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Introduction
This paper is a resubmission of [6] with additional information related to previous agreements and ongoing work in other related work items.
Two work items [1] and [2] have been agreed to define a new NTN band for NR and for LTE NB-IoT in the frequency range 1610 – 1626.5 MHz uplink (Earth to space) and 2483.5 – 2500 MHz downlink (space to Earth).  In order to be able to operate in Europe, ETSI requirements shall be met.  This contribution reviews the ETSI requirements in EN 301 441 [4] and compares them to existing 3GPP requirements.
Discussion
For Europe the ETSI EN 301 441 specifies requirements for Mobile Earth Stations (MES) operating in the same frequency range as the LS band proposed in 3GPP.  For system parameters it has been agreed [3] “All the related regulatory requirements should be taken into account,” but no such agreement has been captured for UE RF requirements.
Out-of-band emissions
The out-of-band emissions are specified in Table 3 of [4] and copied below.
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Compared to 3GPP specifications on general spurious emissions, the ETSI requirements are more stringent.  A comparison is shown below
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For some of the frequency ranges, the ETSI requirement is more stringent because the same emission level is required to be met in a larger measurement bandwidth.  For example, in the range 2200 – 12750 MHz, both the ETSI and 3GPP requirement is -30 dBm; however, the ETSI measurement bandwidth is 3 MHz while the 3GPP measurement bandwidth is 1 MHz.  This can be regarded as a tightening of 4.8 dB.  Another way in which the ETSI requirement is more stringent is that is specifies the measurement is conducted using “peak hold” whereas 3GPP requirements are measured using RMS averaging.  Depending on the statistics of the waveform and the measurement period, a peak hold requirement can be more than 10 dB tougher than an average requirement.  In fact, in ERC Recommendation 74-01 [5] on spurious domain unwanted emissions, the requirements are specified as mean power.  Peak power may be applied additionally for fast switching induced spurious domain emissions but only upon “further study to investigate the nature of the phenomenon prior to fixing specific limits.”  
In order to meet more challenging emission requirements, 3GPP typically specifies an A-MPR allowance.  However, in this case A-MPR is not the correct solution.  Firstly, for a satellite terminal, power backoff is likely to cause a call drop since the link budget is so challenging.  Secondly, many of the out-of-band emissions are very far off emissions that are not effectively reduced by lowering the output power.  A more likely solution may require filtering which may necessitate a change to the hardware design of the device.
Proposal 1:  Send a liaison statement to ETSI to recommend aligning the MES emission requirements to existing 3GPP LTE and NR requirements.
Proposal 2:  Define the ETSI requirements under NS.  However, A-MPR may not be effective to meet these requirements; rather, hardware changes may be needed.  Since it may not be desirable to mandate these hardware changes to countries where ETSI requirements do not apply, UE support of the NS should be optional.
Proposal 3:  Define a separate band for Europe to include the ETSI requirements.
In-band emissions
The ETSI specification defines two different in-band emission requirement tables depending on whether the channel is below or above 1618.5 MHz.  
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A comparison to the 3GPP general SEM is shown below
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For close-in emissions, the 3GPP SEM is tighter than the ETSI requirement.  However, for offsets further removed from the channel edge, the ETSI requirement is slightly tighter.  However, the ETSI requirement is specified with 30 kHz measurement bandwidth while the 3GPP SEM is often specified with 1 MHz measurement bandwidth.  Thus, if there are narrowband emissions (particularly for 3.75 kHz NB-IoT), they may be able to pass 3GPP requirements but fail the ETSI requirement.  
Proposal:  It is proposed that A-MPR is studied to fulfil the ETSI in-band emission requirements.  It is expected the A-MPR, if any, should be minimized so the Earth-to-space link budget can be maintained.  If this is not found to be fulfilled, then alternate solutions should be discussed.
In addition to the tables above, ETSI also specifies an in-band emission requirement when CDMA is deployed inside the 1610 – 1628.5 MHz frequency range.  If it can be agreed that there is no CDMA network deployed in this frequency range, then this in-band emission requirement is not needed.
Proposal:  The ETSI in-band emission requirement when CDMA is present is not necessary to capture.
In-band PSD
The ETSI requirement specifies the maximum EIRP density as a mean of 27 dBm/4kHz or peak of 15 dBm/4kHz.  Note that only one of these limits needs to be met.  The peak density (which is non-intuitively specified with a lower limit than the mean density) is to be measured with a very short sweep interval using a peak hold function, while the mean density is measured over a longer period of time using averaging.  The mean density requirement appears to be more relevant.  Even with 3.75 kHz NB-IoT single tone transmission with maximum output power of 23 dBm and maximum tolerance of +2 dB, the mean limit of 27 dBm is not exceeded.  With PC2 power class, there is some risk that the mean density could be exceeded but PC2 is out of scope of the present work item.
Observation:  The in-band PSD mean limit is inherently met for PC3.
Proposal:  No in-band PSD requirement needs to be captured in the 3GPP specification.  This may be revisited if/when PC2 and higher power classes are defined in this band.
Off power emissions
When the UE transmitter is in the OFF state, the emissions must be below the following limits
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The lowest limit is -57 dBm/10 kHz with peak hold in the frequency range up to 30 MHz.  On the other hand, 3GPP requires the transmitter power to be below -50 dBm in the channel bandwidth.  For a 5 MHz channel, this is equivalent to approximately -70 dBm/10 kHz.  This is the power of the fundamental and it can be assumed that spurious emissions will be much lower than the power of the fundamental.  
