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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 higher 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.  
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
When compared to the existing terrestrial deployments, satellite communication becomes critical in adverse conditions such as severe weather events or natural disasters, where or when the terrestrial deployments are not present or temporally unavailable. However, satellite communication involves transmitting signals over long distances, which results in larger path loss. Despite the link budget closing and additional enhancements introduced to the 3GPP NTN systems, link budgets are still very much power starved 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. And this problem is valid for both GEO and NGSO deployment scenarios. Furthermore, when considering personal handheld or IoT scenarios, there is a very high probability of blockage of the signal. 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.
One of the approaches to ensure more reliable communication over the satellite channel is to rely upon (HARQ) repetitions. However, due to long propagation delays HARQ is not the best approach for NTN systems. Furthermore, in TN deployments UEs are expected to experience extreme link budgets primarily when in deep-indoor coverage scenarios. It is also 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. For the NTN deployments this is not true.  Since the link budget is primarily dominated by the path loss between the UE and the satellite, most of UEs 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 cell capacity, size of which is larger when compared to TN. 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. 
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 communication 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. Thus, to provide deployment flexibility for the different NTN use cases and to address existing satellite communications use cases, the 3GPP NTN specifications should consider higher power classes already specified for 3GPP TN systems. 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. At the same time, NR terrestrial UEs can already use PC2, i.e. +26dBm. 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. 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.
The NR core specifications also define even higher power classes, such as PC1.5 (+29dBm) and PC1 (+31dBm), which can be adopted for the NTN system. Nevertheless, referring specifically to the PC1.5 power class, it has been specified only 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 efforts will be needed to adapt it to the satellite FDD bands potentially requiring single Tx architecture.  On the contrary to it, PC1 power class has been already specified for several NR FDD bands, such as 14, 71, 85, with an additional clarification that it is not for smartphone form factors and for the public safety scenarios only. 
Based on these considerations our proposal is to enable the corresponding high-power classes for the NR NTN based satellite communication.
[bookmark: _Toc158236302]Proposal 1:	Enable PC2 and PC1 power classes for the NR NTN FR1 bands.
2.2	HPUE for IoT NTN
As identified early 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.  There are also several scenarios, such as (but not limited to) automotive, maritime, logistics, outdoor industrial monitoring where the NTN IOT systems are more suitable.  
According to the latest version of TS 36.102, which specifies UE radio transmission and reception for satellite access, the highest power class for NTN M1 and NB1/NB2 devices is PC3 (+23dBm). At the same time TS 36.101 already defines PC2 (+26dBm) power class and PC1 (+31dBm) power class, whereupon the latter has an additional clarification that it is not for smartphone form factors.
Based on these considerations our proposal is to enable the corresponding high-power classes for the IoT NTN based satellite communication.
[bookmark: _Toc158236303]Proposal 2:	Enable PC2 and PC1 power classes 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.  

Proposal 1:	Enable PC2 and PC1 power classes for the NR NTN FR1 bands.
Proposal 2:	Enable PC2 and PC1 power classes for the IoT NTN FR1 bands.

The corresponding draft WI proposal with the corresponding objectives can be found in Annex.
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3	Justification
RAN#86 meeting approved the Rel-17 WI that aimed at enabling the 5G/NR radio access technology for non-terrestrial satellite deployments. One of the WI objectives was to define and introduce the corresponding bands into the 3GPP specifications. The outcome of these discussions was two NTN bands – L-band and S-band – which were added as bands n255 and n256, respectively, to the Rel-17 core specifications. In addition to that, RAN#95 meeting approved a new spectrum WI to introduce a new NTN band as a combination of L- and S-bands. 
The common aspect of all existing NTN FR1 bands is that the UE power class is limited to PC3 (+23dBm). As extensively discussed during previous RAN and RAN WG4 meetings, higher power classes are quite essential for the FR1 NTN bands to ensure appropriate UL coverage and performance. Thus, this WI aims to add support of higher power classes for the FR1 NTN bands. 






4	Objective
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-	For NB-IOT NTN:
-	Specify support of UE Power class 2 (+26dBm); 
-	Specify support of UE Power class 1 (+31dBm);
-	Specify the band specific RF requirements for all considered power classes

NOTE: New NTN UE power classes are applicable to all FR1 NTN bands.
NOTE: NTN UE power class 1 will not aim at smartphone form factors.
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