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1 Introduction 
After the RAN#86 meeting, the Rel-17 WI was approved that aimed at enabling the 5G/NR radio access technology for non-terrestrial satellite deployments. During the Rel-17 technical discussions an issue of applicable power classes was discussed, and it was agreed to focus on PC3 (+23dBm) as a common terrestrial power class. However, there are more and more terrestrial bands that have PC2 (+26dBm) and even PC1.5 (+29dBm) power classes with the corresponding support at the UE side, which could also benefit the satellite communication. This issue was raised during the RAN#97 meeting, and it was concluded that TSG RAN would consider enabling high-power classes also for the NTN links. 
In addition to the NR NTN technology, RAN#92 approved a Rel-17 Work Item to enable so-called IoT communication over the satellite links.  Despite the IoT NTN Work Item late start during the second half of Rel-17[1], after an accelerated Study Phase [2], IoT NTN core and RF specifications were completed offering NB-IoT and eMTC technological components for the satellite communication. However, similarly to the NR NTN track, existing IoT NTN specifications do not allow operation with the Tx power higher than +23dBm.  
Satellite communication involves transmitting signals over long distances, which results in larger path loss. Satellite communication may require high power UE to ensure that communication is available even in adverse conditions such as during severe weather events or natural disasters. High power UE can compensate for this loss, help improve UL coverage and performance and ensure reliable communication. 
In this paper we present our further technical analysis of existing power classes for the NR/IoT NTN systems providing motivation for enabling higher power classes for these technologies. 
2 High-power classes for NTN
As mentioned in the Introduction part, current 3GPP specifications limit maximum NTN UE Tx power to the level of +23dBm not allowing to use the full potential of satellite communication. At the same time, existing satellite communications systems and spectrum bands already use high transmission powers from user devices. Furthermore, existing spectrum usage regulations for such applications already account for UL TX powers of up to 15 dBW (45 dBm) even whilst operating in very narrow-band channels [6].  Therefore, to provide deployment flexibility for the different NTN use cases and address existing satellite communications use cases, the 3GPP NTN specifications should consider higher power classes, already specified for 3GPP TN systems, to better align the 3GPP NTN system with typical satellite usage scenarios. 
In the following sections we will consider separately high-power UE classes for the NR NTN and IoT NTN tracks.
2.1	HPUE for NR NTN
As per the latest version of the 3GPP NTN specifications, more precisely TS 38.101-5 – the highest Tx power available for the NTN UE is PC3, i.e. +23dBm. This is the highest Tx power specified for the NTN FR1 S- and L-bands. At the same time, NR terrestrial UEs can already use PC2, i.e. +26dBm, for a number of NR bands. In fact, while initial use case for the PC2 power class was mostly TDD bands, recent changes enabled the PC2 power class also for the FDD bands, such as band n1 and n3. Since the FR1 NTN bands are also FDD bands, the 3GPP core specifications already have all the basic functional components to enable PC2 for the satellite FDD bands.
Observation 1:	3GPP core specifications already define +26dBm power class (PC2) for the terrestrial FDD and TDD bands.
Observation 2:	Same PC2 power class can be applied also to the FDD satellite bands.
As mentioned earlier, existing radio regulations allow user equipment devices to transmit with power even higher than +26dBm. Thus, to utilise the full potential of satellite link even higher power classes can be considered for the NTN UEs. The NR core specifications already define power classes, such as PC1.5 (+29dBm) and PC1 (+31dBm), which can be adopted for the NTN system. Referring specifically to the PC1.5 power class, it has been specified for certain TDD bands, such as band n41, n77, n78 and n79. Furthermore, according to TS 38.101-1, +29dBm Tx power is achieved through the dual Tx architecture. So, while the 3GPP core specifications already define the PC1.5 power class for some TDD bands, additional specification will be needed to adapt it to the satellite FDD bands.  
Observation 3:	3GPP core specifications already define +29dBm power class (PC1.5) for some TDD bands as the dual Tx architecture.
Observation 4:	Additional specification work might be needed to enable PC1.5 power class to the FDD satellite bands.
