3GPP TSG-RAN RAN2 #125bis					        R2-2402825
[bookmark: _Hlk162878970]Changsha, China, 15 – 19 April, 2024
[bookmark: Source]Agenda Item:		8.8.2
[bookmark: _GoBack]Source:			Huawei, HiSilicon, Turkcell
Title:			Discussion on downlink coverage enhancements
Document for:		Discussion and Decision
1   Introduction
According to the RAN plenary #103 meeting, the approved work item on NTN for NR contains the following objective on DL coverage enhancements [1]:
	1. [bookmark: _Hlk162445187][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



Among the link level and system level solutions that RAN1 is working on, some of the system level solutions could also be investigated by RAN2 in parallel with RAN1. In this paper, we aim at providing further details on those solutions.
2   Discussion
As described in [1], only a limited number of beams could be active simultaneously in NTN due to satellite power constraints. RAN1 has been working on defining additional reference satellite parameters for scenarios in FR1 and FR2. RAN1 has agreed in the RAN1#116 meeting that the percentage of the simultaneously active beams within the total number of beam footprints is 1.5% or 10.02%, and the total number of beams are 1058 in FR1 and 800 in FR2 respectively.
In addition to the above, RAN1 has also reached the following agreement:
	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.


Observation 1: RAN1 has agreed on some reference satellite parameters for scenarios in FR1 and FR2. The percentage of simultaneously active beams within the total number of beam footprints is 1.5% or 10.02%.
Observation 2: RAN1 is discussing the potential beam on/off status and the following assumption can be taken as the baseline for RAN2 work:
· 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”

RAN1 has not determined on the mapping between satellite beams and NR beams/cells, 5 options have been raised in [2]:
· Option 1: Single NR cell per satellite beam and single NR beam per NR cell;
· Option 2: Multi-Satellite beams per NR cell and single NR beams per NR cell; 
· Option 3: Multi-Satellite beams per NR cell and multi NR beams per NR cell;
· Option 4: Multi NR cells per satellite beam;
· Option 5: Multi NR cells split across satellite beams.
In our understanding, UEs are only aware of NR beams and NR cells from specification perspective, how the satellite beams map to NR beams is up to implementation, and the current specification already allows multiple beams per cell, i.e. Option 3 can be the starting point for further study.
To overcome the low coverage ratio (1.5% or 10.02%), beam hopping mechanism is proposed, as illustrated in the below picture:
[image: ]
RAN1 is still working on the details for beam hopping transmission of common signals, e.g. increased SS burst periodicity (> 160ms). The modification to common signals will have large impacts on initial access. Taking the N1/N2/N3 assumption as a baseline, the N1 beams in state “off” will affect all UEs (legacy UEs and R19 NTN UEs), the N2 beams in state “common messages only” can be used to ensure coverage but will impact the performance of legacy UEs, the N3 beams in state “active traffic” aim to adapt the beam pattern based on the traffic characteristics of the UEs in certain areas.
From our perspective, the impacts on legacy UE and initial access can wait for further progress from RAN1, since they are dependent on the common signal designs.
Proposal 1: The discussion on initial access and the impacts to legacy UEs can wait for further progress from RAN1.
The RAN1 discussion is focused on the DL, because the UL beam hopping can be left to gNB implementation. In our understanding, the beam hopping is due to both power constraints and RF limitations, even though power constraint is not an issue at the receiver side of the satellite, beam hopping is still needed on the UL due to the limitation of overall antenna numbers. It was agreed in the WID that the R18 NES is taken as a baseline, and this mainly refers to the cell DTX/DRX. From RAN2 perspective, since both DL and UL needs to perform beam hopping, both cell DTX and cell DRX related mechanism can be considered.
Observation 3: Beam hopping applies to both DL and UL.
In R18 NES, UEs in RRC_CONNECTED can be configured with a cell DTX/DRX pattern, and UE/gNB behaviors in terms of which signals/channels are expected to be transmitted during the active or non-active period of cell DTX/DRX have been discussed. During the non-active period, some common signals can still be transmitted, such as SSB, paging, and system information. Random access procedure is also allowed during non-active period of cell DTX/DRX to avoid negative impacts on UEs in RRC_IDLE/INACTIVE.
In NR NTN, even though the motivation is not for network energy saving, a similar on-off pattern should be introduced due to beam hopping. In NTN scenario, the uneven distribution of user density among different beams should be considered to enhance the cell DTX/DRX mechanism. When there are multiple beams under the same cell, the beams in one cell may have different beam state due to the power limitation. Therefore, a beam-level on-off pattern or area-level on-off pattern can be considered, as illustrated below. On this basis, RAN2 can further discuss which signals/channels are affected by the on-off pattern.
[image: ]
Proposal 2: RAN2 consider introducing area/beam level DTX/DRX, i.e. specific area or beam is characterized by active and inactive period.
3   Conclusion
In this paper, we discuss DL coverage enhancement and propose the following:
Observation 1: RAN1 has agreed on some reference satellite parameters for scenarios in FR1 and FR2. The percentage of simultaneously active beams within the total number of beam footprints is 1.5% or 10.02%.
Observation 2: RAN1 is discussing the potential beam on/off status and the following assumption can be taken as the baseline for RAN2 work:
· 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”
Observation 3: Beam hopping applies to both DL and UL.
Proposal 1: The discussion on initial access and the impacts to legacy UEs can wait for further progress from RAN1.
Proposal 2: RAN2 consider introducing area/beam level DTX/DRX, i.e. specific area or beam is characterized by active and inactive period.
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