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Introduction
The maximum input power is improperly specified in the NTN specifications.  It represents a condition that can never be observed in the field since the path loss between the UE and the satellite is so large, yet imposes design constraints on the UE that negatively impact cost and complexity.
Discussion
Maximum input power
The UE’s receive dynamic range is lower bounded by its reference sensitivity and upper bounded by the maximum input power.  This represents a very wide range of operation that is implemented in the UE by multiple discrete gain stages in the receive chain.  The current maximum input power requirement for the NTN IoT UE in 36.101 mandates the UE to receive a signal at -40 dBm.  Additionally, for Cat M1 this requirement is specified with 64QAM R=3/4 modulation requiring excellent SNR i.e. very high linearity and low noise floor in the UE’s receive chain.
Table 7.4A-1: Maximum input level
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4
MHz 

	Power in Transmission Bandwidth Configuration
	dBm
	-402

	NOTE 1:	The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3A-3 with PCMAX_L as defined in subclause 6.2.5 of TS 36.101 [7].
NOTE 2:	Reference measurement channel is TS 36.101 [7] Annex A.3.2: 64QAM, R=3/4 variant with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1 of TS 36.101 [7].



It has already been studied and recognized that the highest received power at the UE is expected to be -77.2 dBm (clause 7.4.3.2.3 of TR 38.863) and used as a justification to relax the maximum input power from the TN specified value of -25 dBm to -40 dBm for NTN. While this study is for done for NR NTN, the conclusions apply also for IoT NTN as the total transmitted and received power do not change, the power is just distributed differently in frequency domain.
However, -40 dBm is still nearly 40 dB higher than what the UE would ever receive from its NTN serving cell.  As opposed to a TN UE, the NTN UE will never be able to approach the SAN (unless it’s onboard a rocket or spaceship or the SAN is falling out of the sky but those extreme scenarios can be safely ignored) so will never have the luxury of receiving such a strong signal.  Given the limited off-axis and adjacent channel suppression available for the downlink, if an on-axis signal were actually to be received at -40 dBm on the ground, the interference to other users on adjacent channels or other orbital slots would be unacceptably high.  For a LEO-600 satellite at S-band frequencies, the free space path loss is 154 dB.  Additionally, since the modulation is 64QAM, the transmitter at the satellite would need to be backed off in power to deliver the necessary EVM so the required PA power is very high.  There is insufficient power and size at the satellite to accommodate such numbers.  Therefore, a maximum input power requirement of -40 dBm is unrealistic and does not provide any benefit to an NTN deployment.
While it is clear that there is zero probability to receive a satellite signal at -40 dBm on the Earth, it is also worth mentioning that imposing such a requirement negatively impacts the UE design and cost.  The UE’s front-end must be designed to tolerate and even demodulate with >95% throughput a signal of this magnitude.  The dynamic range of the front-end, the number of gain stages in the LNA, the RF power detector and switching logic, and the linearity requirement are all impacted.  The design and cost of the UE will be needlessly increased for no benefit.  The opportunity to produce a lower cost design targeted for example to IoT applications will be lost.
Proposal 1:  Correct the UE maximum input power to -70 dBm or lower for both NB-NTN and cat M1.  Adjust the RMC to QPSK R=1/3 for cat M1.
Adjacent channel selectivity
The ACS specifications are written to accommodate two cases.  ACS case 1 is specified for the serving cell Rx power near sensitivity while ACS case 2 is specified for maximum input power.  As described above, requirements for the UE at maximum input power of -40 dBm are not beneficial for NTN.  Due to the nature of an NTN network with the relatively fixed path loss between the NTN UE and the SAN, there is no strong need for an ACS case 2 requirement since the case 2 condition does not occur in the field.  Moreover, the expected use case for NTN is when the the UE out of coverage of the terrestrial network.  In this case, it is not expected that the UE is receiving a very strong (relatively speaking) signal from the satellite while at the same time as very strong interfering signal from a terrestrial network in the adjacent channel.
Proposal 2:  Remove the ACS case 2 requirement for both NB-NTN and cat M1.
Out-of-band blocking and spurious response
Out-of-band blocking requirements have a long history in 3GPP, with -15 dBm CW blocking requirement being present for example in v.1.0.0 of TS 25.101, from 1999. At least since then, this -15 dBm CW blocking requirement has been copied to countless 3GPP specifications without much scrutiny. This requirement is 3GPP internal requirement and not coming from global regulations. 
For NTN systems such high interferer level impacts the design of UEs selectivity, consequently resulting in worse noise figure. For NTN systems with inherently tight link budgets, any penalty to noise figure should be avoided unless absolutely necessary. Therefore, it is useful to assess if the out-of-band blocking level could be adjusted.
In the NR NTN coexistence study 1.5 km isolation distance between TN cell range and NTN UE was used as documented in clause 6.2.1.1 of [1]. It can also be considered that it would be very unlikely to have also other high power transmitters present in areas with no cellular coverage. Considering this 1.5km distance, free space path loss at 1 GHz frequency is 96 dB. 
This path loss can be compared to a scenario where TN UE can be few tens of meters away from macro base station, and according to TS 38.104 wide area BS requirements are derived from scenarios with BS to UE coupling loss equal to 70 dB. Therefore, there is approximately 26 dB of safety margin in place. We think some margin is necessary and useful, but 26 dB is excessive. 
A second factor which has not been considered in the requirements is the impact of frequency dependent path loss. It is well known that path loss increases 6 dB when frequency is doubled for free space path loss. This further increases the margins in place.
Therefore, we propose to apply range 2 out-of-band blocking level of -30 dBm also to range 3 blocking frequencies and further adjust this level to -40 dBm above 4 GHz.
Proposal 3: Modify range 3 out of band blocking interferer signal level to -30 dBm for both cat M1 and NB-NTN below 4 GHz, and to -40 dBm above 4 GHz.
Finally, for spurious response requirement it is meaningful to keep the difficulty level comparable with the out of band blocking requirement, and therefore modify the spurious response interferer level to -59 dBm below 4 GHz and to -69 dBm above 4 GHz.
Proposal 4: Modify spurious response requirement to -59 dBm for both cat M1 and NB-NTN below 4 GHz and to -69 dBm above 4 GHz.
A CR with these changes is provided in [2].
Conclusion
This contribution has reiterated the already studied conclusion that the maximum input power for an NTN UE on the ground received from even the LEO-600 orbiting satellite is expected to be no higher than -77.2 dBm.  Therefore, specifying a requirement of -40 dBm for the UE’s maximum input power is unnecessary and provides no benefit.  However, it does impose additional design challenges to the UE to meet the additional dynamic range adding to its cost and complexity.  The design focus for the NTN UE should be in the low power regime.  It is therefore proposed in this contribution to modify the maximum input power to -70 dBm which still provides 7 dB of margin.  Similarly, the ACS case 2 is not appropriate since it is intended to test the ACS performance of the UE at a very high received power.  Such a condition will never be observed in the field for an NTN network.
Proposal 1:  Correct the UE maximum input power to -70 dBm or lower for both NB-NTN and cat M1.  Adjust the RMC to QPSK R=1/3 for cat M1.
Proposal 2:  Remove the ACS case 2 requirement for both NB-NTN and cat M1.
Proposal 3: Modify range 3 out of band blocking interferer signal level to -30 dBm for both cat M1 and NB-NTN below 4 GHz, and to -40 dBm above 4 GHz.
Proposal 4: Modify spurious response requirement to -59 dBm for both cat M1 and NB-NTN below 4 GHz and to -69 dBm above 4 GHz.
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