[bookmark: OLE_LINK3]3GPP TSG RAN WG1 #116	R1-2401130
Athens, Greece, February 26th – March 1st, 2024

Source:	NTT DOCOMO, INC.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Title:	Discussion on DL coverage enhancement for NR-NTN
[bookmark: Source]Agenda Item:	9.11.1
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
At the RAN#102 meeting [1], the new WI for NR-NTN was endorsed for R19. In the WID, DL coverage enhancement is included as below. Both system level enhancement and link level enhancement are to be discussed. In this contribution, we share our further views on DL coverage enhancement for NR-NTN, especially for the cyan part and the yellow part below in this meeting.
	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



2. Discussions
2.1. Additional reference satellite payload parameters / System assumptions
In discussion on R19 WI scope, it was argued that satellite total TX power is not infinite and thus satellite EIRP density defined in 38.821 is not a realistic value when all satellite beams (e.g., 400 beams) are active. Then either reducing EIRP density per beam or assuming less active beams for each timing, or both are necessary. That is, power sharing among satellite beams or different satellite beam patterns/size across the satellite footprint can be applied for better link budget for each UE. For further discussion, fixing parameters/assumptions are necessary to determine the target and have alignment among companies. 
Our view on system assumptions is illustrated below. 
· Minimum elevation angle = 30 deg: Based on R18 discussion, 30 deg elevation angle can be the minimum value.
· Altitude = 600 km: As in WID.
· Cell diameter = 1000 km: According to the figure below, it seems that 1000 km is the most feasible value.
· Beam diameter = 50 km: As in TR 38.821.
· No. of total beams = 400: Based on the above parameters. This is a basic assumption and if wider/narrower beam is used, this is not the case.
· System BW = 30 MHz: As in TR 38.821.
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Fig. 1: System assumptions
In this assumption, if all 400 beams are active with 34 dBW/MHz per beam as captured in 38.821, EIRP per beam = 48.8 dBW @30MHz BW, CNR = -1.4 dB, and the total EIRP for 30 MHz system BW = 74.8 dBW. However, based on the above, EIRP reduction is to be achieved by some mechanism. 
Firstly, EIRP per beam may be a bit excessive. Which EIRP is necessary can be relevant to SSB detection performance since it shall be satisfied in any situation and performance of the other DL channels/signals will be aligned by link level enhancement in this release, as mentioned at the next section. The required SNR for SSB detection is -10.1 dB (see the next section), and thus max 8.7 (= -1.4 – (-10.1)) dBW/MHz can be reduced from EIRP per beam under assumption that enhancement per channel will be introduced so that required SNR is aligned among SSB and the other DL channels/signals. In this case, if all 400 beams are active with the reduced EIRP, the total EIRP = 66.1 dBW. 
Then, “power sharing among satellite beams or different satellite beam patterns/size across the satellite footprint” is considered for further EIRP reduction at satellite and/or better resource efficiency and/or higher user throughput. If not all 400 beams but e.g., 100 beams with the same beam diameter are active, the total EIRP for 30 MHz BW can be 60.1 dBW. In this scenario, the satellite can perform “power sharing among satellite beams or different satellite beam patterns/size across the satellite footprint” in total EIRP = 60.1 dBW.
Proposal 1:
· For discussion on additional reference satellite payload parameters / system assumptions, the following are used:
· Minimum elevation angle = 30 deg
· Altitude = 600 km
· Cell diameter = 1000 km
· Beam diameter = 50 km
· No. of total beams = 400
· System BW = 30 MHz
Observation 1:
· If 400 beams are active based on 38.821, the total EIRP for 30 MHz BW = 74.8 dBW and the CNR = -1.4 dB.
· If the required SNR for SSB detection (-10.1 dB) is considered under assumption that enhancement per channel will be introduced so that required SNR is aligned among SSB and the other DL channels/signals, the total required EIRP = 66.1 dBW.
· Further, if 100 beams are active simultaneously instead of 400 beams with the same beam diameter, the total EIRP = 60.1 dBW. i.e., Satellite can perform “power sharing among satellite beams or different satellite beam patterns/size across the satellite footprint” in total EIRP = 60.1 dBW.

2.2. Link level evaluation methodology/KPIs
In this agenda item, SSB channel enhancement is not considered since backward compatibility shall be ensured and also SSB enhancement will lead to quite large spec impact. This means that the existing performance level of SSB detection is the upper limit from system perspective. Under this restriction, when performance level of the other DL channels/signals is the same with SSB detection, the system can offer maximum performance. In other words, the target of link level enhancement should be required SNR for SSB detection, though R18 NTN CovEnh considered CNR vs required SNR for each UL channel/signal. CNR aspect for DL is relevant to system level discussion/deployment and thus it is difficult to use CNR for the performance target.
For the SSB detection performance, we show simulation evaluation results below. Simulation parameters are the same as what RAN1 agreed in R18 NTN discussion and what the R19 WID mentions, which can be summarized as follows.
Table 1: Simulation parameters for SSB detection
	Parameter
	Value

	System
	Carrier frequency
	2 GHz

	
	SCS
	15 kHz

	
	Frequency offset
	0.1 ppm

	
	Channel model
	NTN-TDL-C

	
	Performance target
	1% BLER

	TX
	Satellite assumptions
	LEO-600 in elevation angle = 30 deg.

