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1	Introduction
In RAN2#105bis, companies were encouraged to contribute on paging related issues (including paging capacity) relevant in the context of NTN. This paper identifies the need to optimize paging opportunities to achieve power saving in NTN.
2	Power saving for NTN
One of the key requirements for NTN is to provide coverage in places where terrestrial networks do not have coverage. In such remote areas, power may be scarce resource. Another key use case for NTN is to support IoT devices which are power efficient.
Observation: Power saving is an important issue to consider for NTN.
NTN cells may have beams as described in [1] with a large coverage area. This has a direct impact on the power consumption of the UE, as UEs in idle mode monitor the PDCCH channel using their P-RNTI to receive paging message from gNB. 
The UE needs to monitor the PDCCH only at certain UE specific paging occasion, i.e. only at specific subframe in specific radio frame. At other times the UE may go for sleep mode to save battery power. When a cell has several beams, the paging cannot be done simultaneously in all beams due to hardware restrictions. This means the UE needs to stay longer awake to listen to all beams. 
In [2] it was proposed to send the order of the paging across the beams to the UE, such that the UE can just listen to the beam it is located in and increase its power saving by powering down before and after. However, this cannot be directly applied to NTN as the beams are moving; as the beam the UE is located in changes. 
Proposal: RAN2 to discuss and study a method to maximize power savings for NTN with moving beams. 

3	Conclusion
Observation: Power saving is an important issue to consider for NTN.
Proposal: RAN2 to discuss and study a method to maximize power savings for NTN with moving beams. 
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7.3.3      Paging issue
For UE power efficiency a solution needs to be studies to maximize power saving, especially for the NTN scenarios with moving beams on Earth (scenarios C2 and D2).
The paging mechanism in 5G NR is described in TS38.307, according to which, the UE may use Discontinuous Reception (DRX) in RRC_IDLE and RRC_INACTIVE state in order to reduce power consumption. The UE monitors one paging occasion (PO) per DRX cycle. A PO is a set of PDCCH monitoring occasions and can consist of multiple time slots (e.g. subframe or OFDM symbol) where paging DCI can be sent (TS 38.213). One Paging Frame (PF) is one Radio Frame and may contain one or multiple PO or starting point of a PO.
[bookmark: _GoBack]When an 5G NR cell has several radio beams, the paging cannot be done simultaneously in all beams due to hardware restrictions. This means the UE needs to stay longer awake (DRX ON) to be able to listen to all transmitted NR beams.  In NTN scenarios each NR radio beam can have a large coverage area; thus, the stationary or slow moving UEs are likely to be located in one NR beam.  However, in the NTN LEO scenarios with moving satellite beams on Earth (C2 and D2) the NR beams also move quite fast relative to a location on Earth. This situation combined with traditional paging mechanism specified in TS38.307 leads to required extended time in DRX ON for the UEs to be able to monitor the relevant paging occasions. 
A solution is to provide the UE with the order of the paging across the relevant beams for the approximate location of the UE during the paging occasions.
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