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1.
Introduction

At RAN4 #82 Athens meeting, the ambiguity in the requirement regarding the carrier leakage and IQ image due to the flexibility of UE implementation on the position of carrier centre frequency for Cat-M1 UE is pointed out in [1].
---- 36.101 v14.3.0 --------------------------------------------
6.5.2E.2
Carrier leakage

Carrier leakage is an additive sinusoid waveform that has the same frequency as a modulated waveform carrier frequency. For UE of UL Category M1, the sinusoid waveform may alternatively lie at the center of the 6 RB narrowband assigned for transmission. The measurement interval is one slot in the time domain.

6.5.2E.2.1
Minimum requirements

The relative carrier leakage power is a power ratio of the additive sinusoid waveform and the modulated waveform. The relative carrier leakage power shall not exceed the values specified in Table 6.5.2.2.1-1.
--------------------------------------------
Figure 1 (taken from [1]) shows the difference of requirement for in-band emission test which depends on the position of carrier centre frequency of the UE.  We have following two cases :
Case 1) Carrier leakage is at the centre frequency of the narrow band (6RB) 

Case 2) Carrier leakage is at the centre frequency of the channel bandwidth.
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Figure 1: Positions of carrier leakage and IQ image (Cat.M1 UE with channel bandwidth 5 MHz) from[1]

As requirements are different for each cases and test equipment have no way to know which option UE implements, how to test these requirements is unclear. Some clarifications and test methods are proposed and compared in [1].
As a result of the discussion in RAN4, followings are agreed.
· Carrier leakage only exists at either centre of narrowband or channel bandwidth depending on the UE implementation
· Combined minimum requirement as proposed in [1] should not be used.
· Each requirement corresponding to different carrier centre frequency should be tested separately.
· Whether perform 2 runs of test and combine 2 verdicts, or test dedicated requirement according to UE’ declaration on carrier frequency is left to RAN5
RAN5 need to decide details regarding the last bullet.

4. Analysis of affected test cases by position of carrier centre frequency

Although only carrier leakage and in-band emission tests are touched in [1], followings test cases can be identified as affected test cases by carrier centre frequency position. 
	TC#
	TC Title
	Reasoning

	6.5.1EA
	Frequency Error for UE category M1
	In the pre-FFT minimization process defined in Annex E3.1, frequency error is derived jointly with carrier leakage.
---- 36.521-1 Annex E3.1 ----
Before applying the pre-FFT minimization process, z(ν) and i(ν) are portioned into 20 pieces, comprising one slot each. Each slot is processed separately. Sample timing, Carrier frequency and carrier leakage in z(ν) are jointly varied in order to minimise the difference between z(ν) and i(ν). Best fit (minimum difference) is achieved when the RMS difference value between z(ν) and i(ν) is an absolute minimum.
The carrier frequency variation and the IQ variation are the measurement results: Carrier Frequency Error and Carrier leakage.
----

	6.5.1EA_1
	Frequency Error for UE category M1 (CE Mode B)
	

	6.5.2.1EA.1
	Error Vector Magnitude for UE category M1
	Carrier leakage should be removed from the measured wave before calculating the EVM

---- 36.521-1 6.5.2.1 ----
Before calculating the EVM the measured waveform is corrected by the sample timing offset and RF frequency offset. Then the carrier leakage shall be removed from the measured waveform before calculating the EVM.
----
 

	6.5.2.1EA.2
	PUSCH-EVM with exclusion period for UE category M1
	

	6.5.2.2EA
	Carrier leakage for UE category M1
	Position of carrier leakage depends on position of carrier centre frequency.

	6.5.2.3EA
	In-band emissions for non allocated RB for UE category M1
	Position of carrier leakage depends on position of carrier centre frequency. Position of I-Q image depends on position of carrier centre frequency.

	6.5.2.4EA
	EVM equalizer spectrum flatness for UE category M1
	Same as EVM, EVM equalizer spectrum flatness is derived from the post-FFT signal from which carrier leakage and frequency error is subtracted.


