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1 
Introduction
The test system uncertainties for some receiver tests are not yet defined in Table 4.1.2-2 of TS 37.141 [1]. The aim of this paper is to discuss and propose values for the maximum test system uncertainty for the receiver tests. 

As a way forward it is proposed that Table 4.1.2-2 of TS 37.141 should have the uncertainty values included in the table when there are no references to single-RAT tests in other test specifications.  This means that test system uncertainties has to be defined in TS 37.141 for the following receiver tests:

· In-band selectivity and blocking 

- General blocking test

- General narrowband blocking test

- Additional BC3 blocking test

· Out-of-band blocking test
· Receiver spurious emissions test
· Receiver intermodulation 

- General intermodulation test

- General narrowband intermodulation test
A survey among other legacy test specifications has been done in order to define the test system uncertainties for the receiver tests in TS 37.141. The result of this survey is listed below together with proposals for receiver test system uncertainties in TS 37.141.  
2 

Test Uncertainties 
2.1
In-band selectivity and blocking 

2.1.1 
General blocking test 

Test system uncertainty values for the in-band selectivity and general blocking test are derived in Table 2.1.1-1. 
Table 2.1.1-1: Test system uncertainty for the in-band selectivity and general blocking test

	Receiver general blocking 

	Wanted signal
	E-UTRA
	UTRA FDD
	UTRA TDD
	GSM/EDGE

	Modulated interferer signal 
	UTRA FDD

	Wanted signal level 1)
	±0.7 dB
	±1.0 dB

	Modulated interferer level 2)
	±1.0 dB
	±0.7 dB

	ACLR effect 2)
	0.4 dB

	Test System Uncertainty =
	±1.62 dB
	±1.39 dB
	±1.62 dB

	NOTE 1:   The wanted signal level can be found in TS 36.141 for E-UTRA, TS 25.141 for UTRA FDD, TS 25.142 for UTRA TDD and TS 51.021 for GSM/EDGE.
NOTE 2:   The modulated UTRA interferer level and ACLR effect can be found in TS 25.141 Table 4.1A. 


The test system uncertainties above have been calculated using the formula

Test System Uncert. = SQRT( (mod. interferer level error)2 + (wanted signal level error)2  ) + ACLR effect.
The wanted signal level error for GSM/EDGE used in TS 51.021 is 0.3 dB larger than the levels used in TS 25.141, TS 25.142 and TS 36.141. The proposal for TS 37.141 is to use the same wanted signal error for all RATs. The same proposal applies to the modulated interferer level error. This results in the same test system uncertainty of ±1.4 dB for all RATs in the in-band selectivity and general blocking test.
2.1.2 
Narrowband blocking test 

Test system uncertainty values for the in-band selectivity and narrowband blocking test are derived in Table 2.1.2-1. 
Table 2.1.2-1: Test system uncertainty for the in-band selectivity and narrowband blocking test

	Receiver narrowband blocking 

	Wanted signal
	E-UTRA
	UTRA FDD
	UTRA TDD
	GSM/EDGE

	Modulated interferer signal
	E-UTRA FDD (1 RB)

	Wanted signal level 1)
	±0.7 dB
	±1.0 dB 

	Modulated interferer level 2)
	±0.7 dB

	ACLR effect
	0.4 dB

	Test System Uncertainty =
	±1.39 dB
	±1.62 dB

	NOTE 1:   The wanted signal level can be found in TS 36.141 for E-UTRA, TS 25.141 for UTRA FDD, TS 25.142 for UTRA TDD and TS 51.021 for GSM/EDGE.
NOTE 2:   The modulated interferer level and ACLR effect can be found in TS 36.141 Table 4.1.2-2.


The test system uncertainties above have been calculated using the formula

Test System Uncert. = SQRT( (mod. interferer level error)2 + (wanted signal level error)2  ) + ACLR effect.
The wanted signal level error for GSM/EDGE used in TS 51.021 is 0.3 dB larger than the levels used in TS 25.141, TS 25.142 and TS 36.141. The proposal for TS 37.141 is to use the same wanted signal error for all RATs. This results in the same test system uncertainty of ±1.4 dB for all RATs in the in-band selectivity and narrowband blocking test.  

