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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.

In this contribution we discusses first on a possible approach for testing NB-IoT reducing the number of tests without decreasing tests coverage. We then focus on new test model and test configurations that would be needed to specify NB-IoT requirements tests.

2 Discussion
2.1 Introduction

NB-IoT has been specified using 2 different sub-carriers spacing (3.75 kHz and 15 kHz) and operating possibly in 3 different modes: 

· Standalone when the NB-IoT carrier occupies its own spectrum.

· In-band when it’s using the resource block(s) within E-UTRA carrier.

· Guard band when it’s using the unused resource block(s) in E-UTRA carrier’s guard band.

Considering that NB-IoT in-band/guard band could be operates in E-UTRA 5-10-15-20 MHz bandwidth, but also that NB-IoT PRB(s) could puncture almost any E-UTRA PRBs when in-band, and that number of NB-IoT PRBs is not really limited when in-band and guard band, …all those considerations (and many others…) highlight testing would become really complex and huge. The number of combinations and possible permutations would become extremely high and complicate to manage properly.
To reduce the amount of tests, we should avoid specifying duplicated tests or tests which might not be relevant as already covered by other ones. It would be more efficient to consider always the most stringent cases or configurations when specifying conformance tests: we could then de facto minimize the number of added tests without decreasing their coverage.
2.2 Operating modes testing

In the following sub-section, we are discussing the different operation modes, and are suggesting some proposals to reduce number of test configurations to be considered for each requirement.
2.2.1 In-band operation

When testing E-UTRA with NB-IoT operating in-band we should test E-UTRA and NB-IoT requirements together.  Testing such configuration should be more challenging or equivalent than testing E-UTRA alone. 

First, in Tx, due to NB-IoT power boosting, it would be more difficult to pass tests related to unwanted emissions and ACLR; the other Tx tests should be rather equivalent. 

Then, in Rx, blocking requirements and associated desens values are similar and they are considering similar interferers. 
For those reasons, we would propose that, if a BS passes the conformance tests for E-UTRA with NB-IoT operating in-band, it doesn’t have to pass the test for E-UTRA only.

Proposal 1: Testing E-UTRA and NB-IoT operating in-band would cover testing E-UTRA only.

2.2.2 Guard band operation

As mentioned before, when testing E-UTRA with NB-IoT operating in guard band we should test E-UTRA and NB-IoT requirements together.  Again, testing such configuration should be more challenging than testing E-UTRA alone. 

First, in Tx, not only due to NB-IoT power boosting, but also to the closer proximity with E-UTRA channel bandwidth edge, it would be much more difficult to pass tests related to unwanted emissions and ACLR; the other Tx tests should be rather equivalent. 

Then, in Rx, blocking requirements and associated desens values are considering closer interferers so, if they are not more challenging, they should at least be equivalent.
For those reasons, we would propose that, if a BS passes the conformance tests for E-UTRA with NB-IoT operating in guard band, it doesn’t have to pass the test for E-UTRA only.

Proposal 2: Testing E-UTRA and NB-IoT operating in guard band would cover testing E-UTRA only.

2.2.3 In –band and guard band operations

If a BS supports both NB-IoT in-band and guard band operations, we should wonder if it would be useful (or not) to run all tests for both modes, or select the set of tests which are the most stringent, which should be the guard band operations tests:

· In Tx, ACLR and UEM requirements should be more stringent when in guard band due to the reduced E-UTRA guard band.

· In Rx, ACS and blocking requirements should be more (or at least equivalent ) stringent when in guard band due again to the reduced offset with interferer.

For those reasons, we would propose so, if a BS is supporting both in-band and guard band operations, only guard band related tests should be considered. The only exception is for In Channel Selectivity requirement testing as it’s only specified for in-band.

Proposal 3: Testing E-UTRA and NB-IoT operating in guard band would cover testing E-UTRA and NB-IoT operating in-band.

2.2.4 Standalone operation

For this mode, NB-IoT has its own requirements and would require then specific testing.

2.3 NB-IoT carrier positioning

In the following sub-section, we are discussing the different NB-Iot PRB position for in-band and guard band operations, and are suggesting some proposals to reduce number of tests for each configuration.

2.3.1 Rx considerations: Single tone testing

In UL, NB-IoT transmissions could be single-tone or multi-tones. 