Proposal:  The 3GPP requirement for OFF power ensures the ETSI off power emissions are met.  No off power emissions requirements need to be captured in 3GPP specifications.
Self monitoring
The ETSI specification includes a requirement for the UE to self monitor for hardware and software faults.  In the event of a detected fault, the UE should stop transmitting within 1 second for processor faults or 5 seconds for transmission system faults.  However, it is not clear what the requirement on detectability is.  Instead, the fault conditions which cause transmission shutdown shall be specified and declared by the applicant.
Proposal:  Self monitoring requirement is not standardized by 3GPP.  It is left for implementation since it is based on declaration.  
Protection of Radio Astronomy
Radio astronomy service operates inside the band at 1610.6 – 1613.8 MHz.  Since the service operates inside the band, there is no emission protection specified by ETSI.  Instead, it is required that the MES be able to have its transmissions disabled by a network control facility.  Since the transmissions of the UE are based on uplink grants from the SAN, it is understood that transmission at the UE is well controlled by the network.
Proposal:  No explicit RF requirement for protection of radio astronomy in 1610.6 – 1613.8 MHz is needed.
ACS
Although conceptually, the ACS requirement from the ETSI specification is the same as the ACS requirement from the 3GPP specification, the details differ.  ETSI requires the MES in the presence of an ACS interferer to exhibit no more than 0.5 dB degradation in SNR at the receiver’s demodulator input.  
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On the other hand, 3GPP increases the wanted signal power (i.e., REFSENS + 6) and measures throughput with the ACS interferer present.  It may be possible to modify the 3GPP requirement to mimic the ETSI requirement.  However, a requirement on SNR at the demodulator input is not observable.  Therefore, an indirect measure of SNR must be used instead such as BER or throughput.  In clause 5.2.8.3 of the ETSI specification [4] it is written in the test procedure
2)   Measure the SNR of the receiver, where SNR of the receiver means the SNR determined by the receiver
                  demodulator.
Yet, the measurement diagram (figure 7 of [4] copied below) does not show any connection to the demodulator, but only a spectrum analyzer coupled at the antenna port of the MES and a BER measurement at the output of the MES.  If the method is to use BER or throughput as an indirect indicator of SNR, then a mapping is needed as well.  The mapping of SNR to BER depends on the modulation and coding, but these details are not provided in [4].
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Proposal:  Further study is needed to map the existing 3GPP ACS test conditions to the ETSI requirement.  Whether a new requirement is needed to align to the ETSI specification (i.e., wanted signal power, interferer power, throughput mapping to SNR) is to be further discussed.
Blocking
The situation with blocking is nearly identical to that of ACS.  ETSI requires the MES in the presence of a blocker offset by 5 MHz to exhibit no more than 1 dB degradation in SNR at the receiver’s demodulator input.  The blocker can be placed within +/- 10 MHz from the band edge
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Proposal:  Further study is needed to map the existing 3GPP in-band blocking test conditions to the ETSI requirement.  Whether a new requirement is needed to align to the ETSI specification (i.e., wanted signal power, interferer power, throughput mapping to SNR) is to be further discussed.
Similarity to other bands
Other bands have similar ETSI requirements.  For example, the L-band in Band n255 is subject to EN 301 681 which includes many similar requirements as the L-/S- band including out of band emissions, in band emissions, ACS, and blocking which are more stringent than 3GPP requirements.  The S-band in Band n256 is subject to EN 301 442 for NGSO.  In fact, there is ongoing discussion for Band 255 for LTE NB-IoT on how to properly capture these requirements into the 3GPP specifications.  For the NR NTN Band n255 and n256, the ETSI requirements were not considered because the focus was on the US and FCC requirements for timely completion of the work item.  The TR 38.863 in its section on regulatory aspects provides a summary of FCC requirements, but does not even mention ETSI requirements.  For the LTE NTN bands, for Band 256 it was agreed not to capture the ETSI requirement in the current version of the specification because of an ongoing discussion between ETSI TFES and SES with the expectation that the EN specification will be updated.  For Band 255, there was agreement to send an LS to ETSI but the contents are FFS [7].
Conclusion
In this contribution, the ETSI requirements in EN 301 441 have been evaluated for adaptation into 3GPP specifications for the UE.  In many cases, the ETSI requirements are quite different from existing 3GPP requirements so incorporating them may require adding additional test requirements or conditions that are not available today.  Emission requirements appear to be more stringent than 3GPP requirements and were developed long ago with very narrow measurement bandwidths to protect narrowband systems.  Other methodologies such as peak-hold result in excessive margins required for wideband multi-carrier systems of today, and are not commonly observed in more recent standards.  There is a significant workload burden – much more than typically required for the introduction of a new band – to develop new sets of requirements (RAN4) and the corresponding test cases (RAN5) to incorporate ETSI requirements that may not provide meaningful benefit to a global ecosystem of devices.  It is therefore proposed to consider a liaison statement to ETSI inquiring on whether the ETSI requirements might be subject to update and possible closer alignment to 3GPP specifications.  It is also proposed to consider defining the ETSI requirements as optional (the requirements would be mandatory in Europe but not elsewhere) or in a separate band to avoid delay and encumbering solutions where these requirements would not apply.  Another less attractive option would be to include the ETSI requirements only by reference with a generic statement to indicate “local regulations apply.”  
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Frequency offset (kHz) EIRP (dBm)MBW 3GPP general SEM

