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This amendment specifies alternate PHYs in addition to those of IEEE Std 802.15.4-2006, IEEE Std 802.15.4aTM-2007, and IEEE Std 802.15.4cTM-2009. These alternate PHYs are specified for the Japanese 950 MHz band.
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1



IEEE Std 802.15.4d-2009



PART 15.4: WIRELESS MAC AND PHY SPECIFICATIONS FOR LR-WPANs



5. General description 5.1 Introduction Change the following item of the dashed list in 5.1 as shown: —



16 channels in the 2450 MHz band, 30 channels in the 915 MHz band, 3 channels in the 868 MHz band, 14 overlapping chirp spread spectrum (CSS) channels in the 2450 MHz band, 16 channels in three UWB bands (500 MHz and 3.1 GHz to 10.6 GHz), and 8 channels in the 780 MHz band and 22 channels in 950 MHz band.



5.4 Architecture 5.4.1 Physical layer (PHY) Insert a new dashed list item at the end of the third paragraph dashed list in 5.4.1 as shown: —



2



950–956 MHz (Japan, as described in Annex K)
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AMENDMENT 3: ALTERNATIVE PHYSICAL LAYER EXTENSION TO SUPPORT THE JAPANESE 950 MHz BAND



IEEE Std 802.15.4d-2009



6. PHY specification 6.1 General requirements and definitions Change first sentence of fourth paragraph in 6.1 as follows: The standard specifies the following four PHYs: Add the following items to the second dashed list: —



A 950 MHz direct sequence spread spectrum (DSSS) PHY employing binary phase-shift keying (BPSK) modulation



—



A 950 MHz PHY employing Gaussian frequency-shift keying (GFSK) modulation



Insert the following paragraph at the end of 6.1: In further additions to the PHYs supported in IEEE Std 802.15.4-2006, and IEEE Std 802.15.4a-2007, and IEEE Std 802.15.4c-2009, two additional PHYs have been added. They are BPSK and GFSK PHYs operating in the Japanese 950 MHz band. 6.1.1 Operating frequency range Insert new rows to Table 1 (the entire table is not shown) as indicated: Table 1—Frequency bands and data rates Spreading parameters PHY (MHz)



Frequency band (MHz)



950a



aFor



Data parameters



Chip rate (kchip/s)



Modulation



Bit rate (kb/s)



Symbol rate (ksymbol/s)



Symbols



950–956



—



GFSK



100



100



Binary



950a



950–956



300



BPSK



20



20



Binary



2400



2400–2483.5



2000



O-QPSK



250



62.5



16-ary Orthogonal



the 950 MHz PHYs, at least one of the two PHYs specified shall be implemented.



Change the list of Japanese regulatory documents as indicated: Japan: —



Approval standards: Association of Radio Industries and Businesses (ARIB)



—



Document: ARIB STD-T66 [B22] and ARIB STD-T96 [B22a]



—



Approval authority: Ministry of Public Management, Home Affairs, Posts and Telecommunications (MPHPT)
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IEEE Std 802.15.4d-2009



PART 15.4: WIRELESS MAC AND PHY SPECIFICATIONS FOR LR-WPANs



6.1.2 Channel assignments Insert the following new subclause after 6.1.2.1c: 6.1.2.1d Channel numbering for 950 MHz PHYs For channel page 6, 22 channels numbered 0 to 21 are available across 950 MHz band to support the 950 MHz PHY. Channels 0–7 are for 1 mW BPSK, 8–9 are for 10 mW BPSK and 10–21 are for GFSK. The center frequency of these channels is defined as follows: Fc = 951.2 + 0.6 k in megahertz, for k = 0, …, 7 Fc = 954.4 + 0.2 (k – 8) in megahertz, for k = 8, 9 Fc = 951.1 + 0.4 (k – 10) in megahertz, for k = 10, …, 21 where k is the channel number. For each PHY supported, a compliant device shall support all channels allowed by regulations for the region in which the device operates, except for channels 14 and 17, which are optional. 6.1.2.2 Channel pages Change Table 2 (the entire table is not shown) as indicated:. Table 2—Channel page and channel number Channel page (decimal)



Channel page (binary) (b31,b30,b29,b28,b 27)



6



00110



67–31



00111–11111



Channel number(s) (decimal) 0–9 10–21 Reserved



Channel number description



Channels 0 to 9 are in 950 MHz band using BPSK Channels 10 to 21 are in 950 MHz band using GFSK Reserved



