 Interferencefor IMT-2000

IMT-2000 system is wireless radio system that use 700MHz/900M Hz, and the system can use
up to 950MHz and channel bandwidth is 5SMHz.

We study of the low power active radio system effect for IMT-2000 systems. The effects are
spurious emission and the blocking from the low power active radio system main wave.

Theright limit of spurious emission strength of low power active radio systemsis less than -
52dBm/100kHz (EIRP) when the IMT-2000 systems use 945MHz ~ 950MHz. And when the
IMT-2000 systems use under 945MHz, the right limit of spurious emission strength is less than -
52dBm/1IMHz (EIRP).

We think that the low power wireless radio system don’t use under 950.8MHz band width when
the transmit power of the system is 3dBm (EIRP).

Because, regarding appendix 4, the interference of the low power active radio systemsis small
to communicate the IMT-2000 systems. The interference value is smaller than the value of high
power passive tag systems that use 952MHz band width and that transmit power is 13dBm
(EIRP).

Naturally, we think that we can use the low power active radio systems and IMT-2000 systems
at same time. Because the low power active radio systems will not serious effect for IMT-2000
systems.

In the future, the PDC system, the systems use 956MHz ~ 957MHz, will expire.

At that time, we will have to restudy of band width assignment that used by the low power
active radio systems. Rightly, we have to consider the effects for IMT-2000 systems and the
spread of the low power active radio systems when we reassignment these band width.

5.24 Interferencefor STL

STL system iswireless radio system that use 958~960M Hz.
We study of the low power active radio system spurious emission effects for STL systems.

Theright limit of spurious emission strength of low power active radio systemsis less than -
55dBm/100kHz (EIRP) that dose not serious effect for the STL systems.

Because, regarding appendix 5, we can calculate that the STC system be able to admit of the
effects from the low power active radio systems when the low power active radio system’s
spurious emission is less than -54.8dBm/100kHz(EIRP).

5.25 Interferencefor PHS

PHS system is wireless radio system that use 1884.5MHz ~ 1919.MGHz.
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We study of the low power active radio system spurious emission effects for PHS systems.

We think that the effect of low power active radio systems for PHS systemsis very small when
the low power active radio system’s spurious emission strength is -52dBm/MHz (EIRP). The
EIRP valueis decided from study of chapter 5.2.3.

Because, regarding appendix 6, if the low power active radio systems want to effect for PHS
systems, we have to use them that range is 1m. The range is enough short for them.

5.2.6 Interference from other systemsthat use close band width.

We think that the low power active radio systems get effect form other system’s transmit
strength and spurious emission.

But if we implement carrier sense function, the low power active radio systems can avoid that
the interference from other system.

In any case, we implement the low power active radio systems, similarly implement the passive
tag systems that use 950MHz, that can use under the other systems effects.

5.3 Study of sharing the passive tag systems and other the low power active
radio systemsthat are used in 950M Hz band width.

950MHz band width is already used by the passive tag systems. The low power active radio
systems have to implement that the systems can share the passive tag systems. And the low
power active radio systems don’t prevent passive tag systems.

Then, the low power active radio systems should be implemented the sharing technologies these
are used by the passive tag systems. The sharing technologies are “Channel setting” ”Carrier
sense”, “ Send timing control”.

The high power passive tag systems have to be abele to read many passive tags at once. Because,
the system’s applications are required that function. If we want to implement that function, the
passive tag system reading speed must be fast. So, the sharing technologies of the low power
active radio systems should be able to precede the high power passive tag systems
communication.

Naturally, we must be share 950MHz band width between the low power active radio systems.

Reference of these things, we study regarding the sharing technology of the low power active
radio systems that is shared 950MHz band width with the passive tag systems and other the low
power active radio systems.

Carrier sense level of the low power active radio system is-75dBm. The value is referenced the
value of IEEE 802.15.4.

We think that the low power active radio systems should use only 954~955MHz when the
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systems transmit power is 13dBm (EIRP). We decided that the radio systems that use 950M Hz
band width can use 952MHz ~ 955M Hz when the systems transmit power is 13dBm(EIRP). But
we think the low power active radio systems should not use 952MHz ~ 954MHz that band width
is used by the high power passive tag systems.

Because, regarding appendix 7, if we want to set the value of the transmit power of the low
power active radio systems to 13dBm (EIRP), we must set the low power active radio system
node and high power passive tag reader at intervals 1km. It is not reasonable to use.

Regarding appendix 8, if we set the value of the transmit power of the low power active radio
systems to 13dBm (EIRP), the nodes of the systems can sense carrier far from data sending nodes.
When the transmit power of low power active radio system is 13dBm, the condition of
communicate is favorable for passive tag systems. The distance is 889m. But then, if we make
the applications to use the low power active radio system, the node is put on very high density
and their communication distance is short (~10m). So, the ability of to transmit data for long
distance may be obstacle for the applications.

