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1
Introduction
In RAN4#78bis [1] was approved which stated that Tx intermodulation requirement will be specified for NB-IoT and gave some initial framework for the requirement setting.
2
Discussion

2.1
WF
The WF stated that there will be two test cases for NB-IoT similarly as there is for E-UTRA. However the interferer offsets and the actual requriements was left open as some further study was needed.
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2.2
E-UTRA requirement background
How to set the Tx intermodulation for E-UTRA was discussed in RAN4#48bis [2] and a CR was agreed in RAN4#49 [3]. From [2] we can see that Tx intermodulation testing is not that straight forward with the offsets defined for the requirements as the intermodulation product and ACLR are overlapping. From Table 2.2-1 taken from [2] we can see that the actual inherent Tx intermodulation requiremetnt for first adjacent channel is -35 dBc and for the second adjacent -45 dBc but because the measurement results in real test contains combined powers of Tx intermodulation and ACLR the allowed measured results are more than the Tx intermodulation inherent requirement. 
Table 2.2-1 Tx intermodulation level and ACLR [2]

	ACLR
	-33
	-36
	-43
	dBc

	Tx IM [inherent]
	-35
	-45
	-45
	dBc

	Tx IM [measured]
	-30.9
	-35.5
	-40.9
	dBc


The UTRA ACLR1 requirement used in [2] was changed in actual CR [3] to the E-UTRA ACLR requirement of 30 dBc, which resulted the final requirements to be -29 and -35 dBc.

The origin of inherent Tx IM requirement is ARIB specifications prior 1999 [4], which was input to 3GPP. Unfortunately the justification for the inherent requirements has been lost long time ago to the mist of Japan… 

Next we try to reverse engineer the reasons for how the requirement is set. If we consider the scenario in Figure 1 where Transmitting UE and interfering UE belong to operator A NW and are located in adjacent channels with 1 m separation and both are transmitting at same power. We can see that this corresponds very well to TX IM requirement with smaller interfering offset as the smaller offset corresponds to adjacent channel interferer. Further more interferer power of 40 dBc corresponds to approximately 1 m UE separation (1). Now the TX IM (2) from transmitting UE impacts to frequency range of possible operator B Victim UE. As the interfering UE has OOB emissions i.e. ACLR(3) anyways which interferes victim UE on operator B NW it is not necessary to define TX IM to be more stringent than UE ACLR 1. From Table 2.2-1 we can see that inherent IM requirement is only 2 dB more stringent that ALCR requirement. 
If we look the TX IM case with larger offset we can see that ACLR 2 and inherent TX IM requirement are not anymore well mathed but it is our understanding that original ARIB ACLR requirement [4] was 45 dB for ACLR 2 so the mathing is perfect. Also note that original ARIB ACLR1 requirement was 35 dB [4] again with perfect macth with inherent Tx IM requirement.
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Figure 1: TX IM

Summary the origin of 3GPP TX IM came from ARIB. TX IM and ACLR requirements were same. ACLR1 requirement equals the TX IM requirement with smaller offset. ACLR2 requirement equals the TX IM requirement with larger offset.

2.3
NB-IoT Tx intermodulation requirement
NB-IoT GSM ACLR has been agreed to be 20 dB. GSM ACLR correspondes to ACLR 1 used in previouos chapter. This means that TX IM requirement with smaller offset should not be more stringent than 20 dB with interfering offset of 200 kHz. Y = 20 dBc and X = 0.2 MHz. RAN4 has not specified NB-IoT ACLR requirement which would correspond to ACLR2 directly but from agreed SEM we can conclude that ACLR2 may not be more than 39 dB thus Z=39 dB.
If RAN4 agrees interferer offsets as 200 kHz and 400 kHz then test cases would look like in Figure below.
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Figure 2.3-1: Nb-IoT Tx IMD

If the NB-IoT Tx IMD test would be done such way that NB-IoT channel is fully allocated then as can be seen from Figure NB-IoT UE own ACLR has major impact to measurement result. Actually if RAN4 follows the original approach used in ARIB inherent TX IM and ACLR would have same requirement value hence the measured TX IM and the TX IM requirement would be 3 dB more compared to inherent TX IM. Thus Y = 17 dB and Z = 36 dB.
Another way is to use smaller allocation similarly as for E-UTRA for the UL allocation for the UE under tesst. In figure below we present a case there the NB-IoT is transmitting a single tone only and as can be observed ACLR interference to measurement result is not a problem due to narrow NB-IoT signal bandwidth (15 kHz). Seleting the the Nb-IoT transmission to be single tone also means that the Tx IMD requirement can be set to be the same for single tone only capable UE’s and multitone capable UE’s. NB-IoT tone position should be set to the middle of the Channel i.e. tone positions 5 or 6.
In RAN4 NB-IoT Ad-Hoc it was decided that to take into account in-band scenario the interferer offsets should be 180 kHz and 360 kHz [5].
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Figure 2.3-3: single tone test case

Wrapping up the discussion above NB-IoT TX IM discussion the requirement parameters are listed in Table below.
Table 1: NB-IoT TX IM requirement
	BW Channel (UL)
	15 kHz ( 1 tone)

	Interference Signal Frequency Offset
	180 kHz
	360 kHz

	Interference CW Signal Level
	-40dBc

	Intermodulation Product 
	-20 dBc
	-39 dBc

	Measurement bandwidth
	180 kHz
	180 kHz


3 
Summary

In this contribution we have discussed how the NB-IoT Tx intermodulation should be specified.
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8.1
Transmitter characteristics
8.1.X
Transmit intermodulation

