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1.
Introduction

At RAN4 #78bis San Jose del Cabo and #79 Nanjing meeting, requirements of carrier leakage and IQ image for Category M1 UE were added in TS 36.101 [1].

During a discussion related to a position of carrier leakage, a dependency of a UE implementation had to be taken into account and some wordings were changed. However this caused an ambiguity when considering a test case for the requirements.
We point out issues concerned to the ambiguity and a testability, and would like to clarify an actual intention in this paper.
2. Position of carrier leakage and IQ image
Currently it is known that positions of both carrier leakage and IQ image of Cat. M1 UE varies depending on an implementation of UE vendors. For carrier leakage, there are two cases in positions such as 1) the center frequency of the narrow band (6RB) or 2) the center 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)
Due to the condition above, following descriptions were added in TS36.101.

---------- Start of the extract from TS36.101 --------- 

 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 also lie at the center of the 6 RB narrowband assigned for transmission. The measurement interval is one slot in the time domain.

-------- skip --------
6.5.2E.3
In-band emissions

The in-band emission is defined in clause 6.5.2.3.

6.5.2E.3.1
Minimum requirements

The relative in-band emission shall not exceed the values specified in Table 6.5.2E.3.1-1
Table 6.5.2E.3.1-1: Minimum requirements for in-band emissions

	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
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	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-28
	Image frequencies when carrier center frequency < 1 GHz and Output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-25
	Image frequencies when carrier center frequency < 1 GHz and Output power ≤ 10 dBm
	

	
	
	-25
	Image frequencies when carrier center frequency ≥ 1 GHz
	

	Carrier leakage
	dBc
	-28
	Output power > 10 dBm and carrier center frequency < 1 GHz
	Carrier frequency (NOTES 4, 5)

	
	
	-25
	Output power > 10 dBm and carrier center frequency ≥ 1 GHz
	

	
	
	-25
	0 dBm ≤ Output power ≤10 dBm
	

	
	
	-20
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10
	-40 dBm ( Output power < -30 dBm
	

	NOTE 1:
An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of PRB - 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in NOTE 10.

NOTE 2:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs.

NOTE 3:
The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the centre carrier frequency, but excluding any allocated RBs. For UE of UL Category M1, applicable frequencies shall additionally include those found by reflection on the center of the assigned 6 RB narrowband, but excluding any allocated RBs.
NOTE 4:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.

NOTE 5:
The applicable frequencies for this limit are those that are enclosed in the RBs containing the DC frequency if 
[image: image3.wmf]RB

N

 is odd, or in the two RBs immediately adjacent to the DC frequency if 
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 is even, but excluding any allocated RB. For UE of UL Category M1, the applicable frequencies shall also be the centre frequency of the supported 6RBs additionally.
NOTE 6:
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 is the Transmission Bandwidth (see Figure 5.6-1).

NOTE 7:
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 is the Transmission Bandwidth Configuration (see Figure 5.6-1).

NOTE 8:
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 is the limit specified in Table 6.5.2.1.1-1 for the modulation format used in the allocated RBs.

NOTE 9:
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 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. 
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 for the first adjacent RB outside of the allocated bandwidth.

NOTE 10:
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 is the transmitted power per 180 kHz in allocated RBs, measured in dBm.


---------- End of the extract ---------
3. Issues of descriptions 

When we look at the description above, for example NOTE 5 in Table 6.5.2E.3.1-1, we can take its meaning in 2 ways.
a) We need to measure carrier leakages using separate minimum requirements as a test verdict for each carrier leakage, at the center of a narrowband or at the center of channel bandwidth. 
b) We can allow 2 carrier leakages exist at 2 positions at the same time.
Therefore firstly we need to clarify an intention of the requirements above.

