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1 Introduction

In last two meetings, agreements have been achieved to reuse legacy LTE EVM requirement [5], while the EVM measurement method is FFS.
This document considers the EVM measurement method for the NB-IoT uplink. We propose to re-use the existing approach for EVM measurement defined in TS 36.101, except that we take account of the narrower system bandwidth used by NB-IoT (i.e. 180 kHz) in order to define appropriate EVM window lengths and measurement durations.

2 Discussion
We take as our starting point Table F.5.3-1 from TS 36.101, which is reproduced below for reference.
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It can be seen that the ratio of the EVM window length, W, to the CP duration (final column) reduces for lower channel bandwidths. The reason for this is that as the channel bandwidth reduces, the number of CP samples that are distorted by the transmit filtering/windowing increases, due to the longer impulse response of the narrower bandwidth filter. These distorted samples should be excluded from the EVM measurement, which is reflected in the ratio of the EVM window duration to the CP duration.

For NB-IoT, the channel bandwidth is 180 kHz, which is a factor of 6 reduction on the lowest value of 1.4 MHz supported by the existing table. Therefore, it is to be expected that the EVM window length should be further reduced for NB-IoT. However, there are four different CP durations that must be considered (all values expressed at 1.92 MHz sampling rate):

· NB-PUSCH using 15 kHz subcarrier spacing: 
CP = 9 samples
· NB-PUSCH using 3.75 kHz subcarrier spacing: 
CP = 16 samples
· NB-PRACH using 66.7us CP: 



CP = 128 samples

· NB-PRACH using 266.7us CP: 



CP = 512 samples

Furthermore, it is useful to consider typical transmit filters that have been used for evaluations in RAN1, as shown in Figure 1 which is taken from [2] and Figure 2 which is taken from [3]. The sampling rate of the taps is 1.92 MHz in both cases. It can be seen that the duration of the filter is 17 taps at 1.92 MHz in Figure 1, and 22 taps in Figure 2 though in this case the outermost taps are very low magnitude. Therefore, from an EVM measurement perspective it seems reasonable to assume that there are about 17 significant taps required for the transmit filter.
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Figure 1: 17 tap transmit filter for NB-IoT, taken from [2]
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Figure 2: 22 tap transmit filter for NB-IoT, taken from [3]
Since the typical transmit filter duration of 17 taps exceeds the length of the CP for both NB-PUSCH subcarrier spacings, it is proposed that the EVM window length is set to 1 for NB-PUSCH. This value of W minimizes the impact of the transmit filter on the EVM measurement by ensuring that the FFT window used for computing EVMl and EVMh in Annex F.4 of TS 36.101 starts close to the mid-point of the CP.
For NB-PRACH, it is proposed that the EVM window length is defined as the CP duration minus 18 samples at 1.92 MHz (which approximates the length of the typical transmit filter).

In summary, we propose the following EVM window lengths:

	Physical layer channel
	CP duration in 1.92 MHz samples
	EVM window length, W, in 1.92 MHz samples

	NB-PUSCH, 15 kHz
	9
	1

	NB-PUSCH, 3.75 kHz
	16
	1

	NB-PRACH, 66.7 us
	128
	110

	NB-PRACH, 266.7 us
	512
	494


Note that a value of W=1 (rather than W=0) is proposed for NB-PUSCH because this is the smallest value of W for which the formulae in Annex F.4 of TS 36.101 are still valid. We note that there will still be some degradation of the EVM measurement due to the typical NB-IoT transmit filter because the typical filter length exceeds the length of the CP, but this impact is expected to be moderate and so is considered to be acceptable. 

A further consideration is the EVM measurement duration. In Annex F.6 of TS 36.101, the PUSCH EVM measurement is averaged over 20 slots (= 10ms). However, the LTE EVM measurement assumes an allocation of at least 1 PRB, so a minimum of 12 subcarriers. In the case of an NB-IoT transmission using less than 12 subcarriers, the EVM measurement accuracy would be degraded due to the reduced number of QPSK/BPSK symbols that are considered. 
In order to maintain measurement accuracy, it is proposed that the NB-IoT EVM measurement duration is inversely scaled according to bandwidth of the NB-PUSCH transmission. This ensures that the same number of QPSK/BPSK symbols are used for the NB-PUSCH EVM measurement as is used for the LTE PUSCH EVM measurement when transmitting on a single PRB. Therefore, the NB-IoT EVM measurement duration is defined as:

· For 15 kHz subcarrier spacing, EVM measurement duration is 240/Ntones slots, where Ntones = {1, 3, 6, 12} 
· For 3.75 kHz subcarrier spacing, EVM measurement duration is 240 slots (noting that the slot duration for 3.75 kHz is defined as 2ms compared with a slot duration of 0.5ms for 15 kHz spacing [4])  
For the case of NB-PRACH, we note that the transmissions use 3.75 kHz subcarrier spacing, and so are quite similar to NB-PUSCH transmissions except that each symbol in the same symbol group is identical and there is frequency hopping between consecutive symbol groups. Therefore, we propose using the same EVM measurement duration as for NB-PUSCH using 3.75 kHz subcarrier spacing.  
3 Conclusion
The previous discussion is captured in the following Proposals:

Proposal 1: For EVM measurements for NB-PUSCH using 15 kHz subcarrier spacing, the method in Annex F.4 of TS 36.101 is re-used, with the EVM window length, W, set to 1 assuming 1.92 MHz sampling rate. 

Proposal 2: For EVM measurements for NB-PUSCH using 3.75 kHz subcarrier spacing, the method in Annex F.4 of TS 36.101 is re-used, with the EVM window length, W, set to 1 assuming 1.92 MHz sampling rate. 

Proposal 3: For EVM measurements for NB-PRACH with 66.7 us CP, the method in Annex F.4 of TS 36.101 is re-used, with the EVM window length, W, set to 110 assuming 1.92 MHz sampling rate. 

Proposal 4: For EVM measurements for NB-PRACH with 266.7 us CP, the method in Annex F.4 of TS 36.101 is re-used, with the EVM window length, W, set to 494 assuming 1.92 MHz sampling rate. 

Proposal 5: For EVM measurements for NB-PUSCH, the averaging method in Annex F.6 of TS 36.101 is re-used, except that the EVM measurement duration is defined as 240/Ntones slots, where Ntones = {1, 3, 6, 12} is the number of tones used for the transmission. 

Proposal 6: For EVM measurements for NB-PRACH, the EVM measurement duration is defined as 240 slots, using the slot duration corresponding to 3.75 kHz NB-PUSCH subcarrier spacing. 
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