3GPP TSG RAN WG1 #116b                                                    R1-2402120
Changsha, Hunan Province, China, April 15th – 19th, 2024

Agenda Item:	9.11.1
Source:	Spreadtrum Communications
Title:	Discussion on NR-NTN downlink coverage enhancement 
Document for:	Discussion and decision

Introduction
The WID on Non-Terrestrial Networks (NTN) for NR Phase 3 is approved in [1]. 
	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

1. Uplink Capacity/Throughput Enhancement for FR1-NTN [RAN1, RAN2, RAN4]
· Study then specify, if beneficial, DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC)
· Determine the achievable capacity improvement to be targeted taking into account realistic impairments (e.g. Doppler, time variation, phase distortion, etc)
· Specify necessary signalling, if needed 
· Update RF requirements accordingly, if needed
· Note: The study can consider orthogonal cover codes across OFDM symbols, across slots, and/or within an OFDM symbol.
· Note: the study phase is targeted to be completed by RAN#104
· Notes for this objective:
· The enhancement is not targeting improvements/impacts of MU-MIMO capability
· The enhancement is not targeted to PUSCH DMRS
· No enhancement for initial access
· Enhancements to PRACH are not in scope.
· This feature may be applicable for UEs operating in terrestrial networks based on a common design

1. Specify signaling of the intended service area of a broadcast service (e.g. MBS broadcast) via NR NTN [RAN2, RAN3]
· Specify SIB signaling to indicate the intended service area in case the satellite footprint covers a larger area. [RAN2]
· Specify the necessary signaling between CN and NG-RAN. [RAN3]

1. [bookmark: _Hlk153358806]Support of regenerative payload [RAN3, RAN2, RAN4]
· Specify the support of gNB on board in TS 38.300
· Specify, if needed, any necessary enhancements related to the intra and inter-gNB mobility, especially for Xn interface over feeder link or over ISL. [RAN3]
· Note: if any additional necessary stage-3 specifications impact for e.g. NGAP is identified, RAN3 will handle it.

1. Support of Rel-17 RedCap and Rel-18 eRedCap UEs with NR NTN operating in FR1-NTN bands [RAN4, RAN1]
· For full-duplex FDD RedCap and eRedCap UEs, define the RF and RRM requirements [RAN4]
· For HD-FDD RedCap UEs and eRedCap UEs, check whether any essential changes are needed for their support (i.e. focusing on HD collision rules) by end of Q2/2024 [RAN1]
· Depending on feasibility assessment above, define the RF and RRM requirements [RAN4]
· Notes for this objective:
· GNSS (Global Navigation Satellite Systems) capabilities and simultaneous GNSS and NR-NTN operation is supported in RedCap/eRedCap UE.


In this paper, we share our views on NR-NTN downlink coverage enhancement.

Link level enhancements
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN1#116, the following agreements on link level evaluation had been achieved [2].
	For link-level study, downlink coverage performance in NR NTN is evaluated according to the following steps.
· Step 1: CNR is calculated as defined in 6.1.3.1 of TR 38.821
· Step 2: Required SNR of target service is evaluated by LLS
· Step 3: The CNR and the required SNR are compared
Agreement
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.

Agreement
For DL coverage performance evaluation, the following are assumed for all channels/signals
· Channel model/Delay spread:
· Channel model as in Table 6.1.2-4 of TR38.821, NTN-TDL-C (LOS)
· Evaluation scenario:
· Rural (LOS)
· Channel estimation: Realistic estimation:
· Companies are encouraged to report channel estimation method.
· SCS:
· 15 kHz only
· UE speed: 3 km/h
· Frequency drift: TBD
· Frequency offset: 0.1 ppm

Agreement
DL coverage is evaluated at link level with the following considerations:
· NGSO at LEO-600 operating in FR1 is considered in priority
· Additional satellite payload parameters defined for system level evaluation are used
· FFS: Antenna gain reduction due to steering loss can be considered 

Agreement
For link budget calculation, parameters in the following table are assumed:

	Parameters
	

	Carrier frequency
	2 GHz for DL (S-band)

	Satellite altitude
	600 km

	Target elevation angle
	30° (LEO)

	Atmospheric loss
	Equation (6.6-8) in [38.811]

	Shadowing margin
	3 dB

	Scintillation loss
	Section 6.6.6 in [38.811]
Ionospheric loss: = 2.2 dB
Tropospheric loss: Table 6.6.6.2.1-1 of [38.811]

	Additional loss
	0 dB 

	Clear sky conditions
	Yes

	Satellite antenna polarization
	Circular polarization

	Terminal type
	[S band: (M, N, P) = (1,1,2)]