6.1.3 Minimum LIFS and SIFS periods Change Table 3 (the entire table is not shown) as indicated: Table 3—Minimum LIFS and SIFS period



4



PHY



macMinLIFSPeriod



macMinSIFSPeriod



Units



950–956 MHz GFSK



40



12



Symbols



950–956 MHz BPSK



40



12



Symbols



2400–24083.5 MHz BPSK



40



12



Symbols
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IEEE Std 802.15.4d-2009



6.3 PPDU format Change 6.3.1 and Table 19 as indicated: 6.3.1 Preamble field Preamble lengths for ASK are expressed in equivalent octet times as the preamble for ASK is defined using Table 19—Preamble field length PHY



Length



Duration (uS)



868–868.6 MHz BPSK



4 octets



32 symbols



1600



902–928 MHz BPSK



4 octets



32 symbols



800



950–956 MHz BPSK



4 octets



32 symbols



1600



868–868.6 MHz ASK



5 octets



2 symbols



160



3.75 octets



6 symbols



120



868–868.6 MHz O-QPSK



4 octets



8 symbols



320



902–928 MHz O-QPSK



4 octets



8 symbols



128



2400–2483.5 MHz O-QPSK



4 octets



8 symbols



128



950–956 MHz GFSK



4 octets



32 symbols



320



902–928 MHz ASK



a special symbol. For all PHYs except the ASK, CSS, and UWB and 950 MHz GFSK PHYs, the bits in the Preamble field shall be binary zeros. The ASK preamble format is described in 6.7.4.1. The bits in the preamble field for the 950 MHz GFSK PHY shall be "01010101010101010101010101010101." 6.3.2 SFD field Change Table 20 (the entire table is not shown) as indicated: Table 20—SFD field length PHY



Length



868–868.6 MHz BPSK



1 octet



8 symbols



902–928 MHz BPSK



1 octet



8 symbols



950–956 MHz BPSK



1 octet



8 symbols



868–868.6 MHz ASK



2.5 octets



1 symbol



0.625 octets



1 symbol



868–868.6 MHz O-QPSK



1 octet



2 symbols



902–928 MHz O-QPSK



1 octet



2 symbols



2400–2483.5 MHz O-QPSK



1 octet



2 symbols



950–956 MHz GFSK



1 octet



8 symbols



902–928 MHz ASK
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IEEE Std 802.15.4d-2009



PART 15.4: WIRELESS MAC AND PHY SPECIFICATIONS FOR LR-WPANs



6.4 PHY constants and PIB attributes 6.4.2 PHY PIB attributes Insert the following new row at the end of Table 23: Table 23—PHY PIB attributes Attribute phyCCADuration



Identifier 0x21



Type



Range



Integer



8–1000



Description The duration for the CCA, specified in symbols. This attribute shall only be implemented in combination with the 950 MHz band PHY.



Change subclause 6.6 as indicated:



6.6 868/915/950 MHz band binary phase-shift keying (BPSK) PHY specifications 6.6.1 868/915/950 MHz band data rates The data rate of the 868/915/950 MHz band BPSK PHY shall be 20 kb/s when operating in the 868/950 MHz band and 40 kb/s when operating in the 915 MHz band. 6.6.2 Modulation and spreading The 868/915/950 MHz BPSK PHY shall employ direct sequence spread spectrum (DSSS) with BPSK used for chip modulation and differential encoding used for data symbol encoding. 6.6.2.1 Reference modulator diagram The functional block diagram in Figure 21 is provided as a reference for specifying the 868/915/950 MHz band BPSK PHY modulation and spreading functions. The number in each block refers to the subclause that describes that function. Each bit in the PPDU shall be processed through the differential encoding, bit-tochip mapping and modulation functions in octet-wise order, beginning with the Preamble field and ending with the last octet of the PSDU. Within each octet, the LSB, b0, is processed first and the MSB, b7, is processed last. 6.6.2.4 BPSK modulation The chip sequences are modulated onto the carrier using BPSK with raised cosine pulse shaping (roll-off factor = 1) where a chip value of one corresponds to a positive pulse and a chip value of zero corresponds to a negative pulse. The chip rate is 300 kchip/s for the 868/950 MHz band and 600 kchip/s in the 915 MHz band. 6.6.3 868/915/950 MHz band radio specification 6.6.3.1 Operating frequency range The 868/915/950 MHz BPSK PHY operates in the 868.0–868.6 MHz frequency band, and in the 902–928 MHz frequency band and 950–956 MHz frequency band.



