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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

RAN2 has touched upon this matter during RAN2#125bis meeting, with the following agreements achieved. According to it, RAN2 would discuss about cell level/beam level DTX/DRX and identify questions involving RAN1. In this contribution, we will discuss about relevant matters and also pinpoint the issues relevant to RAN1/RAN4.
Agreements from RAN2#125bis meeting:

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
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 all 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. 

Observation 1: Cell DTX/DRX designed in Rel-18 NES is only applicable to RRC connected UE.

Observation 2: Certain uplink transmissions and downlink monitoring are allowed during cell DTX/DRX non-active duration.
2.2 RAN1 progress on system level DL coverage enhancement
For the last two meeting, RAN1 was mainly discussing about the simulation assumption, which is not relevant to RAN2 now. But the assumption regarding the three patterns on beam footprints N1/N2/N3 would impact RAN2 design.
	Excerpted from RAN1 #116 meeting:
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


Proposal 1: RAN2 should consider the three kinds of states provided by N1/N2/N3 beam footprints raised by RAN1.
2.3 DTX/DRX in NTN
Issue 1: Cell level or beam level

In last RAN2 meeting, there was a discussion on the granularity of DTX/DRX in NTN. It was mentioned by some companies that cell level DTX/DRX is sufficient. From our understanding, whether one NTN cell is represented by one beam foot print or multiple beam foot prints are not specified. That is, it is up to network implementation to decide. 

Observation 3: One NTN cell be composed by either one or multiple beam foot prints.

Then, when we talk about beam hopping in cell level or beam level, it may lead to different cases, as shown in below figures.
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Fig. 1 Cell level DTX/DRX by beam hopping
In cell level DTX/DRX, it has the following characteristics:

1) All beam footprints in a cell have the same state (N1/N2/N3).

2) When beam hopping occurs, all beam footprints inside the cell are switched to another state (N1/N2/N3).
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Fig. 2 Beam level DTX/DRX by beam hopping
On the opposite, beam level DTX/DRX would be more flexible:
1) Different beam foot prints inside a cell can belong to different states (N1/N2/N3)

2) When beam hopping occurs, the beam footprints inside a cell are switched to a different state (N1/N2/N3) independently.
Our view is both cell level and beam level DTX/DRX are doable. RAN2 can wait for RAN1 input on which one(s) to support. It is expected the two mechanisms may lead to different functional and signaling changes in RAN2. Right now, we can start our discussion on the common issue of UE behavior during N1/N2/N3 states, while waiting for RAN1 response.
Proposal 2: RAN2 asks RAN1 input on which one(s) to support between cell level and beam level DTX/DRX.
Proposal 3: RAN2 can discuss about UE behaviors for N1/N2/N3 states while waiting for RAN1 response on cell level / beam level DTX/DRX.

Issue 2: DTX only or both DTX/DRX for NTN
It is well understood that the corresponding objective is to boost DL coverage in NTN by focusing power into part of Tx beams, that is, DTX should be supported. However, it is worthwhile of discussing about whether DRX should be also considered. From our understanding, since all FR1 NTN bands are FDD bands, the transceiver hardware is not shared between Tx and Rx. Therefore, DTX and DRX can be configured independently. But we are not quite certain Rx beams do not need to perform switching like Tx beams. Thus, our preliminary thought is both DTX and DRX should be considered. If RAN2 cannot conclude this, we can also ask RAN1 or RAN4 for guidance.
Proposal 4: RAN2 asks RAN1/RAN4 input about whether cell level / beam level DRX should be supported, in addition to cell level / beam level DTX.
Issue 3: UE behavior during N1/N2/N3 state

For DTX configuration in NTN, it should be clarified that the network operation is a bit different from NES assumption. In NES, even in DTX/DRX non-active duration, network side still has the hardware for DL transmission and UL reception. 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 DTX N1 state.

Observation 4: During N1 state, satellite would not be able to transmit any DL signals (e.g., DL re-transmission, MSG2/MSG4, etc) or receive any UL signals.
For 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 5: UE does not perform any downlink reception or uplink transmission during N1 state. 
Then for N2 state, RAN1 mentioned there would be necessary information for cell discovery and initial access. That is, any UE specific transmission/reception (UE dedicated PDCCH monitoring, HARQ re-transmission, CG transmission, SR transmission, CSI reporting, etc.) would not be supported during N2 state.
	· 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


Proposal 6: RAN2 to discuss about UE behaviors during N2 state.
For N3 state, RAN2 may need to discuss about whether it is a UE specific pattern, or common to all UE(s).  If it is UE specific pattern, it would be configured in RRCReconfiguration message to UE. Or if it is common to all UE in the cell, the configuration can be provisioned in SIB. Thus, we feel it might be difficult to clearly define starting from which message, N3 is started. What matters more is when N3 is stopped since UE should not expect any dedicated signaling after N3 is stopped. Inside N3, we think UE operation should be the same as legacy when no cell level/beam level DTX/DRX is introduced.
Proposal 7: UE operation during N3 state is normal as legacy (i.e., when there is no cell level/beam level DTX/DRX).
Another point worth of discussion is whether the cell level / beam level DTX/DRX should be applicable to RRC idle UE. For example, due to the network hardware limitation, it seems reasonable for UE to consider cell level / beam level DTX/DRX to determine when to initiate initial access. For example RRC idle UE should not initiate RACH procedure during N1 state.

Proposal 8: Cell level / beam level DTX/DRX states (at least N1 state) should be known to RRC idle UE(s).
Issue 4: Co-existence with NES cell DTX/DRX
N1/N2/N3 states are new mechanisms in NTN. One may ask whether the NES DTX/DRX can be configured together with NES cell DTX/DRX. At this moment, we think it is better to focus on NTN specific cell level / beam level DTX/DRX first.
Proposal 9: Down-prioritize the coexistence with NES cell DTX/DRX.

3 Conclusion

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

Observation 1: Cell DTX/DRX designed in Rel-18 NES is only applicable to RRC connected UE.

Observation 2: Certain uplink transmissions and downlink monitoring are allowed during cell DTX/DRX non-active duration.
Proposal 1: RAN2 should consider the three kinds of states provided by N1/N2/N3 beam footprints raised by RAN1.
Observation 3: One NTN cell be composed by either one or multiple beam foot prints.

Proposal 2: RAN2 asks RAN1 input on which one(s) to support between cell level and beam level DTX/DRX.

Proposal 3: RAN2 can discuss about UE behaviors for N1/N2/N3 states while waiting for RAN1 response on cell level / beam level DTX/DRX.

Proposal 4: RAN2 asks RAN1/RAN4 input about whether cell level / beam level DRX should be supported, in addition to cell level / beam level DTX.
Observation 4: During N1 state, satellite would not be able to transmit any DL signals (e.g., DL re-transmission, MSG2/MSG4, etc) or receive any UL signals.
Proposal 5: UE does not perform any downlink reception or uplink transmission during N1 state. 
Proposal 6: RAN2 to discuss about UE behaviors during N2 state.
Proposal 7: UE operation during N3 state is normal as legacy (i.e., when there is no cell level/beam level DTX/DRX).
Proposal 8: Cell level / beam level DTX/DRX states (at least N1 state) should be known to RRC idle UE(s).
Proposal 9: Down-prioritize the coexistence with NES cell DTX/DRX.
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