Similarly, PC1 power class, has been also specified for several LTE (3 14, 20, 28, 31, 72, 87, 88) and NR (14, 71, 85) bands, with an additional clarification that it is not for smartphone form factors and for the public safety scenarios only. 
Observation 5:	3GPP core specifications already define +31dBm power class (PC1) for one FDD band aiming at non smartphone form factor devices.
Observation 6:	Same PC1 power class can be applied also to the FDD satellite bands if the same restrictions are applied.
Based on these considerations our proposal is to approve a new WI that will aim to enable the corresponding high-power classes for the NR NTN based satellite communication.
Proposal 1:	Agree a new WI to enable high-power UE for the NR NTN FR1 bands.
2.2	HPUE for IoT NTN
As identified early on in the Study phase, IoT NTN is a very good fit for satellite deployment due to the efficient spectrum utilization and ease of deployment, as well as very good baseline coverage capabilities, thanks in large part to its narrow-band nature.  However, the link budgets are still very challenging.
Despite the link budget closing, NTN IoT link budgets (both NB-IoT and eMTC) are still very much power starved, especially in the UL, and are extremely tight, with almost no margins, making it difficult to satisfy all use cases and usage conditions without impacting system capacity.   This is true for both GEO and NGSO deployment scenarios.
Observation 7:	NTN IoT link budgets (both NB-IoT and eMTC) are extremely tight, and in particular power starved, especially in the UL.
For NR NTN, the need for coverage enhancements has been identified as part of Release-18, partly because it was agreed that, in particular for smartphone use cases, the initial assumption of a 0 dB antenna gain was not realistic, and that link budgets should instead be assessed with more realistic average antenna gains, e.g. -5.5dB as assumed by RAN WG1 [3].  Due primarily to the late start of the IoT NTN WI, this same observation was not applied to IoT NTN UE at that time, but, it is easy to demonstrate that the same assumptions should apply to IoT NTN UE.  
Observation 8:	NTN IoT link budgets have so far been computed with an optimistic 0 dB antenna gain. Instead, a more realistic average antenna gain and polarization loss should be assumed for the IoT use cases. To compensate, additional repetitions may help but at the expense of system capacity of an NTN cell.
During the NTN study phase, it was found that at elevation angles of 10 – 40 degrees, the LoS Probability in Urban scenarios and remote mountain or hill terrain scenarios is 25 – 61% due to blocking and shadowing by trees, hills, mountains and buildings [4].  Particularly, at 10-30 degrees elevation angles, the LoS probability can be reduced even in relatively open Rural areas in the presence of houses and hills as well as dynamic blockages.  In such cases, it may be possible to utilize additional number of repetitions to compensate, but at the expense of significant reduction in system capacity of a satellite beam where the beam of a satellite covers a significantly wider area than a typical terrestrial cell.
Observation 9:	Very low LoS probability, near-LoS (nLoS) and Non-LoS (NLoS) cases are common in NTN both GEO and NGSO.  In such cases, additional repetitions may help but at the expense of system capacity due large size of an NTN cell.  
Observation 10:	Higher TX powers can help satellite operators delivery services without compromising on the system capacity.
When considering handheld or personal wearable IoT scenarios, there is a very high probability of body blockage of the signal, and in emergency situations, such as for personal distress beacons for mountain excursions and wilderness use, the effects of debris or snow (such as in case of a user being victim of an avalanche) can significantly attenuate the signal.
Observation 11:	For the IoT devices, including for emergency scenarios, frequent body blockages and debris blockages such as snow cover (e.g. under an avalanche) can be at least in part mitigated with the use of PC2 and PC1.5.
Due to the long propagation delay, TN HARQ has been found to be unsuitable for NTN.  3GPP is considering mechanisms to disable HARQ, however no alternate dynamic method of repetition has been considered. Until a way of optimizing HARQ for NTN is standardized, NTN IoT will have a substantial, average link margin disadvantage, when averaged over a period of several seconds.  For example, the average tree shadowing loss is 3 – 4 dB; the attenuation due to shadowing along the highways could be even higher.  This can be partially mitigated by increasing the UE Tx power.
