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1. Introduction
The latest RAN2#125bis meeting made the following agreements regarding downlink coverage enhancement in NTN:
	1. With regard to link level enhancement, RAN2 waits for RAN1 agreement on the DL channels to enhance before starting any RAN2 work.
2. We will continue the discussion on RAN2 aspects of DL coverage enhancements (e.g. cell level / beam level DTX/DRX mechanism, etc.) in the next meetings, trying to identify questions to RAN1 for aspects where we need their input


In this contribution we discuss beam and cell level DTX/DRX leveraging 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. For Rel-19 NR NTN, it is expected to use Rel-18 NES mechanism as baseline and consider enhancements to satellite-beam level to facilicate flexible and dynamic power allocation among satellite beams for DL coverage enhancement.
Beam level DTX/DRX
For satellite beam management in NTN, 3GPP RAN1 initiated discussion on scenarios and performance evaluation in RAN1#116, and made the following assumptions:
	For system level study based on analytical evaluation:
· N1 beam footprints are in state “off”: These beam footprints are not served by any signal (no satellite service in this area).
· N2 beam footprints are in state “common messages only”: These beam footprints do not have any active user traffic, and are served the necessary information for cell discovery and initial access. Optionally, companies may consider user arrival (e.g. RACH access) in this type of cell, and should describe how this is taken into account in the analytical evaluation.
· N3 beam footprints are in state “active traffic”: These beam footprints have X active (e.g. VoNR) users each. These beam footprints are also served the necessary information for cell discovery and initial access
· N1 + N2 + N3 = “Total number of beam footprints”. 


It is observed that in Rel-19 NR NTN the granularity of power sharing is expected to be at satellite beam level, wherein the power capability of a satellite is allocated among its satellite beams in different states (e.g., “off”, “common message only” and “active traffic”). 
Observation 1: The “beam-level” refers to satellite beam which is different from the NR beam (SSB).
However, the association or mapping relationship between satellite beams and NTN cells or SSBs within an NTN cell is variable according to the rapporteur’s description in R2-2403276, wherein one satellite beam can be mapped to an entire NTN cell, part of an NTN cell or multiple cells, as well as an entire SSB, part of an SSB or multiple SSBs. In our understanding at least the following scenarios (mapping relations) mentioned in R2-2403276 are to be considered for NTN:
· Option 1: Single NR cell per satellite beam and single NR beam cell.
· Option 2: Multi-Satellite beam NR cell and single NR beam cell: cell splitting.
· Option 3: Multi-Satellite beam cell and multi NR beam cell.
Observation 2: The association or mapping relationship between satellite beams and NTN cells or SSBs within an NTN cell is pending on RAN1 discussion.
For the Option 2 and 3 wherein satellite beam covers part of an NTN cell, it is obvious that cell DTX/DRX cannot provided the needed granularity for satellite beam management. Therefore the corresponding discussion shall wait for RAN1’s further progress.
Proposal 1: Discussion for satellite beam level mechanisms (e.g., DTX/DRX) can wait for RAN1’s further progress e.g., details of satellite beam patterns and mapping relations between satellite beam and cell (and possibly SSB).
Cell level DTX/DRX
For the above-mentioned Option 1, which is also a scenario that has been supported by current specifications, can leverage cell/DTX/DRX to facilitate satellite beam DTX/DRX without waiting for RAN1’s discussion. RAN2 can take this option as a starting point and have some discussion on cell DTX/DRX impacts and enhancements first, and can further check if the solutions can be used at satellite beam level once RAN1 have further conclusions.
Observation 3: From RAN2 perspective the scenario of Option 1 (Single NR cell per satellite beam and single NR beam cell) can be a starting point to discuss cell DTX/DRX enhancements without waiting for RAN1’s progress.
Therefore we propose:
Proposal 2: RAN2 to have discussion on cell DTX/DRX enhancements first, taking Option 1 (Single NR cell per satellite beam and single NR beam cell) as a basic scenario.
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.
[image: ]
Figure 1. Timing misalignment for cell DTX/DRX periods between gNB and UE in NTN
Observation 4: 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 3: 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.
3. Conclusion
In this contribution we discuss the beam and cell level DTX/DRX leveraging Rel-18 NES techniques in NTN for DL coverage enhancement. The following observations are given:
Observation 1: The “beam-level” refers to satellite beam which is different from the NR beam (SSB).
Observation 2: The association or mapping relationship between satellite beams and NTN cells or SSBs within an NTN cell is pending on RAN1 discussion.
Observation 3: From RAN2 perspective the scenario of Option 1 (Single NR cell per satellite beam and single NR beam cell) can be a starting point to discuss cell DTX/DRX enhancements without waiting for RAN1’s progress.
Observation 4: 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.
And it is proposed that:
Proposal 1: Discussion for satellite beam level mechanisms (e.g., DTX/DRX) can wait for RAN1’s further progress e.g., details of satellite beam patterns and mapping relations between satellite beam and cell (and possibly SSB).
Proposal 2: RAN2 to have discussion on cell DTX/DRX enhancements first, taking Option 1 (Single NR cell per satellite beam and single NR beam cell) as a basic scenario.
Proposal 3: 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.
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