All core RF Rx requirements have been specified considering single tone only, this to cover as much as possible the extreme coverage situation. Moreover, there are two sets of requirements: one set for BS supporting 15 kHz sub-carrier spacing and another one for BS supporting 3.75 kHz sub-carrier spacing.

Testing all 12 (or 48) tones individually would not really be necessary: the tones which are the most exposed are the ones on the edge of NB-IoT PRB as shown in Figure 1.
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Figure 1: NB-IoT PRB - Tones to be tested

We would propose so to limit testing to:

· One of the 2 tones which are on the NB-IoT PRB edge for standalone.

· The tone which is on the NB-IoT PRB edge and the closest to E-UTRA RF bandwidth edge. 

Proposal 4: Rx tests should be only done on the tone which is positioned at NB-IoT PRB edge.

2.3.2 In band operation

2.3.2.1 General
When operating in-band, NB-IoT would be more aggressive in Tx and more sensitive to interferers if it’s positioned the edge of E-UTRA PRBs. 

And if there are multiple NB-IoT carriers, the worst configuration would be with one NB-IoT PRB in each edge of E-UTRA PRBs as shown in Figure 2.
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Figure 2: NB-IoT PRB position to consider for testing
Those 2 NB-IoT PRB positions  should be the ones to consider when testing NB-IoT operating in-band. If there is only one NB-IoT carrier, then testing should be done for both positions.

Proposal 5a: For NB-IoT operating In-band, tests should only be done on the PRB which is positioned on the edge of E-UTRA PRBs.

2.3.2.2 Rx consideration
For Rx and NB-IoT operating in-band, considering the above, Figure 3 shows the different tested positions for LTE (blue) and the proposed ones for  NB-IoT (orange). 

Today, the band middle position (M) is tested for E-UTRA, as well as each extremity of the band frequency range (B and T). Nevertheless, we might question if that middle position (M) is really relevant position to test with NB-IoT.
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Figure 3: NB-IoT in-band - Tested positions
Proposal 5b: For NB-IoT operating In-band, Rx tests should only be done on the PRB which is positioned on the edge of E-UTRA PRBs and for the tone(s) which are the closest to E-UTRA guard band.

2.3.3 Guard band operation
When in guard band, NB-IoT PRB possible positions are depending on channel raster. According to NB-IoT RB power dynamic range requirement (refer to section 6.3.3 in [2]), the boosted PRB should be as close as possible to LTE PRBs edge. Moreover, Rx blocking requirements have been specified considering only one (on each side) NB-IoT PRB in guard band.

For those reasons, conformance tests for Rx requirements should only consider one (on each side) NB-IoT PRB positioned as close as possible to the LTE PRBs’s edge and compliant with channel raster scheme, except for 5 MHz as it won’t be possible to fit any NB-IoT PRB in guard band compliant with channel raster. Following Table 1 recaps the NB-IoT positions in guard band.

	LTE Channel BW
	NB-IoT carrier offset from LTE carrier (kHz)
	NB-IoT carrier offset from LTE carrier (kHz)

	5 MHz
	-2347.5(*)
	2347.5(*)

	10 MHz
	-4597.5
	4597.5

	15 MHz
	-7207.5 (tbc?)
	7207.5 (tbc?)

	20 MHz
	-9097.5
	9097.5


Table 1: NB-IoT position in guard band
Proposal 6: For NB-IoT operating in guard band, tests should only be done on the PRB which is the closest position in guard band to E-UTRA PRBs compliant with channel raster, on each side.

2.4 Multicarrier consideration
We would configuration with at least 2 NB-IoT carriers to support anchor and non-anchor use case. For the time being, this is only specified for NB-IoT operating in-band and in guard band. 

Nevertheless, we should question if and how we address the case where a BS supports NB-IoT multicarrier, in-band, in guard band or standalone. This should be further discussed as well and we should early decide this as it would impact test configurations and test specifications.

2.5 Capability sets

Capability sets are further discussed in our other contribution [4].
2.6 Measurement uncertainties and test requirements 

When considering NB-IoT operating in-band and in guard band, it would look logical to consider similar tolerances and test requirements than E-UTRA. We would propose so to reuse same test equipment uncertainties and test tolerances for NB-IoT as specified in TS 36.141 or TS 37.141 depending on applicability.
For NB-IoT standalone, we might want again to reuse similar E-UTRA uncertainties and tolerances as previously. But that should be further discussed.
2.7 Test models for Tx
TS 36.141 specifies 8 E-UTRA test models used for Tx tests:
· 2 of them are for testing EVM and frequency error for high modulated signal (64QAM and 256QAM) at minimum power.

