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1 Introduction
In RAN#103 [1], a revised WID on NR NTN enhancements was endorsed for Release 19. This contribution aims to discuss DL coverage enhancements objective as shown below:

[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.
· [bookmark: _Hlk158811080]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
· [bookmark: _Hlk158804277]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


3 Discussion on link-level enhancements
During study phase of Release 18 NR NTN coverage enhancements, companies contributed on minimum DL SNR for detection of physical DL channels for SSB, PDCCH, PDSCH Msg2, PDSCH Msg4,PDSCH 3 kbps, and PDSCH VoIP  as summarized below in Table 2 [2]. This was for LEO-1200, but we assume that this would be reasonably close to what can be expected for LEO-600. Note that reference [[2], 9] was from MediaTek. In brackets, we added values based on further simulations by MediaTek not contributed in Release 18. 



	Company Source,[R1-2208268,ref] 
	[3]
	[6]
	[7]
	[13]
	[14]
	[21]
	[25]
	[9]
	[4]

	SSB (80 ms)
	
	-13.6
	-11.2
	
	
	
	-9.3
	(-9.0)
	

	PDCCH (AL16, 2 OS)
	-10.3
	-11.0
	-8.6
	-6.7
	-8.9
	-10.2
	-6.0
	
	

	Msg2 PDSCH (72 bits)
	
	-9.5
	
	
	
	-11.6
	
	
	

	[bookmark: _Hlk161915001]Msg4 PDSCH (1040 bits, 36 RBs)
	-7.4
	-7.5
	
	
	
	-6.7
	-5.8
	
	

	PDSCH 3kbps
	
	-11.8
	-14.5
	
	-9.6
	-10.5
	
	
	

	PDSCH (VoIP)
	-12.8
	-16.8
	-14.1
	
	-10.3
	-12.9
	
	-10.0
	-7.4



Table 2: Summary of Release 18 NR NTN study phase for coverage enhancements (DL) 

[bookmark: _Hlk158807842]Based on the companies contributions in Release 18 coverage enhancements study phase, it would seem prudent to assume the minimum DL SNR at which SSB can be decoded to be in the order of -9 dB in a given beam. Assuming the parameters agreed in RAN1#116 for sets 1-1, 1-2, 1-3, the minimum SNR at the edge of the beam can be shown to be determined as in Table 1 below. 

	Scenarios
	Set 1-1
	Set-1-2
	Set 1-3

	Min SNR 
	-1.9 dB
	-1.9 dB
	-9.9 dB

	Total satellite EIRP
	61.24 dBW
	53 dBW
	53.23 dBW

	Simultaneously Active beams
	106
	16
	106



Table 1: Minimum SNR for set 1-1, 1-2, and 1-3


Observation 1: For set 1-1 and set 1-2, there is no issue for coverage of the DL physical channels, as the minimum SNR is around -1.9 dB. 

Observation 2: For set 1-3, with a low value of minimum SNR of -9.9 dB some DL coverage enhancements may be needed for some DL physical channels – i.e.  PDCCH and Msg4 PDSCH.


[bookmark: _Hlk163027841]2 Discussion on SSB periodicity
In Release-19 NR NTN WID, it is noted that SSB channel enhancement is not considered. For DL synchronization after UE power on and forinitial cell access, it is preferred to use cell-defining SSB (CD-SSB)  with up to 20 ms (single shot) and up to 4 CD-SSB repetitions over 80 ms (i.e. 4*20 ms). This is to avoid impact on latency, power consumption, and false detection rate considering UE initially coming into coverage of satellite need to blindly try every carrier and SSB rasters. For example, using SSB periodicity of 160 ms with 4 SSB repetitions will require 640 ms on each carrier, SSB raster, and sub carrier spacing. 

[bookmark: _Hlk161997673]According to specification in TS 38.104 Section 5.4.3, the synchronization raster indicates the frequency positions of the synchronization block that can be used by the UE for system acquisition when explicit signalling of the synchronization block position is not present. A global synchronization raster is defined for all frequencies. The frequency position of the SS block is defined as SSREF with corresponding number Global Synchronization Channel Number (GSCN). The parameters defining the SSREF and GSCN for all the frequency ranges are in TS 38.104 Section 5.4.3.1 “Synchronization raster and numbering” in  table 5.4.3.1-1. 

