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Abstract

The following proposal is provided in response to the IEEE 802.15.3 WPAN High Rate Task Group Call For Proposals [ref: doc.: IEEE P802.15_99164r4.   This proposal provides a general overview regarding the Physical Layer in support of document IEEE P802.15_00215r0 

Summary
Operating Frequency Range:

2.4 - 2.5 GHz ISM Band

RF Modulation:



2 FSK

Transmit Power  (Approx.):


0dBm

Bit Rate (Gross):



22Mbps (Maximum)

Channel Bandwidth: 


Approximately 28 MHz  (-40dB down)

Number of Channels:


Minimum of 3 Non-overlapping 

Baseband Signal:



Serial NRZ binary data stream

Effective Operating Range:


10 meters (Minimum) 



Power Consumption:


Similar to IEEE 802.15.1 (Bluetooth) 

Applicable Regulations: 


FCC (Title 47, part 15.249) in the US,







ETS 300-328, in Europe and 







RCR-STD-33A in Japan.

1. Overview

1.1 Scope

To describe a Medium Access Control (MAC) and Physical Layer (PHY) general specification for wireless connectivity of portable equipment operating within a personal area network that meets the 5 Criteria and PAR of IEEE 802.15.3. 

1.2 Purpose

To provide wireless connectivity among a variety of consumer electronic devices such as video camcorders, digital cameras, PDAs, printers, PCs, TV’s, laptops, set top boxes or any number of other devices requiring high speed wireless communication within a wireless personal area network (WPAN).  These IEEE 802.15.3 high rate wireless devices will need to be able to be switched into the lower speed IEEE 802.15.1 (Bluetooth) mode for  interoperable with 802.15.1 Bluetooth devices. The 802.15.3 high rate devices will also be able to co-exist with wireless LANs that are based upon the IEEE Std 802.11-1997.

2. Normative References

IEEE Std 802.11-1997, IEEE Standard for Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) specifications.

IEEE Std 802.15.1 WPANs (Bluetooth 1.0 specification).

3. Definitions

3.1 Ad hoc network

An ad hoc network is a network composed solely of stations within mutual communication range of each other via a wireless medium.  An ad hoc network is typically created in a spontaneous manner.  The principal characteristic of and ad hoc network is its limited temporal and spatial extent.  These limitations allow the act of creating and dissolving the ad hoc network to be sufficiently straightforward and convenient so as to be achievable by non-technical users of the network facilities. The term “Ad Hoc” is often used as slang to refer to what is technically known as an Independent Basic Service Set or IBSS).

4. Abbreviations and Acronyms

ACK

acknowledgement

ATIM

announcement traffic indication message

CCA

clear channel assessment

CRC

cyclic redundancy code

FSK

frequency shift key

IBSS

independent basic service set

IF

Intermediate Frequency

lsb

least significant bit

MAC

medium access control

MIB

management information base

MLME

MAC layer management entity

msb

most significant bit

MSDU

MAC service data unit

PHY

physical (layer)

PLCP

physical layer convergence procedure

PLME

physical layer management entity

PMD

physical medium dependent

RF

radio frequency

RSSI

received signal strength indicator

5.  IEEE 802.15.3 High Rate WPAN Physical Layer Proposal 

5.1  General Overview

A general overview of the PHY layer for a high rate 802.15.3 WPAN system is described in this clause.  Like the lower speed IEEE 802.15.1 (Bluetooth) WPAN, this high rate PHY layer proposal uses the same 2.4 – 2.5 GHz ISM band for operation. The 2.4 –2.5 GHz ISM band is allocated in the USA by the FCC Title 47, part 15.249, in Europe by ETS 300-328 and in Japan by RCR-STD-33A.   

This proposed system for IEEE 802.15.3 WPAN operates at a maximum gross data rate of 22Mbps with a minimum of three non-interfering channels and can be switched to be interoperable with the slower speed IEEE 802.15.1 (Bluetooth) WPAN. The goal of the proposed high rate system is to minimize cost and maximize data rates using the same modulation scheme and modulation index as the IEEE 802.15.1 (Bluetooth) WPAN. 

5.1.1 Scope

The PHY services provided to the IEEE 802.15.3 MAC are described in this clause.  The PHY layer consists of two protocol functions:
a)
A physical layer convergence function, and.
b)
A PMD system.  
5.1.2 Physical Layer Functions

The PHY architecture contains three functional entities: the physical medium dependent function, the physical layer convergence procedure and the physical layer management function.  

5.1.2.1 Physical Layer Convergence Procedure (PLCP) Sublayer

5.1.2.2 Physical Medium Dependent (PMD) Sublayer

The PMD sublayer provides a means of, and method of, transmitting and receiving data through, a wireless medium (WM) between two or more STAs.

5.1.2.3 Physical Layer Management Entity (PLME)

The PLME performs management of the local PHY functions in conjunction with the MAC management entity.

5.1.3 PMD Operating Specifications General

The  following clauses provide general specifications for the Physical Medium Dependent sublayer. These specifications apply to both the receive and the transmit functions and general operation of the PHY.

5.1.3.1 Operating Frequency Range

The 2.4GHz to 2.5GHz ISM band is the proposed frequency range of operation.

5.1.3.2 Number of Operating Channels

5.1.3.2.1 22 Mbps Channelization

Like 802.11 WLANs, this proposal for 802.15.3. WPANs, calls for a minimum of three non-interfering (non-overlapping) channels. The nominal center frequency for these three channels would be at 2414 MHz, 2442 MHz and 2469MHz.  Also proposed is an 11 overlapping channel scheme is shown in Table 10.4.6.2.1 below.  This scheme correlates very closely with the current 802.11 Direct Sequence Spread Spectrum systems (DSSS).  This close correlation allows for co-existence without interference by deferring on CCA even though they cannot receive PSDUs.  Japan, which in the past supported only one channel at 2485 MHz shown below, is opening the entire band allowing operation of all 13 channels. 




