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Background
In RAN4#108bis-e, how to handle the ETSI emission requirement in EN 301 441 specifications [1] for IoT NTN in L+S (b254) was discussed [2]. It has been agreed that no A-MPR is needed for eMTC to meet the ETSI emission requirement, but no conclusion has been reached for NB-IoT. Therefore, how to handle the ETSI requirement for IoT NTN is still pending, and the candidate solutions are captured in the WF for further discussion [3] as below: 
Issue 1-1-3: For B254, which of the following options should be specified as NS flag(s) to support ETSI regulatory requirements?
· Proposals
· Option 1: One NS value as below
	NS flag
	Carrier frequency range

	NS_04N
	1610 MHz – 1618.25 MHz

	
	1618.25 MHz – 1626.5 MHz



· Option 2: Two NS values as below
	NS value
	Regulatory domain
	Applicable range (MHz)
	In-band emissions
	Out-of-band emissions

	NS_04N
	ETSI
	1610-1618.25
	ETSI (1610-1618.25)
	ETSI (1559-1610MHz)
ETSI (>1628.5MHz)

	NS_05N
	
	1618.25-1626.5
	ETSI (1618.25-1626.5)
	



· Option 3: Pending capturing ETSI requirements
Furthermore, ETSI has made an LS reply to RAN4 that it may update the standard to consider 3GPP NTN access technology [4]. 
In this contribution, we analyze the discrepancy between 3GPP and ETSI emission limits in EN 301 441 and discuss how ETSI emission limits should be treated. 

1. [bookmark: _Hlk8895418]Unwanted emission requirements in ETSI EN 301 411
The “within the band unwanted emission limits” and the “outside band emission unwanted emission limits” in the EN 301 411 specification vs. 3GPP SEM for NB-IoT have been plotted in Fig. 1 and Fig. 2, respectively. The results are scaled to dBm/30kHz. It can be observed that significant discrepancies between ETSI and 3GPP emission requirements exist, and the ETSI requirement is much more stringent than 3GPP requirements at frequency offsets < ±100 kHz.
Observation 1: The ETSI unwanted emission requirements are much tighter than 3GPP SEMs for b254 at frequency offsets < ±100 kHz.
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Fig. 1. The comparison of ETSI maximum unwanted emissions within the band vs. 3GPP SEM for NB-IoT.

[image: ] 
Fig. 2. The comparison of ETSI maximum unwanted emissions outside the band vs. 3GPP SEM for NB-IoT.
1. Handling the Unwanted emission requirements in ETSI EN 301 411
As presented above, the emission requirement in ETSI is extremely challenging (or, if possible, at all) for NB-IoT devices to meet unless sufficiently large A-MPR or guard band/RBs can be allocated. 
1. A-MPR 
It can be observed from Fig. 1 and Fig. 2 that up to 30 dB difference between ETSI within the band unwanted emission limit and the 3GPP SEM mask, which implies that a significant A-MPR is needed to help a 3GPP NB-IoT device to meet the ETSI requirement. However, such a high A-MPR is not practical to be used.
Observation 2: Significant A-MPR is needed to ensure a 3GPP NB-IoT device can meet the ETSI unwanted emission requirement in EN 301 411, which is not practical to use. 
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Fig. 3. The comparison of ETSI Maximum unwanted emissions within the band vs. the PSD of a measured NB-IoT device emission with a single tone.
Though it was observed in [5] that no A-MPR for NB-IoT is needed based on the measurement results, it is critical to notice that the measurement in [5] is limited to 12 tonnes case, which does not reflect the worst-case scenario for NB-IoT emission performance. Fig. 3 presents the measured emission level of an NB-IoT device with single-tone transmission. In this case, the actual emission level from the measurement is very close to the 3GPP SEM, which requires a significant A-MPR level. 
Observation 3: The A-MPR analysis above is confirmed with the measurement of NB-IoT emission with single-tone transmission. 
Additionally, we would like to also emphasis that even for 12 tones, there can be issue to meet the ETSI emission mask.  Fig.4  presents the measured emission level of an NB-IoT device with 12 tones transmission, and a fairly large AMPR would still be needed. 
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Fig. 3. The comparison of ETSI Maximum unwanted emissions within the band vs. the PSD of a measured NB-IoT device emission with 12 tones.