· 2 of them are for testing total power dynamic range, EVM and frequency error for high modulated signal (64QAM and 256QAM) at maximum power.

· 2 of them are for testing frequency error and EVM for 16QAM and QPSK.

· 1 is for testing BS output power, Unwanted emissions and transmitter intermodulation without any PRBs boosted/deboosted.

· 1 is for testing ACLR and operating band unwanted emissions with PRBs boosted/deboosted.

With NB-IoT, only one modulation is considered QPSK in DL. While testing NB-IoT, for in-band and guard band operation, we could also test E-UTRA as we previously suggested. It should be possible so to reuse existing E-UTRA test models, or we might need to slightly modify them when testing in-band operation as one or two E-UTRA PRB(s) will be punctured and replaced with NB-IoT.

We would suggest defining only one new test model for NB-IoT:
· N-TM1 would describe NB-IoT PRB. This test model would be used for all tests.
This NB-IoT test model would be used to specify related tests, reusing existing E-UTRA ones.

2.8 E-UTRA 5 MHz BW case

For MSR or E-UTRA BS with E-UTRA RAT, 5 MHz E-UTRA carrier is used to build the different test configurations. 

Unfortunately, such E-UTRA BW for NB-IoT in guard band is not really representative: the NB-IoT PRB power would most likely be minimized to fulfil E-UTRA UEM. 

When NB-IoT is operating in guard band, the considered E-UTRA signal should not have 5 MHz bandwidth, but 10 MHz instead (if supported by the BS).

2.9 Test configurations for TS 36.141
TS 36.141 specifies 5 test configurations for multi-carrier and CA operation. 
When considering NB-IoT, we would propose 3 new test configurations:
· ETC6: NB-IoT operating in band

ETC6 would be constructed by considering a LTE signal and puncturing one LTE PRB to be replaced with one NB-IoT PRB. The power allocation is done such that LTE carrier and NB-IoT carrier are assimilated to one carrier and should fulfil requirement specified in section of TS 36.104.

· ETC7: NB-IoT operating in guard band

ETC7 would be constructed by considering a LTE signal and positioning one NB-IoT PRB in the LTE guard band. The power allocation is done such that LTE carrier and NB-IoT carrier are assimilated to one carrier and should fulfil requirement specified in section of TS 36.104.

· ETC8: NB-IoT operating standalone.
2.10 Test configurations for TS 37.141

TS 37.141 specifies 7 test configurations categories, each containing several test configurations. 
2.10.1 Operation modes
When considering NB-IoT:

· For each test configuration where E-UTRA is involved, we need to create new configuration considering NB-IoT in-band or guard band. 
· NB-IoT standalone should be added to any possible RAT combinations for BC1 and BC2.
2.10.2 TCs updates considering NB-IoT in-band and/or guard band
Following Table 2 tempts to capture the new Test Configurations that should be added to existing Test Configurations 

	
	In-band
	Guard Band
	Standalone

	TC1

UTRA multicarrier operation
	NA
	NA
	NA

	NTC1

UTRA multicarrier non-contiguous operation
	NA
	NA
	NA

	TC2

E-UTRA multicarrier operation
	Not considered in Rel13 scope (?)
	Not considered in Rel13 scope (?)
	NA

	NTC2

E-UTRA multicarrier non-contiguous operation
	Not considered in Rel13 scope (?)
	Not considered in Rel13 scope (?)
	NA

	TC3

UTRA and E-UTRA multi RAT operation
	TC3c
	TC3d (*)
	NA

	NTC3

UTRA and E-UTRA multi RAT non-contiguous operation
	NTC3b
	NTC3d (*)
	NA

	TC4

BC2 transmitter operation
	TC4f                              (similar TC4b:E-UTRA+GSM)
TC4g                          (similar TC4c:                           E-UTRA+UTRA+GSM)

