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1 Introduction

In RAN4 Jeju, KR, meeting #62bis, during the discussions related to P-MPR for HSPA the companies asked for more time to study and fully understand the SAR testing for 3G devices and the SAR requirements for simultaneous transmissions.
In this contribution we provide further details of the FCC requirements for SAR compliance, since the testing procedures for simultaneous transmissions are quite laborious and conditional to several parameters that we will try to explain.
2 Discussion
SAR compliance testing is taking place in specialized independent testing labs following the FCC related procedures. Dedicated calibration requirements are provided for the test equipment as well.
The FCC compliance and testing requirements are covering a wide range of wireless technologies for present and near future marketable devices. We are listing here some references for relevant SAR compliance requirements and testing documents that can be found on the government FCC web site (http://www.fcc.gov/labhelp):
1) KDB 178919, Permissive Change Policies, 10/1/08 (v04r01)

2) KDB 248227, SAR Measurement Procedures for 802.11 a/b/g Transmitters,

5/29/07 (rev1.2)

3) KDB 388624, Permit But Ask Procedure, 10/2/08 (v06)

4) KDB 447498, FCC Mobile and Portable Device RF Exposure Procedures and

Equipment Authorization Policies, 7/27/08 (v03r02)

5) KDB 450824, SAR Probe Calibration and System Verification Considerations

for Measurements at 150 MHz - 3 GHz, 1/07 (rev1.1)

6) KDB 616217 D01, SAR Evaluation Considerations for Laptop Computers with

Antennas Built-in on Display Screens, 12/6/07 (v01)

7) KDB 616217 D02, Review and Approval Policies for SAR Evaluation of Laptop

Computers with Antennas Built-in on Display Screens, 4/9/08 (v01r01)

8) KDB 628591, TCB Exclusion List, 8/21/08 (v11r02)

9) KDB 648474 D01, SAR Evaluation Considerations for Handsets with Multiple

Transmitters and Antennas, 5/08 (v01r03)

10) KDB 648474 D02, Review and Approval Policies for SAR Evaluation of

Handsets with Multiple Transmitters and Antennas, 4/9/08 (v01r01)

11) KDB 865664, SAR Measurement Requirements for 3-6 GHz, 10/06 (rev1.1)

12) KDB 941225, SAR Measurement Procedures for 3G Devices
2.1 Standalone 3G or 2G SAR testing

A 3G capable device has to be certified for SAR for standalone transmissions on each supported band. That means its UMTS Tx has to be SAR compliant no matter how many other licensed spectrum technologies it supports (i.e. GSM, EDGE).  Each one of them has to be standalone tested and certified against SAR requirements, SAR < 1.6mw/g in each supported band. Also the liquids used in the phantoms have a particular permittivity and conductivity for different bands, being a function of frequency.
The FCC has designated a set of tests that are performed against a base station simulator. For 3G/3GPP devices for example these tests were picked from TS 34.121 specification.
Devices that implement dynamic power reduction methods using proximity detection sensors will have to provide a full description of the proximity detection distances and sensor locations. For example device bottom, top and edge detection distances are required. In addition, these devices will be tested with and without proximity detection sensors, meaning special software has to be provided for testing labs in order to control this capability as real life users are not capable of disabling this capability. The proximity sensors’ design and reliability are tested and certified as well by specialized independent labs.
Observation 1: As we mentioned in a previously submitted contribution [2], the known range from available data on the FCC web site is 6-7dBm power reduction for 2 popular devices for 3G standalone SAR testing.
2.2 SAR testing for simultaneous transmission 
For multi RAT simultaneous transmissions (ex.: WCDMA + WIFI, WCDMA + BT, GSM + BT), the testing becomes more complicated. These simultaneous transmissions usually occur in different bands and on different antennas. Due to the different bands’ transmissions, the phantom that is valid for one of the frequency bands may not have the proper liquid composition (in terms of permittivity and conductivity) for the other band. Thus the standalone testing is performed with and without proximity detection meaning with and without power reduction and then a simultaneous transmissions testing requirement analysis is performed based on a decision chart for each pair of possible simultaneous transmissions.
Initially a matrix with possible simultaneous transmissions (supported mode of operation) is built in order to define the number of simultaneous transmission pairs to be tested.

