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Introduction
In the last RAN1 meeting [1], issues for FR2-NTN were discussed and following working assumptions and conclusion were made.
	Working assumption
For PRACH configuration for operation in FR2-NTN, Table 6.3.3.2-4 of TS 38.211 is used as baseline.
FFS: Whether further modifications would be needed
Conclusion
For operation in FR2-NTN, the value range in ms for K_offset and K-MAC shall be the same as for Rel-17 NR over NTN.
Working assumption
For operation in FR2-NTN, use a reference SCS of 15 kHz for the indication of K_offset and K_MAC.
Working assumption:
For operation in FR2-NTN, for cell search procedure, at least Case D in TS 38.213 is used to allow FDD operation in bands defined by FR2-NTN without any update to SSB pattern.
FFS: whether Case E can also be used
Conclusion
For operation in FR2-NTN and for Rel-18, no additional MAC CE TCI application delay is introduced to facilitate mechanical beam steering with VSAT.
Working assumption
From RAN1 perspective, for operation in FR2-NTN, the granularity used for TA reporting is the same as corresponding to the reference subcarrier spacing applied for K_offset.
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PRACH configurations
In the last RAN1 meeting, we made the following working assumption:
	Working assumption:
For PRACH configuration for operation in FR2-NTN, Table 6.3.3.2-4 of TS 38.211 is used as baseline.
FFS: Whether further modifications would be needed



In this contribution, we discuss whether further modifications would be needed for Table 6.3.3.2-4 of TS38.211. In Table 6.3.3.2-4, there are no configurations to use RACH occasions in a RACH slot as much as possible for TDD operation (e.g. some configurations have starting symbol that is middle of PRACH slot). For FDD operation, all available symbols of the PRACH slots can be configured for PRACH occasions. As shown in Table 1, when all available symbols of PRACH slot are configured to PRACH occasions, maximum number of time-domain PRACH occasions within 160 ms, although it depends on the format, increase substantially comparing to the no modification. This modification would be useful to reduce PRACH collision probability in case of large cell such as GEO operation. Therefore, for PRACH configuration for operation in FR2-NTN, Table 6.3.3.2-4 of TS 38.211 should be reused with modifying to configure all available symbols of PRACH slot.
[bookmark: _Hlk149811708]Table 1 Number of time-domain PRACH occasions within 160 ms in Table 6.3.3.2-4 of TS38.211
	　
	No modification
	Modify to configure all available symbols of PRACH slot

	format
	max
	min
	max
	min

	A1
	1920
	48
	3840
	48

	A2
	1280
	24
	1920
	24

	A3
	640
	16
	1280
	16

	B1
	1920
	48
	4480
	56

	B4
	640
	16
	640
	16

	C0
	2240
	56
	4480
	56

	C2
	640
	16
	1280
	16

	A1/B1
	960
	48
	1120
	56

	A2/B2
	960
	24
	960
	24

	A3/B3
	640
	16
	640
	16



Observation 1: In Table 6.3.3.2-4, there are no configurations to use RACH occasions in a RACH slot as much as possible for TDD operation.
Observation 2: Increasing number of PRACH occasions help to reduce PRACH collision probability in large cell such as GEO operation.
Proposal 1: For PRACH configuration for FR2-NTN, Table 6.3.3.2-4 of TS 38.211 is reused with the modification in such a way that all the slots can be configured as PRACH slots.
Cell search
In the last RAN1 meeting, we made the following working assumption:
	Working assumption:
For operation in FR2-NTN, for cell search procedure, at least Case D in TS 38.213 is used to allow FDD operation in bands defined by FR2-NTN without any update to SSB pattern.
FFS: whether Case E can also be used