	UE antenna gain
	-5.5dBi

	Free space path loss
	Equation (6.6-2) in [38.811]

	Polarization loss
	3dB

	Outcome
	CNR





In this section, we provide our link level evaluation results based on above assumptions and considerations on link level enhancement.
Link level evaluation on NTN DL
The following two cases are included in our link level evaluation.
	Case#1
	LEO-600 km
Set1-1 FR1/ Set1-2 FR1
S band
Target elevation angle: 30° 

	Case#2
	LEO-600 km
Set1-3 FR1
S band
Target elevation angle: 30°



· PDCCH
For coverage evaluation of PDCCH in NR NTN, the following table is assumed.
Table 1: Evaluation parameters of PDCCH
	Parameter
	Value

	Number of UE receive chains
	2Rx for 2GHz

	Aggregation level
	8/16

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs for AL=16

	Tx Diversity
	Precoder cycling for REG Bundle

	Channel Model
	NTN-TDL-C

	BLER
	1% BLER


The PDCCH BLER performance are illustrated in Figure 1.
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Figure 1: Performance result of PDCCH 
The required SNRs of PDCCH are summarized and compared to the link budget in Table 2 based on the above evaluation results.
Table 2: Coverage analysis of PDCCH 
	Case
	Required SNR
	CNR (GT = -5.5 dBi)
	GAP(dB)

	1
	-7.2
	-1.8
	-5.4

	2
	-7.2
	-9.8
	2.6


Based on the above table, we have the following observations
Observation 1: For Set1-1 FR1/ Set1-2 FR1, coverage enhancement on PDCCH is unnecessary.
Observation 2: For Set1-3 FR1, coverage enhancement on PDCCH can be considered due to the 2.6 dB coverage gap.

· PDSCH for Msg2
For coverage evaluation of PDSCH for Msg2 in NR NTN, the following table is assumed.
Table 3: Evaluation parameters of PDSCH for Msg2
	Parameter
	Value

	Waveform
	CP-OFDM

	Number of UE receive chains
	2 for 2GHz

	Channel mode
	NTN-TDL-C

	PDSCH duration
	12 OS

	Modulation 
	QPSK

	PRBs
	48

	TBS
	64 bits

	DMRS configuration
	3 DMRS symbols

	Number of repetitions
	no repetition

	BLER
	10% iBLER


The PDSCH for Msg2 BLER performance are illustrated in Figure 2.
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Figure 2: Performance result of PDSCH for Msg2 
The required SNRs of PDSCH for Msg2 are summarized and compared to the link budget in Table 4 based on the above evaluation results.
Table 4: Coverage analysis of PDSCH for Msg2
	Case
	Required SNR
	CNR (GT = -5.5 dBi)
	GAP(dB)

	1
	-11.6
	-1.8
	-9.8

	2
	-11.6
	-9.8
	-1.8



Based on the above table, we have the following observation.
Observation 3: For Set1-1 FR1/ Set1-2 FR1/ Set1-3 FR1, coverage enhancement on PDSCH for Msg2 is unnecessary since there is no coverage gap.

· PDSCH for Msg4
For coverage evaluation of PDSCH for Msg4 in NR NTN, the following table is assumed.
Table 5: Evaluation parameters of PDSCH for Msg4
	Parameter
	Value

	Waveform
	CP-OFDM

	Number of UE receive chains
	2 for 2GHz

	Channel mode
	NTN-TDL-C

	PDSCH duration
	12 OS

	Modulation 
	QPSK

	PRBs
	96

	TBS
	1040 bits

	DMRS configuration
	Type I, 2 DMRS symbol

	Number of repetitions
	no repetition

	BLER
	10% iBLER


The PDSCH for Msg4 BLER performance are illustrated in Figure 3.
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Figure 3: Performance result of PDSCH for Msg4
The required SNRs of PDSCH for Msg4 are summarized and compared to the link budget in Table 6 based on the above evaluation results.
Table 6: Coverage analysis of PDSCH for Msg4
	Case
	Required SNR
	CNR (GT = -5.5 dBi)
	GAP(dB)

	1
	-10.2
	-1.8
	-8.4

	2
	-10.2
	-9.8
	-0.4



Based on the above table, we have the following observation.
Observation 4: For Set1-1 FR1/ Set1-2 FR1/ Set1-3 FR1, coverage enhancement on PDSCH for Msg4 is unnecessary since there is no coverage gap.

