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[bookmark: _Ref18181]Introduction
In RAN1#114 [1], the FR2-NTN was discussed based on RAN4 LS [2] and following potential aspects are to be further considered.
	[bookmark: _Hlk134451567]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
· [bookmark: _Hlk146100724]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.


In this contribution, the evaluations and views on above aspects are elaborated. 
PRACH configuration
In the LS from RAN4 [2], The NTN Ka band will be defined as the FDD bands. However, the existing PRACH configuration index for FR2 is only specified for unpaired spectrum (e.g., TDD band) in current spec. Therefore, as mentioned before, a new table for random access configurations for FR2-NTN need to be introduced with potential consideration on the impacts of large path loss, large propagation delay, and large Doppler.
2.1 Coverage evaluation
For FR2, only VSAT UEs are assumed in Rel-18 NTN, which has much better link budget than handheld UE assumed in FR1-NTN. Therefore, there should be no coverage issue for FR2-NTN. The detailed verification is provided as the link budget shown in Table 1 for short preamble format with Lcs=139 and SCS=120kHz.
[bookmark: _Ref146096221]Table 1: Link budget for PRACH format with Lcs=139 and SCS=120kHz
	Elevation angle (degree)
	12.5
	20
	30

	Set-2
	CNR (dB) @LEO-1200km
	
	
	18.78

	
	CNR (dB) @LEO-600km
	
	
	24.17

	
	CNR (dB) @GEO
	7.39
	7.55
	7.76

	Set-1
	CNR (dB) @LEO-1200km
	
	
	26.78

	
	CNR (dB) @LEO-600km
	
	
	32.17

	
	CNR (dB) @GEO
	14.29
	14.45
	14.66


It can be observed that the lowest link budget among all cases is above 7dB. Correspondingly, for FR1-NTN, the link budget analysis and link-level simulation for handheld UE were performed in the study phase of coverage enhancement for Rel-18 NTN, where all the inputs show that the required SNR for PRACH format B4 is below -10dB. Hence, the existing preamble format is able to meet the coverage performance requirement in FR2-NTN and no need to enhance for coverage.
Observation 1: Existing preamble format is able to meet the coverage performance requirement in FR2-NTN.
Proposal 1: No need to additionally enhance PRACH to improve coverage performance in FR2-NTN.
2.2 Timing error evaluation
For FR2-NTN, due to larger SCS, the timing error requirement will be higher than FR1-NTN. Hence, whether PRACH enhancement to improve tolerance to timing error may need to be considered. Currently, RAN4 is still ongoing on how to define the maximum timing errors (Te_NTN) for FR2-NTN so that RAN1 do not have clear criteria for judgement. But we can reuse some of the result for FR1-NTN as baseline for initial evaluation.
For FR1, the NTN specific transmit timing error requirements are defined as Te_NTN. Although not captured in spec, Te_NTN comprise several components as Te_NTN = Te + Te_GNSS + Te_SAT, where Te is legacy transmit timing error requirement for TN, Te_GNSS = 2* (GNSS positioning accuracy/c) reflects the error caused by UE GNSS error, and Te_SAT = 2* (serving-satellite positioning estimation accuracy /c) reflects the error caused by satellite position error. Based on the legacy Te and Te_NTN for FR1-NTN, the additional relaxed timing error requirement (Te_GNSS + Te_SAT) can be calculated as shown in Table 2 below.
[bookmark: _Ref146025006]Table 2: Te_NTN Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN
	Te
	Te_GNSS + Te_SAT

	1
	15
	15
	29*64*Tc
	12*64*Tc
	17*64*Tc

	
	
	30
	24*64*Tc
	10*64*Tc
	14*64*Tc

	
	
	60
	N/A
	10*64*Tc
	N/A

	
	30
	15
	24*64*Tc
	8*64*Tc
	16*64*Tc

	
	
	30
	22*64*Tc
	8*64*Tc
	14*64*Tc

	
	
