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1. Background
This contribution provides our views on the remaining issues of NTN system parameters including FR name, TX–RX frequency separation, channel raster and sync raster. We also find that there may be some potential RAN1/RAN2 impacts according to the agreements on system parameters. So LS is proposed to be sent to RAN1. Draft LS is provided in the annex for discussion.
2. Discussion
2.1 FR name
The FR name discussion status in last meeting is as followings,
· Update with 17.3 GHz lower range instead of 17.7 GHz.
· Further discuss if introducing FR2-0 or FR2-1-NTN with respect to definition of NTN (which is FDD).
· The FR would be captured in NTN specifications, in order to not impact terrestrial definition FR1 and FR2 for TN specifications.
· At least 2 options are considered for the corresponding frequency ranges:
1.     Option 1: 17300-24250 MHz as extension of the existing FR2 range:
	Frequency range designation
	Corresponding frequency range

	FR1
	410 MHz – 7125 MHz

	FR2
	FR2-0-NTN
	17300 MHz – 24250 MHz

	
	FR2-1
	24250 MHz – 52600 MHz

	 
	FR2-2
	52600 MHz – 71000 MHz


2.     Option 2: 17300-30000 MHz;
	Frequency range designation
	Corresponding frequency range

	FR2-NTN
	17300-30000 MHz


                                          Note: Bands defined within FR2-NTN can be regarded as a FR2 band.
3.    Option 3: Other options not precluded.

For the above 3 options, we support to use one name for UL and DL. The reason is that the specification can be implemented simpler and clearer. For example, for RAN4 specification, it can be implemented as following,
The transmission bandwidth configuration NRB for each SAN channel bandwidth and subcarrier spacing is specified in table x.x.x.-x for FR2(-x)-NTN.
Not like the following,
The transmission bandwidth configuration NRB for each SAN channel bandwidth and subcarrier spacing is specified in table x.x.x.-x for FR2-0-NTN and FR2-1.
Similarly for RAN1 and RAN2 specifications, one name covering DL and UL brings the similar benefits. So we have the following proposal,
Proposal 1: One FR name is used for both NTN Ka band DL and UL.
If proposal 1 is agreeable, then there could be two choices, i.e. FR2-NTN and FR2-1-NTN. Our preference is FR2-1-NTN. There’re two reasons. First is that current Ka band reuses most of the TN FR2-1 approach, such as SCS, CBW, raster principles, etc. Aligning the name can bring more benefit for specification understanding. Second is that for future proof consideration, if NTN technology will be used in the TN FR2-2 frequencies, i.e. ~ 52.6-71 GHz, then FR2-2-NTN can be used in future. Based on the above two reasons, we slightly prefer to use FR2-1-NTN as the FR name for NTN Ka band.
Proposal 2: FR2-1-NTN is used as the FR name for NTN Ka band.
2.2 TX–RX frequency separation
For the FDD Tx-Rx frequency separation, usually the Tx interference to Rx REFSENS is the main aspect to be considered from RF performance point of view. The fixed Tx-Rx separation can make sure that the filter attenuation and PA emission can be met in the separation. To our understanding, the Ka band Rx REFSENS is estimated not to be impacted by Tx emission due to the large UL and DL distance even there’s no help from filters. Flexible Tx-Rx frequency separation is feasible for Ka band in our understanding. So we support the following proposal,
Proposal 3: Flexible Tx-Rx frequency separation can be used for Ka band NTN FDD operation.
2.3 Channel raster and sync raster
The bands definition was agreed in last RAN4 meeting as following,
	NTN operating band
	UL
Earth-to-Space
	DL
Space-to-Earth

	n5121
	27.5 - 30.0 GHz
	17.3 - 20.2 GHz

	n5112
	28.35 - 30.0 GHz
	17.3 - 20.2 GHz

	n5103
	27.5 - 28.35 GHz
	17.3 - 20.2 GHz


So the channel raster and sync raster can be decided according to the exact frequency ranges of the bands.
2.3.1 Channel raster
For the NR-ARFCN for Ka band, it’s a little different with TN bands that ΔFGlobal will be different for UL and DL if TN NR-ARFCN is reused. However, we still think reusing NR-ARFCN is a good approach considering reinventing a different methodology is not an easy task and will cause a lot of discussion. So we have the following proposal,
Proposal 4: Reuse and copy the following NR-ARFCN parameters to NTN specifications for Ka bands.
Table 1: NR-ARFCN parameters for the global frequency raster
	Range of frequencies (MHz)
	ΔFGlobal (kHz)
	FREF-Offs (MHz)
	NREF-Offs
	Range of NREF

	3000 – 24250
	15
	3000
	600000
	600000 – 2016666

	24250 – 100000
	60
	24250.08
	2016667
	2016667 – 3279165



For the channel raster entries for each band, the following table is calculated based on the above NR-ARFCN.
Table 2: Applicable NR-ARFCN per operating band for Ka bands
	NR operating band
	ΔFRaster
(kHz) 
	Uplink
range of NREF
(First – <Step size> – Last)
	Downlink
range of NREF
(First – <Step size> – Last)

	n512
	60
	1553334  – <4> – 1746666
	2070833 – <1> – 2112499

	
	120
	1553334  – <8> – 1746664
	2070833 – <2> – 2112499

	n511
	60
	1553334  – <4> – 1746666
	2084999 – <1> –2112499

	
	120
	1553334  – <8> – 1746664
	2084999 – <2> –2112499

	n510
	60
	1553334  – <4> – 1746666
	2070833 – <1> – 2084999

	
	120
	1553334  – <8> – 1746664
	2070833 – <2> – 2084999



Proposal 5: Table 2 can be used as the starting point for Ka bands channel raster entries for further check.