· PDSCH for VoIP
For coverage evaluation of PDSCH for VoIP in NR NTN, the following table is assumed.
Table 7: Evaluation parameters of PDSCH for VoIP
	Parameter
	Value

	Waveform
	CP-OFDM

	Number of UE receive chains
	2 for 2GHz

	Channel mode
	NTN-TDL-C

	PDSCH duration
	12 OS

	Modulation 
	QPSK

	PRBs
	36

	TBS
	184 bits

	DMRS configuration
	Type I, 2 DMRS symbol

	Number of repetitions
	8

	BLER
	2% iBLER


The PDSCH for VoIP BLER performance are illustrated in Figure 4.
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Figure 4: Performance result of PDSCH for VoIP
The required SNRs of PDSCH for VoIP are summarized and compared to the link budget in Table 8 based on the above evaluation results.
Table 8: Coverage analysis of PDSCH for VoIP
	Case
	Required SNR
	CNR (GT = -5.5 dBi)
	GAP(dB)

	1
	-8.4
	-1.8
	-6.6

	2
	-8.4
	-9.8
	1.4



Based on the above table, we have the following observations.
Observation 5: For Set1-1 FR1/ Set1-2 FR1, coverage enhancement on PDSCH for VoIP is unnecessary since there is no the coverage gap.
Observation 6: For Set1-3 FR1, coverage enhancement on PDSCH for VoIP should be considered due to the 1.4 dB coverage gap.

· PDSCH for low date rate service
For coverage evaluation of PDSCH for low date rate service in NR NTN, the following table is assumed.
Table 9: Evaluation parameters of PDSCH for low date rate service
	Parameter
	Value

	Waveform
	CP-OFDM

	Number of UE receive chains
	2 for 2GHz

	Channel mode
	NTN-TDL-C

	PDSCH duration
	12 OS

	Modulation 
	QPSK

	PRBs
	12

	TBS
	24 bits

	DMRS configuration
	Type I, 2 DMRS symbol

	Number of repetitions
	8

	BLER
	10% iBLER


The PDSCH for low date rate service BLER performance are illustrated in Figure 5.
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Figure 5: Performance result of PDSCH for low date rate service
The required SNRs of PDSCH for low date rate service are summarized and compared to the link budget in Table 10 based on the above evaluation results.
Table 10: Coverage analysis of PDSCH for low data rate service
	Case
	Required SNR
	CNR (GT = -5.5 dBi)
	GAP(dB)

	1
	-10.0
	-1.8
	-8.2

	2
	-10.0
	-9.8
	-0.2



Based on the above table, we have the following observation.
Observation 7: For Set1-1 FR1/ Set1-2 FR1/ Set1-3 FR1, coverage enhancement on PDSCH for low date rate service is unnecessary since there is no coverage gap.

Link level coverage enhancement consideration
· PDCCH
In Rel-17, M-TRP based PDCCH repetition is introduced. The network configures two linked SS sets through RRC to achieve PDCCH time-domain repetitive transmission, as shown in the below Figure. R17 can be configured with up to two linked SS sets, which means PDCCH supports up to two repeated transmissions. In addition, M-TRP based PDCCH repetition mechanism can be applied on a single TRP.


Figure 6: M-TRP based PDCCH repetition
In our view, M-TRP based PDCCH repetition in R17 can be as a start point for PDCCH coverage enhancement in NR NTN.
Proposal 1: M-TRP based PDCCH repetition in R16 can be as a start point for PDCCH coverage enhancement in NR NTN.

· PDSCH
In RRC CONNECTED mode, the maximum number of repetitions for PDSCH is 16. For PDSCH for VoIP and low date rate service, the most direct way to enhance coverage is to increase the number of PDSCH repetitions (e.g. up to 32). However, increasing the number of repetitions will reduce the spectral efficiency of the system and severely limit the system capacity of PDSCH transmission. Therefore, the enhancement of PDSCH coverage in RRC CONNECTED mode needs to consider the impact on spectral efficiency of system.
Proposal 2: The enhancement of PDSCH coverage in RRC CONNECTED mode needs to consider the impact on spectral efficiency of system.

System level enhancements
In RAN1#116, the following additional reference satellite parameters scenarios for LEO600km Set1 in FR1 (i.e., S-band), referred to as Set1-1 FR1, Set1-2 FR1 and Set1-3 FR1 had been achieved [2].
	Agreement
For DL coverage study, consider the following additional reference satellite parameters scenarios for LEO600km Set1 in FR1 (i.e., S-band), referred to as Set1-1 FR1, Set1-2 FR1 and Set1-3 FR1:

	 LEO600km Set1-1 FR1 (i.e., S-band)