8.1.X.1
E-UTRA requirement background
How to set the Tx intermodulation for E-UTRA was discussed in RAN4#48bis [R4-082324] and a CR was agreed in RAN4#49 [R4-082822]. From [R4-082324] we can see that Tx intermodulation testing is not that straight forward with the offsets defined for the requirements as the intermodulation product and ACLR are overlapping. From Table 8.1.X.1-1 taken from [R4-082324] we can see that the actual inherent Tx intermodulation requiremetnt for first adjacent channel is -35 dBc and for the second adjacent -45 dBc but because the measurement results in real test contains combined powers of Tx intermodulation and ACLR the allowed measured results are more than the Tx intermodulation inherent requirement. 

Table 8.1.X.1-1 Tx intermodulation level and ACLR [2]

	ACLR
	-33
	-36
	-43
	dBc

	Tx IM [inherent]
	-35
	-45
	-45
	dBc

	Tx IM [measured]
	-30.9
	-35.5
	-40.9
	dBc


The UTRA ACLR1 requirement used in [R4-082324] was changed in actual CR [R4-082324] to the E-UTRA ACLR requirement of 30 dBc, which resulted the final requirements to be -29 and -35 dBc.

The origin of inherent Tx IM requirement is ARIB specifications prior 1999 [TSGR4#1(99) 009], which was input to 3GPP. Unfortunately the justification for the inherent requirements has been lost long time ago to the mist of Japan… 

Next we try to reverse engineer the reasons for how the requirement is set. If we consider the scenario in Figure 8.8.X-1 where Transmitting UE and interfering UE belong to operator A NW and are located in adjacent channels with 1 m separation and both are transmitting at same power. We can see that this corresponds very well to TX IM requirement with smaller interfering offset as the smaller offset corresponds to adjacent channel interferer. Further more interferer power of 40 dBc corresponds to approximately 1 m UE separation (1). Now the TX IM (2) from transmitting UE impacts to frequency range of possible operator B Victim UE. As the interfering UE has OOB emissions i.e. ACLR(3) anyways which interferes victim UE on operator B NW it is not necessary to define TX IM to be more stringent than UE ACLR 1. From Table 8.1.X.1-1 we can see that inherent IM requirement is only 2 dB more stringent that ALCR requirement. 

If we look the TX IM case with larger offset we can see that ACLR 2 and inherent TX IM requirement are not anymore well mathed but it is our understanding that original ARIB ACLR requirement [TSGR4#1(99) 009] was 45 dB for ACLR 2 so the mathing is perfect. Also note that original ARIB ACLR1 requirement was 35 dB [TSGR4#1(99) 009] again with perfect macth with inherent Tx IM requirement.
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Figure 8.1.X.1-1: TX IM

Summary the origin of 3GPP TX IM came from ARIB. TX IM and ACLR requirements were same. ACLR1 requirement equals the TX IM requirement with smaller offset. ACLR2 requirement equals the TX IM requirement with larger offset.

8.2.X.1
NB-IoT Tx intermodulation requirement

NB-IoT GSM ACLR has been agreed to be 20 dB. GSM ACLR correspondes to ACLR 1 used in previouos chapter. This means that TX IM requirement with smaller offset should not be more stringent than 20 dB with interfering offset of 200 kHz. Y = 20 dBc and X = 0.2 MHz. RAN4 has not specified NB-IoT ACLR requirement which would correspond to ACLR2 directly but from agreed SEM we can conclude that ACLR2 may not be more than 39 dB thus Z=39 dB.

If RAN4 agrees interferer offsets as 200 kHz and 400 kHz then test cases would look like in Figure below.
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Figure 8.2.X.1-1: NB-IoT Tx IMD

If the NB-IoT Tx IMD test would be done such way that NB-IoT channel is fully allocated then as can be seen from Figure NB-IoT UE own ACLR has major impact to measurement result. Actually if RAN4 follows the original approach used in ARIB inherent TX IM and ACLR would have same requirement value hence the measured TX IM and the TX IM requirement would be 3 dB more compared to inherent TX IM. Thus Y = 17 dB and Z = 36 dB.
Another way is to use smaller allocation similarly as for E-UTRA for the UL allocation for the UE under tesst. In figure below we present a case there the NB-IoT is transmitting a single tone only and as can be observed ACLR interference to measurement result is not a problem due to narrow NB-IoT signal bandwidth (15 kHz). Seleting the the Nb-IoT transmission to be single tone also means that the Tx IMD requirement can be set to be the same for single tone only capable UE’s and multitone capable UE’s. NB-IoT tone position should be set to the middle of the Channel i.e. tone positions 5 or 6.
In RAN4 NB-IoT Ad-Hoc it was decided that to take into account in-band scenario the interferer offsets should be 180 kHz and 360 kHz.
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Figure 8.2.X.1-3: single tone test case

Wrapping up the discussion above NB-IoT TX IM discussion the requirement parameters are listed in Table below.

Table 8.2.X.1-1: NB-IoT TX IM requirement
	BW Channel (UL)
	15 kHz ( 1 tone)

	Interference Signal Frequency Offset
	180 kHz
	360 kHz

	Interference CW Signal Level
	-40dBc

	Intermodulation Product 
	-20 dBc
	-39 dBc

	Measurement bandwidth
	180 kHz
	180 kHz
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