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 Introduction

This document proposes a channel placement scheme for the IEEE 802.15.3 WPAN system (see also 0169r2P802-15_TG3-Channel-plan-for-HR-WPAN). The WPAN system is designed to be compliant with FCC 15.249 (US), ETS 300 328 (Europe) and ARIB STD T66 (Japan). The WPAN PHY operates in the 2.4 – 2.4835 GHz frequency range and its transmit spectrum mask is shown in Figure 1. The channel placement is determined by finding the minimum and maximum center frequencies that meet the regulatory emission requirements. The middle channels are selected by maintaining channel spacing greater than 15 MHz to avoid spectral overlaps between adjacent channels.
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Figure 1: Transmit spectrum mask

Regulatory requirements

The relevant  (near 2.4 – 2.4835 GHz) regulatory requirements are summarized below:

1. ETS 300-328

a) The radiated power and peak power density should be less than or equal to 20 dBm and 10 dBm/MHz, respectively

b) Wideband and spurious emissions outside the ISM band should be less than –20 dBm/MHz and –30 dBm, respectively

2. ARIB STD-T66

a) The radiated power (for non spread spectrum systems) shall be less than or equal to 10 dBm

b) Emissions in frequency bands 2.387 - 2.4 GHz and 2.483 – 2.4965 GHz should be less than –16 dBm (or approximately –27.3 dBm/MHz)

c) Emissions in frequencies less than 2.387 GHz and greater than 2.4965 GHz should be less than –26 dBm 

3. FCC 15.249 and other applicable requirements 
c) The maximum transmit power is limited to –1.25 dBm/MHz

d) Emissions in frequency bands 2.310-2.390 GHz and 2.4835-2.500 GHz must be less than –41.25 dBm/MHz (FCC 15.205)
e) Emissions in frequency bands outside the 2.4 – 2.4835 GHz band, with the exception of the bands listed in item 2, should be either
i. less than –41.25 dBm/MHz (FCC 15.209), or 

ii. 50 dB below the transmit power in the desired channel (FCC 15.249)

In the discussion to follow only the ARIB STD-T66 and FCC requirements are considered since they are more restrictive than ETS 300-328. Another issue that needs to be addressed is the new NPRM issued by the FCC on May 11, 2001 which would permit digital modulation schemes to transmit at higher power levels under FCC 15.247. Although, the maximum transmit power in Japan is restricted to 10 dBm by ARIB STD-T66 (item 2a) (which is approximately –1.25 dBm/MHz over 14 MHz), it is possible to radiate at higher power levels in US and Europe. A channel placement scheme for this case is presented in a latter section. 

Channel placement (FCC 249, ETS 300 328 and ARIB STD-T66)

The maximum transmit power is assumed to be –1.25 dBm/MHz. The restricted bands defined in FCC 15.205 (item 3b) and ARIB STD-T66 (item 2b) are subsets of the frequency bands in 3c. The emission requirements 3c(i) will be satisfied if the out of band emission is 40 dB below the transmit signal. Observe from Figure 1 that this requirement is met at frequencies 15 MHz away from the center frequency of the transmit signal. Therefore, the minimum and maximum center frequencies for the WPAN system that meet the emission requirements are 2.415 GHz (2.4 GHz + 15 MHz) and 2.4685 GHz (2.4385 GHz – 15 MHz), respectively. For these center frequencies, emissions in frequency bands less than 2.387 GHz and greater than 2.4965 GHz is less than –50 dBc and should easily meet ARIB STD-T66 requirement in 2c.

High user-density mode

The center frequencies are selected to be integer multiples of 1 MHz while maximizing the inter-channel spacing. The resulting channel placement is four channels spaced apart by 17-18 MHz and is shown in Table 1 and Figure 2.

Table 1: Operating channels (high user-density mode)

	Channel ID
	Center Frequency

(MHz)

	1
	2415

	2
	2433

	4
	2450

	5
	2468
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Figure 2: High user-density channelization plan

802.11b co-existence mode

The co-existence mode is defined to minimize interference to/from 802.11b channels. The channel placement is defined in Table 2 and shown in Figure 3. The two outer channels are the same as in the high-user density mode and the middle channel is selected to be in the center of the outer channels. 802.11b channels are also shown in the table for convenient reference.