TC4h                         (similar TC4e:E-UTRA+GSM)
	TC4i (*)                        (similar TC4b:E-UTRA+GSM)
TC4j (*)                      (similar TC4c: E-UTRA+UTRA+GSM)
TC4k (*)                     (similar TC4e:E-UTRA+GSM)
	TC4l: +UTRA+GSM
TC4m: +E-UTRA+GSM
TC4n: +E-UTRA+UTRA+GSM
TC4o: +UTRA+GSM and conditions described in TC4d.
TC4p: +E-UTRA+GSM and conditions described in TC4e
TC4q: +GSM
TC4r: +UTRA
TC4s: +E-UTRA

	NTC4
Non-contiguous multi RAT operations with GSM for the transmitter
	NTC4d                       (similar NTC4b:E-UTRA+GSM)

NTC4e                             (similar NTC4c: E-UTRA+UTRA+GSM)
	NTC4f (*)                             (similar NTC4b:E-UTRA+GSM)

NTC4g (*)                            (similar NTC4c: E-UTRA+UTRA+GSM)
	NTC4h: +UTRA+GSM
NTC4i: +E-UTRA+GSM
NTC4j: +E-UTRA+UTRA+GSM
NTC4k: +GSM
NTC4l: +UTRA
NTC4m: +E-UTRA

	TC5

BC2 receiver operation
	TC5c                        (similar TC5b: E-UTRA+GSM)
	TC5d (*)                                   (similar TC5b: E-UTRA+GSM)
	TC5e: +UTRA+GSM
TC5f: +E-UTRA+UTRA+GSM

	NTC5

Non-contiguous multi RAT operations with GSM for the receiver
	NTC5d                      (similar NTC5b: E-UTRA+GSM)

NTC5e                      (similar NTC5b: E-UTRA+UTRA+GSM)
	NTC5f (*)                                     (similar NTC5b: E-UTRA+GSM)

NTC5g (*)                              (similar NTC5b: E-UTRA+UTRA+GSM)


	NTC5h: UTRA+GSM
NTC5i: +E-UTRA+GSM
NTC5j: +E-UTRA+UTRA+GSM

	TC6

Single carrier for receiver tests
	TC6c                         (similar TC6-b: E-UTRA)
	TC6d (*)                                (similar TC6-b: E-UTRA)
	To be further discussed

	TC7

Generation of MB-MSR test configurations
	TC7d                         (similar TC7-a)

TC7e                         (similar TC7-b)

TC7f                          (similar TC7-c)
	TC7g (*)                                     (similar TC7-a)

TC7h (*)                                 (similar TC7-b)

TC7i (*)                                                                              (similar TC7-c)
	TC7j                          (similar TC7-a)

TC7k                          (similar TC7-b)

TC7l                          (similar TC7-a)

	TC8 (new)
	
	
	+UTRA + E-UTRA


Table 2: New test configurations to be considered for NB-IoT

(*): E-UTRA 10 MHz BW should better be considered instead of E-UTRA 5 MHz BW to build that TC.
3 Conclusion
In this contribution, we first went through some general considerations and were proposing some strategy to reduce number of tests:

Proposal 1: Testing E-UTRA and NB-IoT operating in-band would cover testing E-UTRA only.

Proposal 2: Testing E-UTRA and NB-IoT operating in guard band would cover testing E-UTRA only.

Proposal 3: Testing E-UTRA and NB-IoT operating in guard band would cover testing E-UTRA and NB-IoT operating in-band.

Proposal 4: Rx tests should be only done on the tone which is positioned at NB-IoT PRB edge.

Proposal 5a: For NB-IoT operating In-band, tests should only be done on the PRB which is positioned on the edge of E-UTRA PRBs.

Proposal 5b: For NB-IoT operating In-band, Rx tests should only be done on the PRB which is positioned on the edge of E-UTRA PRBs and for the tone(s) which are the closest to E-UTRA guard band.

Proposal 6: For NB-IoT operating in guard band, tests should only be done on the PRB which is the closest position in guard band to E-UTRA PRBs compliant with channel raster, on each side.

We then reviewed TS 36.141 and TS 37.141 to specify new two test models and test configurations considering NB-IoT. If agreed, the next step would be to update the applicability of requirements and test configurations table specifying which tests should be considered with those new test categories.
We noted also that TCs generation for E-UTRA should be reconsidered for NB-IoT operating in guard band: TS 37.141 is using a 5 MHz E-UTRA carrier by default, which is not representative for NB-IoT guard operation as its PRB power would be most likely quite low
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