6
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6.6.3.2 915/950 MHz band transmit PSD mask The transmitted spectral products shall be less than the limits specified in Table 28. For the 915 MHz band, for both relative and absolute limits, average spectral power shall be measured using a 100 kHz resolution bandwidth. For the relative limit, the reference level shall be the highest average spectral power measured within ± 600 kHz of the carrier frequency. Table 28—915/950 MHz band transmit PSD limits Frequency band



Frequency



Relative limit



Absolute limit



915 MHz band



|f – fc| > 1.2 MHz



–20 dB



–20 dBm



950 MHz band (1 mW channels)



|f – fc| > 0.5 MHz



—



–39 dBm



0.5 MHz > |f – fc| > 0.3 MHz



—



–26 dBm/200 kHz



|f – fc| > 0.5 MHz



—



–39 dBm



0.5 MHz > |f – fc| > 0.3 MHz



—



–18 dBm/200 kHz



950 MHz band (10 mW channels)



6.6.3.3 Symbol rate The symbol rate of an 868/915/950 MHz BPSK PHY conforming to this standard shall be 20 ksymbol/s when operating in the 868/950 MHz band and 40 ksymbol/s when operating in the 915 MHz band with an accuracy of ± 40 ppm. NOTE—Current regulation for 950 MHz band PHY requires more stringent accuracy. Implementations need to comply with the current regulatory requirements.1



6.6.3.5 Receiver jamming resistance This subclause applies only to the 902–928 MHz band and to the 950–956 MHz band as there is only one channel available in the 868.0–868.6 MHz band. The minimum jamming resistance levels are given in Table 29. For the 902–928 MHz band, the adjacent channel is one on either side of the desired channel that is closest in frequency to the desired channel, and the alternate channel is one more removed from the adjacent channel. For the 950–956 MHz band, the adjacent channel is one on either side of the desired channel that is closest in frequency to the desired channel, but has a distance of at least 0.6 MHz to the desired channel. The alternate channel is one more removed from the adjacent channel, but has a distance of at least 1.2 MHz to the desired channel. For example, when channel 5 is the desired channel, channel 4 and channel 6 are the adjacent channels, and channel 3 and channel 7 are the alternate channels. Table 29—Minimum receiver jamming resistance requirements for 915/950 MHz BPSK PHY Frequency band



Adjacent channel rejection



Alternate channel rejection



902–928 MHz band



0 dB



30 dB



950–956 MHz band



0 dB



24 dB



1



Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard.
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The adjacent channel rejection shall be measured as follows: the desired signal shall be a compliant 915/950 MHz IEEE 802.15.4 BPSK PHY signal, as defined by 6.6.2, of pseudo-random data. The desired signal is input to the receiver at a level 3 dB above the maximum allowed receiver sensitivity given in 6.6.3.4. In either the adjacent or the alternate channel, a compliant IEEE 802.15.4 BPSK PHY signal, as defined by 6.6.2, is input at the relative level specified in Table 29. The test shall be performed for only one interfering signal at a time. The receiver shall meet the error rate criteria defined in 6.1.7 under these conditions. Insert after 6.6a the following new subclause:



6.6b 950 MHz band Gaussian frequency-shift keying (GFSK) PHY specifications 6.6b.1 950 MHz band data rates The data rate of the 950 MHz band GFSK PHY shall be 100 kb/s when operating in the 950 MHz band. 6.6b.2 Modulation and spreading The 950 MHz GFSK PHY does not employ any spreading technology. The bit sequence is modulated onto the carrier using GFSK. 6.6b.2.1 Reference modulator diagram The functional block diagram in Figure 21c is provided as a reference for specifying the 950 MHz band GFSK PHY modulation and data whitening functions. The number in each block refers to the subclause that describes that function. Each bit in the PPDU shall be processed through the data whitening and modulation functions in octet-wise order, beginning with the preamble field and ending with the last octet of the PSDU. Within each octet, the LSB, b0, shall be processed first and the MSB, b7, shall be processed last. Modulated Binary data signal from PPDU Data whitening (6.6b.2.2)



GFSK modulator (6.6b.2.3)



Figure 21c—Modulation and data whitening functions 6.6b.2.2 Data whitening Data whitening shall be exclusive or (XOR) of PPDU data (without SHR) with the PN9 sequence. This shall be performed by the transmitter and is described by Equation (4b): E n = R n ⊕ PN9 n



(4b)



where Rn



is the raw data bit being whitened



En



is the whitened bit



PN9n is PN9 sequence
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Index n starts after the SFD from 0 and is increased by one every symbol. For each packet transmitted, R0 is the PHR first raw data bit after the SFD. Conversely, the decoding process, as performed at the receiver, can be described by Equation (4c): R n = RE n ⊕ PN9 n



(4c)



For each packet received, R0 is the PHR first raw data bit. The PN generator is defined by the schematic in Figure 21d.