Without optimized HARQ, NTN can only use repetition factors incorporated in the MCS table.  These cannot be used to adaptively to track dynamic blockages as MCS adaptation takes too long relative to blockage durations.
Observation 12:	Although repetitions are allowed in NB IoT, they are useful only in quasi-static channels, not in countering dynamic blockages.
Observation 13:	Higher UL power can help compensate for dynamic and partial LoS blockages. Implementation of PC1 and PC2 for NB IoT UEs will provide immediate relief without waiting for full HARQ optimization.
There is awareness of concerns that the introduction of high power classes for IoT UE, in particular NB-IoT, may have a negative impact on battery life of the IoT devices, which are often expected to have very low energy consumption and battery life lasting 10+ years. This is certainly true for both Terrestrial and Non-Terrestrial deployment scenarios, however, in both cases the use of repetitions to offset extreme coverage scenarios can decrease battery life by requiring the UE to transmit for much longer.  
In Terrestrial deployment scenarios, IoT UE are expected to experience extreme link budgets primarily when in deep-indoor coverage scenarios, and it’s assumed that, within a given cell, only a limited subset of the UE population will experience extreme coverage conditions requiring a high number of repetitions, therefore this mechanism alone is considered acceptable both from a UE battery drain and system capacity perspective.
Observation 14:	In IoT Terrestrial Networks (TN), the use of repetitions for UE in extreme coverage can be considered acceptable since typically only a limited subset of the UE population requires it.
In Non-Terrestrial Network deployments this is not true.  Since the link budget is primarily dominated by the path loss between the UE and the satellite, the vast majority of the UE population in a cell will experience a similarly challenging link budget, therefore most if not all the UE may have to employ repetitions.   This impacts the UE battery life, and NTN Cell capacity, the latter compounded by the NTN cell size being much larger than for TN [5]. 
Observation 15:	Most UE in an NTN cell will likely experience challenging link budget, requiring repetitions, which can negatively impact both UE battery life as well as NTN cell capacity.
Higher power UE TX, on the other hand, maximizes the probability of single-shot UL transmission being successfully decoded by the Network without the need for repetitions. While impact on battery life may need to be compared, at the very least a much lower impact on system capacity in both LoS and nLoS conditions is expected, especially in intermittent shadowing or blockage conditions.
There are also a number of scenarios, such as (but not limited to) automotive, maritime, logistics, outdoor industrial monitoring and other non-battery-powered use cases, where battery drainage and the higher power requirements of PC2, PC1.5 and PC1 are not of concern.  
Observation 16:	For a number of IoT NTN use cases, including automotive, maritime, logistics, outdoor industrial monitoring and other scenarios not reliant on battery power, the higher power requirements of PC2, PC1.5 and PC1 are not an issue. 
Thus, our proposal is to agree a new WI to enable high power classes for the IoT NTN FR1 bands.
Proposal 2:	Agree a new WI to enable high-power UE for the IoT NTN FR1 bands.
3	Conclusions
In this paper we have presented the motivation to consider enabling higher Tx power for the NR and IOT UEs that implement the NTN functionality. For the reasons and observations described in this paper, we consider beneficial to the industry to introduce the corresponding UE high-power classes for the FR1 NR NTN and IoT NTN bands, supporting NR NTN, NB-IoT and eMTC.  This will benefit scenarios including but not limited to:
-	low LoS probability, nLoS and some NLoS scenarios for both GEO and NGSO;
-	handheld and personal IoT use cases (aiming at PC2, PC1.5);
-	non-handheld NR and IoT use cases such as automotive, maritime, logistics, outdoor industrial monitoring and other scenarios where battery power is not used (aiming at PC2, PC1.5, PC1);
The corresponding new WI proposals can be found in [7] and [8].  

Proposal 1:	Agree a new WI to enable high-power UE for the NR NTN FR1 bands.
Proposal 2:	Agree a new WI to enable high-power UE for the IoT NTN FR1 bands.
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