5.4 Study of theregulation regarding low power activeradio systems

5.4.1 Antenna power

We think that the right sending power values are 3dBm (EIRP) or 13dBm (EIRP) regarding
study of chapter 5.2 and chapter 5.3.And the right antenna power values are ImW or 10mW.

We premise that the antenna gain is 3dBi. The antenna gain value is the low power passive tag
system’svalue. (The low power passive tag systems use 950MHz band width and we can use the
system without license).

The theoretical EIRP value is cal culated form the send antenna gain (=3dBi) and the antenna
power (= ImW or 10mW).

We can boost the antenna gain while the practical EIRP values don’t get over the values of the
theoretical values.

5.4.2 Frequency bandwidth

If the low power active radio system’s antenna power is ImW, we think that the right frequency
bandwidth that used by the systems is 950.8MHz ~ 955.8M Hz.

We decided the values form study of chapter 5.2. The under limit of the frequency bandwidth is
decided by the interference for IMT-2000. And the upper limit of the frequency bandwidth is
decided by the interference for the base station of PDC systems.

If the low power active radio system’s antenna power is 10mW, we think that the right
frequency bandwidth that used by the systemsis 954MHz ~ 955MHz.

We decided the values form study of chapter 5.3. Under the low power passive tag system’s
regulation, we can set antenna power to 10mwW when the frequency bandwidth is 952MHz ~
955MHz. We decided that don’t use 952MHz ~ 954M Hz frequency bandwidth by the low power
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active radio systems. That because, the frequency bandwidth is used by the high power passive
tag systems.

5.4.3 Unit radio channel

For the sharing of the passive tag systems, we think that the low power active radio system’s
assignment of their unit radio channelsis the same as the passive tag system’s assignment.

In Europe, 860MHz low power radio system’s occupied frequency bandwidth is 600kHz. In
United States of America, 915MHz low power radio system’s occupied frequency bandwidth is
wider than 500kHz.  We think that 950MHz low power radio system’s occupied frequency
bandwidth is up to 600kHz. The 950MHz system’s occupied frequency bandwidth is became
600kHz that the system use 3 unit radio channels at same time.

And we think that the 950MHz system’s occupied frequency cannel bandwidth size is 200kHz
or 400kHz or 600kHz.
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Figure 5.4-1 Unit radio channel allocation (ImW antenna power)
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- 5d Bi 00 ke 98.4 9 5h 6] 950 50] 95/ 52 9 b.
950 Mt

-55 B 1 Ok e
E: 56 M

5.4.4 Unit radio channel mask

Considering that active low power radio systems share same frequency band with the passive
tag systems, it is reasonabl e that unit radio channel mask of the low power active radio systemsis
same as the passive tag systems. So, the power at the channel edge of unit radio channel should
be 20dBc or less which is same as |low power passive tag systems.

In the frequency band of 950-950.8MHz and 955.8-956MHz in ImW case and 950-954MHz
and 955-956MHz in 10mW casg, it is reasonable that the spectrum density is -39dBm/100kHz or
less (at antennainput) which is same as low power passive tag systems.

In the frequency band of 950.8-955.8MHz in 1ImW case and 954-955MHz in the 10mW case,
the frequency band apart more than (200 + 100 x (n-1)) kHz (nisinteger form 1 to 3 which
means number of channels used simultaneously) from center frequency of used radio channel
should be regarded as spurious region. It is reasonabl e that its spurious emission strength is -
39dBm/100kHz or less which is same as low power passive tag systems.
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Considering above, it is reasonabl e that unit channel mask of active low power radio systemsis
specified such as figure 5.4-3 and figure 5.4-4. In this case, it is reasonabl e that power of adjacent
channel is-26dBm or less (at antennainput) in ImW case and -18dBm or less (at antennainput)
in 10mW case.
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Figure 5.4-3 Unit radio channel mask (1mW antenna power)
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Figure 5.4-4 Unit radio channel mask (10mW antenna power)

5.4.5 Sending control

It is desirable that sending control comply with that of low power passive tag systems, which is
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license exempt and require quick response same as low power active radio systems, so that low
power active radio systems do not work against existing passive tag systems.

Therefore it is desirable that radio equipment of low power active radio systems stops emitting
radio signal within 1sec after it started to emit and waits emitting radio signal for 100msec. But
considering efficiency of communication it is desirable to be able to continuously emit again
during a certain amount of time after emitting radio initially such as specified for low power
radio systems in 426/429MHz band which belong to specified low power radio station as well as
950MHz low power active radio systems. Therefore it is reasonable to be able to emit again
without waiting 100msec within 1 sec after emitting initially.

5.4.6 Carrier sense

It isdesirable that carrier sense comply with that of low power passive tag systems, whichis
license exempt and require quick response same as low power active radio systems, so that low
power active radio systems do not work against existing passive tag systems. Thereforeitis
reasonable that carrier sensetimeis 10ms or more. According to section 5.3, it is reasonable that
carrier sense level is-75dBm.