1. Guard band/Guard RB: 
As an alternative approach to A-MPR, guard band/ guard RB might be allocated by the edge of NB-IoT carrier so that the ETSI unwanted emission requirement can be “moved away” from the NB-IoT carrier. Based on the comparison with the 3GPP NB-IoT SEM mask in Fig. 1 and 2, a 100 kHz guard band is needed. A similar method has been adopted for FCC SEM with NS_02 for b255, where a 90kHz guardband is introduced at the edges of the frequency band when the UE operates in the USA and Canada. 
However, different from FCC SEM, which only applies at the edge of the frequency band, ETSI applies the unwanted emission requirements both within and out of the band, and carrying this guard band with the NB-IoT carrier within the frequency band may jeopardize the spectrum efficiency of those bands severely. 
Observation 4: A 100 kHz guard band/guard RB is needed to ensure a 3GPP NB-IoT device can meet the ETSI unwanted emission requirement in EN 301 411 but carrying the guard band/guard RB within the frequency band can jeopardize the spectrum efficiency. 
1. ETSI perspective
From ETSI perspective, a replied LS from ETSI has been sent to RAN4 in RAN4#108bis [4], where it has been proposed to create a new work item (NWI) in ETSI in order to accommodate NTN requirements in harmonized standards and updates may be needed in ETSI standard. 
Observation 5: It has been proposed to create a new work item (NWI) in ETSI in order to accommodate NTN requirements in harmonized standards based on ETSI replied information. 
On the other hand, capturing ETSI requirements in new NS signaling places mandatory requirements on UE implementations. Unfortunately, based on our analysis above, no simple solution (neither A-MPR nor guardband) can help NB-IoT devices meet those ETSI requirements without severely impacting the IoT NTN system linkbudget or spectrum efficiency. Considering the ETSI will start to work on harmonized standards with considering the 3GPP NTN access technologies, it is proposed that 3GPP is pending to capture the ETSI requirement in technical specification and waiting for progress in ETSI. 
Observation 6:  No simple solution (neither A-MPR nor guardband) can help NB-IoT devices meet those ETSI emission limits without severely impacting the linkbudget or spectrum efficiency of the IoT NTN system.
Proposal 1: 3GPP pending to capture the ETSI requirement in technical specification and waiting for progress in ETSI for b254.
1. Conclusion
In this contribution, we make the following observations and conclusions: 
Observation 1: The ETSI unwanted emission requirements are much tighter than 3GPP SEMs for b254 at frequency offsets < ±100 kHz.
Observation 2: Significant A-MPR is needed to ensure a 3GPP NB-IoT device can meet the ETSI unwanted emission requirement in EN 301 411, which is not practical to use. 
Observation 3: The A-MPR analysis above is confirmed with the measurement of NB-IoT emission with single-tone transmission. 
Observation 4: A 100 kHz guard band/guard RB is needed to ensure a 3GPP NB-IoT device can meet the ETSI unwanted emission requirement in EN 301 411 but carrying the guard band/guard RB within the frequency band can jeopardize the spectrum efficiency. 
Observation 5: It has been proposed to create a new work item (NWI) in ETSI in order to accommodate NTN requirements in harmonized standards based on ETSI replied information. 
Observation 6:  No simple solution (neither A-MPR nor guardband) can help NB-IoT devices meet those ETSI emission limits without severely impacting the linkbudget or spectrum efficiency of the IoT NTN system.
Proposal 1: 3GPP pending to capture the ETSI requirement in technical specification and waiting for progress in ETSI for b254.
1. References
[1] ETSI EN 301 441 V2.1.1 (2016-06): “Satellite Earth Stations and Systems (SES); Harmonised Standard for Mobile Earth Stations (MES), including handheld earth stations, for Satellite Personal Communications Networks (S-PCN) operating in the 1,6 GHz/2,4 GHz frequency band under the Mobile Satellite Service (MSS) covering the essential requirements of article 3.2 of the Directive 2014/53/EU”
[2] RAN4_108bis_Main_Session_report_v07_after-post-meeting
[3] R4-2317647	WF on new FDD band (L+S band) for IoT NTN  Mediatek.
[4] R4-2317932	LS reply on 3GPP NTN requirements and potential impact on specification work in ETSI TC SES	ETSI TC SES
[5] R4-2317572	Further discussion on UE RF requirements for B254 for IoT NTN operation MediaTek Inc.

image1.png
PSD (dBm/30kHz)

2000 —4— 3GPP NB-loT mask
25,00
20,00 —e—Maximum unwanted emissions within the band 1618,0 MHz to 1 626,5 MHz
15,00 (ETSI EN 301 441 v2.1.1)
10,00 —#—Maximum unwanted emissions within the band 1610,0 MHz to 1 618,25 MHz
5,00 (ETSI EN 301441 v2.1.1)
0,00
5,00
-10,00
-15,00
-20,00
25,00
-30,00

-35,00

40,00
0,00 10000 20000 30000 40000 50000 600,00 700,00 800,00 900,00  1000,00

Frequency offset (kHz)




image2.png
PSD (dBm/30kHz)

30,00
25,00
20,00
15,00
10,00

5,00
0,00
5,00

-10,00

-15,00

-20,00

-25,00

-30,00

-35,00

-40,00

—4—NBIOT mask 3gpp

—&—Maximum unwanted emissions outside the band 1 610 MHz to 1626,5 MHz
and the band 1 626,5 MHz to 1628,5 MHz (ETSIEN 301441 v2.1.1)

0,00

~100,00

20000  -300,00  -400,00 500,00 -600,00 -700,00  -800,00  -900,00

Frequency offset (kHz)

~1000,00




image3.png
SEM, dBm/30kHz

NB-loT SEM vs. ETSI in-band requirements

30.0
= 3GPP NB-loT general SEM 20
——ETSlinband 1618.25-1626.5MHz
—— ETSlinband 1610-1618.25MHz 190

Measured NB-loT 1T SEM

w

-25 -2

Offset from Fc, MHz




image4.png
SEM, dBm/30kiz

NB-loT SEM vs. ETS!
300

——3GPP NB-oT general SEM
—— TSl inband 1618.25-1626 5MHz
TS/ nband 1610-1618.25MHz
Measured NE-loT 12T mask.

08 07 05

Offset from Foob, MHz




