Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG4 Meeting #67
R4-132843
Fukuoka, Japan, 20-24 May, 2013

Source: 
Qualcomm Incorporated
Title: 




Two stage method Measurement Uncertainty Factors
Agenda Item: 
7.4
Document for:
Approval
1 Introduction

This contribution proposes a list of measurement uncertainty contributors for the 2-stage test method presented in TR37.977 [1].  The first stage of the 2-stage method captures complex antenna pattern data in a configuration like the one used for measuring Total Radiated Sensitivity (TRS).  As such, the first stage measurement uncertainty is based on the uncertainty evaluation of Total Radiated Sensitivity (TRS) defined in TS34.144 [2] with some modifications, and addition of new uncertainty sources that are part of the 2-stage method.  The second stage of the 2-stage method incorporates a conducted mode configuration which measures throughput and downlink power, and introduces other new uncertainty sources, including mismatch between radiated and conducted measurements, applying the antenna patterns into the MIMO channel, the channel model implementation, and the channel emulator output.  Additionally, the LTE wide channel bandwidth may also be considered as an uncertainty source.
2 Proposal
The 2-stage method uncertainty contributors are shown in Table 1, which is based on TS34.114 Table E.2:  Uncertainty contributions in TRS measurement.  It identifies the different uncertainty sources related to the 2-stage measurement.  Many of the uncertainty terms can be reused per TS34.114; some uncertainty terms may need modification; new uncertainty terms will need further study and details are TBD.
The first part of the table contains uncertainties associated with stage 1 of the 2-stage method, capturing complex antenna pattern data in an anechoic chamber as shown in Figure 1.  The second part of the table contains uncertainties associated with the calibration of the anechoic chamber.  The third part of the table contains uncertainties associated with stage 2 of the 2-stage method, which is the conducted throughput measurement with the DUT antenna pattern and channel model of interest applied as shown in Figure 2.  
The new uncertainty terms as compared to TRS are:
· Stage 1:

· DUT receiver amplitude measurement uncertainty – The receiver amplitude measured by the DUT, per receiver antenna.
· DUT relative phase difference between receiver antennas measurement uncertainty – The relative phase difference between the receiver antennas as measured by the DUT
· DUT receiver amplitude linearity – The receiver amplitude linearity as measured by the DUT.
· LTE band channel flatness – Addresses possible uncertainty introduced by a wide band LTE channel.  The test system may not have a flat response across the entire channel.
· Stage 2:
· Mismatch uncertainty between DUT antenna system radiated connectivity and DUT conducted mode test connectivity - The mismatch difference in DUT connectivity between the radiated measurement in stage 1 and conducted measurement in stage 2 [5].
· channel emulator output uncertainty - Covers absolute output level and/or linearity, depending on the lab calibration technique.
· channel model implementation. This contribution covers uncertainties caused by reproducing the channel models as defined in [1]. 
· Antenna patterns application into the MIMO channel – Taking the antenna patterns measured in stage 1 of the 2-stage method and applying them into the MIMO channel of stage 2 of the 2-stage method.
· LTE band channel flatness – Addresses possible uncertainty introduced by a wide band LTE channel.   The test system may not have a flat response across the entire channel. 
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Figure 1, 1st stage of 2-stage method, DUT complex antenna pattern measurement.
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Figure 2:  2nd stage of 2-stage method, DUT throughput measurement

	Description of uncertainty contribution
	Details in paragraph

	Stage 1, DUT complex antenna pattern measurement (1st stage of 2-stage method)

	1)
Mismatch of transmitter chain (i.e. between probe antenna and base station simulator) 
	TS34.114 E.1-E.2

	2)
Insertion loss of transmitter chain
	TS34.114 E.3-E.5

	3)
Influence of the probe antenna cable
	TS34.114 E.6

	4)
Uncertainty of the absolute antenna gain of the probe antenna
	TS34.113 E.7

	5)
Base station simulator: uncertainty of the absolute output level
	TS34.114 E.17, TS36.521-1 F.1.3 [3]

	6)  LTE band channel flatness
	TBD

	7)
DUT receiver amplitude measurement uncertainty
	TBD

	8)
DUT relative phase difference between receiver antennas measurement uncertainty
	TBD

	9)
DUT receiver amplitude linearity
	TBD

	10)
Measurement distance:


a)
offset of DUT phase centre from axis(es) of rotation


b)
mutual coupling between the DUT and the probe antenna


c)
phase curvature across the DUT
	TS34.114 E.9

	11) Quality of quiet zone 
	TS34.114 E.10

	
	

	12
 Uncertainty related to the use of phantoms: (applicable when a phantom is used):



a)
Uncertainty of dielectric properties and shape of the hand phantom
      b)
Uncertainty related to the use of the Laptop Ground Plane phantom







	TR 25.914 [4]
A.12.3

A.12.4

	13)
 sampling grid
	TS34.114 E.13

	14)
 Random uncertainty (repeatability)