But in one to one and one to N communication it is desirable that carrier sense time of
responder after sender executes 10ms carrier sense is 128us that is minimum value specified in
IEEE802.15.4. But considering coexistence with passive tag systemsiit is desirable that sending
time of responder is as short as possible if low power active radio systems can be suitably
operated. As the maximum sending time specified in IEEE802.15.4 is about 53ms, considering
operation of low power active radio systems 100ms of sending time has no problem. So, it is
desirable that pausing time is 100ms or more same as low power passive tag systems. In addition,
considering efficiency of communication it is desirable to be able to continuously emit again
during a certain amount of time after emitting radio initially. Therefore it is reasonable to be able
to emit again without waiting 100msec within 100msec after emitting initially.

Figure 5.4-5, figure 5.4-6 and figure 5.4-7 show flows of low power active radio systemsin
each mode described in section 2 respectively.

Figure 5.4-5
Figure 5.4-6

Figure 5.4-7

5.4.7 Spurious emission strength

According to section 5.2, it is reasonable that strength of spurious emission (EIRP) is -
52dBm/MHz at frequency below 945M Hz and from 1884.5MHz to 1919.6 MHz, -
52dBm/100kHz at frequency from 945MHz to 950MHz and from 956MHz to 958MHz and -
55dBm/100kHz at frequency from 958MHz to 960MHz. According to section 5.4.1 describing
the antenna gain (3dBi or less), strength of spurious emission at antennainput is-55dBm/MHz at
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frequency below 945MHz and from 1884.5MHz to 1919.6 MHz and -55dBm/100kHz at

frequency from 945MHz to 950MHz and from 956MHz to 958MHz. Meanwhile, according to
section 5.4.4, it is reasonable that strength of spurious emission is-39dBm/100kHz (at antenna
input) in the frequency near the main radio signal in the band that is 950.8-955.8MHz in ImW
case or 954-955MHz in 10mW case. Strength of spurious emission at the frequency other than
frequency band discussed above apply the value of table 5.4-1 correspondingly that is specified
inITU-R SM.329-10 and is used as alowabl e strength of spurious emission in mobile terminal

of IMT-2000 systems.

Consequently, it is reasonabl e that strength of spurious emission of low power active radio

systemsis specified such astable 5.4-2.

Table 5.4-1 Strength of spurious emission specified in I TU-R SM.329-10

Spurious emission Reference
Frequency band , ,
strength (antennaiinput) | bandwidth
30MHz < f <= 1GHz -36dBm 100kHz
1GHz < f -30dBm 1MHz

Table 5.4-2 Strength of spurious emission (at antenna input)

Frequency band Spurious emission Reference
strength (antennainput) | bandwidth
30MHz < f <= 1GHz

(except for 710MHz < f <= 960MHz2) ~36dBm 100kHz
710MHz < f <= 9456MHz -55dBm 1IMHz
945MHz < f <= 950MHz -55dBm 100kHz
950MHz < f <= 956MHz
(except for ff-fel= 200+100x(n-1)kHz) -39dBm 100kHz
956MHz < f <= 958MHz -55dBm 100kHz
958MHz < f <= 960MHz -58dBm 100kHz
1GHz < f
(except for 1884.5MHz < f <= -30dBm 1IMHz
1919.6MHz)
1884.5MHz < f <= 1919.6MHz -55dBm 1IMHz
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Technical requirements of the low power active systemsin 950MHz band

This part is based on the proposal to the committee of MIC. (Work in progress) and is supposed
to bein section 7.

(1) Communication System
One-way method, simplex method, duplex method, semi-duplex method, or broadcast

(2) Modulation System
This document does not specify any modulation system considering devel opment of technology
in future.

(3) Frequency band
<Antenna power 1mw>
950.8MHz — 955.8MHz (5.0MHz)
<Antenna power 10mW>
954.0MHz — 955.0MHz (1.0MHz)

(4) Unit radio channel
<Antenna power 1mw>
There are 24 unit radio channels so that their center frequencies shall be located from
951.0MHz to 955.6MHz with 200kHz separation.
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<Antenna power 10mw>
There are 4 unit radio channels so that their center frequencies shall be located from
954.2MHz to 954.8MHz. with 200kHz separation.
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(5) Radio channel
Radio channel shall contain whole of the occupied frequency bandwidth of emitted radio signal
and shall be consisted of up to 3 consecutive unit radio channels.

(6) Antenna power
1ImW or 10mwW
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(7) Antennagain
<Antenna power 1ImwW>
It shall be equal to or less than 3dBi. It can be increased unless EIRP of emitted radio signal is
over than EIRP emitted when ImW power is provided to 3dBi antenna.

<Antenna power 10mwW>
It shall be equal to or less than 3dBi. It can be increased unless EIRP of emitted radio signal is
over than EIRP emitted when 10mW power is provided to 3dBi antenna.