D



D



D



D



D



D



D



D



D



PN9 Figure 21d—Schematic of the PN generator



The seed in the PN9 shall be all ones: "111111111". The PN9 shall be reinitialized to the seed after each packet (either transmit or receive). The preamble and the SFD are not whitened. After the SFD, the PN9 generator is clocked starting from the seed. For example, the first 30 bits out of the PN9, once it is enabled, would be as follows: PN9n= 00, 01, 02, 03, 14, 15, 16, 17, 08, 19, 110, 111, 012, 013, 014, 015, 116, 017, 118, 119, 020, 021, 122, 123, 024, 125, 126, 027, 128, 129 In the transmitter the bits after the SFD are obtained by an XOR function that has the PN9 at its first input and the data at its second input. The output of the XOR function is applied to the GFSK modulator. In the receiver the bits after the SFD are obtained by an XOR function that has the PN9 at its first input and the received bits from the GFSK demodulator at its second input. The output of the XOR function is the received data. 6.6b.2.3 GFSK modulation The bit sequences are modulated onto the carrier using GFSK with a modulation index of 1 where the Gaussian filter BT is 0.5, where a bit value of one is transmitted by shifting the frequency higher than the channel center and a bit value of zero is transmitted by shifting the frequency lower than the channel center. The bit rate is 100 kbit/s. The nominal frequency deviation shall be 50 kHz. The deviation shall be between 70% and 130% of the nominal deviation. For the sequence 0101, the deviation shall be between 70% and 110% of the nominal deviation. For the sequence 00001111, the deviation shall be between 80% and 130% of the nominal deviation.
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6.6b.3 950 MHz band radio specification for the GFSK PHY 6.6b.3.1 Operating frequency range The 950 MHz GFSK PHY operates in 950.8–955.8 MHz frequency band. 6.6b.3.2 950 MHz band transmit PSD mask The PSD mask for 950 MHz band GFSK PHY is specified such as below. —



The average power measured within ± 100 kHz of the frequency 300 kHz apart from the center frequency shall be –26 dBm or less for a 1 mW device or –18 dBm or less for a 10 mW device.



—



The average power with 100 kHz resolution bandwidth in the frequency band from 950 MHz to 956 MHz except for the frequency band within ± 300 kHz of the carrier frequency fc shall be –39 dBm.



NOTE—The PSD has to comply with Japanese regulations.



6.6b.3.3 Symbol rate The 950 MHz GFSK PHY symbol rate shall be 100 ksymbol/s with an accuracy of ± 20 ppm. 6.6b.3.4 Receiver sensitivity Under the conditions specified in 6.1.7, a compliant device shall be capable of achieving a sensitivity of –85 dBm or better. 6.6b.3.5 Receiver jamming resistance The minimum jamming resistance levels are given in Table 29e. The adjacent channel is one on either side of the desired channel that is closest in frequency to the desired channel, and the alternate channel is one more removed from the adjacent channel. For example, when channel 15 is the desired channel, channel 14 and channel 16 are the adjacent channels, and channel 13 and channel 17 are the alternate channels. Table 29e—Minimum receiver jamming resistance for 950 MHz GFSK PHY Adjacent channel rejection



Alternate channel rejection



0 dB



24 dB



The adjacent channel rejection shall be measured as follows: the desired signal shall be a compliant 950 MHz IEEE 802.15.4 GFSK PHY signal, as defined by 6.6b.2 and 6.1.2.1d, of pseudo-random data. The desired signal is input to the receiver at a level 3 dB above the maximum allowed receiver sensitivity given in 6.6b.3.4. In either the adjacent or the alternate channel, a compliant IEEE 802.15.4 GFSK PHY signal, as defined by 6.6b.2 and 6.1.2.1d, is input at the relative level specified in Table 29e. The test shall be performed for only one interfering signal at a time. The receiver shall meet the error rate criteria defined in 6.1.7 under these conditions.
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6.9 General radio specifications 6.9.9 Clear channel assessment (CCA) Insert the following new paragraph before the last paragraph of 6.9.9 as shown: For the 950 MHz band, if channel 14 is supported CCA shall be performed on channel 13 and channel 14, if channel 17 is supported CCA shall be performed on channel 16 and channel 17 (English translation of ARIB STD-T96 [B1a]). Change the last lettered list of 6.9.9 as indicated: a)