- positioning uncertainty of the DUT against the SAM or DUT plugged into the Laptop Ground Plane phantom
	TS34.114 E.14

	Stage 2, Calibration measurement, network analyzer method, figure 7.5

	15)
 Uncertainty of network analyzer 
	TS34.114 E.15

	16)  Mismatch in the connection of transmitter chain (i.e. between probe antenna and NA)
	TS34.114 E.1-E.2

	17)
 Insertion loss of transmitter chain
	TS34.114 E.3-E.5

	18)
 Mismatch in the connection of calibration antenna
	TS34.114 E.1

	19)
 Influence of the calibration antenna feed cable
	TS34.114 E.6

	20)
 Influence of the probe antenna cable
	TS34.114 E.6

	21)
 Uncertainty of the absolute gain of the probe antenna
	TS34.114 E.7

	22) Uncertainty of the absolute gain/radiation efficiency of the calibration antenna
	TS34.114 E.16

	23)
 Measurement distance:


a)
Offset of calibration antenna’s phase centre from axis(es) of rotation


b)
Mutual coupling between the calibration antenna and the probe antenna


c)
Phase curvature across the calibration antenna
	TS34.114 E.9

	24)
 Quality of quiet zone
	TS34.114 E.10

	Stage 3, DUT throughput measurement (2nd stage of 2-stage method)
	

	25)  Mismatch uncertainty between DUT antenna system radiated connectivity and DUT conducted mode test connectivity
	TBD

	26)  Insertion loss of transmitter chain
	TS34.114 E.3-E.5

	27)  Base station simulator:  uncertainty of the absolute output level
	TS34.114 E.17, TS36.521-1 F.1.3 [3]

	28)  LTE band channel flatness
	TBD

	29)  Application of antenna patterns into MIMO channel
	TBD

	30)  Channel emulator output uncertainty
	TBD

	31)  Channel model implementation
	TBD

	32)  Throughput measurement:  output level step resolution
	TS34.114 E.18

	33)  Statistical uncertainty of throughput measurement
	TS34.114 E.19

	34)  Throughput data rate normalization
	TS34.114 E.20


Table 1 Measurement uncertainty budget contributors for 2-stage method.
3 Conclusion 
A list of items for a measurement uncertainty budget for the 2-stage method was presented. 

While some of the uncertainty contributors leveraged from the TRS measurement may remain unchanged, other contributors need to be re-evaluated because the test conditions differ from TRS. The new uncertainty contributors identified will need further study to both further define them and evaluate their impact.  This contribution proposes that the presented uncertainty contributors be used when evaluating measurement uncertainty of the 2-stage test method.
4 References
[1] 3GPP TR37.977, Verification of radiated multi-antenna reception performance of User Equipment (UE)
[2] 3GPP TS34.114, User Equipment (UE)/Mobile Station (MS) Over The Air (OTA) antenna performance; Conformance testing
[3] 3GPP TS36.521-1, User Equipment (UE) conformance specification Radio transmission and reception; Part 1: Conformance Testing
[4] 3GPP TR25.914, Measurements of radio performances for UMTS terminals in speech mode
[5] R4-131765, “Simulated vs. Measured Radiated Comparison”, RAN WG4 #66-BIS, Chicago, April 2013.
****************** Start of text  proposal for TR 37.977***************************************
4.1 Annex B: Measurement Uncertainty budget (Informative)
B.1
Measurement uncertainty budged for multiprobe method

Table B.1 Measurement uncertainty budged for multiprobe method

	Description of uncertainty contribution
	Details in 

	Stage 1, DUT measurement

	1)
Mismatch of transmitter chain (i.e. between probe antenna and base station simulator) 
	TS 34.114

E.1-E.2

	2)
Insertion loss of transmitter chain
	TS 34.114

E.3-E.5

	3)
Influence of the probe antenna cable
	TS 34.114

E.6

	4)
Uncertainty of the absolute antenna gain of the probe antenna
	TS 34.114

E.7

	5)
Base station simulator: uncertainty of the absolute output level
	TS 34.114

E.17,

[TS 36.521-1 F.1.3]

	6)
Throughput measurement: output level step resolution
	TS 34.114

E.18

	7)
Statistical uncertainty of Throughput measurement
	 TBD

	8)
Channel flatness within LTE band 
	TBD

	9) Fading channel emulator output uncertainty
	TBD

	10) Channel model implementation
	TBD

	11)
Measurement distance:


	TBD

	12)
Quality of quiet zone 
	TS 34.114

E.10

	13)
DUT sensitivity drift
	TS 34.114

E.21

	14)
Uncertainty related to the use of the phantoms:


a)
 Uncertainty of dielectric properties and shape of the hand phantom.


b)
 Uncertainty related to the use of laptop ground plane phantom:



	TR 25.914 [3]