(8) Channel mask
<Antenna power 1mw>
Frequency band of radio channel shall be (200kHz * n). Where nis anumber of unit radio
channels simultaneously used and is integer from 1 to 3.
At the edge of radio channel it shall be equal to or less than 20dBc. The power emitted in
adjacent unit radio channel shall be equal to or less than -26dBm/200kHz.

dBm/100kHz  {200kHz | 200 KHZi 200kHzZ

o
% 10 : : adjacent channel power
g |less than -26dBm
"5 0
0]
E .g -10
=8 20 -39dBM/100kHz
%g -30 / ( [f-fc] > 200+100x(n-1) )
o O
-40
-50 — > kHz
i fc-200 1 fc i fct200:
Lower adjacent : - ~_ Upper adjacent
unit channel unit channel

<Antenna power 10mw>
Frequency band of radio channel shall be (200kHz * n). Where nis anumber of unit radio
channels simultaneously used and is integer from 1 to 3.
At the edge of radio channel it shall be equal to or less than 20dBc. The power emitted in
adjacent unit radio channel shall be equal to or less than -18dBm/200kHz.
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(9) Occupied frequency bandwidth
Equal to or less than (200 * n) kHz
Where nis anumber of unit radio channels simultaneously used and is integer from 1 to 3.

(10) Tolerance of antenna power
It shall be +20% (upper vaue) and -80% (lower value).

(11) Spurious emission strength (at antennainput)

30MHz f <= 1000MHz -36dBm/100kHz
1GHz f -30dBm/MHz
Above spurious emission strength is applied to only except for below
710MHz f <= 945MHz -55dBm/MHz
945MHz f <= 950MHz -55dBm/100kHz
950MHz f <= 956MHz -39dBm/100kHz
(Except for [f-fc| < 200+100(n-1) kHz)
956MHz f <= 958MHz -55dBm/100kHz
958MHz f <= 960MHz -58dBm/100kHz
1884.5MHz f <= 1919.6MHz -55dBm/MHz

(12)  Sending control
Radio equipment shall stop emitting radio signal within 1sec after it started to emit.
It shall wait emitting wireless signal for 100msec.
It may emit again without waiting 100msec, while it iswithin 1 sec after first emitting and the emitting shall be
finished within this 1 sec.
(13) Career Sense
1) Radio equipment shall check interference by the career sense before new transmission.
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2) Career Sense Time

Career Sense shall be doneto all of unit radio channels included by frequency range to be emitted
for 10ms at least.

Except that, in one to one and one to N communication, a career sense of responder after the
career sense of sender may comply to the rule (a) and (b).

(Thisincludes al of unit wireless channels included by frequency from responder when a sender
and aresponder send with different frequency (duplex method) and responder’s frequency
includes a channel from 952.2MHz(Ch.7) to 954.8MHz(Ch.20) .)

(a) A Career Sense shall be done for 128 micro seconds at least. Sending time shall be within
100msec and amount of sending time for 1 hour shall be less than 360 sec. (Duty Cycle shall be
less than or equal to 10%.)

(b) If asending control stops emitting within 100ms after its start of emitting and amount of
sending time is less than or equal to 3.6 second for 1 hour, any career senseis not required.
Regarding 10 channels, 951.0MHz(ch.1), 951.2MHz(ch.2), 951.4MHz(ch.3), 951.6MHz(ch.4),
951.8MHz(ch.5), 952.0MHz(ch.6), 955.0MHz(ch.21), 955.2(ch.22), 955.4MHz (ch.23) and
955.4MHz(ch.24), al of methods may comply to the rule (a) or (b).

(3) Career Sense Leve

Amount of received power at all of unit radio channels included frequency emitted shall be -

75dBm at an input point of antenna.
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Technical requirements of the high power passive tag systems in 950M Hz band

(1) Modulation

Amplitude modulation using DSB or SSB, angular modul ation, non-modulation or
combination of these systems

(2) Frequency band
952MHz - 954MHz

(3) Antenna power (at antenna connector input)
1w

(4) Antennagain
Less than 6dBi

(5) Unit radio channel

Unit radio channels shall be 9 channels whose central frequencies are located by 200 kHz
separation from 952.2MHz to 953.8MHz.

50 dath T T A O A

R e r df S5 b o a5

FANVARV ANV ANV ANN AW AW

-29 d B0 klHq--[ - {lﬁﬁﬁﬁﬁlﬁﬁﬁyﬁﬁﬁyﬁ \! V V Vﬁﬁy:)\::::: I
i i 1

-39 d BIOWD ket
.61 d BIMD k I 1‘ 1‘ I 1‘ 1 I

95p . |8 495895
95 0 MBRzMH&h 1 )( b2 ) ( c3p ( c4

(6) Channel mask
® Bandwidth: (200 x n) kHz (n: number of unit channels)
® Levd of channel edge:  20dBc
® Power of adjacent channel: less than -0.5dBm

b
—

9 5 3[.09
(chig9

3,/9B3. |48 . ®8 8
g9 h

) ; .
h 60ch 7 )(ch 8 ) b9)9g 5 kM 9 5Miz

Submission Page 17 Kiyoshi Fukui, OKI



September, 2007 doc.: | EEE 802. 15-07-0837-00-004d

dBm/100kHz 1 200kHZz! (200xn)kHz | 200kHz!

