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1 Introduction

After RAN2#125-bis meeting, the agreements of NTN downlink enhancement are shown as follows:
Agreements:

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 make the proposals of downlink enhancement from RAN2 perspective.
2 Discussion
In Rel-18, Cell DTX/DRX is supported for network energy saving. To facilitate satellite power saving, the mechanism could be reused, which brings benefits for DL coverage enhancement. However, cell level DTX/DRX is not sufficient with beam hopping strategy. Beam level DTX/DRX is more suitable for NTN downlink coverage enhancement.
According to RAN1#116 agreements, RAN1 intends to evaluate beam hopping with three states:

	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 “ 

· N1, N2, N3, X are to be reported by companies.

· Resource utilization obtained under the assumptions above is to be reported by companies.

· Other assumptions made in the evaluation are to be reported by companies, e.g. power sharing scheme, beam hopping scheme, etc.


Based on the current spec, it is not available to configure three types of beam footprints. Firstly, current spec can not support the sate “off” beam footprints. Referring to TS 38.331, the cellDTXDRX-onDuration does not have value “zero”. Further, the behaviour of NW and UE is also not defined in this situation.
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cellDTXDRX-onDurationTimer-r18 CHOICE {¢
subMilliSeconds INTEGER (1..31),¢
milliSeconds ENUMERATED {¢
msl, ms2, ms3, ms4, ms5, ms6, ms8, msl0, ms20, ms30, ms40, ms50, ms60,<

ms80, ms100, ms200, ms300, ms400, ms500, ms600, ms800, ms1000, ms1200,¢
ms1600, spare8, spare’, spare6, spare5, spare4d, spare3, spare2, sparel }<

OPTIONAL, -- Need M¢
ms10 NTEGER (0..9) ,¢
ms20 NTEGER (0..19) ,¢
ms32 NTEGER (0..31) ,¢
ms40 NTEGER (0. .39) ,¢
ms60 NTEGER (0. .59) ,¢
ms64 NTEGER (0. .63) ,¢
ms70 NTEGER (0. .69) ,¢
ms80 NTEGER (0..79) ,¢
ms128 NTEGER (0..127) ,¢
ms160 NTEGER (0. .159) ,¢
ms256 NTEGER (0. .255) ,¢
ms320 NTEGER (0. .319) ,¢
ms512 NTEGER (0..511) ,¢
ms640 NTEGER (0. .639) ,¢
ms1024 NTEGER (0..1023) ,¢
ms1280 NTEGER (0..1279) ,¢




Observation 1: The state “off” beams, which beam footprints are not served by any signal, are not supported in current spec.
Secondly, Cell DTX/DRX does not distinguish “common messages only” beams and “active traffic” beams defined by RAN1. According to TS 38.300, the wording highlighted in yellow is for “common messages only” beams while the wording highlighted in blue is for “active traffic” beams. However, the UE behaviour is common in the cell captured in red. For NTN, the “common messages only” beams are for Idle UEs and “active traffic” beams are for Connected UEs. The UE behaviour varies in different kinds of beams. Thus, it is necessary to introduce finer granularity for beam hopping.
	2.1.1.1 15.4.2.3
Cell DTX/DRX

To facilitate reducing gNB downlink transmission/uplink reception active time, UE can be configured with a periodic cell DTX/DRX pattern (i.e. active and non-active periods). The pattern configuration for cell DTX/DRX is common for the UEs configured with this feature in the cell. The cell DTX and cell DRX patterns can be configured and activated separately. A maximum of two cell DTX/DRX patterns can be configured per MAC entity for different serving cells. When cell DTX is configured and activated for the concerned cell, the UE may not monitor PDCCH in selected cases or does not monitor SPS occasions during cell DTX non-active duration. When cell DRX is configured and activated for the concerned cell, the UE does not transmit on CG resources or does not transmit a SR during cell DRX non-active duration. 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. Cell DTX/DRX can be activated/deactivated by RRC signalling or L1 group common signalling. Cell DTX/DRX is characterized by the following:

-
active duration: duration that the UE waits for to receive PDCCHs or SPS occasions, and transmit SR or CG. In this duration, the gNB transmission/reception of PDCCH, SPS, SR, CG, periodic and semi-persistent CSI report are not impacted for the purpose of network energy saving;
-
cycle: specifies the periodic repetition of the active-duration followed by a period of non-active duration.

Active duration and cycle parameters are common between cell DTX and cell DRX, when both are configured;


Observation 2: Current spec can not distinguish “common messages only” beams and “active traffic” beams. Finer granularity is needed for configuring  “common messages only” beams and “active traffic” beams.
To align with the configuration of NW beams, UE should be aware of the state of beams. Thus, we think beam level configuration of DTX/DRX is needed for NTN. 
Proposal 1: Beam level configuration of DTX/DRX is needed for NTN.
3 Conclusions 
In this contribution, we have the following observations and proposals: 
Observation 1: The state “off” beams, which beam footprints are not served by any signal, are not supported in current spec.
Observation 2: Current spec can not distinguish “common messages only” beams and “active traffic” beams. Finer granularity is needed for configuring  “common messages only” beams and “active traffic” beams.
Proposal 1: Beam level configuration of DTX/DRX is needed for NTN.
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