Table 2: Operating channels (IEEE 802.11-coexistence mode)

	Channel ID
	Center Frequency

(MHz)
	802.11b Center Frequency (MHz)

	1
	2415
	2412

	3
	2441
	2437

	5
	2468
	2462


[image: image3.wmf]2380

2390

2400

2410

2420

2430

2440

2450

2460

2470

2480

2490

-60

-50

-40

-30

-20

-10

0

10

Frequency (MHz)

dBr


Figure 3: 802.11b co-existence channelization plan

Channel placement (FCC 247, ETS 300 328 and ARIB STD-T66)

Under the NPRM issued on May 11, 2001 digital modulation schemes can use 

4. FCC 15.247 and FCC 15.205

a) Maximum transmit power can be up to either 125 mwatt or 8 dBm in a 3 kHz bandwidth, whichever is lower

b) Emissions in frequency bands 2.310-2.390 GHz and 2.4835-2.500 GHz must be less than –41.25 dBm/MHz (FCC 15.205)

c) Emissions in frequency bands outside the 2.4 – 2.4835 GHz band, with the exception of the bands listed in item 1, should be 20 dB below the transmit power in the desired channel (FCC 15.247).

Clearly 4b is the harder requirement to meet. Once again the channel placement is based on the transmit spectral mask shown in Figure 1. Observe that the transmitter emissions are 50 dB below the transmit signal at frequencies 22 MHz away from the center frequency of the transmit signal. Since the absolute power in the restricted frequency bands defined in FCC 15.205 (shown in item 1) is –41.25 dBm/MHz, a WPAN transmitter could radiate up to 8.75 dBm/MHz (or 19 dBm) if its center frequency is 22 MHz away from the restricted band edges. Therefore, the minimum and maximum center frequencies for the WPAN system that meet the FCC 15.205 emission requirements, while radiating up to 19 dBm, are 2.412 GHz (2.39 GHz + 22 MHz) and 2.4615 GHz (2.4835 GHz – 22 MHz), respectively. It can be easily verified that this will also meet the ETS 300 328 requirements. 

In Japan, the maximum transmit power is restricted to 10 dBm (approx -1.25 dBm/MHz). The emissions in the bands 2.387 – 2.4 GHz and 2.483 – 2.4965 GHz is less than –30 dBc, easily meeting requirement 2b. Emissions beyond these frequencies are less than –50 dBc and should be adequate to meet requirement 2c.
High user-density mode

The channels are selected as integer multiples of 1 MHz with a minimum spacing of 15 MHz. Maximizing the inter-channel spacing results in three channels spaced apart by 16-17 MHz and is shown in Table 3 and Figure 4. 

Table 3: Operating channels (high user-density mode)

	Channel ID
	Center Frequency

(MHz)

	1
	2412

	2
	2428

	4
	2445

	5
	2461
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Figure 4: High user-density channelization plan

802.11b co-existence mode

The co-existence mode is defined to minimize interference to/from 802.11b channels. The channel placement is defined in Table 4 and shown in Figure 5. The two outer channels are the same as in the high-user density mode and the middle channel is selected to be in the center of the outer channels. 802.11b channels are also shown in the table for convenient reference.

Table 4: Operating channels (IEEE 802.11-coexistence mode)

	Channel ID
	Center Frequency

(MHz)
	802.11b Center Frequency (MHz)

	1
	2412
	2412

	3
	2437
	2437

	5
	2461
	2462
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Figure 5: 802.11b co-existence channelization plan

Summary

Two channel placement plans are presented. The first plan is based on the regulatory requirements assumed in draft D0.5 of the standard. The second plan incorporates the new FCC 15.247 rules. The inter-channel spacing is 16-17 MHz, which prevents adjacent channels from overlapping. Both channel placement plans include a high-user density mode and an 802.11b co-existence mode. Since the second plan allows higher transmit powers in US it is recommended that this plan be adopted in the standard.
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