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1	Introduction
In RAN2#125-bis concerns were raised on whether RAN2 had answers to some essential questions regarding the ongoing work for downlink coverage enhancement. One of these open issues were whether to assume a single NTN beam will cover a cell or a part of a cell. It was also raised what would be the difference in the current behaviour of the network compared to now. In the end, RAN2 agreed to discuss at RAN2#126 which open issues are relevant to be answered by RAN1.
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

This Tdoc discuss’ the topics we find relevant to RAN2.
2	Discussion
An issue raised by satellite vendors within RAN1#116 on the NTN LEO deployment was that only a fraction (1-10%) of the available beams can be active at the same time on a single satellite. This lead to the following three possible types of beam footprints.
For system level study based on analytical evaluation:
-	N1 beam footprints are in state “off”
o  These beam footprints are not served by any signal (no satellite service in this area)
-	N2 beam footprints are in state “common messages only”
o	These beam footprints do not have any active user traffic, and are served the necessary information for cell discovery and initial access.
-	N3 beam footprints are in state “active traffic” 
o	These beam footprints have X active VoNR users each.
o	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.

While discussing this in RAN2#125-bis a question was raised on how to interpret the cell//beam DTX/DRX operation, as within NTN context the following combinations of satellite beams and NR cells are possible:
1. A satellite beam is mapped to a cell, so there is a one-to-one mapping.
2. Several satellite beams are forming a cell, so there is a many-to-one mapping.
In the latter case each satellite beam can furthermore be an NR beam. Theoretically, in case 2 some satellite beams belonging to the same cell can be switched off while other stay on. However, this means coverage for some UEs in the cell disappears. To inform the UEs of this, broadcast information cannot be used as that is not satellite beam specific, while using dedicated signalling is very power inefficient.
Observation 1: having a switching on-off granularity different from cell level is very power inefficient.
Seen from a signalling perspective, the DTX/DRX mechanism should be on cell level and thus we believe that this assumption can be taken from a RAN2 perspective. Whether/how beams will be used to cover a single cell, along with whether/how this is possible should be up to RAN1.
Proposal 1: RAN2 to assume that the work on signalling for downlink coverage enhancement will be on cell level. Up to RAN1 whether a cell is covered by multiple beams or not.
As of the scope in the WID for the downlink coverage enhancements study, it is to check whether there are any beneficial enhancements. Furthermore, it is described that Rel-18 network energy savings should be the baseline for the DL coverage enhancements system level study.
	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]
· 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




One way that Rel-18 NES works is to allow for independent cell DTX/DRX, as seen below in the text from the current 38.300 specification. The yellow marked line also describes that when in Cell DTX/DRX mode the SSB, paging and system information still needs to be transmitted while also the RACH resources need to be available, i.e. the cell is not completely switched off. This corresponds to the N2 state in DL coverage enhancements system level work.
Observation 2: Rel-18 NES allows for independent cell DTX/DRX to enhance power saving.
Observation 3: Legacy NES cell DTX/DRX is defined as RAN1’s “N2” state within the downlink coverage enhancement study, i.e. it is not allowed to impact idle mode operations, including SSB transmission of RACH occasions.
	[bookmark: _Toc163030121]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 operation is only supported for single TRP scenario. 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;
Once the gNB recognizes there is an emergency call or public safety related service (e.g. MPS or MCS), the network should ensure that there is no impact to that service (e.g. it may release or deactivate cell DTX/DRX configuration). The network should also ensure that there is at least partial overlapping between UE's connected mode DRX on-duration and cell DTX/DRX active duration, i.e. the UE's connected mode DRX periodicity is a multiple of cell DTX/DRX periodicity or vice versa.