[bookmark: _Hlk161997460][bookmark: _Hlk161998137]The resource element corresponding to the SS block reference frequency SSREF is given in clause 5.4.3.2. The synchronization raster and the subcarrier spacing of the synchronization block is defined separately for each band. Assuming 30 MHz system bandwidth around 2.1 GHz in S band, the number of  SS block frequency position SSREF could be in the order of 25 (~=3*30 /1.2). 
· [bookmark: _Hlk161998062]With single shot and 20 ms periodicity, this may take up to 500 ms. With 4 SSB repetitions, it could take up to  2 seconds. 
· With 160 ms periodicity, this may be 8 times longer latency, taking 4 seconds with single shot. With 4 SSB repetitions, it could take up to 16 seconds.

The time could be doubled if in S band, SCS=15 kHz or 30 kHz may be used depending on system configuration. DL synchronization will need to be done every time a new satellite comes into coverage. For the UE power consumption, the impact could very significant as synchronization is very high processing. The DL capacity will likely be adversely impacted assuming that a UE coming into coverage of a satellite may waste for a duration in time in the order of 32 seconds to synchronize on downlink, while the satellite may be visible for 2 to 4 minutes assuming NGSO orbit.

	Range of frequencies (MHz)
	SS block frequency position SSREF
	GSCN
	Range of GSCN

	0 – 3000
	N * 1200 kHz + M * 50 kHz,
N = 1:2499, M ϵ {1,3,5} (Note)
	3N + (M-3)/2
	2 – 7498

	3000 – 24250
	3000 MHz + N * 1.44 MHz, 
N = 0:14756
	7499 + N
	7499 – 22255

	24250 – 100000
	24250.08 MHz + N * 17.28 MHz, 
N = 0:4383
	22256 + N
	22256 – 26639

	NOTE:	The default value for operating bands which only support SCS spaced channel raster(s) is M=3.



TS 38.104: Table 5.4.3.1-1: GSCN parameters for the global frequency raster

After DL synchronization time and frequency is performed with single shot detection at the UE, larger periodicities with non-cell-defining SSB (NCD-SSB) of up to 160 ms with SSB offset 5 ms, 10 ms, 20 ms, 40 ms, and 80 ms can be considered.


Observation 3: The synchronization raster and the subcarrier spacing of the synchronization block is defined separately for each band.

Observation 4: Using cell-defining SSB (CD-SSB) with periodicities larger than  20 ms has impact on latency and power consumption.
 
Observation 5: With larger periodicity of SSB of 160 ms and 4 SSB repetitions, UE will need blindly to attempt DL synchronization for each SSB raster and SCS in the satellite band for a duration of time up to 32 seconds, while the satellite may be visible for 2 to 4 minutes assuming GNSO orbit.

Proposal 1: For initial DL synchronization when satellite comes into coverage, the cell-defining SSB (CD-SSB) with periodicities up to 20 ms and single shot CD-SSB detection is used.

Proposal 2: After DL synchronization time and frequency is performed with single shot detection at the UE, larger periodicities with non-cell-defining SSB (NCD-SSB) of up to 160 ms with SSB offset 5 ms, 10 ms, 20 ms, 40 ms, and 80 ms can be considered.

3 Discussion on common channels for ON/OFF beams
RAN1#116 made the following agreements on beam configuration 
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.



















The total satellite transmission power Downlink (DL) transmission on the service link is typically split between multiple beams that are simultaneously active. This result in lower transmission power per active beam. There are different ways the satellite system can configure beams. There may be wide beams, narrow beams, several wide beams per satellite as illustrated in Figure 1, where a smaller number of beams 160 = N1 + N2 + N3 is assumed instead of 1058 for convenience.  We further assumed that some of beams can be wide and some of the beams, while most beams are narrow as indicated on the figure. 
Legacy Non Terrestrial Network mechanisms specified in Release 17/18 in 3GPP assumes the beams are always ON. We believe the case where the satellite system may switch beams ON or OFF will require some discussions in RAN1 on procedure enhancements for DL synchronization, acquisition of system information for configuration of beams, initial cell access via RACH procedure.
Proposal 3: RAN1 to study potential impact of beams ON/OFF on procedures for DL synchronization, acquisition of system information for configuration of beams, and initial cell access via RACH procedure.
In legacy NR, paging is sent on PDCCH on DCI 1_0 addressed to P-RNTI linked to a group of UE via bitmap. We further believe that the case where the satellite system may switch beams ON or OFF will require some discussions in RAN1 on paging procedure enhancements to ensure the UE is configured to receive paging when the beam is ON.
Proposal 4: RAN1 to study potential impact of beams ON/OFF on paging procedures.
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Figure 1: Examples of Satellite Beam configurations 