Suppose if the intention is a), then minimum requirements for in-band emission test can be shown in Figure 2 and 3.
Note that the allocated RB is at a leftmost side in each figure.
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Figure 2: Example of minimum requirements for a measurement of in-band emissions at narrowband
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Figure 3: Example of minimum requirements for a measurement of in-band emissions at channel bandwidth

On the other hand, if the intention is b), then the minimum requirements can be shown in Figure 4.
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Figure 4: Combined minimum requirements for a measurement of in-band emissions at both narrowband and entire channel bandwidth
4. Consideration on intention a) from a viewpoint of UE conformance test
When we consider the intention a) from a viewpoint of UE conformance test, we see it includes different kind of issues, testability and verdict. 
4.1. Issue a-1)
Since there is no signaling message to announce a position of the carrier leakage, there is no way to select the appropriate minimum requirement for a verdict. Therefore there is a possibility that we apply a wrong minimum requirement to judge a measured result, as shown in Figure 5.
Issue a-1) We have no way to select an appropriate minimum requirements for a verdict without knowing an actual position of carrier leakage, the center frequency of a narrowband or the center frequency of a channel bandwidth. And there is a possibility that we mistakenly apply wrong minimum requirements to a result.
4.2. Issue a-2)

Or there might be another case that we mistakenly apply a wrong minimum requirement to a test result in a case that carrier leakage is smaller than the general requirement, as shown in Figure 6.
Issue a-2) There is a possibility that we mistakenly pass a UE which has another slightly higher emission at the center frequency of the narrowband or the channel bandwidth. A similar thing can also be said to a test of IQ image.
In both issues above, we need to know the actual position of the carrier leakage to select a correct requirement.
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Figure 5: Issue a-1) - Case that a wrong minimum requirement is applied to a test result
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Figure 6: Issue a-2) - Case that a wrong minimum requirement is applied to a test result (2).
4.3 Solutions of issue a-1) and a-2)
The simplest solution is to get an information of the actual position of carrier leakage. However, considering the fact that an actual network has to accept both types of Cat.M1 UEs with the carrier leakages at the center frequency of narrowband or that of channel bandwidth, the issue a-2) should not be a problem.

Then with this fact in mind, we can have 2 kinds of test methods for issue a-1) as follows.
Test method 1: Apply 2 separate minimum requirements and test twice. A verdict can be PASS if one of the tests passes. 
Test method 2: Apply combined minimum requirements and test once, just like the requirement in Figure 4.  

4.3.1 Consideration on the test method 1

Table 1 shows a relation of minimum requirements and position of carrier leakage.
In this table we can decide the verdict by the results of case 1 or 4 based on the fact above.
Table 1 Combination of carrier leakage and minimum requirements

	　
	　
	Position of carrier leakage

	　
	　
	Center of narrowband
(6RB)
	Center of Channel BW
(25RB or more)

	Minimum requirement
(Including requirements for carrier leakage and IQ image)
	Carrier leakage at the center of narrowband
	Case 1
Can be measured properly
	Case 3
Possibly fail

	
	Carrier leakage at  the center of Channel BW
	Case 2
Possibly fail
	Case 4
Can be measured properly


By this method, we can test the in-band emission and the carrier leakage on any Cat.M1 UE with each dedicated minimum requirement. But there is a disadvantage that we need to run test twice. And there are also other requirements which have an influence and need to run tests twice in [2].
4.3.2. Consideration on the test method 2
The minimum requirement in Figure 4 is a combined one which covers both types of carrier leakages, as described previously as the test method 2. Therefore we can test without knowing an actual position of the carrier leakage.
However again, similar to the issue a-2 above, there is a possibility that we mistakenly pass a UE which has another emission at the center frequency of the narrowband or the channel bandwidth, as shown in Figure 7. A similar thing can also happen during a test of IQ image.
Again it can be accepted because of the same reason that an actual network has to accept both types of Cat. M1 UEs.
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Figure 7: Case that another emission exists at the position of the carrier leakage
5. Consideration on intention b)

There is no choice other than selecting the test method 2 above.
6.
Comparison of intentions and test methods
With considerations above, a comparison among the intentions and test methods is shown in Table 2. 
Table 2 Comparison of intentions and test methods
	Option
	Intention
	Test method
	Pros of test method
	Cons of test method

	1
	a
Carrier leakage exists alternatively
	1

Apply 2 separate minimum requirements
	We can test the in-band emission and the carrier leakage on any Cat.M1 UE with each dedicated minimum requirement.

(This method can eliminate the case of Figure 7.)
	Two runs of the test are required before a verdict can be decided.

There are also other requirements which have an influence and need to run tests twice in [2].

