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1 Introduction
In RAN#101 [1], the revised WID on NR NTN enhancements was endorsed.  This includes an objective for NR-NTN deployment in above 10 GHz bands.

2 Background:
RAN4 sent an LS to RAN1 and RAN2 on the system parameters for NTN above 10 GHz  [2]. The LS was discussed in RAN1#114 and the following observation was 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.



RAN Plenary RAN#101 made the following decision on NR-NTN deployment in above 10 GHz bands:Proposal 1: 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)
Proposal 2: RAN recommends RAN4 to define the following RRM requirements for example band (Ka band) in the table below as baseline. 
· The following assumptions (applicable to Type 1 and Type 2 terminals) are used for R18 RRM requirements
· single SAN Tx beam per radio cell in DL
· For inter satellite HO, only blind HO and no neighbor cell measurement
· Blind HO assumption for type 1 UE can be revisited if issue is identified in RAN4 
· Intra-sat neighbor cell measurement is needed
· Same UE Rx beam is used for both serving and neighboring cells which belong to the same sat. (i.e. no Rx beam sweeping)


RAN#101 provided a table copied below
	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
	



In this contribution, we further discuss potential RAN1 discussion to support the RAN4 work on NTN above 10 GHz.

3 MAC-CE application time in case of VSAT antenna for NR over NTN
This issue was discussed in Topic 4: VSAT antenna beamforming and application delay in summary Discussion on RAN4 LS on FR2-NTN aspects [5].Companies were encouraged to comment on whether they would you see any need for addressing (and implementing) larger application delays for MAC-CE related to VSAT mechanical steering? The moderator recommendation was to ask RAN4 to clarify the use case for using MAC-CE to trigger mechanical beam steering as well as requesting RAN4 to provide typical application delay range for a mechanical beam VSAT antenna to reach new direction.
RAN#101 made the decision that single SAN Tx beam per radio cell in DL is assumption for (applicable to Type 1 and Type 2 terminals) are used for R18 RRM requirements. The MAC CE TCI is received by UE in connected time. It was discussed in [5] that when the HARQ-ACK corresponding to a PDSCH carrying a MAC-CE command is transmitted in slot n, the corresponding action and the UE assumption on the downlink configuration indicated by the MAC-CE command shall be applied starting from the first slot that is after slot . Further, NTN UE can report its capability in terms of MAC CE action timing application delay 𝑿.
Since single SAN Tx beam per radio cell in DL is assumption, we see no need for further discussion in RAN1 for Type 1 VSAT (electronically steered beam) and Type 2 VSAT (mechanically steered beam). We make the following observations:
Observation 1: Since there is a single SAN Tx beam per radio cell, there is no discontinuity when the beam is switched within the serving satellite. The UE VSAT Type 1 or Type 2 can be expected to continuously track the satellite direction.
Observation 2: LS to RAN4 to clarify the use case for using MAC-CE to trigger mechanical beam steering and provide typical application delay range for a mechanical beam VSAT antenna to reach new direction for single SAN Tx beam per radio cell in DL is not necessary. 

4 Reference subcarrier spacing for FR2-NTN
[bookmark: _Hlk146913608]The issue was discussed in Topic 5 in [4]. A number of options for addressing the reference subcarrier spacing for NR over NTN for FR2-NTN were discussed:
· 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.

The reference sub-carrier spacing for FR2 is FFS based on RAN1 #106-bis-e agreement:

	RAN1 #106-bis-e:
Agreement:
· For the reference subcarrier spacing value for the unit of K_offset in FR1, a value of 15 kHz is used.
· FFS: FR2
Agreement:
For the reference subcarrier spacing value for the unit of K_mac in FR1, a value of 15 kHz is used.
· FFS: FR2



The Koffset is specified in TS 38.300 Section 16.14.2.1 to be a configured scheduling offset that needs to be larger or equal to the sum of the service link RTT and the Common TA.
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Figure 1: Illustration of timing relationship (for collocated gNB and NTN Gateway)
In [4], it was proposed that the reference subcarrier spacing value for the unit of K_offset and K_mac is 120 kHz for FR2-NTN.
The specified value range of cell specific Koffset is 0 – 1023 ms and the value range of the differential UE specific Koffset provided in MAC CE is 0 – 63 ms. 

