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1 Introduction

Devices supporting NB-IOT needs to be very low cost, orders of magnitude less than a typical LTE device. Today’s certification of LTE UEs involves an extensive test suite, resulting in very costly certification. RAN5 test cases need to be executed iteratively many times during development of a device, and then also formally in an external accredited test lab for official GCF certification and regulatory compliance testing. This issue was highlighted at RAN5 Adhoc #1 along with an initial estimation of test time for NB-IoT if RAN5 extend the regular LTE test principles to NB-IoT [1].
At Adhoc#1 a way forward on tested bands was endorsed in [2], an updated way forward was presented in RAN5#72 [3]. It has been agreed that the default test frequency selection method in RF test cases is testing per band group, not per band (K1.1 in section 2). Additional coverage can be introduced if justified on a case by case basis. 
Following this WF, after RAN5#73 companies have now decided tested bands coverage for most RF test cases, which is presented in section 2. 

Based on the now known selection of test points and test frequencies, the initial estimation of test time can be revisited to assess if sufficient optimization has been done. This is presented in section 3.

2 Overview of tested bands selection in RF test cases
An overview of the selection in all RF test cases for NB-IoT is showen in table 1. The selection methods are K.1.1, K.1.2, K.1.3 defined in annex K of 36.521-1 [4]. In short the rules are:

K1.1 method: Low+High in low band group, Low+High in high band group 

Single band UE: 2 test frequency points
Multi band UE: 4 test frequency points

K1.2 method: K1.1 + mid in “mid” bands

Single band UE: 2 + 1*NumMidBands test frequency points

Multi band UE: 4 + 1*NumMidBands test frequency points

K1.3 method: Low+High in all bands (2 test points per band)
2*NumBands test frequency points

Table 1: Overview of tested bands

	Number
	Title
	Company
	Selection method

	Transmitter tests

	6.2.2F
	UE Maximum Output Power for UE category NB1
	Keysight
	K1.2

	6.2.5F
	Configured UE transmitted Output Power for UE category NB1
	CMCC
	K1.1

	6.3.2F
	Minimum Output Power for UE category NB1
	Keysight
	K1.1

	6.3.4F.1
	General ON/OFF time mask for UE category NB1
	Bureau Veritas
	K1.1

	6.3.4F.2
	NPRACH time mask for UE category NB1
	Bureau Veritas
	K1.1

	6.3.5F.1
	Power Control Absolute power tolerance for UE category NB1
	KTL, MTCC
	K1.1

	6.3.5F.2
	Power Control Relative power tolerance for UE category NB1
	KTL, MTCC
	FFS

	6.5.1F
	Frequency Error for UE category NB1
	SGS Wireless
	K1.1

	6.5.2.1F.1
	Error Vector Magnitude (EVM) for UE category NB1
	CMCC
	K1.1

	6.5.2.2F
	Carrier leakage for UE category NB1
	CMCC
	K1.1

	6.5.2.3F
	In-band emissions for non allocated RB for UE category NB1
	Huawei
	K1.1

	6.6.1F
	Occupied bandwidth for UE category NB1
	Huawei
	K1.1

	6.6.2.1F
	Spectrum Emission Mask for UE category NB1
	Huawei
	K1.2

	6.6.2.3F
	Adjacent Channel Leakage power Ratio for UE category NB1
	Huawei
	K1.2

	6.6.3F.1
	Transmitter Spurious emissions for UE category NB1
	Ericsson
	K1.2

	6.6.3F.2
	Spurious emission band UE co-existence for UE category NB1
	NTT DOCOMO
	K1.3

	6.7F
	Transmit intermodulation for UE category NB1
	Huawei
	K1.1

	Receiver tests

	7.3F.1
	Reference sensitivity level for UE category NB1
	Keysight
	K1.2

	7.3F.2
	Reference sensitivity level with repetitions for UE category NB1
	Keysight
	K1.2