In legacy TN operation in FR2-1, both of Case D and Case E are applicable, which means that both 120kHz SCS and 240 kHz SCS are supported for SSB for TDD in FR2-1. This should also apply to FDD operation for NTN. Therefore, for cell search procedure, Case E is used without any modification.
[bookmark: _Hlk149743617]Proposal 2: For cell search procedure, Case E is used without any modification.
New IE for improvement of common TA 
Assuming that the tolerance of common TA is around 10% of CP length, the timing error for higher SCS may not be allowable. There are two approaches to solve the issue:
1) extend the CP length 
2) reduce the timing error
Observation 3: There are two approaches to solve the issue that timing error of common TA in higher SCS may not be within 10% of CP length:
1) extend the CP length for higher SCS
2) reduce the timing error for common TA
For 1), as seen in Table 2, the length of extended CP for 60 kHz SCS is 4.16 us, that is nearly equal to the CP length for 15 kHz SCS. Therefore, extended CP for 60 kHz SCS can relax the requirement with almost the same level as for FR1. On the other hand, it is worth noting that the use of extended CP leads to the increased overhead.
Table 2 Relation between numerology and CP length
	Numerology 
	0
	1
	2
	2 (extended CP)
	3

	Subcarrier spacing [kHz]
	15
	30
	60
	60
	120

	Symbol duration with CP [
	71.4
	35.7
	17.9
	20.8
	8.93

	Symbol duration without CP [
	66.7
	33.3
	16.7
	16.7
	8.33

	CP length [
	4.76
	2.38
	1.19
	4.16
	0.595



Observation 4: Using the extended CP may increase overhead.
The 3rd order derivative for common TA can be one solution as it would reduce timing error due to imperfection of common TA part. Figure 2 shows our evaluation of common TA error considering each of 2nd order derivative and 3rd order derivative. It is assumed that the NTN platform is LEO-600 and the satellite go through over the gNB in 400 seconds where elevation angle from gNB perspective is 90 degrees at t = 200. The common TA parameters are updated every 10 seconds period as shown in Figure 1. RP on the gNB and transparent payload is assumed (i.e. common delay = feeder link delay).
[image: ]
Figure 1 Common TA update assumption
[image: ]
Figure 2 Common TA error for LEO-600, common TA parameters update period=10 s
Table 3 Maximum common TA error for LEO-600, common TA parameters update period=10 s
	
	2nd order
	3rd order

	Maximum common TA error
	0.501 us
	0.052 us



As shown in Table 3, considering 2nd order derivative, the maximum common TA error is 0.501 us, which is about same as the 10% of CP length for 15 kHz SCS. On the other hand, considering 3rd order derivative, the maximum common TA error is 0.052 us, which is about same as the 10% of CP length for 120 kHz SCS. Therefore, use of 3rd order derivative reduces timing error of common TA in FR2 so that the timing error level relative to CP length is comparable to that of legacy NTN in FR1.
Observation 5: Use of 3rd order derivative reduces timing error of common TA in FR2 so that the timing error level relative to CP length is comparable to that of legacy NTN in FR1.
Although both options resolve the issue, the 3rd order derivative based option is more preferable, because ECP based option causes the increase of overhead while the 3rd order derivative based option does not.
Proposal 3: 3rd order derivative is considered for common TA calculation in FR2 NTN.

Conclusion
In this contribution, we have the following proposals and observations:
Observation 1: In Table 6.3.3.2-4, there are no configurations to use RACH occasions in a RACH slot as much as possible for TDD operation.
Observation 2: Increasing number of PRACH occasions help to reduce PRACH collision probability in large cell such as GEO operation.
Proposal 1: For PRACH configuration for FR2-NTN, Table 6.3.3.2-4 of TS 38.211 is reused with modifying to configure all available symbols of PRACH slot.
Proposal 2: For cell search procedure, Case E is used without any modification.
Observation 3: There are two approaches to solve the issue that timing error of common TA in higher SCS may not be within 10% of CP length:
1) extend the CP length for higher SCS
2) reduce the timing error for common TA
Observation 4: Using the extended CP may increase overhead.
Observation 5: Use of 3rd order derivative reduces timing error of common TA in FR2 so that the timing error level relative to CP length is comparable to that of legacy NTN in FR1.
Proposal 3: 3rd order derivative is considered for common TA calculation in FR2 NTN.
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It is assumed that common TA parameters are updated every 10 seconds.
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