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1 Introduction
In RAN plenary #69 the new work item Narrowband IoT was approved for the support of massive number of devices in narrow bandwidth. This WI has been revised during last RAN#70 [1]. According to the work item description, the objective is to specify a radio access for cellular internet of things. NB-IOT supports different operation modes including stand-alone operation, in-band operation and guard-band operation. 

During last RAN4#79 meeting, CRs to 36.104 [2] and 37.104 [3] have been approved. This means RF core requirements have been addressed and next step is to work on BS conformance tests captured in TS 37.141 and TS 36.141.

This contribution proposes an overview of all Tx conformance tests and briefly describes impact for each operating mode. 
2 Discussion
The new NB-IoT tests should be using the new test model N-TM1 as specified in our other contribution [4].
2.1 First consideration

In DL, NB-IoT transmissions are always multi-tones: a complete NB-IoT PRB is transmitted. Moreover, the consider sub-carrier spacing for DL is 15 kHz only, which is the same as E-UTRA. Considering this characteristic, certain NB-IoT tests would be very similar to testing E-UTRA. That’s the reason why we propose either to not specify or just update some Tx tests in the following sub-section.

2.2 NB-IoT in band operation

Base station output power

When in-band, there wouldn’t be any difference running this test with a full E-UTRA signal or with an E-UTRA signal including NB-IoT in band PRB. We would propose so to not add any NB-IoT specific test for base station output power requirement.
Output power dynamics

· RE power control dynamic range

This is not tested for E-UTRA as already covered by EVM test. Same rationale is also valid for NB-IoT, no specific test should be considered for this requirement.

· Total power dynamic range

There is no specific requirement for NB-IoT in-band operation. As mentioned in 2.1, this should be very similar testing than with E-UTRA only and we would propose then to not consider any specific test for NB-IoT in band.
· NB-IoT RB power dynamic range

This is specific requirement for in-band and guard band operations. N-TM1 model should be used here. This test should be combined with operating band unwanted emission’s one. 

The goal is to check NB-IoT PRB’s power will be at the declared max power while the overall output power will remain constant (and so E-UTRA PRBs average power would be lowered).

Transmit ON/OFF


This is not applicable to NB-IoT.

Transmitter signal quality

· Frequency error

For E-UTRA, this test is combined with EVM test. It should be similar for NB-IoT.

· EVM

NB-IoT EVM requirement (and frequency error requirement) is the same than E-UTRA requirement for QPSK, but the window length on which this measurement should be done is shorter (3 instead of 4). E-UTRA requirement is then more stringent. When in-band, it would be less challenging testing NB-IoT than “usual” E-UTRA PRBs. We would propose so to not add any specific EVM test (and frequency error test) for NB-IoT in-band.

· Time alignment error

When in-band, Tx signal(s) would be same for E-UTRA and NB-IoT. Testing E-UTRA time alignment requirement would de facto verifies NB-IoT’s one. We would propose so to not specify any specific test for NB-IoT in band time alignment requirement.
· DL RS power

NB-IoT DL RS power requirement is similar to E-UTRA and should be tested following similar procedure as the one described for E-UTRA in section 6.5.4

Unwanted emission

· Occupied BW

Again, considering what has been mentioned in 2.1, measuring the E-UTRA occupied bandwidth would validate NB-IoT in-band occupied bandwidth requirement. We would propose so to not specify any specific test for NB-IoT in-band occupied bandwidth requirement.

· ACLR

We would propose to reuse same methodology and criteria than the ones specified for E-UTRA ACLR tests in section 6.6.2, using test model NTM1.

· Operating band unwanted emission

We would propose to reuse same methodology and criteria than the ones specified for E-UTRA ACLR tests in section 6.6.3, using test model NTM1.

· Transmitter spurious emission

Again, considering what has been mentioned in 2.1, measuring the E-UTRA transmitter spurious emission would also check NB-IoT in-band transmitter spurious emission requirement. We would propose so to not specify any specific test for NB-IoT in-band transmitter spurious emission requirement.

  Transmitter intermodulation

Again, considering what has been mentioned in 2.1, measuring the E-UTRA transmitter intermodulation would also check NB-IoT in-band transmitter intermodulation requirement. We would propose so to not specify any specific test for NB-IoT in-band transmitter intermodulation requirement.

2.3 NB-IoT guard band operation 
Base station output power

When in-band, there wouldn’t be any difference running this test with a full LTE signal or with an LTE signal including NB-IoT in band PRB. We would propose so to not add any NB-IoT specific test for base station output power requirement. 