	
	Number of transmit chains
	1

	
	SSB Periodicity
	20ms

	RX
	Performance metric
	Combination of 4 SSBs in 80ms.
Note: UE is not assumed to know the SS/PBCH block index

	
	Number of UE receive chains
	2

	
	Rx antenna gain
	-5 dBi per element

	
	Rx antenna type
	Omni-directional antenna element

	
	UE speed
	3 km/h


Simulation results of SSB detection in the above assumption are given as the following curve. Based on this curve, it can be found that the target SNR for link level evaluation/enhancement in this agenda item can be -10.1 dB. 
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Fig. 2: BLER of SSB detection
For evaluations on the other DL channels/signals also, simulation assumptions can be the same as what we agreed in R18 NTN discussion. Agreements in RAN1#109-e for R18 NR NTN can be the reference. Meanwhile, some parameters may be updated; they should be discussed and clarified explicitly. In our view, at least the following three aspects should be discussed.
· Data rate: for PDSCH, R18 assumes 3 kbps if PFD limitation is considered; otherwise, 1 Mbps. However, now PFD limitation is out of scope and thus which data rate is considered is a discussion point. In our view, at least 3 kbps can be the target; for higher throughput, system level aspect, i.e., power sharing among satellite beams or different satellite beam patterns/size across the satellite footprint can be considered. 1 Mbps may be possible by the mechanism.
· TBS for Msg2 PDSCH: in R18 NTN, TBS for Msg2 PDSCH was not defined for evaluation purpose. Meanwhile, 38.865 in R18 defines the TBS = 72 bits. This value can be reused for this agenda item.
· PDCCH length: although R18 NTN assumes 2 symbols PDCCH with 48 PRBs, 38.865 uses 3 symbols PDCCH with 24 PRBs as well as 2 symbols PDCCH with 48 PRBs. The same assumption as in 38.865 may be better for more detailed evaluations.
Observation 2:
· Basically, what RAN1 did and agreed in R18 NTN CovEnh can be reused for DL. Meanwhile, the target is not required SNR for each target BLER but the required SNR for SSB, i.e., -10.1 dB.
Proposal 2:
· For each physical channel/signal, required SNR evaluated by LLS is compared to the required SNR for SSB, i.e., -10.1 dB.
Proposal 3:
· Evaluation parameters for link level simulation are the same as agreed in RAN1#109-e for R18 NTN, with the following exceptions:
· For low-data rate service, 3 bps is assumed
· For Msg2 PDSCH, TBS = 72 bits
· For PDCCH, 2 symbols with 48 PRBs or 3 symbols with 24 PRBs

2.2.1. Link level simulations of PDSCH/Msg2-PDSCH/Msg4-PDSCH/PDCCH
Based on the assumptions proposed in the last section, we performed link level simulations of PDSCH/Msg2-PDSCH/Msg4-PDSCH/PDCCH and the results are provided as follows.
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Fig. 3: Link level simulation results (PDSCH/Msg2-PDSCH/Msg4-PDSCH/PDCCH)
From these curves, it can be found that at least enhancements for Msg2-PDSCH/Msg4-PDSCH/PDCCH are necessary. For Msg2-PDSCH/Msg4-PDSCH/PDCCH, the performance gap is 4.7 dB, 4.5 dB, 2.7 dB, respectively. It seems that some enhancements to remove the performance gap are realistically possible and thus we suggest discussing/introducing enhancements for these channels in this agenda item. One important note will be that PDCCH in initial access should also be the target.
Observation 3:
· Based on evaluation parameters agreed in RAN1#109-e for R18 NTN and captured in TR 38.865, there are performance gap of 4.7 dB, 4.5 dB, 2.7 dB b/w SSB and Msg2-PDSCH/Msg4-PDSCH/PDCCH, respectively.
Proposal 4:
· R19 NTN DL coverage enhancement introduces link level enhancements for Msg2-PDSCH/Msg4-PDSCH/PDCCH.
· PDCCH in initial access is also within the scope.