We now summarize 3GPP specified procedure for initial DL synchronization and cell access with the following steps: 
1. Initial BWP#0/CORESET#0  for DL synchronization is configured by the network for SI acquisition, initial cell access and multiple dedicated BWPs for data transmission. 
2. There is one Physical Cell Identity per Cell-Defining SSB
3. Time Domain Multiplexed CD-SSB, where each SSB is transmitted in a beam associated with a beam index as illustrated in Figure 2.
4. UEs identify the strongest beam based on CD-SSB measurements  and choose a RACH preamble associated with SSB index
5. gNB configure Transmission Configuration Indicator state tci-stateId (0 to 11) including beam/servingCellIndex (0 to 31) and bwp-id (0 to 4) , QCL type (A, B, C, D, SSB index (0 to 63), csi-rs (0 to 191)
6. If more than one tci-stateId configured, DCI or MAC CE TCI can be used for activation command 
7. This procedure can be applied to up to 4 beams in bands  below 3 GHz
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Figure 2: Illustration of SSB for initial DL synchronization and cell access
We propose to expand the above procedure to address the assumption that in Release 19, the beams may be ON/OFF which may require some enhancements for initial DL synchronization and cell access:
· Depending on beam configuration as illustrated in Figure 1 above, at least the CD-SSBs may be transmitted on
· Wide beams overlapping satellite footprint / several narrow beams
· Outer-satellite footprint (i.e. beams on the edge / border of satellite footprint)
· Single cell beam
· Wide beam should be ON to at least transmit CD-SSB and SIB1, and CORESET 0. Otherwise, there is no coverage on these wider beams, and no coverage on narrow beams within the wide beam.
· After initial DL synchronization and system information acquisition, initial cell access can be done on the wide beam re-using legacy specifications, or on narrow beams with NCD-SSBs.

Proposal 5: Wide beam should be ON to at least transmit CD-SSB and SIB1, and CORESET 0. Otherwise, there is no coverage on these wider beams, and no coverage on narrow beams within the wide beam.
Proposal 6: After initial DL synchronization and system information acquisition, initial cell access can be done on the wide beam re-using legacy specifications, or on narrow beams with NCD-SSBs.
4 Conclusion
In this contribution, the following proposals were made
Link-level enhancements:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: For set 1-1 and set 1-2, there is no issue for coverage of the DL physical channels, as the minimum SNR is around -1.9 dB. 

Observation 2: For set 1-3, with a low value of minimum SNR of -9.9 dB some DL coverage enhancements may be needed for some DL physical channels – i.e.  PDCCH and Msg4 PDSCH.

SSB periodicity:
 
Observation 3: The synchronization raster and the subcarrier spacing of the synchronization block is defined separately for each band.

Observation 4: Using cell-defining SSB (CD-SSB) with periodicities larger than  20 ms has impact on latency and power consumption.
 
Observation 5: With larger periodicity of SSB of 160 ms and 4 SSB repetitions, UE will need blindly to attempt DL synchronization for each SSB raster and SCS in the satellite band for a duration of time up to 32 seconds, while the satellite may be visible for 2 to 4 minutes assuming GNSO orbit.

Proposal 1: For initial DL synchronization when satellite comes into coverage, the cell-defining SSB (CD-SSB) with periodicities up to 20 ms and single shot CD-SSB detection is used.

Proposal 2: After DL synchronization time and frequency is performed with single shot detection at the UE, larger periodicities with non-cell-defining SSB (NCD-SSB) of up to 160 ms with SSB offset 5 ms, 10 ms, 20 ms, 40 ms, and 80 ms can be considered.

Common channels for ON/OFF beams 
Proposal 3: RAN1 to study potential impact of beams ON/OFF on procedures for DL synchronization, acquisition of system information for configuration of beams, and initial cell access via RACH procedure.
Proposal 4: RAN1 to study potential impact of beams ON/OFF on paging procedures.

Proposal 5: Wide beam should be ON to at least transmit CD-SSB and SIB1, and CORESET 0. Otherwise, there is no coverage on these wider beams, and no coverage on narrow beams within the wide beam.
Proposal 6: After initial DL synchronization and system information acquisition, initial cell access can be done on the wide beam re-using legacy specifications, or on narrow beams with NCD-SSBs.

5 Appendix
Agreement (RAN1#116)
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.
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