The ED threshold shall correspond to a received signal power of at most 10 dB above the specified receiver sensitivity (see 6.5.3.3, 6.6.3.4, 6.6b.3.4, 6.7.3.4, and 6.8.3.4).



b)



The CCA detection time shall be equal to 8 symbol periods or phyCCADuration symbol periods for the 950 MHz band PHY.
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7. MAC sublayer specification 7.1 MAC sublayer service specification 7.1.1 MAC data service 7.1.1.1 MCPS-DATA.request 7.1.1.1.3 Effect on receipt Insert the following new paragraph before the second to last paragraph as shown: If the MAC sublayer receives the request while transmission is prohibited it shall delay transmission until transmission is permitted.



7.4 MAC constants and PIB attributes 7.4.2 MAC PIB attributes Insert the following new rows at the end of Table 26: Table 86—MAC PIB attributes Attribute



Identifier



Type



Range



Description



Default



macTxControlActiveDuration



0x61



Integer



0–100000



The duration for which transmit is permitted without pause specified in symbols.



2000 for BPSK PHY and 10000 for GFSK PHY



macTxControlPauseDuration



0x62



Integer



2000 or 10000



The duration after transmission before another transmission is permitted specified in symbols.



2000 for BPSK PHY and 10000 for GFSK PHY



macTxTotalDuration



0x63



Integer



0x0–0xffffffff



The total transmit duration (including PHY header and FCS) specified in symbols. This can be read and cleared by NHL.



0
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7.5 MAC functional description 7.5.1 Channel access 7.5.1.4 CSMA-CA algorithm Change the fourth paragraph of 7.5.1.4 as shown: Each device shall maintain three variables for each transmission attempt: NB, CW and BE. NB is the number of times the CSMA-CA algorithm was required to backoff while attempting the current transmission; this value shall be initialized to zero before each new transmission attempt. CW is the contention window length, defining the number of backoff periods that need to be clear of channel activity before the transmission can commence. For Japanese 950 MHz operation, this value shall be initialized to one before each transmission attempt and reset to one each time the channel is assessed to be busy. Otherwise this value shall be initialized to two before each transmission attempt and reset to two each time the channel is assessed to be busy. The CW variable is only used for slotted CSMA-CA. BE is the backoff exponent, which is related to how many backoff periods a device shall wait before attempting to assess a channel. In unslotted systems, or slotted systems with the received BLE subfield (see Figure 47) set to zero, BE shall be initialized to the value of macMinBE. In slotted systems with the received BLE subfield set to one, this value shall be initialized to the lesser of two and the value of macMinBE. Note that if macMinBE is set to zero, collision avoidance will be disabled during the first iteration of this algorithm. Change the eighth and ninth paragraphs of 7.5.1.4 as shown: In a slotted CSMA-CA system with the BLE subfield set to zero, the MAC sublayer shall ensure that, after the random backoff, the remaining CSMA-CA operations can be undertaken and the entire transaction can be transmitted before the end of the CAP. Note that any bit padding used by the supported PHY (see 6.7.2.2) must be considered in making this determination. If the number of backoff periods is greater than the remaining number of backoff periods in the CAP, the MAC sublayer shall pause the backoff countdown at the end of the CAP and resume it at the start of the CAP in the next superframe. If the number of backoff periods is less than or equal to the remaining number of backoff periods in the CAP, the MAC sublayer shall apply its backoff delay and then evaluate whether it can proceed. The MAC sublayer shall proceed if the remaining CSMA-CA algorithm steps (i.e., two CCA analyses or a single continuous CCA analysis of at least phyCCADuration for the 950 MHz band in Japan, as described in Annex F and Annex K), the frame transmission, and any acknowledgment can be completed before the end of the CAP. If the MAC sublayer can proceed, it shall request that the PHY perform the CCA in the current superframe. If the MAC sublayer cannot proceed, it shall wait until the start of the CAP in the next superframe and apply a further random backoff delay [step (2)] before evaluating whether it can proceed again. In a slotted CSMA-CA system with the BLE subfield set to one, the MAC sublayer shall ensure that, after the random backoff, the remaining CSMA-CA operations can be undertaken and the entire transaction can be transmitted before the end of the CAP. The backoff countdown shall only occur during the first macBattLifeExtPeriods full backoff periods after the end of the IFS period following the beacon. The MAC sublayer shall proceed if the remaining CSMA-CA algorithm steps (two CCA analyses, or a single continuous CCA analysis of phyCCADuration for the 950 MHz band in Japan, as described in Annex F and Annex K), the frame transmission, and any acknowledgment can be completed before the end of the CAP, and the frame transmission will start in one of the first macBattLifeExtPeriods full backoff periods after the IFS period following the beacon. If the MAC sublayer can proceed, it shall request that the PHY perform the CCA in the current superframe. If the MAC sublayer cannot proceed, it shall wait until the start of the CAP in the next superframe and apply a further random backoff delay [step (2)] before evaluating whether it can proceed again.
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7.5.2 Starting and maintaining PANs 7.5.2.4 Beacon generation Insert the following new paragraph before the last paragraph of 7.5.2.4 as shown: For devices operating in beacon-enabled mode in the Japanese 950 MHz band, a coordinator may precede beacon transmission with LBT without random backoff. The MAC shall ensure that the beacon is transmitted at the beginning of the superframe with accurate timing.
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Annex D (normative)