For example, below is a table that shows the supported simultaneous transmissions by a device.

	
	GSM voice
	GPRS/Edge
	UMTS Voice
	HSDPA/HSUPA
	WIFI 2.4

	GSM voice
	N/A
	N
	N
	N
	N

	GPRS/Edge
	N
	N/A
	N
	N
	Y

	UMTS Voice
	N
	N
	N/A
	Y
	Y

	HSDPA/HSUPA
	N
	N
	Y
	N/A
	Y

	WIFI 2.4 GHz
	N
	Y
	Y
	Y
	N/A


Also, the SAR testing has another dependency on the antenna pair distance when 2 transmitters using separate antennas are tested. Schematics with antenna positions on device have to be provided as well since some of the parameters for simultaneous transmissions are related to antenna pair distance.
In order to have a better understanding of the decision parameters involved for simultaneous transmissions analysis and how these transmissions are tested and based on what decisions, we are giving an example of a simultaneous transmission analysis decision chart for a laptop/tablet device equipped with multiple transmitters. 

Below is a decision algorithm table for simultaneous transmissions testing procedure as suggested by FCC in reference [2].
KDB 616217: Example laptop criteria (same for tablets)
	
	Antenna output power (mW)
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} test highest output channel only
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} test according to normal procedures

	Simultaneous-transmit

SAR for each antenna

i = x paired with each yj,
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NOTE: {Σall SAR1g} can be applied
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{Σall SAR1g < 1.6 W/kg}
	not required: for each
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 or
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  ≥ 5 cm} & {Σall SAR1g < 1.6 W/kg}

	
	Else, test antenna(s) using highest SAR configuration from each

individual transmitter or antenna; 

TCB Exclusion List applies (KDB 628591)


Parameters Legend:

	n = frequency-power parameter,

R = frequency-power-distance parameter for r,
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  = frequency-power-distance parameter for [image: image48.png]


,
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  = antenna-to-user spacing for each antenna i,
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, = antenna-to-antenna spacing for pair(x, y),
Note: all above distances are in units of cm
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  = 60/f(GHz) mW,
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 / [60/f(GHz)]} -1),
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)], round to nearest integer,

:= is a symbol meaning  “defined to be”


More complex decision charts are used for the cell phones that support licensed and unlicensed spectrum transmitters and are capable of simultaneous transmissions. In the figures below the algorithms suggested by FCC are to be followed and are based on the same set of parameters used for tablets (described in the previous example):
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NOTE:

SPLSRy= SAR-to-(peak-locations spacing) ratio =
(SAR<+SARy)/Lxy

Where Ly = peak-locations spacing, cm





For cell phones a secondary testing decision chart is provided for unlicensed simultaneous transmissions:
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(T2 sim-Tx, 2.5em=dxy<5em, P<Pref, no stand-alone SAR, GOTO sim-Tx SAR

2: sim-Tx, 2.5cm < dxy<5cm, P>Pref, GOTO stand-alone SAR

3: sim-Tx, dxy<2.5cm, each y at dxy<2.5cm has P<Pref or SAR<1.2Wlkg,

Ino sim-Tx SAR

[4: sim-Tx, dxy<2.50m, each y at dxy<2.5cm has P>Pref or SAR21.2W/kg,GOTO stand-alone SAR
52 sim-Tx, dxy> 5cm, P>2Pref, GOTO stand-alone SAR

62 sim-Tx, dxy> 5cm, Ps2Pref, no stand-alone SAR,

no sim-Tx SAR

17: no sim-Tx, P<60/f, no stand-alone SAR, no sim-Tx SAR

/8: no sim-Tx, P>60/f, GOTO stand-alone SAR





Observation 2: Simultaneous transmission with unlicensed spectrum transmitters are possible and based on the decision charts may need to be tested.
3 Conclusion

In this contribution we presented some details about SAR testing for Standalone and Simultaneous transmissions testing and analysis procedures. 
Observation 1: As we mentioned in a previously submitted contribution [2], the known range from available data on the FCC web site is 6-7dBm power reduction for 2 popular devices for 3G standalone SAR testing.

Observation 2: Simultaneous transmission with unlicensed spectrum transmitters are possible and based on the decision charts may need to be tested.
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