2.1.3 
Additional BC3 blocking test 

Test system uncertainty values for the in-band selectivity and BC3 blocking test are derived in Table 2.1.3-1. 
Table 2.1.3-1: Test system uncertainty for the in-band selectivity and BC3 blocking test
	Receiver BC3 blocking 

	Wanted signal
	E-UTRA TDD
	UTRA TDD

	Modulated interferer signal
	UTRA TDD 

	Wanted signal level 1)
	±0.7 dB

	Modulated interferer level 2)
	±0.7 dB

	ACLR effect
	0.4 dB

	Test System Uncertainty =
	±1.39 dB

	NOTE 1:   The wanted signal level can be found in TS 36.141 for E-UTRA, and TS 25.142 for UTRA TDD.

NOTE 2:   The modulated interferer level and ACLR effect can be found in TS 25.142.


The test system uncertainties above have been calculated using the formula

Test System Uncert. = SQRT( (mod. interferer level error)2 + (wanted signal level error)2  ) + ACLR effect.

The proposal for TS 37.141 is to use ±1.4 dB test system uncertainty for the in-band selectivity and BC3 blocking test. TS 25.142 also specify ±1.4 dB test system uncertainty for the case where the wanted signal is a UTRA TDD signal.
2.2
Out-of-band blocking
Test system uncertainty values for the out-of-band blocking test are derived in Table 2.2-1. 
Table 2.2-1: Test system uncertainty for the out-of-band blocking test

	Receiver out-of-band blocking 

	Wanted signal
	E-UTRA
	UTRA FDD
	UTRA TDD
	GSM/EDGE

	Interferer signal
	CW carrier

	Wanted signal level 1)
	±0.7 dB
	±1.0 dB 

	CW carrier level 2,3) 
	1 MHz ( finterferer ( 3 GHz : 
±1.0 dB

3 GHz < finterferer ( 12.75 GHz : 
±3.0 dB
	1 MHz ( finterferer < 2.2  GHz : 
±0.7 dB

2.2 GHz < finterferer ( 4 GHz : 
±1.5 dB

4 GHz < finterferer  :
 ±3.0 dB
	finterferer < 2  GHz : 
±0.7 dB

2 GHz < finterferer ( 4 GHz : 
±1.5 dB

4 GHz < finterferer  :
 ±3.0 dB

	Broadband noise 4)
	0.1 dB

	Test System Uncertainty =
	1 MHz ( finterferer ( 3 GHz :
 ±1.32 dB1) 

3 GHz < finterferer ( 12.75 GHz : ±3.18 dB1)
	1 MHz ( finterferer < 2.2  GHz : 
±1.09 dB

2.2 GHz < finterferer ( 4 GHz : 
±1.76 dB

4.0 GHz < finterferer  : 
±3.18 dB
	finterferer < 2   GHz : 
±1.32 dB

2 GHz < finterferer ( 4 GHz : 
±1.90 dB

4.0 GHz < finterferer  : 
±3.26 dB

	NOTE 1:   The wanted signal level can be found in TS 36.141 for E-UTRA, TS 25.141 for UTRA FDD, TS 25.142 for UTRA TDD and TS 51.021 for GSM/EDGE.
NOTE 2:   The modulated interferer levels can be found in TS 36.141 for E-UTRA and TS 51.021 for GSM/EDGE.
NOTE 3:   The CW carrier level error for UTRA FDD or UTRA TDD is not completely defined in TS 25.141 and TS 25.142. However, the resulting test system uncertainty for UTRA FDD and UTRA TDD indicates that CW carrier level errors from TS 51.021 have been used.  

NOTE 4:   The broad noise effect can be found in TS 36.141, TS 25.141 and TS 25.142.


