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	Abstract
	This contribution provides a detailed discussion of setting subscriber unit DC power and thermal dissipation limit as one of  802.20 physical layer technology evaluation criterions based on current and next generation PC card standards. 

	Purpose
	The major subscriber unit form factor of 802.20 will be PC card that is migrating from traditional PCMCIA PC Card including 16-bit PC Card/CardBus to the next generation PC card named ExpressCard and PCI add-in card called MINI PCI Express Card. This contribution tries to set one of criterions for 802.20 physical layer technology evaluation to make sure the selected technologies are friendly to the host device from power supply capability viewpoint.
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         PCMCIA and PCI-SIG have released next generation PC external and internal add-in card standards recently. The major form factor of 802.20 WWAN subscriber units will be the traditional or next generation PC card. The selected 802.20 physical layer technologies should well match the current and new PC card standards especially on DC power consumption and thermal dissipation specifications in order to make 802.20 business prosperity. Wireless technologies that are power hungry and high heat dissipation should be ruled out simply because they would make 802.20 subscriber unit design impractical or result in higher implementation cost.

1. Background Information on traditional PC Card 

	Interface
	Form factor
	Power Capability
	Heat Dissipation

	8/16 bit parallel bus or

32 bit parallel bus
	Type I:

85(54(3.3mm

Type II:

85(54(5mm, most popular
Type III:

85(54(10.5mm
	5V supply: 

660mA (peak), 500mA (average) or

3.3V supply: 

1000mA(peak), 750mA (average)

Peak power: 3.3W

Average power: 2.5W
	3W on each PCMCIA slot


2. Background Information on ExpressCard

	Interface
	Form factor
	Power Capability
	Heat Dissipation

	USB2.0 serial bus (480Mbps max)

or

PCI Express

Serial bus (2.5Gbps, max)
	ExpressCard/34:

75(34(5mm

ExpressCard/54:

75(54(5mm,
	3.3V supply: 

1300mA(max), 1000mA(average)

and 

1.5V second power supply:

650mA(max), 500mA(average)

Max power: 5.26W

Average power: 4.05W
	2.1W on  ExpressCard/54 slot and 

1.3W on ExpressCard/34

slot


3. Background Information on MINI PCI Express Card

	Interface
	Form factor
	Power Capability
	Heat Dissipation

	USB2.0 serial bus (480Mbps max)

or

PCI Express

Serial bus (2.5Gbps, max)


	51(30(5mm
	3.3V supply: 

1000mA(peak), 750mA(average)

and 

1.5V second power supply:

500mA(peak), 375mA(average)

Peak power: 4.05W

Average power: 3.04W
	2.4W 


4. Current WWAN PC card power and thermal dissipation requirement

· GPRS/EDGE

· GPRS GSM Band (2W)

Card Power Consumption

2.8W/45%(including loss, 45% PA efficiency) + 1W (baseband)=7.2W max

2.8W/45%(including loss, 45% PA efficiency)/2 + 1W (baseband)=4.1 average

Thermal Dissipation Power

4.1W-2W/2(radiated power)=3.1W (worst case, 50% transmit)

· GPRS PCS Band (1W)

Card Power Consumption


1.4W/40%(including loss, 40% PA efficiency)+ 1W (baseband)=4.5W max


1.4W/40%(including loss, 40% PA efficiency)/2+ 1W (baseband)=2.75W average

Thermal Dissipation Power

2.75-1W/2(radiated power)=2.25W (worst case on class 12, 50% transmit)

· GPRS DCS Band (1W)

Similar to PCS band above.

· CDMA/1xRTT

· PCS Band

Card Power Consumption
26.5dBm(35%(including loss, 35% PA efficiency)+1.2W(baseband)=2.47W

Thermal Dissipation Power

2.47W-0.2239W(radiated power)=2.25W

· Cellular Band

Similar to PCS band above.
5. Evaluation criteria of subscriber unit power consumption for 802.20 physical layer technologies

       It is good news for wireless technology that the total power capabilities on the newer PC card standards have been increased. However, the thermal dissipation power is much less than traditional PC card because the newer card form factors are getting smaller. That means the subscriber unit can request more power but it has to transmit majority of the power through air. Otherwise the host device won’t be able to dissipate the remaining heat and modem has to stop transmitting or reduce data throughput to cool itself down. The best wireless technology should have the least power requirement and least power dissipation. In short,

min{Pr(Pd},
where 
Pr  is the power required by subscriber unit,

Pd  is the dissipation power(heat) of subscriber unit.

So, the best wireless technology should have minimum value of Pr(Pd under the condition of same BER, same data throughput and same radio coverage.
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Fig 1. Peak power and thermal dissipation power constrain for PC cards
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Fig 2. Average power and thermal dissipation power constrain for PC cards

Based on Fig 1 and Fig 2, we proposed the following power consumption and thermal dissipation evaluation criterions for IEEE802.20 physical layer technology.

· Criteria 1

· The average power consumption of subscriber unit should be less than 4W.
· Criteria 2

· The thermal dissipation power of subscriber unit should be less than 2.5W.
· Criteria 3
· Within criteria 1 and 2, the best technology should have the smallest Pr(Pd value.







� See PCMCIA PC Card release 8.0, 2001, Peak current: The highest averaged current value over any 


   10-millisecond period.


� See PCMCIA ExpressCard release 1.0, 2004, Max current: absolute max excluding initial inrush current


� See MINI PCI Express release 1.0, 2003, Peak current: The highest averaged current value over any 


  10-millisecond period.
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