The requirement set above in the legacy NES is not compliant with the N1 state defined by RAN1, where the cell is switched completely off. Thus, if cells are to be switched completely off for power savings, the existing framework of NES cannot be used and new procedures is required. Such procedure can for example inform the UEs that a cell will completely be switched off for a certain duration of time. Drawback is this is however that this signalling will not be understood by legacy users, which will believe the cell has disappeared when it is being switched off. This will lead to cell search by these UE, leading to increased UE energy consumption, which is not desirable.
Observation 4: The existing framework of NES cannot be used to which cells completely off and new, non backwards compatible, signalling/procedures are required.
Although the N1 state is not trivial to handle based on legacy procedures, there is another issue with the N2 being the SSB periodicity. Assuming the N2 covering RRC_IDLE/RRC_INACTIVE would be achieved by transmitting the SSBs/SIBs more sparsely, the worst case scenario can be calculated. In RAN1 it is defined that the number of active beams can be just 16, and the number of total beam footprints are 1058, requiring approximately 66 beam hopping steps to cover each footprint at least once. Since a step would be assumed to be at least a single half frame, and the SSB/SIB periodicity must be indicated in the power of 2, at least a SSB periodicity of 640 ms is required.
In 38.213 section 4.1, it states that the UEs in RRC_IDLE/RRC_INACTIVE assumes that half frames with SS/PBCH blocks occur with a periodicity of 2 frames, meaning that if this assumption does not hold, it will initiate initial cell search, which may be quite energy consuming. Furthermore, the network does not know which UEs are camping the cell, and thus cannot signal to these that it will go out of coverage.
	[bookmark: _Toc12021439][bookmark: _Toc20311551][bookmark: _Toc26719376][bookmark: _Toc29894807][bookmark: _Toc29899106][bookmark: _Toc29899524][bookmark: _Toc29917261][bookmark: _Toc36498135][bookmark: _Toc45699161][bookmark: _Toc161999086]4.1	Cell search
Cell search is the procedure for a UE to acquire time and frequency synchronization with a cell and to detect the physical layer Cell ID of the cell. 
<< Text omitted >>
For initial cell selection, a UE may assume that half frames with SS/PBCH blocks occur with a periodicity of 2 frames. 




Observation 5: Utilising NTN downlink coverage enhancement suitable NES including turning SSB transmission off or increasing periodicity, will trigger a cell (re)selection procedure in legacy UEs and thus compromising energy consumption.
Observation 6: New signalling/procedures to handle UEs in RRC_IDLE/ RRC_INACTIVE will only work for Rel19 UEs and will not be backwards compatible, leading to potential increased energy consumption.
Proposal 2: It is RAN2s understanding that legacy UEs will not be compatible with any new DL coverage enhancement signalling procedures.
Proposal 3: RAN2 to agree that support of system level downlink coverage enhancements in Rel-19 will not be trivial as there will be high spec impact, including on legacy NES 
Proposal 4: RAN2 to send the above conclusions in an LS to RAN1
3	Conclusion
This document has made the following observations and proposals:
Observation 1: having a switching on-off granularity different from cell level is very power inefficient.
Proposal 1: RAN2 to assume that the work on signalling for downlink coverage enhancement will be on cell level. Up to RAN1 whether a cell is covered by multiple beams or not.
Observation 2: Rel-18 NES allows for independent cell DTX/DRX to enhance power saving.
Observation 3: Legacy NES cell DTX/DRX is defined as RAN1’s “N2” state within the downlink coverage enhancement study, i.e. it is not allowed to impact idle mode operations, including SSB transmission of RACH occasions.
Observation 4: The existing framework of NES cannot be used to which cells completely off and new, non backwards compatible, signalling/procedures are required.
Observation 5: Utilising NTN downlink coverage enhancement suitable NES including turning SSB transmission off or increasing periodicity, will trigger a cell (re)selection procedure in legacy UEs and thus compromising energy consumption.
Observation 6: New signalling/procedures to handle UEs in RRC_IDLE/ RRC_INACTIVE will only work for Rel19 UEs and will not be backwards compatible, leading to potential increased energy consumption.
Proposal 2: It is RAN2s understanding that legacy UEs will not be compatible with any new DL coverage enhancement signalling procedures.
Proposal 3: RAN2 to agree that support of system level downlink coverage enhancements in Rel-19 will not be trivial as there will be high spec impact, including on legacy NES 
Proposal 4: RAN2 to send the above conclusions in an LS to RAN1