The test system uncertainties above have been calculated using the formula

Test System Uncert. = SQRT( (CW level error)2 + (wanted signal level error)2  ) + broadband noise.

The proposal for TS 37.141 is to use the E-UTRA test system uncertainty for all RATs, since it is hard to motivate for TS 37.141 tests that the CW interferer can have a characteristic that depends on the type of RAT that is tested.  Furthermore, the wanted signal level error for GSM/EDGE used in TS 51.021 is 0.3 dB larger than the levels used in TS 25.141, TS 25.142 and TS 36.141. The proposal for TS 37.141 is to use ±0.7 dB wanted signal error for all RATs. This results in the same test system uncertainty for all RATs in the out-of-band blocking test.  

2.3
Receiver spurious emissions

Table 2.3-1: Test system uncertainty for the receiver spurious emissions test requirement

	Maximum Test System Uncertainty in TS 36.141
	Maximum Test System Uncertainty in TS 25.141
(-57 dBm, -52 dBm, -47 dBm)
	Maximum Test System Uncertainty in TS 25.142
( > -60 dBm)
	 Maximum acceptable uncertainty of measurement equipment in TS 51.021

	30 MHz ≤ f ≤ 4 GHz: ±2.0 dB

4 GHz < f ≤ 12.75 GHz: ±4.0 dB

	f ≤ 2.2 GHz: ±2.0 dB
2.2 GHz < f ≤4 GHz: ±2.0 dB
f > 4 GHz : ±4.0 dB 
	f ≤ 2.2 GHz: ±2.0 dB 
2.2 GHz < f ≤4 GHz: ±2.0 dB

f > 4 GHz: ±4.0 dB 
	f ≤  2 GHz: ±1.5 dB

2 GHz <  f ≤  4 GHz: ±2.0 dB

f > 4 GHz: ±4.0 dB


The test system uncertainty values above from different single-RAT test specifications do not vary significantly. The proposal for TS 37.141 is to the same test system uncertainty as in TS 36.141 for the receiver spurious emission test. 
2.4
Receiver intermodulation

2.4.1
General intermodulation test requirement
Table 2.4.1-1: Test system uncertainty for the general intermodulation test requirement

	Maximum Test System Uncertainty in TS 36.141
	Maximum Test System Uncertainty in TS 25.141
	Maximum Test System Uncertainty in TS 25.142
	 Maximum acceptable uncertainty of measurement equipment in TS 51.021

	±1.8 dB 1)
	±1.3 dB 2)
	±1.3 dB 2)
	RF power, wanted signal


±1.0 dB

RF power, interfering signals
±0.7 dB

	NOTE 1: Assuming wanted signal level ±0.7 dB, CW Interferer level ±0.5 dB, mod Interferer level ±0.7 dB and impact of interferer ACLR 0.4 dB. 

NOTE 2: Assuming wanted signal level ±0.7 dB, CW Interferer level ±0.5 dB and mod Interferer level ±0.5 dB.


Table 2.4.1-1 shows uncertainties for the receiver general intermodulation test requirement in TS 36.141, TS 25.141, TS 25.142 and TS 51.021. The wanted signal in TS 37.141 can be a GSM/EDGE, UTRA FDD, UTRA TDD or an E-UTRA signal of different channel bandwidths. The interfering signal is a CW and UTRA TDD signal or an E-UTRA signal of 1.4 MHz, 3 MHz or 5 MHz channel bandwidth. Note that the impact of the interferer ACLR is taken into account in TS 36.141.  