	Maximum Bandwidth per beam
	5 MHz

	SCS
	15 kHz

	Beam size(Note 1)
	50km

	Satellite EIRP density /beam (dBW/MHz)
	34

	Payload Total DL power level (dBW)
	31.24

	Aggregated EIRP (Total) (dBW)
	61.24*

	Satellite Tx max Gain
	30 dBi

	Maximum EIRP per Satellite beam (dBW)
	41

	Total number of beam footprints***
	1058

	Total number of simultaneously active beams **
	106

	% simultaneously active beams**
	10.02 %

	*Note: EIRP limit is 61.24 dBm for the reference configuration. 
**Assuming 100 % Resource Block utilization within the same beam at max power. Absolute number of simultaneously active beams is up to 212 (due to limitation of RF) 
*** For a constellation design at 600km with low elevation angle with 30° and selected (i.e Set 1 parameters) beam size
Note 1: At least this beam size is considered in this scenario, larger beam sizes maybe evaluated and reported by companies



	LEO600km Set1-2 FR1 (i.e., S-band)

	Maximum Bandwidth per beam
	5 MHz

	SCS
	15 kHz

	Beam size (note 1)
	50km

	Satellite EIRP density /beam (dBW/MHz)
	34

	Payload Total DL power level (dBW)
	23

	Aggregated EIRP (Total) (dBW)
	53*

	Satellite Tx max Gain
	30 dBi

	Maximum EIRP per Satellite beam (dBW)
	41

	Total number of beam footprints
	1058

	Total number of simultaneously active beams**
	16

	% simultaneously active beams**
	1.5 %

	*Note: EIRP limit is 53 dBm for the reference configuration. 
**Absolute number of simultaneously active beams is up to 16 (due to limitation of RF)
Note 1: At least this beam size is considered in this scenario, larger beam sizes maybe evaluated and reported by companies



	LEO600km Set 1-3 FR1 (i.e., S-band)

	Maximum Bandwidth per beam
	5 MHz

	SCS
	15 kHz

	Beam size (note 1)
	50km

	Satellite EIRP density /beam (dBW/MHz)
	26

	Payload Total DL power level (dBW)
	23.24

	Aggregated EIRP (Total) (dBW)
	53.24*

	Satellite Tx max Gain
	30 dBi

	Maximum EIRP per Satellite beam (dBW)
	33

	Total number of beam footprints
	1058

	Total number of simultaneously active beams**
	106

	% simultaneously active beams**
	10.02 %

	*Note: EIRP limit is 53.24 dBm for the reference configuration. 
**Absolute number of simultaneously active beams is up to 212 (due to limitation of RF)
Note 1: At least this beam size is considered in this scenario, larger beam sizes maybe evaluated and reported by companies



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


It is clearly not feasible to transmit such a large number of beams at the same time due to limited total power on a satellite. Therefore, dynamic and flexible power sharing between satellite beams or different satellite beam patterns/size across the satellite footprint should be considered to support system-level coverage extension. In our view, dynamic and flexible power sharing between satellite beams in RRC IDLE/INACTIVE mode and RRC CONNTECD mode should be discussed.

· RRC IDLE/INACTIVE  mode
Based on the Set1-1 FR1, Set1-2 FR1 and Set1-3 FR1, we can calculate the number of cells corresponding to each activated beam, as shown in the table below.
Table 11: Number of cell per active beam
	Case list
	Total number of simultaneously active beams
	Number of SSB per cell
	Number of cell per active beam


	Case #1
	16
	4
	16

	Case #2
	106
	4
	3


From the above table, it can be seen that an activated beam needs to provide coverage for multiple cells through TDM. Taking Case #1 as an example, assuming that the residence time of the activated beam in each cell is 20ms, the time required to periodically revisit the same cell is 320ms, as shown in the following Figure. 
[image: ]
Figure 7: Schematic diagram of inter cell beam hopping
In RRC IDLE/INACTIVE mode, UE needs to perform activities such as RRM measurement, system information updates, paging message reception, RACH process, etc., as shown in the below Figure. Therefore, inter cell beam hopping in RRC IDLE/INACTIVE mode needs to consider the specification impacts on RRM measurement, system information updates, paging message reception, RACH process, etc. 


