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1
Introduction
In this contribution we discuss the necessity of EVM equalizer spectrum flatness for NB-IoT.
2
Discussion

Spectrum flatness and EVM are important requirements from eNodeB receiver point of view as those determine the quality of the signal it has to be able to receive. ENodeB reveiver however can compensate quite big amplitude variations in UE signal using equalization. (Note that fast fading can cause much more severe ripple to received spectrunm that UE itself). As the eNodeB can compensate amplitude ripple quite effectively the EVM requirement is specified such way that amplitude ripple is removed by the measurement equipment prior EVM measurement. There are however some limits how much amplitude ripple is allowed to be compensated before EVM measurement, if those limits are exceed then UE fails spectrum flatness test event it passes the EVM test. Limits for spectrum flatness are presented in Table below and these requirements are over the transmitted channel (max 20 MHz), allowing more ripple when transmitted channel is at bands edges.
Table 6.5.2.4.1-1: Minimum requirements for EVM equalizer spectrum flatness (normal conditions)

	Frequency range
	Maximum ripple [dB]

	FUL_Meas – FUL_Low ≥ 3 MHz and FUL_High – FUL_Meas ≥ 3 MHz 

(Range 1)
	4 (p-p)

	FUL_Meas – FUL_Low < 3 MHz or FUL_High – FUL_Meas < 3 MHz 

(Range 2)
	8 (p-p)

	NOTE 1:
FUL_Meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated

NOTE 2:
FUL_Low and FUL_High refer to each E-UTRA frequency band specified in Table 5.5-1


For LTE the requirement must consider that widest transmitted channel is 20 MHz i.e. 1200 subcarriers now in case of NB.IoT maximum anount of subcarriers is 12. As the transmission bandwidth is very small for NB-IoT it seem that current E-UTRA requiremet is not appropriate for NB-IoT. Therefore, we need to investigate the source of spectrum flatness flunctuations for E-UTRA and then relect those phenomenans to NB-IoT.
For E-UTRA [1][2] the main contributor to spectrum flatness was identified to be the duplex-filter. When looking duplex-filter data sheets for example for band 1 [3] we can see that the ripple is not more than 1 dB over the whole 60 MHz band. For more difficult bands like band 3 or 8 the specified filter ripple is more. It is not only the ripple of SAW filter that is presented in data sheets that determine the actual flatness as for example mathing of duplex-filter has also effect on flatness. Furthermore for E-UTRA the front-ends are faily complex for-example due to CA and all this affects flatness and justifies the E-UTRA flatness requirement as it is. But when reflecting the previous discussion to NB-IoT we can note that
1. Tx filtering is far more relaxed for NB-IoT compared to E-UTRA

2. For easy E-UTRA band the duplex-filter riplle over 60 MHz bandwidth was 1 dB in ETC and NB-IoT bandwith is 12 tones which is 1 RB

3. NB-IoT does not have complex front-end and especially no CA for NB-IoT

Taking all the above into consideration we propose followring

Proposal: No EVM equalizer spectrum flatness requirement is specified for NB-IoT
3 
Summary

.
4 Refere
nces

[1] R4-080746, “EVM and spectral flatness” Ericsson

[2] R4-081774, UE Tx spectrum flatness for extreme conditions, Qualcomm

[3] http://en.tdk.eu/inf/40/ds/mc/B8635.pdf
*********************** Start of the TP **********************************
8.1
Transmitter characteristics
8.1.X
EVM equalizer spectrum flatness

Spectrum flatness and EVM are important requirements from eNodeB receiver point of view as those determine the quality of the signal it has to be able to receive. ENodeB reveiver however can compensate quite big amplitude variations in UE signal using equalization. (Note that fast fading can cause much more severe ripple to received spectrunm that UE itself). As the eNodeB can compensate amplitude ripple quite effectively the EVM requirement is specified such way that amplitude ripple is removed by the measurement equipment prior EVM measurement. There are however some limits how much amplitude ripple is allowed to be compensated before EVM measurement, if those limits are exceed then UE fails spectrum flatness test event it passes the EVM test. Limits for spectrum flatness are presented in Table below and these requirements are over the transmitted channel (max 20 MHz), allowing more ripple when transmitted channel is at bands edges.

Table 8-1.X-1: Minimum requirements for EVM equalizer spectrum flatness (normal conditions)

	Frequency range
	Maximum ripple [dB]

	FUL_Meas – FUL_Low ≥ 3 MHz and FUL_High – FUL_Meas ≥ 3 MHz 

(Range 1)
	4 (p-p)

	FUL_Meas – FUL_Low < 3 MHz or FUL_High – FUL_Meas < 3 MHz 

(Range 2)
	8 (p-p)

	NOTE 1:
FUL_Meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated

NOTE 2:
FUL_Low and FUL_High refer to each E-UTRA frequency band specified in Table 5.5-1


For LTE the requirement must consider that widest transmitted channel is 20 MHz i.e. 1200 subcarriers now in case of NB.IoT maximum anount of subcarriers is 12. As the transmission bandwidth is very small for NB-IoT it seem that current E-UTRA requiremet is not appropriate for NB-IoT. Therefore, we need to investigate the source of spectrum flatness flunctuations for E-UTRA and then relect those phenomenans to NB-IoT.

For E-UTRA the main contributor to spectrum flatness was identified to be the duplex-filter. When looking duplex-filter data sheets for example for band 1 we can see that the ripple is not more than 1 dB over the whole 60 MHz band. For more difficult bands like band 3 or 8 the specified filter ripple is more. It is not only the ripple of SAW filter that is presented in data sheets that determine the actual flatness as for example mathing of duplex-filter has also effect on flatness. Furthermore for E-UTRA the front-ends are faily complex for-example due to CA and all this affects flatness and justifies the E-UTRA flatness requirement as it is. But when reflecting the previous discussion to NB-IoT we can note that

1. Tx filtering is far more relaxed for NB-IoT compared to E-UTRA

2. For easy E-UTRA band the duplex-filter riplle over 60 MHz bandwidth was 1 dB in ETC and NB-IoT bandwith is 12 tones which is 1 RB

3. NB-IoT does not have complex front-end and especially no CA for NB-IoT

Taking all the above into consideration we propose followring

Proposal: No EVM equalizer spectrum flatness requirement is specified for NB-IoT
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