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1. Introduction
To improve DL coverage performance, Rel-19 NTN plans to facilitate dynamic and flexible power sharing between satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint, and Network Energy Saving (NES) is considered as a promising direction in the agreed WID:
	RP-240775 Revised WID: Non-Terrestrial Networks (NTN) for NR Phase 3
The objectives of the work item are the following:
1. [bookmark: _Hlk153196886]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]
· …
· 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:
· …
· Rel-18 network energy saving techniques should be considered as baseline in the system level study.


In this contribution we discuss the applicability of Rel-18 NES techniques in NTN, and identify some potential issues and optimizations for DL coverage enhancement.
2. [bookmark: Proposal_Beacon]Discussion
Rel-18 NES aims to develop techniques that can improve the network energy savings in time, frequency, spatial, and power domains, with potential information exchange and coordination over network interfaces. To facilitate reducing gNB downlink transmission/uplink reception active time, cell DTX/DRX (i.e. active and non-active periods) and cell turning-off were introduced in Rel-18 NES. In addition, to avoid access of an NES-incapable UE to an NES-capable cell, NES cell barring and NES-specific CHO were also supported. In this contribution we discuss the applicability of the following NES techniques in NTN:
· Cell DTX/DRX;
· NES cell barring;
· NES-specific CHO.
Cell DTX/DRX
Cell DTX/DRX was introduced in time domain to allow network to set up non-active periods for specific channels to reduce energy consumption when there is few UE or service expected. To facilitate this, UE can be configured with a periodic cell DTX/DRX pattern (active and non-active periods). The pattern configuration for cell DTX/DRX is common for the UEs configured with this feature in the cell, and the cell DTX and cell DRX patterns can be configured and activated separately. When cell DTX is configured and activated for the concerned cell, the UE does not monitor PDCCH in selected cases or SPS occasions during cell DTX non-active period. When cell DRX is configured and activated for the concerned cell, the UE does not transmit on CG resources or transmit a SR during cell DRX non-active period. This feature is only applicable to UEs in RRC_CONNECTED state and it does not impact Random Access procedure, SSB transmission, paging, and system information broadcasting.
It is observed that, considering the nature of cell DTX/DRX and ignorable propagation delay between UE and gNB or propagation delay difference among UEs, gNB and UEs are assumed to have the same understanding about the timing of cell DTX/DRX periods. As a result the cell DTX/DRX is designed as a common configuration and can be directly applied by all NES-capable UEs in the same cell.
For NTN as shown in Figure 1, due to the large propagation delay as well as the difference among UEs, the timings of the cell DTX/DRX periods at gNB and UEs are different, and the following misalignment may occur:
· For cell DTX, UE may either miss possible transmission from network or monitor PDCCH too early with unnecessary power consumption.
· For cell DRX, UE may initiate transmission to the network too late and miss an active periods of cell DRX.
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Figure 1. Timing misalignment for cell DTX/DRX periods between gNB and UE in NTN
Observation 1: Due to the large propagation delay and propagation delay difference in NTN, the configuring gNB and the configured UEs may have different understanding about the timing of cell DTX/DRX periods.
A straight-forward option to solve this issue is to compensate the propagation delay with a time offset as what has been done in Rel-17 & Rel-18 NTN for RAR, i.e., a time offset can be applied to the corresponding timers at UE.
Proposal 1: If cell DTX/DRX in NES is applied in NTN, RAN2 to discuss the issue of timing misalignment for cell DTX/DRX active/non-active periods between gNB and UE in NTN. Time offset similar to RAR handling in NTN could be a starting point.
Cell barring
Cell barring mechanisms for NTN and NES were studied and introduced separately, with different logics as in Figure 2:
· For Rel-17 and Rel-18 NTN, an NTN-capable UE ignores cellBarred in MIB and directly checks cellBarredNTN in SIB1, and cellBarredNTN can be configured as barred or not barred. If cellBarredNTN is absent in SIB1, UE considers the cell a TN cell, i.e., presence of cellBarredNTN in SIB1 indicates the cell as an NTN cell.
· For Rel-18 NES, an NES-capable UE first checks cellBarred in MIB, and if it is set to barred, UE then checks cellBarredNES in SIB1. Configuring cellBarredNES means not barred and absent of cellBarredNES means cell barred.
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Figure 2. Cell barring mechanisms for NTN and NES
