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1 Introduction

NTN satellites are power constraint device, and a single satellite may use multiple beams to cover different areas as illustrated in TR38.821:
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When multiple beams are activated in a satellite, it is possible that the satellite cannot guarantee all the beams satisfy the EIRP density per beam (see Section 6.1.1 in TR 38.821) at a given time due to limited power.
To solve this issue, in RAN #102 meeting, R19 NR NTN enhancement WI was agreed in [1] with the following objective for downlink coverage enhancement:
	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


According the WID, both link level enhancement and system level enhancement will be studied. Given this is the very first meeting for RAN2 to start discussing R19 topic, we will provide our initial view on this aspects.
2 Discussion
2.1 Link level enhancement

For the DL channels that suffer most from EIRP reduction, one straightforward way is to improve their link margin. The first thing to do is to identify the problematic DL channels for enhancement, which falls into RAN1 realm. In last RAN1 meeting, RAN1 only reached agreement on the channels to evaluate:
	Agreement(RAN1 #116)
For link-level study, for NR NTN DL coverage enhancement, the following channels/signals can be considered for evaluations:

· PDSCH for VoIP

· PDSCH for low data rate service

· PDSCH Msg.2

· PDSCH Msg.4

· PDSCH carry SIB, e.g., SIB1, SIB 19
· PDSCH for paging

· PDCCH

· Broadcast PDCCH (e.g. PDCCH of Msg.2, paging)

· SSB

Note: RAN1 will aim to identify necessary link-level enhancements for these channels in the study phase. At the end of the study phase, RAN1 will further discuss whether the potential link-level enhancements will be specified within Rel-19 framework.


From RAN2 perspective, it is difficult to start RAN2 work before RAN1 identifying the channels to enhance. Thus, we suggest RAN2 to wait for RAN1 agreements on this.
.

Proposal 1 With regard to link level enhancement, RAN2 waits for RAN1 agreement on the DL channels to enhance before starting any RAN2 work.
2.2  System level enhancement

To solve the EIRP reduction issue, another way is to dynamically turn off some beams to ensure the other active beams satisfying the EIRP requirement.
Based on the deployment, there are two ways for a satellite to cover a specific area:
· Case 1: Different beam foot print belongs to different cells;
Case 2:  Different beam foot print belongs to the same cell;
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For case 1, the dynamic on/off a beam means dynamic on/off a cell, which can be solved by the cell DTX/DRX mechanism introduced in Rel-18 NES, which was introduced for cell energy saving but can perfectly fit into this case. For Rel-18 NES, a serving cell can be configured with either DTX or DTX+DRX. For cell DTX, each Serving Cell may be configured by RRC with a periodic cell DTX pattern (i.e., Active and Non-Active Periods). The cell DTX operation affects UE's monitoring activity of PDCCH and configured downlink assignments in RRC_CONNECTED. For all activated Serving Cells with cell DTX configured and activated, the MAC entity may monitor PDCCH and configured downlink assignments using the cell DTX operation. For cell DRX, each Serving Cell may be configured by RRC with a periodic cell DRX pattern (i.e., Active and Non-Active Periods). The cell DRX operation controls Scheduling Request and configured uplink grant transmission activity in RRC_CONNECTED. For all activated Serving Cells with cell DRX configured and activated, the MAC entity may transmit configured uplink grant transmissions and Scheduling Request using the cell DRX operation. An example of cell DTX is shown below:
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For case 2, the cell level DTX/DRX mechanism doesn’t work well, as it only allows all the beams of a cell to switch on/off at the same time.

According to RAN1 agreement in last meeting, RAN1 intends to evaluate beam level on/off:
	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.


Thus, we think that RAN2 can start to work on beam level on/off mechanism.
Proposal 2 RAN2 starts to work on beam level on/off mechanism to solve the EIRP reduction issue.
As we described above, NES supports both cell DTX and cell DRX. DTX enables a cell to dynamically turn on its Tx, while DRX enables a cell to dynamically turn on its Rx. Concerning that the objective of this WI is to solve the EIRP issue due to transmission power limitation, it is straightforward to use beam DTX to dynamically turn on/off some beam transmissions to save power for other beams’ transmission. For beam DRX, it seems nothing to do with EIPR issue, RAN2 may need to decide whether to consider beam DRX.

Proposal 3 For beam level on/off, beam DTX is supported.
Proposal 4 For beam level on/off, RAN2 to discuss whether beam DRX is supported or not.
3 Conclusions  
Proposal 1 With regard to link level enhancement, RAN2 waits for RAN1 agreement on the DL channels to enhance before starting any RAN2 work.

Proposal 2 RAN2 starts to work on beam level on/off mechanism to solve the EIRP reduction issue.
Proposal 3 For beam level on/off, beam DTX is supported.
Proposal 4 For beam level on/off, RAN2 to discuss whether beam DRX is supported or not.
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