Test system uncertainty values for the receiver general intermodulation test in TS 37.141 are derived in Table 2.4.1-2. 
Table 2.4.1-2: Test system uncertainty for the receiver general intermodulation test

	Receiver intermodulation test 

	Wanted signal
	E-UTRA
	UTRA FDD
	UTRA TDD
	GSM/EDGE

	Modulated interferer signal
	E-UTRA
	E-UTRA
	UTRA TDD
	E-UTRA

	Wanted signal level
	±0.7 dB
	±0.7 dB
	±0.7 dB
	±1.0 dB 3)

	CW signal level
	±0.5 dB
	±0.5 dB
	±0.5 dB
	±0.5 dB

	Modulated interferer level
	±0.7 dB
	±0.7 dB
	±0.5 dB
	±0.7 dB

	Impact of E-UTRA interferer ACLR
	0.4 dB
	0.4 dB
	-
	0.4 dB

	Test System Uncertainty =
	1.8 dB1) 
	1.8 dB
	1.3 dB 2)
	2.0 dB

	NOTE 1:   This value and the calculation can also be found in TS 36.141 [2] Table 4.1.2-2.

NOTE 2:   This value and the calculation can also be found in TS 25.142 [4] Table 5.4.

NOTE 3:   This level error of 1.0 dB can be found in TS 51.021 [5] subclause 4.7.


The test system uncertainties above have been calculated using the formula

Test System Uncert. = SQRT( (2 x CW level error)2 + (mod. interferer level error)2 + (wanted signal level error)2  ) + ACLR effect.

The proposal for TS 37.141 is to use ±0.7 dB wanted signal error for all RATs. This results in the same test system uncertainty for all RATs in the general receiver intermodulation test except for the case where the interferer is a UTRA TDD signal. The proposal for TS 37.141 is to use ±1.8 dB test system uncertainty for all RATs in the receiver general intermodulation test.      

2.4.2
General narrowband intermodulation test requirement

Table 2.4.2-1: Test system uncertainty for the general narrowband intermodulation test requirement

	Maximum Test System Uncertainty in TS 36.141
	Maximum Test 
System Uncertainty 
in TS 25.141
	Maximum Test System Uncertainty in TS 25.142
	 Maximum acceptable uncertainty of measurement equipment in TS 51.021

	±1.8 dB 1)
	±1.3 dB 2)
	N/A
	N/A

	NOTE 1: Assuming wanted signal level ±0.7 dB, CW Interferer level ±0.5 dB, mod Interferer level ±0.7 dB and impact of interferer ACLR 0.4 dB. 

NOTE 2: Assuming wanted signal level ±0.7 dB, CW Interferer level ±0.5 dB and mod Interferer level ±0.5 dB.


Table 2.4.2-1 shows the uncertainties for the receiver general narrowband intermodulation test requirement in TS 36.141, TS 25.141. UTRA TDD and GSM/EDGE does not have a corresponding test. The wanted signal in TS 37.141 can be a GSM/EDGE, UTRA FDD, UTRA TDD or an E-UTRA signal of different channel bandwidths. The interfering signal is a CW and a 1RB E-UTRA signal. 
Test system uncertainty values for the receiver general narrowband intermodulation test in TS 37.141 are derived in Table 2.4.2-2. 
Table 2.4.2-2: Test system uncertainty for the receiver general narrowband intermodulation test

	Receiver intermodulation test 

	Wanted signal
	E-UTRA
	UTRA FDD
	UTRA TDD
	GSM/EDGE

	Modulated interferer signal
	E-UTRA 1 RB
	E-UTRA 1 RB
	E-UTRA 1 RB
	E-UTRA 1 RB

	Wanted signal level
	±0.7 dB
	±0.7 dB
	±0.7 dB
	±1.0 dB 3)

	CW signal level
	±0.5 dB
	±0.5 dB
	±0.5 dB
	±0.5 dB

	Modulated interferer level
	±0.7 dB
	±0.7 dB
	±0.7 dB
	±0.7 dB

	Impact of E-UTRA interferer ACLR
	0.4 dB
	0.4 dB 2)
	0.4 dB 2)
	0.4 dB 2)

	Test System Uncertainty =
	1.8 dB 1) 
	1.8 dB
	1.8 dB
	2.0 dB

	NOTE 1:   This value and the calculation can also be found in TS 36.141 [2] Table 4.1.2-2.

NOTE 2:   Assuming that E-UTRA interferer ACLR can be used when the wanted signal is UTRA or GSM/EDGE.
NOTE 3:   This level error of 1.0 dB can be found in TS 51.021 [5] subclause 4.7.