	60
	N/A
	7*64*Tc
	N/A


Note that based on RAN4 discussion, 29*64*Tc and 24*64*Tc are relaxed requirements. Hence, the additional timing error limits for FR1-NTN can be considered as Te_GNSS + Te_SAT =14*64*Tc. If we directly reuse this additional timing error limits for FR1-NTN to FR2-NTN, the corresponding Te_NTN can be estimated as shown in Table 3. 
Note that the Te_NTN shown in Table 3 are conservative estimation, since VSAT UE generally have higher UE capability than handheld UE and may achieve better GNSS positioning accuracy. Additionally, according to the following agreement in RAN#101 [4], it can be found that for LEO case, only stationary UE is assumed. In this case, the impacts of GNSS will be further limited. 
	· As part of the NR-NTN-enh WID, RAN4 shall work on the definition of RRM requirements considering the following
· cases: Case-1: Stationary UE for GSO; Case-2: Stationary UE for LEO; Case-3: Mobile UE for GSO
· UE architectures: Fully electronically-steered beam UEs (Type 1); Fully mechanically-steered beam UEs (Type 2)


[bookmark: _Ref146025600]Table 3: Conservative estimation of Te_NTN Timing Error Limit for FR2
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te
	Te_GNSS + Te_SAT
	Te_NTN 

	2-1
	120
	60
	3.5*64*Tc
	14*64*Tc
	17.5*64*Tc

	
	
	120
	3.5*64*Tc
	14*64*Tc
	17.5*64*Tc

	
	240
	60
	3*64*Tc
	14*64*Tc
	17*64*Tc

	
	
	120
	3*64*Tc
	14*64*Tc
	17*64*Tc


Observation 2: According to the timing error limit specified for FR1-NTN, the timing error limit Te_NTN for FR2-NTN should be equal to or smaller than 17.5*64*Tc and 17*64*Tc when SCS of SSB signals is 120 kHz and 240 kHz, respectively.
[bookmark: _GoBack]In NTN, due to application of pre-compensation, the residual frequency error during PRACH detection is very small. For example, as one of set for implementation with SCS=60kHz, i.e., , the timing error tolerance for each preamble format can be assumed as CP/2 since the channel delay for FR2 VSAT can be negligible and assumed as zero. Then the timing error tolerance for each preamble format supported in FR2 TN can be evaluated as shown in Table 4. From the table, the PRACH format B4 has smallest timing error tolerance, which is 27*64*Tc and still larger than 17.5*64*Tc. Therefore, the existing preamble format is able to meet the timing error requirement in FR2-NTN and no need to enhance for timing error tolerance.
[bookmark: _Ref146026968]Table 4: Timing Error tolerance for PRACH format for FR2
	[bookmark: MCCQCTEMPBM_00000029]Format
	

	
	Timing error tolerance
(CP/2)