< 30
c
& 20 adjacent channel power
g lessthan 0.5dBm
vy 10
T< o
858
S§ 10
EE o . -29dBm/100kHz
38 / (fi-fc| > 200+100x(n-1))
-30
40 ' ' - > kHz
fc-200-100x(n-1)  fc fc+200+100x(n-1)
Lower adjacent Upper adjacent
unit channel unit channel

(7) Signa bandwidth
Lessthan (200x n) kHz  (n  1-9)

(8) Tolerance of antenna power
Upper bound: 20%, Lower bound: -80%

(9) Spurious emission (at antennainput)

f <= 1000MHz -36dBm/100kHz
1GHz f -30dBm/MHz
Above spurious emission strength is applied to only except for below
715MHz < f <= 945MHz -61dBm/MHz
945MHz < f <= 950MHz -61dBm/100kHz
950MHz < f <= 952MHz -39dBm/100kHz
952MHz < f <= 954MHz -29dBm/100kHz
(Except for freq. band within less than 200+100 x (n-1) kHz from fc)
954MHz < f <= 956MHz -39dBm/100kHz
956MHz < f <= 960MHz -61dBm/100kHz
1884.5MHz < f <=1919.6MHz -61dBm/MHz
(20) Sending Control
After sending less than 4s, it has to pose more than 50ms.
(11) Carrier Sense Level
-74dBm
(12 Carrier Sense Time
oms
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(13 Multiple channel use
1-9 channels
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Technical requirements of the low power passive tag systems in 950MHz band

(1) Modulation
Amplitude modulation using DSB or SSB, angular modul ation, non-modulation or
combination of these systems

(2) Frequency band
952MHz - 955MHz

(3) Antenna power (at antenna connector input)
10mw

(4) Antennagain
Less than 3dBi

(5) Unit radio channel
Unit radio channels shall be 14 channels whose central frequencies are located by 200 kHz
separation from 952.2MHz to 954.8MHz.

10d

- 10 diB Mk _)k.
7T INININZNININLNZ NS \NZNZNZNTN
- 30dB Mk \{ \{ \f \{\g\{ - ‘{ \1(
952/.9p52/.9p58/.9528/ 9530/98.2 958 958958 8/952|.954946|/98.8
SO ABmEES aMH  (ch X chZ chicha(chd (b6 (cmh (coh (ch

9
9 bl p( clh) (chl(2c hXZ h14 QSEM
9

95 BZM 5 zMH 9 5 5zMH

(6) Channel mask
® Bandwidth: 200 kHz
® |evel of channel edge:  20dBc
® Power of adjacent channel: lessthan -18dBm
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dBm/100kHz } 200kHz ! 20Q kHzi 200kHzl
20 W o

©
% 10 adjacent channel power
g less than -18dBm
vy O
S .10
25
=8 20 -39dBM/100kHzZ
g g 30 ( [f-fc] > 200)
o O
-40
-50 P T > kHz
i fc-200 ¢ fc 1 fc+200
Lower adjacent (¢—> «——> Upper adjacent
unit channel unit channel
(7) Signa bandwidth
Less than 200 kHz
(8) Tolerance of antenna power
Upper bound: 20%, Lower bound: -80%
(9) Spurious emission (at antenna connector input)
f <= 1000MHz -360Bm/100kHz
1GHz f -30dBm/MHz
Above spurious emission strength is applied to only except for below
715MHz < f <= 945MHz -61dBm/MHz
945MHz < f <= 950MHz -61dBm/100kHz
950MHz < f <= 956MHz -39dBm/100kHz
(Except for freq. band within less than 200 kHz from fc)
956MHz < f <= 960MHz -61dBm/100kHz
1884.5MHz < f <= 1919.6MHz -61dBm/MHz
(20) Sending Control
After sending less than 1s, it has to pose more than 100ms.
(11 Carrier Sense Level
-64dBm
(12 Carrier Sense Time
10ms
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(13 Multiple channel use
Not available
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950MHz
950MHz
950MHz
950MHz
950MHz

950MHz
950MHz

950MHz
950MHz

950MHz

950MHz
950MHz
950MHz

950MHz

950MHz
950MHz

UHF
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2009
14 9 30
UHF 950MHz
1
14 19 XX
UHF
XX XX XX XX
15 19 XX
950MHz
13 18 2
UHF 950MHz
15 18 6
UHF 950MHz
16 18 2
950MHz
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950MHz
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950MHz
950MHz
19 18 11 24
950MHz
20 18 12 27
950MHz
21 19 2 2
950MHz
22 19 7 xx
23 19 7 xx
24 19 x XX
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v
RFID : Radio Frequency Identification
13.56MHz 950MHz 2.45GHz
135kHz
433MHz
ISO International Organization for Standardization
16
8 433MHz 18 12
433MHz
950MHz
950MHz

950MHz
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950MHz
950MHz
950MHz
800/900M Hz
ZigBee ZigBee
ZigBee