If NES is applied for NTN, cell barring mechanisms regarding cellbarredNES and cellbarredNTN shall apply for a UE capable of both NES and NTN. However, the current cell barring logics do not consider the possibility of combination for NES and NTN, and as a result there will be a conflict e.g., an NTN-capable UE shall ignore cellBarred in MIB while an NES-capable UE shall check cellBarred in MIB. The conditions when a UE capable of both NES and NTN shall consider an NTN cell as barred or not need to be specified e.g., whether UE shall check for NES-specific cell barring or NTN-specific cell barring.
Observation 2: For a UE capable of both NES and NTN, there is logical conflict in cell barring regarding cellbarredNES and cellbarredNTN and further clarification is needed.
Proposal 2: If NES is applied in NTN, RAN2 to discuss the issue of cell barring mechanism for a UE capable of both NES and NTN e.g., which one of the following logic shall apply:
a) NES cell barring first: UE first checks cellbarred in MIB. If cellbarred in MIB is not barred or cellbarred in MIB is barred and cellBarredNES in SIB1 is not barred, UE checks cellBarredNTN in SIB1.
b) NTN cell barring first: UE first checks cellBarredNTN in SIB1. If cellBarredNTN is not barred, UE checks cellbarred in MIB and possibly cellBarredNES in SIB1.
NES-specific CHO
The NES-specific CHO event was introduced in Rel-18 NES to allow network configure UE to perform CHO in time in case the serving cell is about to activate cell DTX/DRX or turn off. When configured, the IE nesEvent indicates that the associated event is a NES-specific CHO event, and the event is only considered to be satisfied if indication from lower layers (i.e., a DCI) is received indicating the applicability of NES-specific CHO event and the related entry condition(s) is fulfilled.
For Rel-18 NES a further restriction is specified that nesEvent can only be configured for condEventA3, condEventA4 or condEventA5. However, in Rel-17 and Rel-18 NTN some distance-based and time-based CHO events are also introduced: condEventD1, condEventD2 and condEventT1, which cannot be associated to nesEvent according to current specifications.
Observation 3: Some NTN-specific CHO events, including condEventD1, condEventD2 and condEventT1, cannot be associated to nesEvent according to current specifications.
In our understanding, if NES is applied in NTN, the gNB may also want to configure NES-capable UE with condEventD1 or condEventD2 or condEventT1 to perform CHO in time in case the serving cell is about to activate cell DTX/DRX or turn off. Therefore it may be necessary to discuss whether nesEvent can be associated to these events in NTN, i.e., whether condEventD1, condEventD2 and condEventT1 can also be configured as NES-specific CHO events.
Proposal 3: If NES is applied in NTN, RAN2 to discuss whether nesEvent can be associated to condEventD1, condEventD2 or condEventT1.
3. Conclusion
In this contribution we analyze the applicability of Rel-18 NES techniques in NTN, and identify some potential issues and optimizations for DL coverage enhancement. The following observations are given:
Observation 1: Due to the large propagation delay and propagation delay difference in NTN, the configuring gNB and the configured UEs may have different understanding about the timing of cell DTX/DRX periods.
Observation 2: For a UE capable of both NES and NTN, there is logical conflict in cell barring regarding cellbarredNES and cellbarredNTN and further clarification is needed.
Observation 3: Some NTN-specific CHO events, including condEventD1, condEventD2 and condEventT1, cannot be associated to nesEvent according to current specifications.
And it is proposed that:
Proposal 1: If cell DTX/DRX in NES is applied in NTN, RAN2 to discuss the issue of timing misalignment for cell DTX/DRX active/non-active periods between gNB and UE in NTN. Time offset similar to RAR handling in NTN could be a starting point.
Proposal 2: If NES is applied in NTN, RAN2 to discuss the issue of cell barring mechanism for a UE capable of both NES and NTN e.g., which one of the following logic shall apply:
a) NES cell barring first: UE first checks cellbarred in MIB. If cellbarred in MIB is not barred or cellbarred in MIB is barred and cellBarredNES in SIB1 is not barred, UE checks cellBarredNTN in SIB1.
b) NTN cell barring first: UE first checks cellBarredNTN in SIB1. If cellBarredNTN is not barred, UE checks cellbarred in MIB and possibly cellBarredNES in SIB1.
Proposal 3: If NES is applied in NTN, RAN2 to discuss whether nesEvent can be associated to condEventD1, condEventD2 or condEventT1.
3

image1.png
Misalignment
in cell DTX

Misalignment
in cell DRX

¢NB timing ¢NB timing
S Y ~’ 7
unnecessary miss NW too late UE

PDCCH monitor  transmission

transmission




image2.png
Check cellBarred in MIB barred

absent = TN cell "
barred

Check cellBarred in MIB

Check cellBarredNTN in SIB1 not barred

not barred

not barred absent = barred

o

a) Cell barring for Rel-17 & Rel-18 NTN

Check cellBarredNES in SIB1

not barred

not barred

b) Cell barring for Rel-18 NES