2.3.2 Sync raster
For the sync raster, we have the similar proposal that the TN GSCN parameter is reused. Considering the DL frequency 17.3 - 20.2 GHz is in the frequency range of 3000 – 24250 MHz, so the following proposal is proposed,
Proposal 6: Reuse and copy the following GSCN parameters to NTN specifications for Ka bands.

Table 3: GSCN parameters for the global frequency raster
	Range of frequencies (MHz)
	SS block frequency position SSREF
	GSCN
	Range of GSCN

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



For the sync raster entries for each band, considering the following assumptions according to the agreements in [1],
· 50 MHz minimum CBW
· 28.8MHz SSB BW for 120 kHz SCS
· 57.6 MHz SSB BW for 240 kHz SCS
The sync raster uses 1.44 MHZ and the step size is the same as TN FR2, i.e. 12 (17.28MHz) and 24 (34.56MHz) for 120kHz and 240kHz SSB as proposed in R4-2301744. So the following table is calculated for the SS raster entries per operating band. Please note that the following GSCN numbers were chosen considering TN FR2-1 sync rasters, i.e. the distance between NTN Ka bands sync raster entries and the TN FR2-1 sync raster entries are integral times.
Table 4: Applicable SS raster entries per operating band (FR2-1-NTN)
	NR operating band
	SS Block SCS
	SS Block pattern
(note 1)
	Range of GSCN
(First – <Step size> – Last)

	n512
	120 kHz
	Case D
	17444 – <12> – 19424

	
	240 kHz
	Case E
	17456 – <24> – 19400

	n511
	120 kHz
	Case D
	17444 – <12> – 19424

	
	240 kHz
	Case E
	17456 – <24> – 19400

	n510
	120 kHz
	Case D
	17444 – <12> – 19424

	
	240 kHz
	Case E
	17456 – <24> – 19400

	NOTE 1:	SS Block pattern is defined in section 4.1 in TS 38.213.



Proposal 7: Table 4 can be used as the starting point for Ka bands sync raster entries for further check.

2.4 LS to other groups
The system parameter agreements in RAN4  may have impacts on RAN1/RAN2 specifications. For example, there’re many FR name related descriptions in RAN2 spec TS 38.306,
	condHandoverTwoTriggerEvents-r16
Indicates whether the UE supports 2 trigger events for same execution condition. This feature is mandatory supported if the UE supports condHandover-r16. Except for NTN bands, UE shall set the capability value consistently for all FDD-FR1 bands, all TDD-FR1 bands, all TDD-FR2-1 bands and all TDD-FR2-2 bands respectively. For NTN, UE shall set the capability value consistently for all FDD-FR1 NTN bands.
	Band
	CY
	N/A
	N/A



	eventA4BasedCondHandover-r17
Indicates whether the UE supports Event A4 based conditional handover, i.e., CondEvent A4 as specified in TS 38.331 [9]. A UE supporting this feature shall also indicate the support of condHandover-r16 for NTN bands and the support of nonTerrestrialNetwork-r17. UE shall set the capability value consistently for all FDD-FR1 NTN bands.
	Band
	No
	N/A
	N/A



RAN1 specifications also need to be updated according to the FR name for Ka bands.
Some other agreements, such as the FDD, TDD bands, SCS, SS BSCS, CBW, raster design may also need to be reviewed by RAN1/RAN2 as a package. So we have the following proposal.
Proposal 8: The following RAN4 decisions for system parameters should be sent to RAN1 and CC to RAN2.
1. Band definition of R18 NTN, i.e FDD band instead of TDD band.
2. FR name decision.
3. Data SCS, SSB SCS, minimum CBW and maximum CBW. For the CBW, the information of mandatory or optional may also need to be shared.
4. Channel raster and sync raster design.
A draft LS is provided in annex for discussion.
3. Summary
In this contribution, we provide our views on FR name, Tx-Rx frequency separation, channel raster, sync raster and the LS to other groups. We have the following proposals.
Proposal 1: One FR name is used for both NTN Ka band DL and UL.
Proposal 2: FR2-1-NTN is used as the FR name for NTN Ka band.
Proposal 3: Flexible Tx-Rx frequency separation can be used for Ka band NTN FDD operation.
Proposal 4: Reuse and copy the following NR-ARFCN parameters to NTN specifications for Ka bands.
Table 1: NR-ARFCN parameters for the global frequency raster
	Range of frequencies (MHz)
	ΔFGlobal (kHz)
	FREF-Offs (MHz)
	NREF-Offs
	Range of NREF