[bookmark: _GoBack]Figure 8: UE activities in RRC IDLE/INACTIVE mode
Proposal 3: Inter cell beam hopping in RRC IDLE/INACTIVE mode needs to consider the specification impacts on the following UE activities.
· RRM measurement
· System information updates
· Paging message reception
· RACH procedure
· SDT

· RRC CONNECTED mode
In NTN, due to the large coverage area of satellite cells, the services volume varies in different areas within the cell. For example, the number of users in desert and marine areas is very small. For RRC CONNECTED mode, the beam scheduled by network needs to match the traffic characteristics with limited number of beams to maximize the network power utilization. In R18 NES, the following two schemes for network power saving had been provided [3].
· Cell DTX
	Currently, the gNB can use reduced downlink transmission/uplink reception activity without an explicit cell DTX/DRX pattern with restrictions due to UE DRX configurations and any configured transmission/reception, e.g., common channels/signals. Currently C-DRX is configured per UE. The alignment of the DRX cycles or offsets for different UEs can be done only via RRC. During UE DRX off period, the UE does not expect to monitor PDCCH, but it is allowed to initiate UL transmission according to the configured resources (e.g. using PUCCH, RACH, SR, or CG-PUSCH). Aligning/Omitting of DRX patterns across multiple UE's can be achieved via gNB implementation. 
Adaptation of DTX/DRX aims at providing mechanisms informing UE whether the cell stays inactive. This may include enhancements to UE DRX configuration, e.g. to align/omit DRX cycles or start offsets of DRX, for UEs in connected mode or idle/inactive mode, potentially allowing longer opportunities for cell inactivity. During a cell DTX/DRX, the cell may have no transmission/reception or only keep limited transmission/reception. For example, the cell does not need to transmit or receive some periodic signals/channels, such as common channels/signals or UE specific signals/channels.


· Adaptation of transmission power of signals and channels
	As per current specification, the SSB reference power, ss-PBCH-BlockPower is defined in SIB1. The powerControlOffsetSS that is the power offset between (NZP)CSI-RS and SSB, and the powerControlOffset that is the power offset of PDSCH and (NZP) CSI-RS, are semi-statically configured via RRC signaling. The power offset configurations for PDSCH and CSI-RS are BWP-specific. Current specification allows gNB to adapt the PDSCH transmission power.
Adaptation of transmission power of signals and channels aims at adapting the transmission power or PSD of downlink signals and channels dynamically, by enhancing the related configuration to the UE (e.g. considering power offsets that account for potential power adaptation) and/or enhancing the UE feedback (e.g. CSI report) to assist NW energy saving operation. The technique may be applicable to one or more of PDSCH, CSI-RS, DMRS, broadcast channels/signals (e.g., SSB/SI/paging). Enhancements for updating the power offset values between various signals and channels, e.g., CSI-RS to SSB, or PDSCH to CSI-RS include using lower layer signaling.


In our view, the schemes of cell DTX and adaptation of transmission power of signals and channels in NES can be considered for achieving dynamic and flexible power sharing between satellite beams in RRC CONNECTED mode. 
Proposal 4:  The following two schemes for NES can be considered for achieving dynamic and flexible power sharing between satellite beams in RRC CONNECTED mode.
· Cell DTX
· Adaptation of transmission power of signals and channels

Conclusion
In this contribution, we provided views on Redcap positioning. In summary, we have following observations and proposals:
Observation 1: For Set1-1 FR1/ Set1-2 FR1, coverage enhancement on PDCCH is unnecessary.
Observation 2: For Set1-3 FR1, coverage enhancement on PDCCH can be considered due to the 2.6 dB coverage gap.
Observation 3: For Set1-1 FR1/ Set1-2 FR1/ Set1-3 FR1, coverage enhancement on PDSCH for Msg2 is unnecessary since there is no coverage gap.
Observation 4: For Set1-1 FR1/ Set1-2 FR1/ Set1-3 FR1, coverage enhancement on PDSCH for Msg4 is unnecessary since there is no coverage gap.
Observation 5: For Set1-1 FR1/ Set1-2 FR1, coverage enhancement on PDSCH for VoIP is unnecessary since there is no the coverage gap.
Observation 6: For Set1-3 FR1, coverage enhancement on PDSCH for VoIP should be considered due to the 1.4 dB coverage gap.
Observation 7: For Set1-1 FR1/ Set1-2 FR1/ Set1-3 FR1, coverage enhancement on PDSCH for low date rate service is unnecessary since there is no coverage gap.

Proposal 1: M-TRP based PDCCH repetition in R16 can be as a start point for PDCCH coverage enhancement in NR NTN.
Proposal 2: The enhancement of PDSCH coverage in RRC CONNECTED mode needs to consider the impact on spectral efficiency of system.
Proposal 3: Beam scheduling in a TDM manner or beam hopping consider the specification impacts on the following activities in RRC IDLE/INACTIVE mode.
· RRM measurement
· System information updates
· Paging message reception
· RACH procedure
· SDT
Proposal 4:  The following two schemes for NES can be considered for achieving dynamic and flexible power sharing between satellite beams in RRC CONNECTED mode.
· Cell DTX
· Adaptation of transmission power of signals and channels
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