Protocol implementation conformance statement (PICS) proforma2 D.7 PICS proforma tables D.7.2 Major capabilities for the PHY D.7.2.1 PHY functions Insert after the PLF13.4 row the following new row in Table D.2 (the entire table is not shown): Table D.2—PHY functions Support Item number



Item description



Reference



Status N/A



PLF14



Support 950 MHz band PHY channels 14 and 17



6.1.2.1d



Yes



No



RF6.2:O



2



Copyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this annex so that it can be used for its intended purpose and may further publish the completed PICS.
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D.7.2.3 Radio frequency (RF) Insert after the RF5.2 row the following new rows in Table D.4 and add a new note entry to the final row (the entire table is not shown): Table D.4—Radio frequency (RF) Support Item number



Item description



Reference



Status N/A



RF6



950 MHz band PHYs



5.4.1, Clause 6, Table 1



O.3



RF6.1



binary phase-shift keying (BPSK) PHY



6.6



RF6.1: O.7



RF6.2



Gaussian Frequency-shift keying (GFSK) PHY



6.6b



RF6.1: O.7



Yes



No



O.3 At least one of these features shall be supported. O.5 At least one of these features shall be supported. O.6 At least one of these features shall be supported. O.7 At least one of these features shall be supported.
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Annex E (informative)



Coexistence with other IEEE standards and proposed standards E.1 Introduction Insert the following new paragraph at the end of E.1: The use of the 950 MHz band (950 MHz to 956 MHz) for LR-WPAN has only been recently allocated by the Japanese Regulatory committee. This is the first IEEE 802® standard defining use of the 950 MHz band (950 MHz to 956 MHz) in Japan and as such coexistence is not a practical issue at this time. However, the two PHYs specified for use in the 950 MHz band can potentially cause interference to each other. The Japanese regulation includes requirements to address coexistence for devices operating in band, e.g., Listen Before Talk, Transmission Control, and Duty Cycle restrictions. Together with the short duration (burst nature) of IEEE 802.15.4 packets and the use of CSMA-CA, coexistence is not considered to be a problem for the two PHYs when they share a common channel. Similar examples of this are shown in E.5.
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Annex F (informative)



Regulatory requirements F.4 Applicable Japanese rules Insert the following new subclause title (F.4.1) immediately following the clause title (F.4):



F.4.1 Applicable Japanese rules for 2.4 GHz band Insert after F.4.1 the following new subclause:



F.4.2 Applicable Japanese rules for 950 MHz band Following is a summary of the technical requirements of the Japanese rules for 950 MHz band specified in ARIB STD-T96 at the time of writing. F.4.2.1 General conditions a)



Communication method is one-way method, simplex method, duplex method, semi-duplex method, or broadcast.



b)



The contents of communications are primarily signals for telemeter, tele-control, and data transmission system.



c)



Modulation system is not specified.



d)



Operating frequency band: 950 MHz–956 MHz.



e)



Usage environment condition is not specified.