2.3. System level evaluation aspect
In the R19 NR NTN WID, system level enhancement is included and for the purpose, system level simulation is mentioned. In addition, R18 NES techniques are considered as baseline for the system level enhancement, allowing dynamic and flexible power sharing between satellite beams or different satellite beam patterns/size (i.e., wide or narrow) across the satellite footprint. However, after careful checking of R18 NES techniques, we do not see any potential/promising approach for NR-NTN among R18 NES features. R18 NES WI introduced the following RAN1-related mechanisms:
· A) CSI report enh.
· Spatial-domain adaptation: CSI measurement/report for more beam patterns and/or beam sizes
· Power-domain adaptation: CSI calculation/report for several power offsets
· That is, the best beam patterns/sizes/power are selected in consideration of balance b/w communication performance and NES. Whether/how to apply dynamic and flexible power sharing based on UE reports seems to be a NW/satellite implementation issue.
· B) Cell DTX/DRX.
· Cell-DTX/DRX configuration (On-duration timer of {1/32, …, 1600} ms, Cycle of {10, …, 10240} ms, etc.) via UE-dedicated RRC signaling
· Cell-DTX/DRX pattern indication via DCI format 2_9
· UE behavior in cell DTX/DRX: DL RX/UL TX are skipped, respectively.
· That is, any cell DTX/DRX pattern can be configured/indicated for dynamic and flexible power sharing between satellite beams or different satellite beam patterns/size across the satellite footprint. Different pattern can be indicated among satellite beams by NW implementation, e.g., different NES-RNTI, etc.
Correspondingly, what aspect should be evaluated is not found. As discussed at the first section, satellite can perform “power sharing among satellite beams or different satellite beam patterns/size across the satellite footprint” in total EIRP = 60.1 dBW. This can be performed by satellite/NW implementation, with R18 NES mechanism if necessary. There seems no problem on the operation in the current specification.
Observation 4:
· What should be evaluated/enhanced for dynamic and flexible power sharing is unclear.
· Satellite/NW implementation can achieve “power sharing among satellite beams or different satellite beam patterns/size across the satellite footprint” in a practical EIRP, with R18 NES techniques if necessary.
Proposal 5 (for conclusion):
· From RAN1 perspective, no system-level simulation/enhancement is necessary.

3. Conclusion
In this contribution, we discussed DL coverage enhancement for NR-NTN. Observations/Proposals are summarized as following: 
Proposal 1:
· For discussion on additional reference satellite payload parameters / system assumptions, the following are used:
· Minimum elevation angle = 30 deg
· Altitude = 600 km
· Cell diameter = 1000 km
· Beam diameter = 50 km
· No. of total beams = 400
· System BW = 30 MHz
Observation 1:
· If 400 beams are active based on 38.821, the total EIRP for 30 MHz BW = 74.8 dBW and the CNR = -1.4 dB.
· If the required SNR for SSB detection (-10.1 dB) is considered under assumption that enhancement per channel will be introduced so that required SNR is aligned among SSB and the other DL channels/signals, the total required EIRP = 66.1 dBW.
· Further, if 100 beams are active simultaneously instead of 400 beams with the same beam diameter, the total EIRP = 60.1 dBW. i.e., Satellite can perform “power sharing among satellite beams or different satellite beam patterns/size across the satellite footprint” in total EIRP = 60.1 dBW.
Observation 2:
· Basically, what RAN1 did and agreed in R18 NTN CovEnh can be reused for DL. Meanwhile, the target is not required SNR for each target BLER but the required SNR for SSB, i.e., -10.1 dB.
Proposal 2:
· For each physical channel/signal, required SNR evaluated by LLS is compared to the required SNR for SSB, i.e., -10.1 dB.
Proposal 3:
· Evaluation parameters for link level simulation are the same as agreed in RAN1#109-e for R18 NTN, with the following exceptions:
· For low-data rate service, 3 bps is assumed
· For Msg2 PDSCH, TBS = 72 bits
· For PDCCH, 2 symbols with 48 PRBs or 3 symbols with 24 PRBs
Observation 3:
· Based on evaluation parameters agreed in RAN1#109-e for R18 NTN and captured in TR 38.865, there are performance gap of 4.7 dB, 4.5 dB, 2.7 dB b/w SSB and Msg2-PDSCH/Msg4-PDSCH/PDCCH, respectively.
Proposal 4:
· R19 NTN DL coverage enhancement introduces link level enhancements for Msg2-PDSCH/Msg4-PDSCH/PDCCH.
· PDCCH in initial access is also within the scope.
Observation 4:
· What should be evaluated/enhanced for dynamic and flexible power sharing is unclear.
· Satellite/NW implementation can achieve “power sharing among satellite beams or different satellite beam patterns/size across the satellite footprint” in a practical EIRP, with R18 NES techniques if necessary.
Proposal 5 (for conclusion):
· From RAN1 perspective, no system-level simulation/enhancement is necessary.
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