Output power dynamics

· RE power control dynamic range

This is not tested for LTE as already covered by EVM test. Same rationale is also valid for NB-IoT, no specific test should be considered for this requirement.
· Total power dynamic range

Testing the additional NB-IoT PRB in guard band could be considered. 

· NB-IoT RB power dynamic range

This is specific requirement for in-band and guard band operations. N-TM1 model should be used here. This test should be combined with operating band unwanted emission’s one. 

The goal is to check NB-IoT PRB’s power will be at the declared max power while the overall output power will remain constant (and so E-UTRA PRBs average power would be lowered).

Transmit ON/OFF


This is not applicable to NB-IoT.

Transmitter signal quality

· Frequency error

For E-UTRA, this test is combined with EVM test. It should be similar for NB-IoT.

· EVM

We would propose to reuse same methodology and criteria than the ones specified for E-UTRA EVM tests in section 6.5.2, using test models NTM1 with the new specified window length of 3.
· Time alignment error

It should be further discussed if such test would be really needed for NB-IoT operating in guard band.

· DL RS power

NB-IoT DL RS power requirement is similar to E-UTRA and should be tested following similar procedure as the one described for E-UTRA in section 6.5.4

Unwanted emission

· Occupied BW

Similar methodology described for E-UTRA occupied channel bandwidth should be reuse for NB-IoT in guard band, criteria to pass that are the same ones. We would propose so to reuse same E-UTRA occupied bandwidth test methodology.

· ACLR

We would propose to reuse same methodology and criteria than the ones specified for E-UTRA ACLR tests in section 6.6.2, using test model NTM1.

· Operating band unwanted emission

We would propose to reuse same methodology and criteria than the ones specified for E-UTRA operating band unwanted emission tests in section 6.6.3, using test model NTM1.

· Transmitter spurious emission

We would propose to reuse same methodology and criteria than the ones specified for E-UTRA transmitter spurious emission tests in section 6.6.4.

Transmitter intermodulation

We would propose to reuse same methodology and criteria than the ones specified for E-UTRA transmitter intermodulation tests in section 6.7.

2.4 NB-IoT standalone

When NB-IoT operates in standalone mode, all tests should be considered except:

· RE power control dynamic range: this is not tested for LTE as already covered by EVM test. Same rationale is also valid for NB-IoT, no specific test should be considered for this requirement.

· NB-IoT RB power dynamic range: this is not applicable to NB-IoT standalone.

· Transmit ON/OFF: this is not applicable to NB-IoT.

· Frequency error: For E-UTRA, this test is combined with EVM test. It should be similar for NB-IoT.

3 Conclusion
In this contribution, we went through Tx requirements for all NB-IoT operating modes. Following table would give an overview of the Tx tests that should be written or not.
	
	
	In-band
	Guard band
	Standalone (*)

	Base station output power
	Already covered E-UTRA
	Already covered E-UTRA
	New test

	Output power dynamics


	RE power control dynamic range
	Already covered - E-UTRA
	Already covered - E-UTRA
	No test (EVM)

	
	Total power dynamic range
	Already covered - E-UTRA
	Already covered - E-UTRA
	New test

	
	NB-IoT RB power dynamic range
	New test, combined with OBUE
	New test, combined with OBUE
	NA

	Transmit ON/OFF
	NA
	NA
	NA

	Transmitter signal quality
	Frequency error
	Already covered - E-UTRA
	Tested with EVM
	Tested with EVM

	
	EVM
	Already covered - E-UTRA
	New test

Símilar E-UTRA
	New test

	
	Time alignment error
	Already covered - E-UTRA
	To be discussed…
	New test

	
	DL RS power
	New test

Similar E-UTRA
	New test

Similar E-UTRA
	New test



	Unwanted emission
	Occupied BW
	Already covered - E-UTRA
	New test
Símilar E-UTRA
	New test

	
	ACLR
	New test 

Similar E-UTRA
	New test 

Similar E-UTRA
	New test

	
	Operating band unwanted emission
	New test 

Similar E-UTRA
	New test
Similar E-UTRA
	New test

	
	Transmitter spurious emission
	Already covered - E-UTRA
	New test

Símilar E-UTRA
	New test

	Transmitter intermodulation
	Already covered - E-UTRA
	New test

Símilar E-UTRA
	New test


Already covered – E-UTRA means: Existing E-UTRA test should already covered it, should not be needed to write new test.
New test – Similar E-UTRA means: to be tested, methodology and criteria are similar than for E-UTRA.
New test: means new specific test to be written with specific criteria.

Note (*): Those tests should also be referenced in TS 37.141 when applicable.
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