	A1
	
	2
	36*64*Tc

	A2
	
	2
	72*64*Tc

	A3
	
	2
	108*64*Tc

	B1
	
	2
	27*64*Tc

	B2
	
	2
	45*64*Tc

	B3
	
	2
	63*64*Tc

	B4
	
	2
	117*64*Tc

	C0
	
	2
	155*64*Tc

	C2
	
	2
	256*64*Tc


Observation 3: Existing preamble format is able to meet the timing error requirement in FR2-NTN.
Proposal 2: No need to additionally enhance PRACH to improve timing error tolerance in FR2-NTN.
2.3 PRACH configuration table
According to above evaluations, existing preamble format can meet the requirements in FR2-NTN and no need of additional enhancement. Moreover, FDD is more flexible in scheduling compared with TDD, which is compatible to support all potential RO location, e.g., starting symbol. That is, all the PRACH configurations for FR2 TDD can be supported in FR2 FDD. Therefore, the interpretation table of PRACH configuration index for FR2-TN, i.e., Table 6.3.3.2-4 in TS 38.211, can be directly reused for FR2-NTN without modification.
Proposal 3: The interpretation table of PRACH configuration index for FR2-TN, i.e., Table 6.3.3.2-4 in TS 38.211, can be directly reused for FR2-NTN without modification.
Timing issues
For FR2-NTN, following UE types are considered in RAN4:
· Fully electronically-steered beam UEs (Type 1)
· Fully mechanically-steered beam UEs (Type 2)
A mechanically-steered beam UE may require substantial amounts of time to perform a re-orientation of the device beam to reach a new satellite as part of handover and/or beam management, which can be much larger than the application time of configuration related to VSAT. Therefore, it is necessary to introduce additional time offset for application time for TCI state switching or spatial-relationship switching (i.e., DL reception beam switching or UL transmission beam switching). For example, as shown in Figure 1,additional offset X is needed to define the applicable time of MAC CE carrying the activation command.
[image: ]
[bookmark: _Ref146100038]Figure 1 Application time of MAC CE activation command for TCI state
Since this time offset is only necessary for Type 2 UEs and the beam steering time is stable, the introduction of time offset can be introduce based on UE capability. That is, UE report its capability to network and the time offset of application time is determined based on the reported capability. 
Additional, as the following agreement made in RAN#101[4], since RAN4 may not define corresponding requirement for TCI switching and spatial relation switching, the enhancement may not be needed.  
	· RAN recommends RAN4 to define the following RRM requirements for example band (Ka band) in the table below as baseline. 

	RRM requirements to be defined as part of Rel-18 NR-NTN-enh WID
	Electronic steering antenna
	Mechanical steering antenna
(inter-sat)
	Mechanical steering antenna
(intra-sat)

	
	Terminal Type 1
	Terminal Type 2

	UE uplink timing accuracy
	Y
	Y
	Reuse FR1 NTN requirement, except UL uplink timing accuracy

	RRC IDLE and INACTIVE mobility
	L
	N
	

	(Conditional/blind) Handover
	Y
	Y
	

	RRC Re-establishment
	L
	L
	

	RRC Connection Release with Redirection
	N
	N
	

	Radio Link Monitoring
	Y
	Y
	

	Link Recovery procedure (BFD/CBD)
	N
	N
	

	Active TCI switching
	N
	N
	

	Measurement Procedure
	Y
	N
	

	(L1/L3 measurement delay and measurement gap, scheduling restriction due to mixed numerologies)
	Y
	N
	

	Measurement Performance
	Y
	N
	

	UL spatial relation switching
	N
	N
	





Proposal 4: Additional time offset can be introduced for application time of MAC CE activation command for TCI state based on UE capability.
Reference subcarrier spacing for FR2-NTN
In legacy FR1-NTN, the reference subcarrier spacing for indication of Koffset and Kmac is 15kHz. For FR2-NTN, whether to introduce new reference subcarrier spacing was proposed to be discussed. In Rel-17 NTN, Koffset and Kmac are introduced mainly for scheduling. Defining finer reference subcarrier spacing for FR2-NTN can only optimize the delay at cost of additional signaling overhead, which is not necessary.
Proposal 5: No need to define new reference subcarrier spacing for FR2-NTN for Koffset and Kmac.
Conclusions
In this contribution, analysis on FR2-NTN is conducted with following proposals and observations:
Observation 1: Existing preamble format is able to meet the coverage performance requirement in FR2-NTN.
Proposal 1: No need to additionally enhance PRACH to improve coverage performance in FR2-NTN.
Observation 2: According to the timing error limit specified for FR1-NTN, the timing error limit Te_NTN for FR2-NTN should be equal to or smaller than 17.5*64*Tc and 17*64*Tc when SCS of SSB signals is 120 kHz and 240 kHz, respectively.
Observation 3: Existing preamble format is able to meet the timing error requirement in FR2-NTN.
Proposal 2: No need to additionally enhance PRACH to improve timing error tolerance in FR2-NTN.
Proposal 3: The interpretation table of PRACH configuration index for FR2-TN, i.e., Table 6.3.3.2-4 in TS 38.211, can be directly reused for FR2-NTN without modification.
Proposal 4: Additional time offset can be introduced for application time of MAC CE activation command for TCI state based on UE capability.
Proposal 5: No need to define new reference subcarrier spacing for FR2-NTN for Koffset and Kmac.
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