	7.4F
	Maximum input level for UE category NB1
	Keysight
	K1.1

	7.5F
	Adjacent Channel Selectivity (ACS) for UE category NB1
	Anritsu
	K1.1

	7.6.1F
	In-band blocking for UE category NB1
	MTCC,  KTL
	K1.1

	7.6.2F
	Out-of-band blocking for UE category NB1
	MTCC,  KTL
	FFS

	7.7F
	Spurious response for UE category NB1
	KTL, MTCC
	N/A

	7.8.1F
	Wide band Intermodulation for UE category NB1
	KTL, MTCC
	K1.1


3 Updated estimation of test time in Transmitter test cases

Unlike Receiver tests, time consumed in Transmitter measurement for NB-IoT is not assumed to be very different than legacy LTE (active measurement time is relatively short). But number of test iterations required in the test will have am impact on overall test time. Assuming one test point taking the same time for NB-IoT as legacy LTE, test time is scaled according to the number of repetions only. 
This results in the following numbers:

· Single band UE: 33% compared to LTE (89% estimated in June)

· Quad band UE (2 Low + 2 High):  19% compared to LTE

For comparison, absolute Transmitter test time in the example data for a LTE UE used from [1] was around 17 hours per band.

Detailed calculations can be found in attached spreadsheet.
4 Updated estimation of test time in Receiver test cases

The initial test time estionation in [1] was assuming the same number of test points for NB-IoT as legacy LTE. It was assumed that NB-IoT requires 32 ms to receive one transport block, and that a typical UE has a large margin to the test requirement. Such a UE will trigger early pass mechanism defined in annex G.2 of TS 36.521-1 after 67 samples (1 sample = 1 ms for LTE FDD). For NB-IoT this means the minimum test time per test point with early pass will be extended to 32*67 ms = 2.1 seconds. Test time for NB-IoT in [1] was calculated as the total LTE measurement time plus the added measurement time (2.1 s) multiplied with number of iterations.
Now that the real number of iterations for NB-IoT is known and the 32 ms reception time of a transport block can be reduced to 27 (80/3), an updated test time estimation is done. The estimation is done by calculating the legacy LTE test time per test point adding the extra time required for NB-IoT thoughput measuremnt and then multiplied with actual number of iterations for NB-IoT.  

This results in the following numbers:
· Single band UE: 193% compared to LTE (692% estimated in June)

· Quad band UE (2 Low + 2 High):  96% compared to LTE
For comparison, absolute Receiver test time in the example data for a LTE UE used from [1] was around 4 hours per band.

Detailed calculations can be found in attached spreadsheet.
5 Discussion
The selection of tested bands as presented in section 2 represents a mix of per band testing and optimised testing that will enable much more cost effective certification than originally expected. A large improvement is seen especially for Transmitter test cases, but the total Tx/Rx test time for a single band UE is still estimated to be as high as 13 hours.
It is observed from the calulations two cases where the NB-IoT test time is significantly increased compared to LTE, and further optimization of these should be considered. These are Relative Power Tolerance (1.5h) and Out-of-band Blocking (7h). 

It should be noted that the time estimations in this paper is very approximate and is meant to give an understanding on relative time compared to LTE and scaling of test time based on number of supported bands in the UE. Actual test time may differ quite a lot in reality depending on test system. Especially sweeping of temperature conditions may be optimized.  
6 References

[1] R5-164060, “Discussion on test time for NB-IOT RF test cases”, Ericsson, RAN5 Adhoc#1
[2] R5-164125, “WF on RF/RRM test frequency and selection approach”, Dish, Ericsson, Qualcomm, RAN5 Adhoc#1
[3] R5-165691, “Discussion of the test frequency selection approach for NB1 TRx test cases”, Docomo

[4] R5-168816, “NB-IoT test frequecies algorithm for TRx test cases”, Keysight, RAN5#73
PAGE  
1

