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1. [bookmark: OLE_LINK14][bookmark: _Ref490222521][bookmark: OLE_LINK13]Introduction
In this contribution, we discuss our views on following aspects to support NTN above 10GHz based on RAN4 LS on the system parameters for NTN above 10 GHz [1] and the discussions in RAN1 #114 as summarized in [2].
· PRACH configuration
· MAC-CE timing issues,
· Subcarrier spacing for FR2-NTN,
· UE uplink timing accuracy,
· SSB pattern on FR2 FDD band,
· TA offset FR2 FDD band.
2. Discussions
In the LS from RAN4, following information has been provided to RAN1 and RAN2.
	RAN4 would like to share the following information with RAN1 and RAN2.
· FDD band are in process of being defined for R18 NTN Ka band. Specifications for the following NTN Ka satellite bands are currently being developed.
	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).


· [bookmark: _Hlk132807320]For R18 NTN Ka band, 60 kHz and 120 kHz Sub-Carrier Spacing (SCS) are considered. 120 kHz and 240 kHz SCS are considered for SSB.
· The possibility of operating with 30 kHz SCS for both data and SSB to support smaller channel bandwidth than 50 MHz is not precluded in RAN4 at this moment, pending on feasibility study conclusion.
· 50, 100 and 200 MHz channel bandwidths are supported for 60 kHz SCS.
· 50, 100, 200 and 400 MHz channel bandwidths are supported for 120 kHz SCS.
· The design of channel raster and sync raster follows the general principles for TN FR2-1 system parameters.
· RAN4 agrees to use TN NR-ARFCN parameters for the global frequency raster to calculate the channel raster entries for n510, n511 and n512 where the uplink for these bands is derived from the FR2 NR-ARFCN and the downlink is derived from the FR1 NR-ARFCN (3.0-24.25 GHz frequency range).
· RAN4 agrees to use TN GSCN parameters for the global frequency raster to calculate the sync raster entries for each band assuming both 120 kHz and 240 kHz SSB SCS are supported by n510, n511 and n512 where the downlink is derived from the FR1 GSCN (3.0-24.25 GHz frequency range). 

RAN4 discussions are still ongoing on how to define the maximum timing errors (Te) for 60 kHz and 120 kHz sub-carrier spacing, which had not been defined for NTN FR1 in Release-17. Moreover, maximum timing errors (Te) defined in Release-17 may not be compatible with 60 kHz and 120 kHz sub-carrier spacing configurations due to lower CP length. RAN4 RRM is currently investigating maximum timing errors (Te_NTN) limits, maximum autonomous time adjustment step Tq_NTN and the aggregate adjustment rate Tp_NTN, for 60 kHz and 120 kHz sub-carrier spacing for R18 NTN Ka band.


And in RAN1 #114 meeting, following observation has been made. 
	Observation
   There is potential RAN1 discussion on the following aspects to support the RAN4 work on NTN above 10 GHz:
· PRACH configuration
· UE autonomous timing advance in connection with transmit timing errors and their associated requirements.
·  Timing issues, e.g. MAC-CE application time in case of VSAT antenna for NR over NTN
· Reference subcarrier spacing for FR2-NTN
· Potential specification impact
   No RAN1 specification impact is foreseen on channel raster and synchronization raster for NTN above 10 GHz.


2.1	PRACH configuration
As summarized in [2], currently, there are three tables defined for the interpretation of the signaled PRACH configuration index and they are defined as follows:
· Table 6.3.3.2-2: Random access configurations for FR1 and paired spectrum/supplementary uplink.
· Table 6.3.3.2-3: Random access configurations for FR1 and unpaired spectrum. 
· Table 6.3.3.2-4: Random access configurations for FR2 and unpaired spectrum.
RAN1 discussed 4 options in RAN1 #114 meeting:
· Alt 1: Reuse Table 6.3.3.2-2 and make it applicable to FR2-NTN without modifications (adopting the FDD aspects).
· Alt 2: Reuse Table 6.3.3.2-4 and make it applicable to FR2-NTN without modification (adopting the higher frequency aspects)
· Alt 3: RAN1 need to investigate further.
· Alt 4: Other (please elaborate) 
For Alt 1, since Table 6.3.3.2-2 is based on SCS of 15kHz, and the RO is configured with subframe numbers in different frames for each PRACH configuration period, Table 6.3.3.2-2 can not be reused directly.
For Alt 2, it’s fine to reuse the TDD configuration in Table 6.3.3.2-4 as much as possible for simplicity, especially considering there’s limited time in RAN1 to design a new PRACH configuration table specifically for FR2 FDD. However, considering more slot numbers could be configured in FDD case compared to TDD case, some modifications of the column “Slot number” or a separate column with “Slot number” specific for FDD is preferred.
According to above, we have following proposal.
Proposal 1:
· Reuse PRACH configuration Table 6.3.3.2-4 specified in 38.211 for FR2-NTN with a separate “Slot number” column specific for FR2 FDD in NTN.
2.2	MAC-CE timing issues
As agreed in RAN#101 meeting [3], Active TCI switching related requirement will not be studied in Rel-18 for any of the 3 cases: Electronic steering antenna, Mechanical steering antenna (inter-sat), Mechanical steering antenna(intra-sat). This means that there’s no need to discuss the RAN1 impacts in Rel-18 regarding the Active TCI switching delay.
We have following proposal.
Proposal 2:
· No RAN1 spec. impacts are expected for Active TCI switching via activation MAC-CEs.
2.3	Reference subcarrier spacing for FR2-NTN
As summarized in [2], following options have been discussed on whether different subcarrier spacing could be assumed as a reference for  K_offset and K_mac indication:
Alt 1: Keep the reference subcarrier spacing as for Rel-17 (meaning that K_offset and K_mac are defined with ms granularity)
Alt 2: Change the reference subcarrier spacing to match one of the SCS as available for FR2-NTN (limiting the time range that can be indicated by the parameters).
Alt 3: Change the reference subcarrier spacing to match one of the SCS as available for FR2-NTN and expand the signaling range for the parameters of K_offset and K_mac.
Alt 4: Other, please elaborate.
In our view, it would be good to keep same reference subcarrier spacing for both FR1 and FR2 in NTN for following reasons:
· Keep same range of the indication to avoid additional RRC parameter discussions.
· K_offset and K_mac indication defined for FR1 is enough to address RTT time difference issue for FR2 in NTN.
According to above, we have following proposal.
Proposal 3:
· For FR2-NTN, keep the reference subcarrier spacing as for Rel-17, no RAN1 spec. impacts are expected.
2.4	UE uplink timing accuracy
As agreed in RAN4 #106bis-e meeting[4], RAN4 will further discuss the potential uplink timing accuracy issue.
	Agreement:
· The assumption of the maximum total positioning error due to UE location and Satellite position estimation error shall be tightened compared to the assumption of the existing Rel-17 NR NTN.
· The exact values and required conditions will be further discussed/determined in the future meetings.
· Alternatives can be further discussed, e.g. ECP (only for 60kHz SCS), limiting UL SCS, limiting SSB SCS, limiting UE mobility, etc.
· Note: the above “maximum total positioning error due to UE location and Satellite position estimation error” will not be specified in the requirement but it’s only used as an assumption to derive the UE Tx timing requirement.