F.4.2.2 Transmitter a)



Antenna power (at an antenna input) is limited to 1 mW or less. Exceptionally, it is allowed to be 10 mW or less for radio channels consisting of only unit radio channels (*1) that have center frequencies from 954.2 MHz to 954.8 MHz. NOTE—(*1) Unit radio channels are defined that their center frequencies are located from 951.0 MHz to 955.6 MHz with 200 kHz separation and their bandwidth is 200 kHz.



b)



Tolerance of antenna power is between +20% (upper bound) and –80% (lower bound).



c)



Radio channel may consist of up to three consecutive unit radio channels.



d)



Frequency tolerance is ±20 ppm.



e)



Modulation method is not specified.



f)



Occupied frequency bandwidth is (200 × n) kHz or less. (n is a number of unit radio channels constituting the radio channel and is an integer from 1 to 3.)



g)



Adjacent channel leakage power: 1)



Frequency band of signal in use is within more than 950 MHz and less than 956 MHz. (Antenna power is 1 mW or less.) i)



Spectral power at the edge of a radio channel is –20 dBm or less.



ii)



Leakage power in unit radio channel adjacent to a radio channel is –26 dBm or less.
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Frequency band of signal in use is within more than 954 MHz and less than 955 MHz. (Antenna power is 10 mW or less.) i)



Spectral power at the edge of a radio channel is –10 dBm or less.



ii)



Leakage power in unit radio channel adjacent to a radio channel is –18 dBm or less.



iii) It is desirable to comply with the conditions i) and ii) described in step 1) in consideration of an interference to the adjacent channels when antenna power is 1 mW or less. h)



Spurious emission strength at the antenna input is less than the value in Table F.20. Table F.20—Spurious emission strength (at antenna connector input) Frequency band



Spurious emission strength (average power)



Reference bandwidth



f ≤ 1 GHz (except for 710 MHz < f ≤ 960 MHz)



–36 dBm



100 kHz



710 MHz < f ≤ 945 MHz



–55 dBm



1 MHz



945 MHz < f ≤ 950 MHz



–55 dBm



100 kHz



950 MHz < f ≤ 956 MHz [except for |f – fc| ≤ 200 + 100 × (n – 1) kHz]



–39 dBm



100 kHz



956 MHz < f ≤ 958 MHz



–55 dBm



100 kHz



958 MHz < f ≤ 960 MHz



–58 dBm



100 kHz



1 GHz < f (except for 1884.5 MHz < f ≤ 1919.6 MHz)



–30 dBm



1 MHz



1884.5 MHz < f ≤ 1919.6 MHz



–55 dBm



1 MHz



F.4.2.3 Receiver a)



Conducted spurious component is less than the value in Table F.21. Table F.21—Conducted spurious component at receiver
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Frequency band



Conducted spurious component (antenna input)



Reference bandwidth



f ≤ 1 GHz (except for 710 MHz < f ≤ 960 MHz)



–54 dBm



100 kHz



710 MHz < f ≤ 945 MHz



–55 dBm



1 MHz



945 MHz < f ≤ 950 MHz



–55 dBm



100 kHz



950 MHz < f ≤ 956 MHz [except for |f – fc| ≤ 200 + 100 × (n – 1) kHz]



–54 dBm



100 kHz



956 MHz < f ≤ 958 MHz



–55 dBm



100 kHz
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Table F.21—Conducted spurious component at receiver (continued)



Frequency band



Conducted spurious component (antenna input)



Reference bandwidth



958 MHz < f ≤ 960 MHz



–58 dBm



100 kHz



1 GHz < f (except for 1884.5 MHz < f ≤ 1919.6 MHz)



–47 dBm



1 MHz



1884.5 MHz < f ≤ 1919.6 MHz



–55 dBm



1 MHz



F.4.2.4 Controller The controller has the following functions that comply with the conditions specified in this subclause: a)



b)



c)



Sending control 1)



If the carrier sense time is 10 ms or more, the radio equipment stops its emission of radio signal within 1 s after it starts to emit. It waits 100 ms or more for the consecutive emission. However, it may emit again without waiting 100 ms, if it is within 1 s after its first emission and the emission is finished within this 1 s interval.



2)



If the carrier sense time is 128 µs or more, the radio equipment stops its emission of radio signal within 100 ms after it starts to emit. It waits 100 ms or more for the consecutive emission. The amount of sending times summed for 1 h is 360 s or less. However, it may emit again without waiting 100 ms, if it is within 100 ms after its first emission and the emission is finished within this 100 ms interval.