Corresponding tests for CEModeB (if any) would also be affected by position of carrier centre frequency.
3. Options for test method and analysis
Following options can be considered as possible test methods.
Option 1) Test should be carried out with requirements and conditions corresponding to actual centre of the carrier frequency. Position of the carrier centre frequency (centre of narrowband or channel bandwidth) should be declared by UE vendors.
Option 2) 2 runs of a tests with both requirements/conditions corresponding to both carrier centre frequency position should be carried out. To derive overall verdict, verdict of 2 runs of the tests are combined.
For option 2, how to combine the verdict of 2 tests is the key issue. Following table shows the possible way of combining verdicts for Carrier leakage and In-band emission tests.
	TC#
	TC Title
	Combining method(*1)
	Reasoning/Basis

	6.5.2.2EA
	Carrier leakage for UE category M1
	AND (*2)
	See Annex 1

	6.5.2.3EA
	In-band emissions for non allocated RB for UE category M1
	OR (*2)

	See Annex 2


*1 : “AND” : Overall verdict is PASS only if verdicts of 2 tests are PASS. 
“OR” :  Overall verdict is PASS only if at least one of the verdict of the 2 tests is PASS

*2 : Still have low probability of misjudgment
For remaining TCs (EVM, frequency error, EVM equalizer spectrum flatness), how verdicts should be combine is not conclusive as it could depend on the details of implementation of test equipment. We cannot say that measured frequency error/EVM etc with incorrect hypothesis of carrier center will always become worse than the true frequency error/EVM etc or vice versa.
Following table summarize the pros. and cons. of the 2 options. 
	
	Pros
	Cons

	Option 1
	Test time does not become longer. 
	UE’s declaration on position of carrier centre is required.

	Option 2
	Test can be conducted without knowing the details of UE implementation.
	Test time becomes double.
No clear solution for combing method other than carrier leakage and in-band emission.
Possible combining method of for carrier leakage and in-band emission tests however small probability of misjudgement is possible. 


Considering the pros and cons for both options, Option 1 would be the only reasonable solution and can be endorsed. 
5. Conclusion

In this paper, concrete test method for the test cases which is affected by the position of carrier centre frequency is discussed.  
Author of this paper would kindly ask RAN5 to endorse following proposals.
Proposal 1) Adopt Option 1 as a test method for Cat-M1 transmit signal quality test cases (6.5EA.x)
6. References
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Annex 1 : Analysis of verdict combining method for Carrier Leakage test
1) In the case carrier leakage is bigger than noise
	
	Tested requirement

	
	Same as UE implementation
	Different from UE implementation

	Conformant
UE
	PASS
	PASS

	Non-Conformant UE
	FAIL
	PASS or FAIL (*1)

	*1 : Depends on  noise or emission level
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2) In the case carrier leakage is smaller than noise
	
	Tested requirement

	
	Same as UE implementation
	Different from UE implementation

	Conformant UE
	PASS
	PASS

	Non-Conformant UE
	FAIL
	FAIL
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Considering 1) and 2), combining 2 verdicts by taking "AND" would be proper combining method.
However we have following counterexample for misjudgment.
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In this case, conformant UE will fail the TC though this would be rare.  i.e. PASS with correct hypothesis, FAIL with incorrect hypothesis,  overall verdict will be FAIL.
Annex 2 : Analysis of verdict combining method for Inband-emission test
1) In the case noise and general emission (sidelobe and other noise) is enough lower than requirement (Typical situation)
	
	Tested requirement

	
	Same as UE implementation
	Different from UE implementation

	Conformant
UE
	PASS
	PASS or FAIL
(*1)

	Non-Conformant UE
	FAIL
	FAIL

	*1 : FAIL if Carrier leak or I-Q image level is bigger than the 

General requirement for incorrect hypothesis. Otherwise, PASS.
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Hence,  combining 2 verdicts by taking "OR" would be proper combining method.
However, we can consider following counterexample though this would be rare case.
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Non-conformant UE will PASS the test. i.e. FAIL with correct hypothesis, PASS with incorrect hypothesis, overall vedict is PASS.
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