In RAN#101, it’s also agreed to further define the UE uplink timing accuracy for all the 3 cases: Electronic steering antenna, Mechanical steering antenna (inter-sat), Mechanical steering antenna(intra-sat).
In our view, it depends on further RAN4 discussions to decide whether there will be any RAN1 impacts for UE uplink timing accuracy enhancement. For example, if SSB SCS is limited, RAN1 specification may have to capture this when cell search procedure is described.
According to above, we propose to wait for RAN4’s input on whether there will be any RAN1 impact due to UE UL uplink timing accuracy requirement for FR2-NTN.
Proposal 4:
· RAN1 to discuss the potential RAN1 impact when further RAN4 input is provided.
2.5	SSB pattern on FR2 FDD band
In current NR specification, SSB patterns applied for FR2 are described in following text excerpted from 38.213.
	-	Case D - 120 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes . For carrier frequencies within FR2, .
-	Case E - 240 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes . For carrier frequencies within FR2-1, .
-	Case F – 480 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes . For carrier frequencies within FR2-2,  
-	Case G – 960 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes . For carrier frequencies within FR2-2, 


When these SSB patterns are defined for FR2, SSBs sparse due to limited DL slots in TDD. For FR2 FDD in NTN, there’s no need to have such sparse SSB patterns as all DL slots are consecutive and not separated by UL slots. Therefore, RAN1 should discuss how to define more dense SSB burst for FR2 FDD for fast beam sweeping via SSB transmissions in FR2 NTN, and we have following proposal.
Proposal 5:
· Define separate SSB patterns for FR2 TDD and FDD when FR2-NTN is supported.
[bookmark: _Hlk146810863]2.5	TA offset FR2 FDD band
In current spec., the default TA offset defined is a fixed value which does not consider FDD case. In FDD, the can be set to 0 instead.

	Frequency range and band of cell used for uplink transmission
	(Unit: TC)

	FR1 FDD or TDD band with neither E-UTRA–NR nor NB-IoT–NR coexistence case 
	25600 (Note 1)

	FR1 FDD band with E-UTRA–NR and/or NB-IoT–NR coexistence case 
	0 (Note 1)

	FR1 TDD band with E-UTRA–NR and/or NB-IoT–NR coexistence case
	39936 (Note 1)

	FR2
	13792

	Note 1:	The UE identifies  based on the information n-TimingAdvanceOffset as specified in TS 38.331 [2]. If UE is not provided with the information n-TimingAdvanceOffset, the default value of  is set as 25600 for FR1 band. In case of multiple UL carriers in the same TAG, UE expects that the same value of n-TimingAdvanceOffset is provided for all the UL carriers according to clause 4.2 in TS 38.213 [3] and the value 39936 of  can also be provided for a FDD serving cell.


Proposal 6:
· Inform RAN4 to define different  for FDD and TDD when FR2-NTN is supported.
3. Conclusion
In this contribution, we discuss our views on potential RAN1 impacts to support NTN above 10GHz. According to the discussions, we have following proposals: 
Proposals 1 to 6:
· Reuse PRACH configuration Table 6.3.3.2-4 specified in 38.211 for FR2-NTN with a separate “Slot number” column specific for FR2 FDD in NTN.
· No RAN1 spec. impacts are expected for Active TCI switching via activation MAC-CEs.
· For FR2-NTN, keep the reference subcarrier spacing as for Rel-17, no RAN1 spec. impacts are expected.
· RAN1 to discuss the potential RAN1 impact when further RAN4 input is provided.
· Define separate SSB patterns for FR2 TDD and FDD when FR2-NTN is supported.
· Inform RAN4 to define different  for FDD and TDD when FR2-NTN is supported.
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