3)



If no carrier sense is applied, the radio equipment stops its emission of radio signal within 100 ms after it starts to emit. It waits 100 ms or more for the consecutive emission. The amount of sending times summed for 1 hour is 3.6 s or less. However, it may emit again without waiting 100 ms, if it is within 100 ms after its first emission and the emission is finished within this 100 ms interval.



Carrier sense (energy detection) 1)



Radio equipment checks interference existence by the carrier sense procedure before its new transmission.



2)



Carrier sense time is 128 µs or more when the antenna power is 1 mW or less and 10 ms or more when the antenna power is more than 1 mW.



3)



Carrier sense level that is amount of received power at all of unit radio channels included in the radio channel to emit is –75 dBm at the antenna input. If the carrier sense level is not less than –75 dBm, radio equipment dose not do data transmission.



4)



Carrier sense is not necessary if the antenna power is 1 mW or less and the conditions of F.4.2.4 a) 3) are satisfied.



Interference protection: Radio equipment has a function that can send or receive identification code.
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Table F.22—Combinations of sending control parameters and carrier sense times Carrier sense time



Antenna power Less than 1 mW



More than 1 mW and less than 10 mW



Limit of sending time



Pause time of sending



The amount of sending time summed for 1 hour



More than 10 ms



Less than 1 sa



More than 100 ms



Don’t care



More than 128 µs



Less than 100 msb



More than 100 ms



Less than 360 s



0



Less than 100 msb



More than 100 ms



Less than 3.6 s



More than 10 ms



Less than 1 sa



More than 100 ms



Don’t care



a



It may emit again without waiting 100 ms, if it is within 1 s after its first emission and the emission is finished within this 1 s interval. b It may emit again without waiting 100 ms, if it is within 100 ms after its first emission and the emission is finished within this 100 ms interval.



F.4.2.5 Chassis It is structured not to be opened easily. F.4.2.6 Telecommunication terminal equipment that uses the radio in itself a)



It has an identification code that is 48 bits or more in length.



b)



Except for a particular case that is defined outside of the specification, it makes the decision if channel is used or not before using that channel. Only if that decision is “channel is not used,” it can set a communication path on its channel.



F.4.2.7 Antenna gain Antenna gain is 3 dBi or less. However, in case EIRP is less than the value 3 dBi added by the maximum antenna power defined in F.4.2.2 a), it is allowed to compensate the difference by the antenna gain.
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Annex G (informative)



Bibliography G.1 General Insert the following bibliography in alphabetical order and renumber the remaining bibliographies: [B1a] English translation of ARIB STD-T96, 950 MHz-Band Telemeter, Telecontrol and Data Transmission Radio Equipment for Specified Low Power Radio Station, 2008.6.6 (H20.6.6) Version 1.0.



G.2 Regulatory documents Insert the following bibliography in alphanumerical order and renumber the remaining bibliographies: [B22a] ARIB STD-T96, 950 MHz-Band Telemeter, Telecontrol and Data Transmission Radio Equipment for Specified Low Power Radio Station, 2008.6.6 (H20.6.6) Version 1.0.
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Insert the a new annex as follows:



Annex K (informative)



Considerations for 950 MHz band This annex describes the way in which the IEEE 802.15.4 MAC may be configured and used to meet the requirements of the Japanese regulation for 950 MHz (see ARIB STD-T96 [B22a] and English translation of ARIB STD-T96 [B1a]). The regulation requires that a device uses listen before talk (LBT) prior to transmission if the duty cycle of transmission exceeds 0.1%. There is also a requirement that a device does not continuously transmit. The maximum continuous transmission time and the duty cycle of transmission are dependent on the LBT duration. F.4.2.4 describes the detailed operation. The regulation applies to a complete product. MAC PIB parameters are provided to permit a higher layer to control both the duty cycle and listen before talk functionality. The PIB parameter macTxTotalDuration is provided to allow a higher layer to control the transmission duty cycle of operation. The value represents the total number of symbols transmitted since last set to 0. The higher layer may read the value at any time, and may set the value (typically to 0). This provides a mechanism for the higher layer to calculate the actual transmission time and hence the percentage transmission time over any arbitrary period. The PIB parameters macTxControlActiveDuration and macTxControlPauseDuration permit a higher layer to control both the duration for which a device may transmit and the duration of the pause period, i.e., the time during which the MAC must pause to allow other devices access to the channel. These values are dependent on the transmission power and channel.
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