0 to 160 -530 kHz -131% CBW For 5 MHz CBW, this is -13 dBm/50 kHz or -15.2 dBm/30 kHz

160 to 225 -5 to -8.530 kHz -131% CBW

225 to 650 -8.5 to -1530 kHz -131% CBW

650 to 1365 -1530 kHz -131% CBW Or -10 dBm/MHz beyond 1000 kHz which is -25.2 dBm/30 kHz

1365 to 1800 -23 to -2630 kHz -101 MHz -25.2 dBm/30 kHz 

1800 to 16500 -2630 kHz -101 MHz -25.2 dBm/30 kHz until 5000 kHz then drops to -28.2 dBm/30 kHz

0 to 160 -230 kHz -131% CBW -15.2 dBm/30 kHz

160 to 2300 -2 to -26 30 kHz -131% CBW Or -25.2 dBm/30 kHz beyond 1000 kHz

2300 to 18500 -2630 kHz -101 MHz -25.2 dBm/30 kHz until 5000 kHz then drops to -28.2 dBm/30 kHz
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Frequency (MHz) EIRP (dBm) MBW Measurement 3GPP General spurious

0.1 to 30 -3610 kHz Peak-hold

-36 dBm/1 kHz up to 100 kHz and -36 dbm/10 kHz beyond that, 

but uses average instead of peak hold

30 to 1000 -36100 kHz Peak-hold Same requirement, but uses average instead of peak hold

1000 to 1559 -301 MHz Average Same  

1559 to 1580.42 -401 MHz Average (part of it for 20 ms) -30 dBm/MHz

1580.42 to 1605 -401 MHz Average -30 dBm/MHz

1605 to 1610 -40 to +201 MHz Average -30 dBm/MHz

1628.5 to 1631.5 -3030 kHz Average -30 dBm/MHz

1631.5 to 1636.5 -30100 kHz Average -30 dBm/MHz

1636.5 to 1646.5 -30300 kHz Average -30 dBm/MHz

1646.5 to 1666.5 -301 MHz Average Same

1666.5 to 2200 -303 MHz Average -30 dBm/MHz (easier by 4.7 dB)

2200 to 12750 -303 MHz Peak hold

-30 dBm/MHz (so easier by 4.7 dB) and uses average instead 

of peak