The test system uncertainties above have been calculated using the formula

Test System Uncert. = SQRT( (2 x CW level error)2 + (mod. interferer level error)2 + (wanted signal level error)2  ) + ACLR effect.

The proposal for TS 37.141 is to use ±0.7 dB wanted signal error for all RATs. This results in the same test system uncertainty for all RATs in the receiver general narrowband intermodulation test.    

3
Proposal

It is proposed to agree on the receiver test system uncertainties below for Table 4.1.2-2 in TS 37.141 [1]. 

Table 4.1.2-2: Maximum Test System Uncertainty for receiver tests
	Subclause
	Maximum Test System Uncertainty1 
	Derivation of Test System Uncertainty

	7.4 In-band selectivity and blocking (General blocking requirements)
	±1.4 dB

	Overall system uncertainty comprises three quantities:

1. Wanted signal level error

2. Interferer signal level error

3. Additional impact of interferer leakage


Items 1 and 2 are assumed to be uncorrelated so can be root sum squared to provide the ratio error of the two signals. The interferer leakage effect is systematic, and is added arithmetically.


Test System uncertainty = [SQRT (wanted_level_error2 + interferer_level_error2)] + leakage effect.

Wanted signal level ± 0.7 dB

Interferer signal level ± 0.7 dB

Impact of interferer leakage 0.4 dB.

	7.4 In-band selectivity and blocking (Narrowband  blocking requirements)
	±1.4 dB     
	Same as In-band selectivity and blocking (General blocking requirements).

	7.4 In-band selectivity and blocking (BC3 blocking requirements)
	±1.4 dB    

	Same as In-band selectivity and blocking (General blocking requirements).

	7.5 Out-of-band blocking
	1 MHz ( finterferer ( 3 GHz: ±1.3 dB
3 GHz < finterferer ( 12.75 GHz: ±3.2 dB
	Overall system uncertainty comprises three quantities:

1. Wanted signal level error

2. Interferer signal level error

3. Interferer broadband noise

Items 1 and 2 are assumed to be uncorrelated so can be root sum squared to provide the ratio error of the two signals. The Interferer Broadband noise effect is systematic, and is added arithmetically.
Test System uncertainty = [SQRT (wanted_level_error2 + interferer_level_error2)] + Broadband noise effect.

Out of band blocking, using CW interferer:

Wanted signal level ± 0.7 dB

Interferer signal level:

± 1.0 dB up to 3 GHz

± 3.0 dB up to 12.75 GHz

Impact of interferer Broadband noise 0.1 dB

	7.6 Receiver spurious emissions
	30 MHz ≤ f ≤ 4 GHz: ±2.0 dB

4 GHz < f ≤ 12.75 GHz: ±4.0 dB
	

	7.7.5 Receiver intermodulation (General requirements)
	±1.8 dB 

	Overall system uncertainty comprises four quantities:

1. Wanted signal level error

2. CW Interferer level error

3. Modulated Interferer level error

4. Impact of interferer ACLR 

The effect of the closer CW signal has twice the effect.

Items 1, 2 and 3 are assumed to be uncorrelated so can be root sum squared to provide the combined effect of the three signals. The interferer ACLR effect is systematic, and is added arithmetically.

Test System uncertainty = SQRT [(2 x CW_level_error)2 +(mod interferer_level_error)2  +(wanted signal_level_error)2] + ACLR effect.

Wanted signal level ± 0.7dB 

CW interferer level ± 0.5 dB

Mod interferer level ± 0.7 dB

Impact of interferer ACLR 0.4 dB

	7.7.5 Receiver intermodulation (Narrowband  requirements)
	±1.8 dB 
	Same as Receiver intermodulation (General requirements).

	Note 1:
Unless otherwise noted, only the Test System stimulus error is considered here. The effect of errors in the throughput measurements or the BER/FER due to finite test duration is not considered.
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