Regulatory Domain


CHNL_ID
Frequency
FCC & ETSI & IC
Spain
France
Japan /MKK


(MHz)





1
2414
X




2
2417
X




3
2422
X




4
2427
X




5
2432
X




6
2437
X




7
2442
X




8
2447
X




9
2452
X




10
2457
X
X
X


11
2462
X
X
X


12
2469
X

X


13
2485



X

Table 10.4.6.2.1 – Overlapping 22Mbit/s channel allocation.

5.1.3.3 Modulation Description

The proposed RF modulation technique employed in this system is the same as that employed in IEEE 802.15.1 (Bluetooth) WPANs. Digital binary data is presented to the transmitter in a serial NRZ stream. The minimum modulation index is also the same as 802.15.1 (Bluetooth). 

5.1.3.4 Channel Data Rate

The proposed IEEE 802.15.3 system would have a maximum gross data rate of 22 Mbps. The data rate is proposed to be scalable back and to be interoperable with IEEE 802.15.1 (Bluetooth) WPAN devices.  

5.1.3.5 Transmit and Receive In Band and Out of Band Spurious Emissions

The proposed PHY layer shall conform with in-band and out-of-band spurious emissions as set by regulatory bodies. For the USA, refer to FCC 15.249, for Europe , refer to ETS 300-328.  

5.1.3.6 Transmit to Receive Turn-Around Time

Transmit to receive turn around time including T/R and LO switch times shall be similar to the requirements in IEEE 802.15.1 (Bluetooth) system or less than 10 usec.

5.1.3.7 Receive to Transmit Turn-Around Time

Receive to transmit turn around time including, PA ramp up and T/R and LO switch times shall be similar to the requirements in IEEE 802.15.1 (Bluetooth) system or less than 10 usec.

5.1.3.8 Transmit and Receiver Antenna Port Impedance

The impedance of the antenna port is 50 ohms unbalanced.

5.1.3.9 Operating Temperature Range

Nominal operating temperature of the transceiver is 25 degrees C.  The operating temperature range is from 0 to 70 degrees C.  Minor degradation in performance occurs at the temperature extremes.

5.1.4 
PMD Transmit Specifications

The following clauses describe the transmit functions and parameters associated with the Physical Medium Dependent sublayer.

5.1.4.1 Transmit Power Levels

5.1.4.2 The proposed system transmitter has a transmitted peak power similar to IEEE 802.15.1 (Bluetooth) WPAN of approximately 1mW (0dBm).  

5.1.4.3 Transmit Spectrum Masks

5.1.4.3.1 22 Mbps Transmit Spectrum Mask

Transmission mask for maximum gross data rate of 22Mbps is shown in the following Figure (which is labeled incorrectly as “20 Mbps”).   Main lobe width is approximately 27 MHz to 28 MHz wide at 40 dB down.  

[image: image1.wmf]
Figure1 - 22 Mbps Transmit Spectrum Mask.
5.1.4.4 Transmit Center Frequency Tolerance

Carrier frequency is crystal controlled with a frequency tolerance similar to IEEE 802.15.1  section 7.3.3(Bluetooth). 

5.1.4.5 Symbol Clock Frequency Tolerance

Symbol clock is used for creation of the binary NRZ data stream. Clock is crystal controlled with a frequency tolerance similar to IEEE 802.15.1 section 7.3.3 (Bluetooth).

5.1.4.6 Transceiver Initial Power-on

Transceiver initial power on from sleep mode is similar to IEEE 802.15.1 (Bluetooth) (1ms).

5.1.4.7 RF Carrier Suppression

Carrier suppression is not performed, as the system modulation is FSK. 

5.2 PMD Receiver Specifications

The following clauses describe the receive functions and parameters associated with the Physical Medium Dependent sublayer

5.2.1.1 Receiver Minimum Input Level Sensitivity

The receiver provides a bit error rate (BER) performance similar to IEEE 802.15.1 section 7.4.1 (Bluetooth). 

5.2.1.2 Receiver Maximum Input Level

The receiver provides a bit error rate (BER) performance similar to IEEE 802.15.1 section 7.4.5 (Bluetooth). 

5.2.1.3 Receiver Adjacent Channel Rejection

The adjacent channel rejection between any two channels operating at the maximum gross data rate of 22 Mbps and having 27 to 28 MHz channel spacing  is approximately 40 dB as shown in Figure 2 (mislabled 20Mbps).

[image: image2.png]20 Mbps CHANNEL SELECTION - Non Overlapping

0 dBr — -

-10 dBr— |

-20 dBr— |

-30 dBr— |

t
2400 MHz 2414 MHz 2442 MHz

'
2469 MHz 2483 MHz

6BC 1/1/99




Figure 2

5.2.1.4 Clear Channel Assessment (CCA)

Clear channel Assessment (CCA) is derived from the analog Received Signal Strength Indicator (RSSI) current created in the IF amplifier strip in the receiver. The CCA incorporates an ADC that is updated and latched while the receiver is operating. The CCA is used for carrier sense and to detect energy in the band above or below a specified threshold. The CCA  is also used to determine if received signal to noise ratio is sufficient for proper reception. The CCA is compatible for performing carrier sense and threshold detection with current 802.11 DSSS systems.  (Reference 802.15.1 section 7.4.7, and 802.11 section D0.7.2).
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