ZigBee

PAN Persona AreaNetwork 2.1-1
ZigBee
250kbps
ZigBee
IEEE802.11b LAN
PAN
10m
ZigBee
950MHz
vy
"
ZigBee
v
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ZigBee Alliance

2.1-1
2.1-1 ZigBee
2.1-1
IEEE 802.11b Bluetooth ZigBee
32 7 64000
3 10 30
100 -300m 10m 30-100m
11Mbps 1Mbps 250Kbps
ID (SSID), WEP 64 bit, 128 bit 128 bit AES
ZigBee Alliance
300 MH
4 OMH 2 4G H 433 MH
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950MHz
ZigBee IEEE ZigBee ZigBee Alliance
IEEE MAC ZigBee Alliance
2.2-2 ZigBee
\
- ZigBee Alliance
/
\
MAC
- IEEE802.15.4
e
2.2-2 ZigBee
ZigBee

3

ZigBee

ZigBee

ZigBee

ZigBee

ZigBee ZigBee

ZigBee
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ZigBee ZigBee
ZigBee 3
21- 3 3
O ZigBee 7, ZigBee o ZigBee
2.2-3 ZigBee
ZigBee ZigBee
ZigBee ZigBee
ZigBee 65,533
ZigBee
ZigBee ZigBee
P2P ZigBee
ZigBee
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950MHz
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2.3-1
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2.3-2
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950MHz
ZigBee
ZigBee
ZigBee MAC IEEE802.15.4 2003 4
IEEE802.15.4-2003 868MHz 915MHz
250kbps 2006 IEEE802.15.4-
2006 3.1-1 |EEE802.15.4-2006
20 250kbps 128 640us
-75dBm -82dBm
3.1-1 |EEE802.15.4
2.4 GH 915M¥ 8 8Mz
(24 0-2483.5) | (902-9 8) (868- 868. 6)
oP B OPX |AER e Joex |ax  [erx
5MHz 2MHz 6 OkHz
250 kpb 250kbps | 2 Bkbps | 40k bsp | 1 Okpbs | 250 kpb | 20k bsp
62. 5sks 62.5ks p |5 Rsps | 40k ssp | 2 Bsps | 12. 5shgs | 20k ssp
-85 dnB -85dBm | -85dBm | -92 dnB | -85dBm | -85 dnB | -92 8Bm
128u 128y 1 6p 200u 3 Qu 640u 400
(8 )
-75 dnB - 75dBm -75dBm | -82 dnB | -75dBm | -75 dnB | -82 dnB
3.1-1 ZigBee 868MHz 915MHz
2.4GHz 868MHz SRD Short Range Devices
915MHz ISM 2.4GHz
868MHz 1 915MHz
10 2.4GHz 16
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0

868MHz PHY Fc=868.3

868.0-868.6MHz

868.3 MHz
915MHz PHY 110 —f }— 2MHz
ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ Fc=906+2(k-1), for k=1 10
: '. 902-928MHz
902 MHz 928 MHz

2.4 GHz PHY
1126  —| = 5MHz

A0ANANAAAAAANNANNA,

24GHz Fc=2405+5(k-11), for k=11 26 24835 GHz
2400-2483.5MHz

3.1-1 I|EEE802.15.4

ISO/IEC JTC1
UHF 860~960MHz
433MHz
ISO/IEC 3.1-2

3.1-2 ISO/IEC
ISO/IEC 18000-1 2004 9
ISO/IEC 18000-2 135kHz 2004 9
ISO/IEC 18000-3 13.56MHz 2004 9
ISO/IEC 18000-4 2.45GHz 2004 8
ISO/IEC 18000-5 5.8GHz
ISO/IEC 18000-6 860~960MHz 2004 8
ISO/IEC 18000-7 433MHz 2004 8
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EPCglobal®
860~960MHz Classl Generation2
Class2
EPCgloba 3.1-2
Class
Class
Class
Class
ClassO Class

3.1-2 EPCglobal

800/900MHz SRD
860MHz 915MHz 3.2-1
860MHz  SRD 20010 3 12
600kHz
3.2-1 860MHz SRD ERC/REC 70-03
(er.p.
868.000 1%
868.600MHz | =™V LBT 36 18
! EAN European Article Numbering ucc

