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1 Introduction

It has been identified that in NTN network, DL coverage enhancement is critical especially considering the NTN deployment constraints such as payload power limitation and large satellite foot print. Between link level enhancement and system level enhancement, we think RAN2 should first focus on the latter option, that is, how to support an efficient dynamic and flexible power sharing between beams or different beam pattern across satellite foot prints.
In WID [1], it is already mentioned that Rel-18 NES techniques should be considered as baseline. In this contribution, we will discuss how to endorse NES solutions into NTN.
	1. Study and specify if beneficial downlink coverage enhancements targeting support for additional reference satellite payload parameters covering both GSO and NGSO constellations operating in FR1-NTN or FR2-NTN [RAN1, RAN2, RAN4]

· Define additional reference satellite payload parameters assuming power sharing among satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint, such that satellite beams may not all be simultaneously active or may be active below the nominal EIRP density per satellite beam (see section 6.1.1 in TR 38.821) due to limited power and limited feeder link bandwidth.

· Define the corresponding power sharing assumptions and necessary link level and system level evaluation methodology and relevant KPIs for evaluations of the coverage, to allow for identification of physical channels/signals and system-level aspects that need enhancements and the corresponding needed improvements.

· Study and if needed specify solutions, including link level enhancements for FR1-NTN (e.g. for PDCCH, PDSCH) and/or system level enhancements for FR1-NTN and/or FR2-NTN, allowing dynamic and flexible power sharing between satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint.

· Notes for this objective:

· SSB channel enhancement is not considered

· Antenna gain of UE shall be assumed to be -5.5dBi in case of smartphone in FR1-NTN, the UE is assumed to be a full duplex UE, and at least 2Rx are considered at the UE

· NGSO to be considered in priority: LEO Set-1 @ 600 km

· Rel-18 network energy saving techniques should be considered as baseline in the system level study


2 Discussions

2.1 Background on NES
In Rel-18 NES, the main relevant mechanism introduced is cell DTX/DRX. UE can be configured with a periodic cell DTX/DRX pattern with active and non-active periods, which is common for UE(s) in the cell. It should be noted that cell DTX/DRX is only applicable to RRC connected UE. 

Table 1 – UE behavior in cell DTX/DRX

	
	RRC connected UE behavior
	Exceptions

	Cell DTX non-active duration
	- Not monitor PDCCH in certain cases

- Not monitor SPS
	- no impact to RACH, paging, SIBs and SSB transmission
- PDCCH monitoring during retransmission timer

	Cell DRX non-active duration
	- Not transmit on CG resources

- No SR transmission

- No periodic/semi-persistent CSI reporting

- No periodic/semi-persistent SRS
	


As a baseline, cell DTX/DRX is activated/deactivated implicitly by RRC signaling once configured/released by RRC configuration. Network can also send a group common L1 DCI to enable more dynamic change than RRC signaling. 
2.2 Beam based DTX/DRX in NTN
The purpose of NTN DL coverage enhancement is mainly to facilitate beam hopping among all beams supported by a satellite to dynamically share the power among limited number of beams. For example, based on cell deployment, if a satellite beam footprint has a small number of UEs or less coverage demand, this particular satellite beam could be configured with beam-based DTX/DRX. The energy saved on downlink transmissions on this satellite beam could be used to cover another satellite beam with more coverage demand. Therefore, it is suggested to use beam based DTX/DRX instead of cell DTX/DRX.
First, we would like to discuss about whether both beam based DTX and beam based DRX should be considered. From our understanding, since all NTN bands are FDD bands, the transceiver hardware is not shared between Tx and Rx. Therefore, beam DTX and beam DRX can be configured independently. One may say the purpose of this objective is to boost DL coverage by focusing power into limited Tx beams. But we are not quite certain Rx beams do not need to perform switching like Tx beams. Thus, our preliminary thought is both beam based DTX and beam based DRX should be supported.

Proposal 1: RAN2 to support beam based DTX/DRX operation.
For beam based DTX configuration in NTN, it should be clarified that the network operation is a bit different from NES assumption. In NES, even in DTX non-active duration, network side still has the hardware for DL transmission. But in NTN, the transceiver is switched away to cover a different geographical area. In another word, from hardware perspective, network would not be able for any downlink transmission in non-active time duration.
This observation would lead to UE behavior changes, such as UE should not expect any DL re-transmission, MSG2/MSG4 in RACH procedure in beam based DTX non-active duration.

Observation 1: During beam based DTX non-active time duration, satellite would not be able to transmit any DL signals (e.g., DL re-transmission, MSG2/MSG4, etc).
For beam based DRX non-active duration, subject to whether the Rx transceiver would be switched away or not, the UE behavior may be different as well.
Proposal 2: UE behavior during beam based DTX/DRX non-active duration should be discussed.
Another issue we would like to talk about is UE mobility among DTX/DRX beams. In legacy NTN network, we believe there is no special handling when UE moves from one beam to another beam. With beam specific DTX/DRX, UE may appear in a beam which is operating in non-active duration. Without knowing the upcoming beam DTX/DRX pattern, UE may try to transmit to the satellite during non-active duration which leads to a lot of power waste. This problem may become serious when the percentage of simultaneously active beams is low where the non-active duration of a beam is long. This issue typically happens in EMC satellite where the beam continuously sweeps through the earth surface. Along with satellite movement, the serving beam for the UE constantly changes from one to another.
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Fig 1. EMC beams sweeping through earth surface

Fig. 1 shows that due to satellite movement, the serving beam for the UE is changed from beam 1 to beam 4. And beam 4 may be configured with a different DTX/DRX pattern. To address the problem explained above, we think UE should better be aware of the beam specific DTX/DRX of the upcoming beam.
Proposal 3: RAN2 to discuss about providing the non-serving beams’ DTX/DRX configuration to UE.
Another point worth of discussion is whether the beam specific DTX/DRX should be applicable to RRC idle UE. For example, due to the network hardware limitation, it seems reasonable for UE to consider beam DTX/DRX to determine when to initiate initial access. We understand this deviates from NES cell DTX/DRX design, but again as explained, NTN DTX/DRX is subject to hardware limitation which is different from NES assumption.
Proposal 4: RAN2 to discuss about whether the beam specific DTX/DRX should apply to RRC idle UE.

3 Conclusion

According to the analysis in section 2, we propose that:

Proposal 1: RAN2 to support beam based DTX/DRX operation.
Observation 1: During beam based DTX non-active time duration, satellite would not be able to transmit any DL signals (e.g., DL re-transmission, MSG2/MSG4, etc).
Proposal 2: UE behavior during beam based DTX/DRX non-active duration should be discussed.
Proposal 3: RAN2 to discuss about providing the non-serving beams’ DTX/DRX configuration to UE.

Proposal 4: RAN2 to discuss about whether the beam specific DTX/DRX should apply to RRC idle UE.
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