A.12.3

A.12.4



	15)
 sampling grid
	TBD

	16)
Random uncertainty (repeatability)



	TS 34.114

E.14

	Stage 2, Calibration measurement, network analyzer method, TR 25.914 figure 7.5

	17)
Uncertainty of network analyzer 
	TS 34.114

E.15

	18)
Mismatch in the connection of transmitter chain (i.e. between probe antenna and NA)
	TS 34.114

E.1-E.2

	19)
Insertion loss of transmitter chain
	TS 34.114

E.3-E.5

	20)
Mismatch in the connection of calibration antenna
	TS 34.114

E.1

	21)
Influence of the calibration antenna feed cable
	TS 34.114

E.6

	22)
Influence of the probe antenna cable
	TS 34.114

E.6

	23)
Uncertainty of the absolute gain of the probe antenna
	TS 34.114

E.7

	24)
Uncertainty of the absolute gain/radiation efficiency of the calibration antenna
	TS 34.114

E.16

	25)
Measurement distance:


	TBD

	26)
Quality of quiet zone
	TS 34.114

E.10


B.2
Measurement uncertainty budget contributors for 2-stage method


	Description of uncertainty contribution
	Details in paragraph

	Stage 1, DUT complex antenna pattern measurement (1st stage of 2-stage method)

	1)
Mismatch of transmitter chain (i.e. between probe antenna and base station simulator) 
	TS34.114 E.1-E.2

	2)
Insertion loss of transmitter chain
	TS34.114 E.3-E.5

	3)
Influence of the probe antenna cable
	TS34.114 E.6

	4)
Uncertainty of the absolute antenna gain of the probe antenna
	TS34.113 E.7

	5)
Base station simulator: uncertainty of the absolute output level
	TS34.114 E.17, TS36.521-1 F.1.3 [3]

	6)  LTE band channel flatness
	TBD

	7)
DUT receiver amplitude measurement uncertainty
	TBD

	8)
DUT relative phase difference between receiver antennas measurement uncertainty
	TBD

	9)
DUT receiver amplitude linearity
	TBD

	10)
Measurement distance:


a)
offset of DUT phase centre from axis(es) of rotation


b)
mutual coupling between the DUT and the probe antenna


c)
phase curvature across the DUT
	TS34.114 E.9

	11) Quality of quiet zone 
	TS34.114 E.10

	12
 Uncertainty related to the use of phantoms: (applicable when a phantom is used):


a)
Uncertainty of dielectric properties and shape of the hand phantom


      b)
Uncertainty related to the use of the Laptop Ground Plane phantom


	TR 25.914 [4]

A.12.3

A.12.4

	13)
 sampling grid
	TS34.114 E.13

	14)
 Random uncertainty (repeatability)


- positioning uncertainty of the DUT against the SAM or DUT plugged into the Laptop Ground Plane phantom
	TS34.114 E.14

	Stage 2, Calibration measurement, network analyzer method, figure 7.5

	15)
 Uncertainty of network analyzer 
	TS34.114 E.15

	16)  Mismatch in the connection of transmitter chain (i.e. between probe antenna and NA)
	TS34.114 E.1-E.2

	17)
 Insertion loss of transmitter chain
	TS34.114 E.3-E.5

	18)
 Mismatch in the connection of calibration antenna
	TS34.114 E.1

	19)
 Influence of the calibration antenna feed cable
	TS34.114 E.6

	20)
 Influence of the probe antenna cable
	TS34.114 E.6

	21)
 Uncertainty of the absolute gain of the probe antenna
	TS34.114 E.7

	22) Uncertainty of the absolute gain/radiation efficiency of the calibration antenna
	TS34.114 E.16

	23)
 Measurement distance:


a)
Offset of calibration antenna’s phase centre from axis(es) of rotation


b)
Mutual coupling between the calibration antenna and the probe antenna


c)
Phase curvature across the calibration antenna
	TS34.114 E.9

	24)
 Quality of quiet zone
	TS34.114 E.10

	Stage 3, DUT throughput measurement (2nd stage of 2-stage method)
	

	25)  Mismatch uncertainty between DUT antenna system radiated connectivity and DUT conducted mode test connectivity
	TBD

	26)  Insertion loss of transmitter chain
	TS34.114 E.3-E.5

	27)  Base station simulator:  uncertainty of the absolute output level
	TS34.114 E.17, TS36.521-1 F.1.3 [3]

	28)  LTE band channel flatness
	TBD

	29)  Application of antenna patterns into MIMO channel
	TBD

	30)  Channel emulator output uncertainty
	TBD

	31)  Channel model implementation
	TBD

	32)  Throughput measurement:  output level step resolution
	TS34.114 E.18

	33)  Statistical uncertainty of throughput measurement
	TS34.114 E.19

	34)  Throughput data rate normalization
	TS34.114 E.20


Table B.1 Measurement uncertainty budget contributors for 2-stage method
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