Uniform Code Council
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868.700 0.1%
869.200MHz | =™V LBT 0.72 0.72
869.400 500mW 10% 25kHz " L8
869.650MHz LBT '
869.700 o
870.000MHz | °™W 100%
IEEE802.15.4 800/900MHz 868MHz
915MHz 3.2-2
3.2-2
ERC FCC
(European Radio communications (Federal Communications
Committee) Commission)
ERC/REC 70-03 FCC 15.247
ETSI ) FCC 15.205
(European Telecommunications FCC 15.209
Standards Institute)
EN 300 220-1
868.0-868.6MHz  25mW e.r.p 902-928MHz
DSSS
8dBm/3kHz
FHSS
50 1w
50 0.25W
+ 6dBi
50mV/m 3m
+100ppm
FHSS DSSS
DSSS
500kHz
FHSS
500kHz
47-74MHz  87.5-118MHz 1GHz
174-230MHz  470-862MHz -20dBc/100kHz
4nW[-54dBm] (Operating) 1GHz
2nW[-57dBm] (Standby) -20dBc/1IMHz
1,000MHz FCC 15.205
250nW[-36dBm] (Operating)
2nW[-57dBm]  (Standby) 1.705-30MHz
1,000MHz 30pVvim ( 30m)
1uW[-30dBm] (Operating) &d EIRP )
20nW[-47dBm]  (Standby) 46dBm
100kHz er 30-88MHz
TP 100uV/m ( 3m)
EIRP -
55dBm
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88-216MHz
150pV/m ( 3m)
EIRP -
52dBm
216-960MHz
200pV/m ( 3m)
EIRP -
49dBm
960MHz
500pV/m ( 3m)
EIRP -
41dBm
3.6s 1.8s
1GHz 2nw
1GHz
20nW
950MHz
950MHz
R.R.: Radio Regulations 950MHz
Region 1 Region 3
942 960MHz
Region 2
942 960MHz
950 956MHz
950MHz
331 950 956MHz
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A

P

-~
IMT-2000 ‘
PDC STL 22 PHS
950 952 954 955 956 957 958 960 1884.5 MHz
2
3.3-1 950MHz
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950MHz
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950MHz
950MHz
950MHz
950MHz
2.4GHz 2004 2008
2020
2020
950MHz 5.1-
1
51-1
2008 2012 2020
336,220 7,223,369 50,514,416
2,433 101,603 1,418,898
0 0 0
/ 79,014 671,136 1,425,224
73,108 1,278,358 15,034,841
154,000 4,665,600 51,273,675
766 4,745 45,440
70 420 1,418
645,610 13,945,230 119,713,912
10.824
7.16
17.984
950-956MHz
PDC STL 2
PHS 700/900MHz  IMT-2000
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10m m
Imw
3dBi 3dBm EIRP
3dBm EIRP
13dBm EIRP
952-955MHz
956-957MHz PDC
PDC
99
-52dBm/100kHz EIRP
PDC 200kHz 3dBm
EIRP PDC
950MHz 3dBm EIRP
955.8MHz PDC
-52dBm/100kHz EIRP
700/900MHz IMT-2000
950MHz 5MHz 950MHz

IMT-2000
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IMT-2000
3dB
ITU-R M.2039
-10dB -125dBm/100kHz
IMT-2000

3dBm EIRP
13dBm EIRP

950MHz 800kHz 950.8MHz
0.8m 4.5m
2MHz 1.4m 8m
950MHz
950MHz 800kHz 950.8MHz

956MHz
-520Bm/100kHz  EIRP 945-950MHz IMT-
2000 44m

IMT-2000
5MHz
5.8MHz
10dB -62dBm/100kHz EIRP 14m
-62dBm/100kHz -52dBm/MHz

I TH M. 2039 WCDMA
99d Bm/ 3Hz 8SADMA 20006104 diIB&h6 MHKI-2 000 100kHz
-115 4d1BOn® k Hz
-6d B0k Hz 3 .4BH z 1 .5MHz
1MH z
-5dBnmE M
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950MHz IMT-2000
800kHz 945MHz
950MHz -52dBm/100kHz EIRP
5.8MHz 945MHz -52dBm/MHz EIRP
IMT-2000
IMT-2000
IMT-2000
IMT-2000
IMT-2000
956-957MHz PDC
IMT-2000

958-960MHz

-54.8dBm/100kHz  EIRP

55dBm/100kHz EIRP

5.8MHz -52dBm/MHz  EIRP 1.9GHz
1884.5-1919.6MHz PHS PHS
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950MHz

950MHz

IEEE802.15.4
-750Bm
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13dBm EIRP
1km
13dBm EIRP
13dBm EIRP
10m
13dBm EIRP
13dBm EIRP 952-955MHz
954-955MHz
3dBm EIRP
13dBm EIRP Imw 10mwW
950MHz
3dBi 1mw
3dBi 1mw
10mw 3dBi 10mw
1mw IMT-2000
950.8MHz PDC
955.8MHz
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10mw
952MHz 955MHz
954MHz
955MHz

860MHz SRD
600kHz 915MHz 500kHz
3
600kHz
1Imw 950.8-955.8MHz 10mw
954-955MHz 3
200xn  kHz

odn)
o A AN / ANAIN/ / AN/
-39 @nf 100kt V
55 B 100ke 5L 0] 95[L. 2] 95{L 4| 95[L. 6| 95| 18] 95p. 0] 95p. 2| 95p. 4] 95p. 6] 929 943.4 953 491'3,4 95 34 933.9 954 0] 95| 42| 944.4 950, 6] 95| 48] 95b. 0] 95b 2| 95. 4] 95b. 6
9B0ME +(cht) (ch2) (ch B (ch4) (c B (och6) (ch7) (ch8) (ch9) (chi0) (chll) (chi2) (chi3) (chl4) (chl5)(chi6) (chi7) (chl8)(chid) (ch20) (ch21) (ch22) (ch23) (ch24) +  gsenkg
950. 8\ 952Me 954N 955M 955. 8\
54-1 ImW
10dBy
-39dBm A00kHz |- SR SN SR
9 8.2]954.4]95}.6]954.8