	2
	
	2

Apply a combined minimum requirement
	We can test the in-band emission and the carrier leakage on any Cat. M1 UE without considering the actual position of the carrier leakage.
	There is a possibility that we mistakenly pass a UE which has another emission at the center frequency of the narrowband or the channel bandwidth.
(This should be accepted.)

	3
	b
Carrier leakages exist at 2 positions at once.
	
	
	－


7.
Conclusion
In this paper, an ambiguity of descriptions in requirements for Cat. M1 UE carrier leakage and in-band emission are pointed.
Considering the discussion above, we propose to modify descriptions in TS36.101 clause 6.5.2E. We also need to clarify which option to apply to carry out a measurement of the carrier leakage and the in-band emission. 
Proposal 1: To remove the ambiguity of requirements, it is recommended that we change descriptions in TS36.101 clause 6.5.2E. This change depends on the decision from option 1 to 3.
Examples of the changes for option 1 and 3 are shown in Annex A and B. And for option 2, the changes could be a mixture of both Annex A and B.
This modification is proposed in CR [3].
Option 1: Carrier leakage exists alternatively at the center of a narrowband or that of a channel bandwidth.

                 Apply 2 separated minimum requirements to test results.  

Option 2: Carrier leakage exists alternatively. Apply a combined minimum requirement.
Option 3: Carrier leakages exist at 2 positions at once. Apply a combined minimum requirement.
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Annex A
Example of a change for option 1
<< Beginning of changes >>

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.

6.5.2E.3
In-band emissions

The in-band emission is defined in clause 6.5.2.3.

6.5.2E.3.1
Minimum requirements

The relative in-band emission shall not exceed the values specified in Table 6.5.2E.3.1-1
Table 6.5.2E.3.1-1: Minimum requirements for in-band emissions

	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
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	Any non-allocated (NOTE 2)

	IQ Image
	dB
	-28
	Image frequencies when carrier center frequency < 1 GHz and Output power > 10 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-25
	Image frequencies when carrier center frequency < 1 GHz and Output power ≤ 10 dBm
	

	
	
	-25
	Image frequencies when carrier center frequency ≥ 1 GHz
	

	Carrier leakage
	dBc
	-28
	Output power > 10 dBm and carrier center frequency < 1 GHz
	Carrier frequency (NOTES 4, 5)

	
	
	-25
	Output power > 10 dBm and carrier center frequency ≥ 1 GHz
	

	
	
	-25
	0 dBm ≤ Output power ≤10 dBm
	

	
	
	-20
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10
	-40 dBm ( Output power < -30 dBm
	

	NOTE 1:
An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of PRB - 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in NOTE 10.

NOTE 2:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs.

NOTE 3:
The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the centre carrier frequency, but excluding any allocated RBs. For UE of UL Category M1, applicable frequencies shall alternatively include those found by reflection on the center of the assigned 6 RB narrowband, but excluding any allocated RBs.

NOTE 4:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.

NOTE 5:
The applicable frequencies for this limit are those that are enclosed in the RBs containing the DC frequency if 
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 is odd, or in the two RBs immediately adjacent to the DC frequency if 
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 is even, but excluding any allocated RB. For UE of UL Category M1, the applicable frequencies shall alternatively be the centre frequency of the supported 6RBs.

NOTE 6:
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 is the Transmission Bandwidth (see Figure 5.6-1).

NOTE 7:
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 is the Transmission Bandwidth Configuration (see Figure 5.6-1).

NOTE 8:
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 is the limit specified in Table 6.5.2.1.1-1 for the modulation format used in the allocated RBs.

NOTE 9:
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 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. 
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 for the first adjacent RB outside of the allocated bandwidth.

NOTE 10:
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 is the transmitted power per 180 kHz in allocated RBs, measured in dBm.


<< End of changes >>
Annex B
Example of a change for option 3

<< Beginning of changes >>

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 at the center of the channel bandwidth and the 6 RB narrowband assigned for transmission shall not exceed the values specified in Table 6.5.2.2.1-1.

6.5.2E.3         In-band emissions

The in-band emission is defined in clause 6.5.2.3.

6.5.2E.3.1            Minimum requirements

Both of the relative in-band emission when center carrier frequency is at the center of channel bandwidth and when at the 6RB narrowband assigned for transmission shall not exceed the values specified in Table 6.5.2E.3.1-1. 

<< End of changes >>
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