	3000 – 24250
	15
	3000
	600000
	600000 – 2016666

	24250 – 100000
	60
	24250.08
	2016667
	2016667 – 3279165



Proposal 5: Table 2 can be used as the starting point for Ka bands channel raster entries for further check.
Table 2: Applicable NR-ARFCN per operating band for Ka bands
	NR operating band
	ΔFRaster
(kHz) 
	Uplink
range of NREF
(First – <Step size> – Last)
	Downlink
range of NREF
(First – <Step size> – Last)

	n512
	60
	1553334  – <4> – 1746666
	2070833 – <1> – 2112499

	
	120
	1553334  – <8> – 1746664
	2070833 – <2> – 2112499

	n511
	60
	1553334  – <4> – 1746666
	2084999 – <1> –2112499

	
	120
	1553334  – <8> – 1746664
	2084999 – <2> –2112499

	n510
	60
	1553334  – <4> – 1746666
	2070833 – <1> – 2084999

	
	120
	1553334  – <8> – 1746664
	2070833 – <2> – 2084999



Proposal 6: Reuse and copy the following GSCN parameters to NTN specifications for Ka bands.
Table 3: GSCN parameters for the global frequency raster
	Range of frequencies (MHz)
	SS block frequency position SSREF
	GSCN
	Range of GSCN

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


Proposal 7: Table 4 can be used as the starting point for Ka bands sync raster entries for further check.

Table 4: Applicable SS raster entries per operating band (FR2-1-NTN)
	NR operating band
	SS Block SCS
	SS Block pattern
(note 1)
	Range of GSCN
(First – <Step size> – Last)

	n512
	120 kHz
	Case D
	17444 – <12> – 19424

	
	240 kHz
	Case E
	17456 – <24> – 19400

	n511
	120 kHz
	Case D
	17444 – <12> – 19424

	
	240 kHz
	Case E
	17456 – <24> – 19400

	n510
	120 kHz
	Case D
	17444 – <12> – 19424

	
	240 kHz
	Case E
	17456 – <24> – 19400

	NOTE 1:	SS Block pattern is defined in section 4.1 in TS 38.213.



Proposal 8: The following RAN4 decisions for system parameters should be sent to RAN1 and CC to RAN2.
1. Band definition of R18 NTN, i.e FDD band instead of TDD band.
2. FR name decision.
3. Data SCS, SSB SCS, minimum CBW and maximum CBW. For the CBW, the information of mandatory or optional may also need to be shared.
4. Channel raster and sync raster design.
A draft LS is provided in annex for discussion.
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1	Overall description
The R18 NTN system parameters have been discussed in RAN4 for several meetings. Some decisions have been made and they may have some impacts on the specifications in RAN1 and/or RAN2. RAN4 would like to share the following agreements with RAN1 and RAN2.
· FDD band is defined for R18 NTN Ka band. The following bands are defined.
	NTN operating band
	UL
Earth-to-Space
	DL
Space-to-Earth

	n5121
	27.5 - 30.0 GHz
	17.3 - 20.2 GHz

	n5112
	28.35 - 30.0 GHz
	17.3 - 20.2 GHz

	n5103
	27.5 - 28.35 GHz
	17.3 - 20.2 GHz


Note 1: This band is applicable in the countries subject to CEPT ECC Decision(05)01 and ECC Decision (13)01. 
Note 2: This band is applicable in the USA subject to FCC 47 CFR part 25.
Note 3: This band is applicable for Earth Station operations in the USA subject to FCC 47 CFR part 25. FCC rules currently do not include ESIM operations in this band (47 CFR 25.202).

· FR2-1-NTN is agreed for the FR name of NTN Ka band. The definition only exists in NTN specifications. TN FR name is not changed at current stage.
· For NTN operation above 10 GHz, 60 kHz and 120 kHz Sub-Carrier Spacing (SCS) are supported. 120 kHz and 240 kHz SCS are supported for SSB.
· 50, 100, and 200 MHz channel bandwidth are agreed for both 60 kHz and 120 kHz SCS, they’re mandatory for UE. 400 MHz CBW with 120 kHz SCS is agreed as optional for UE.
· The design of channel raster and sync raster follows the general principles for TN FR2-1 system parameters. The detail design is still under discussion.

2. Actions
To RAN1 and RAN2 group:
ACTION: 	RAN4 respectfully asks RAN1 and RAN2 to take the above information into account in R18 NTN related studies.

3. Dates of next TSG RAN WG4 meetings
TSG RAN WG4 Meeting #107	22th May – 26th May 2023 	Incheon, Korea
TSG RAN WG4 Meeting #108	21th Aug – 25th Aug 2023 	Toulouse, France
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2.           Option 2:   17300 - 30000 MHz;  

Frequency range  designation  Corresponding frequency  range  

FR2 - NTN  17300 - 30000 MHz  
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