-SEmAOKE | . v (0D (chd) (ch3) (cha) + ' gs6ME
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5.4-2 10mw
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20dBc
ImwW 950.8-955.8MHz 950-950.8MHz 955.8-
956MHz 10mw 954-955MHz 950-954MHz  955-
956MHz -39dBm/100kHz
ImwW 950.8-955.8M Hz 10mw 954-
955MHz 200+100x n-
1 n: 1 3
-39dBm/100kHz
5.4-3 5.4-4
1Imw - 26dBm
10mw -18dBm
( ) + 20kHz + 20RHz ' 2 OkBiz '
odBm -------- 1: --------- : : - 1: ----------
. 208m -----o- e i oo
-39 B/ 1 OkHz / . “ e -
-26dBm I fc Z(I) RHz . flc I fc +I2kBIZ I
5.4-3 Imw
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- adBm - R - o200 R
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100ms
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1
100ms
10ms
-75dBm
11 1
11
10ms
Submission Page 57 Kiyoshi Fukui, OKI



September, 2007 doc.: | EEE 802. 15-07-0837-00-004d

|IEEE802.15.4
128us
|IEEE802.15.4
53ms 8
100ms
100ms
100ms
100ms

5.4-5 5.4-6 5.4-7

| EEE8042. 15 127
6 133 | EEES802. 1
20kbps 133byxt 8it /bp280k 53. 2ms
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——1 ]

Weleur —

1s

E v
voms [ ] 1 10ms
54-7
EIRP 945MHz
1884.5MHz 1919.6MHz -52dBm/MHz  945MHz 950MHz
956MHz 958MHz -52dBm/100kHz 958MHz 960MHz
-55dBm/100kHz
3dBi
945MHz 1884.5MHz 1919.6MHz -55dBm/MHz
945MHz 950MHz 956MHz 958MHz -55dBm/100kHz
Imw 950.8-955.8MHz
10mw 954-955MHz
-39dBm/100kHz
ITU-R SM.329-10
IMT-2000
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5.4-1

5.4-2

54-1 ITU-R SM.329-10

30MHz 1GHz -36dBm 100kHz
1GHz -30dBm 1IMHz
5.4-2
(
)
30MHz 1GHz
710MHz 960MHz -36dBm 100kHz
710MHz 945MHz -55dBm 1MHz
945MHz 950MHz -55dBm 100kHz
950MHz 956MHz
-39dBm 100kHz
200+100(n-1)kHz n
956MHz 958MHz -55dBm 100kHz
958MHz 960MHz -58dBm 100kHz
1GHz 1884.5 MHz 30dB IMH
1919.6MHz -sudbem z
1884.5MHz 1919.6MHz -55dBm 1MHz
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950MHz
0.5cm 5.05cm 950MHz
f[MHz]
300MHz 1585f12 | £Y2/237.8 f / 1500 5
1.5GHz [V/m] [A/m] [mW/cm?]
120m Q
(1) 950MHz
950MHz
200-600kHz eir.p. 3dBm
13dBm
950.8MHz 955.8MHz ei.r.p. 3dBm
954MHz 955MHz ei.r.p. 13dBm
951MHz
e.i.r.p. 3dBm 954.2MHz e.i.r.p. 13dBm
)
11 4 27 300
__ PG
407R?
S [mW/cm?]
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P [W]
G
R [m]
K
K 1
7T6MHz K 256
T6MHz K 4
6dB
951 MHz 954.2 MHz
0.50 cm 1.58 cm
0.80cm 2.53cm
1.60 cm 5.05cm
Q) 951MHz e.i.r.p. 3dBm
f 951[MHZ] S /1500 0.634[mW/cm?]
S 0634[mW/icm? Px G 0.002[W] 3
[dBm] K 1 R 0.0050 [m] 0.50 [cm]

S 0634[mW/cm? Px G 0.002[W] 3
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[dBm] K 2.56 R 0.0080[m] 0.80[cm]

S 0634[mW/icm’ Px G 0.002[W] 3
[dBm] K 102  256x 10° 6/10 R 0.0160 [m]
1.60 [cm]

(2 954.2MHz e.i.r.p. 13dBm
f 954.2MHZ] S /1500 0.636|mW/cm?]

S 0636[mW/icm’ Px G 0.02[wW] 13
[dBm] K 1 R 0.0158 [m] 1.58 [cm]

S 0636[mW/icm’ Px G 0.02[wW] 13
[dBm] K 2.56 R 0.0253[m] 2.53[cm]

S 0636[mW/icm’ Px G 0.02[wW] 13
[dBm] K 102  256x 10° 6/10 R 0.0505[m]
5.05[cm]
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950MHz
950MHz

950MHz
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