The minimum value of the Koffset assuming the satellite is at the Nadir and the UL Synchronization Reference Point (USRP) is at the satellite can correspond to the RTT = 4 ms for LEO-600 km ; the maximum value for LEO -600 km is at the minimum elevation angle and the USRP at the gNB on the ground with RTT of up to 25.77 ms (TR 38.821 Section 7.1.1). For GEO, the Koffset value can be much larger. 

The Koffset is a scheduling parameter that does not need to be updated often. It is only necessary to avoid case where timing drift exceeds a slot duration, which will result in the wrong slot index assumption in the device. Assuming LEO=600 km and a satellite velocity of 7.562 km/s and SCS=60 kHz, the Koffset can be updated at most every 160 ms or every multiple of 160 ms in a more practical scheduler implementation; the Koffset may not need to be updated in case the cell-specific Koffset set to be larger or equal the  sum of the service link RTT and the Common TA and the max service link RTT is assumed. 

Observation 3: A smaller granularity for the Koffset based on a larger SCS than 15 kHz seems not necessary.
Proposal 1: Alt 1: Keep the reference subcarrier spacing as for Rel-17 (meaning that K_offset and K_mac are defined with ms granularity).

5 Common TA related aspects
The issue was discussed in Topic 2 in [4]. =15 kHz and SCS=30 kHz. The transmit timing error requirements for SCS=60 kHz or SCS=120 kHz are likely to in the order of the tightest requirements of 24.Ts assuming SCS=30 kHz for SSB signal and SCS = 30 kHz of UL signal. This corresponds to a transmit timing error in the order of 0.77 us. The symbol length for SCS = 60 kHz excluding the CP is 16.67 us, which allows a CP of around 1.18 us. This would allow a delay spread in the order of 0.41 us, which is very small margin and would likely require an extended CP. For SCS=120 kHz, it seems not practical case as using an extended CP will be very inneficient.  
It was shown during Rel-17 NR NTN WI and in [4] that using the 3rd order common derivative will reduce the common TA contribution to the transmit timing error to be well within a sample Ts. This will save at least 2 Ts assuming typical common TA update every 30 seconds to save signalling overhead. Since Multi-user detection is used at the gNB receiver and commn TA error can be of opposite sign, this would save 2*2 T = 4 Ts = 0.12 us. This is quite significant. Hence we make the following observation and proposal. 

Observation 4: Extended CP for 60 kHz SCS is a necessary solution to the timing error challenges for NR over NTN in FR2-NTN bands
Observation 5: Using 3rd order derivative can improve timing error by 4 Ts assuming typical common TA validation duration to save signalling overhead.
Proposal 2: Higher-layer parameter TACommonThirdOrder can be indicated with the following range, granularity and bits allocation for FR2 NTN in Rel-18 NR NTN:

	Parameter name 
	Value range
	Granularity
	Bits allocation

	TACommonThirdOrder
	-4912…+4912
(-0.015 …+0.015 )
	
	14 bits

	Value range is given in unit of corresponding granularity



4 Conclusion
In this contribution, the following observations and proposals were made:

MAC-CE application time in case of VSAT antenna for NR over NTN:
Observation 1: Since there is a single SAN Tx beam per radio cell, there is no discontinuity when the beam is switched within the serving satellite. The UE VSAT Type 1 or Type 2 can be expected to continuously track the satellite direction.
Observation 2: LS to RAN4 to clarify the use case for using MAC-CE to trigger mechanical beam steering and provide typical application delay range for a mechanical beam VSAT antenna to reach new direction for single SAN Tx beam per radio cell in DL is not necessary. 

Reference subcarrier spacing for FR2-NTN:
Observation 3: A smaller granularity for the Koffset based on a larger SCS than 15 kHz seems not necessary.
Proposal 1: Alt 1: Keep the reference subcarrier spacing as for Rel-17 (meaning that K_offset and K_mac are defined with ms granularity).

Common TA related aspects:
Observation 4: Extended CP for 60 kHz SCS is a necessary solution to the timing error challenges for NR over NTN in FR2-NTN bands
Observation 5: Using 3rd order derivative can improve timing error by 4 Ts assuming typical common TA validation duration to save signalling overhead.
Proposal 2: Higher-layer parameter TACommonThirdOrder can be indicated with the following range, granularity and bits allocation for FR2 NTN in Rel-18 NR NTN:

	Parameter name 
	Value range
	Granularity
	Bits allocation

	TACommonThirdOrder
	-4912…+4912
(-0.015 …+0.015 )
	
	14 bits

	Value range is given in unit of corresponding granularity
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