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In RAN1#113, RAN1 received a LS from RAN4 on the potential support of NR over NTN for the frequency band defined as part of FR2-NTN [1]. In RAN1#114, some aspects related to this topic are discussed and the following observation was made in Chairman notes.
	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.


In this contribution, we provide further discussion regarding the RAN1 impacts to support Ka band with respect to the identified topics in the last RAN1 meeting.
Discussion
PRACH configuration
As for the SCS of PRACH configuration for FDD NTN above 10GHz, there is no extra frequency error requirement for NTN. Hence, the current SCS configuration is enough for FDD NTN above 10GHz. 
Proposal 1: As for the PRACH configuration for FDD NTN above 10GHz, no need to introduce extra enhancement in terms of SCS.
As for the PRACH configuration issues for NR over NTN operation in FR2-NTN, we think that the random access configuration for FR2 and unpaired spectrum (TDD band) should be reused, i.e. Table 6.3.3.2-4 in TS 38.211. Considering the similarity between FDD and TDD for FR2, the PRACH configuration for FR2 TDD can also be applied to FR2 FDD without modification. It’s not necessary to define a new set of configuration indices for PRACH preambles applicable to FR2-NTN FDD. In addition, the reuse of existing table is simple and has minimal impact on the specification.
Proposal 2: We support to reuse Table 6.3.3.2-4 in TS 38.211 of “Random access configurations for FR2 and unpaired spectrum” directly to NTN in Ka band.

VSAT antenna beamforming and application delay
For MAC CE that actives TCI states, the legacy application delay is 3ms. While the time of VSAT mechanical steering is variable. It depends on the UE capability. If UE have poor beam steering capability, application time for MAC CE that actives TCI sates should be extended. Hence, we think that RAN4 should provide more information about UE capability with respect to VSAT mechanical steering before RAN1 starts further discussion.
Proposal 3: RAN4 should provide more inputs about UE capability with respect to VSAT mechanical steering.

Reference subcarrier spacing for FR2-NTN
The reference subcarrier spacing (SCS) 15KHz is defined for indication of K_offset and K_mac for S band. While the unit of the field K_offset and K_mac is a number of slots for a given subcarrier spacing of 15 kHz, which ranges [1-1023] and [1-512] respectively and the granularity is 1ms. For NTN above 10GHz, the subcarrier spacing is 60kHz or 120kHz. In this case, the duration of one slot is 0.25ms or 0.125ms. If the reference subcarrier spacing changes accordingly, the scheduling granularity becomes 0.25ms or 0.125ms. So, the change of reference subcarrier spacing will improve the scheduling accuracy.  We think similarly as that in FR1, the smallest subcarrier spacing, i.e. 60kHz SCS, could be used as the reference subcarrier spacing. 
Proposal 4: Considering the scheduling accuracy, we support to change the reference subcarrier spacing to 60kHz SCS for FR2-NTN. 

TA double correction for FR2-NTN
Time synchronization of uplink transmission requires a timing error within a length of CP/2. When UL transmission in FR1, the SCS is 15 or 30 kHz, and in this case, the CP length is 4.7 us or 2.3 us. However, when UL transmission in FR2, the SCS is 60 kHz or 120 kHz. In this case, the length of the CP is 1.2 us or 0.59 us. A shorter CP length means a higher requirement for time synchronization. Considering more strict timing error requirement for NTN above 10GHz, we think the issue of TA error jump caused by TA double correction may need to be discussed. According to TS 38.133, the timing advance value can be calculated by the following formula.
.
where  ,  which is the close-loop timing advance correction, indicated by the satellite with TA command (TAC).  and is the open-loop timing advance correction, which is calculated by the updated ephemeris information and UE GNSS position fix. When the open-loop timing advance is not updated, the TA change caused by satellite movement or UE movement is corrected by the TAC. However, once the open-loop timing advance is updated, the TA change caused by motion can be  corrected by the satellite or UE location update. In this case, if the correction of the TAC is still performed, it could cause a double correction, which leads to the TA error jump. It may be not an issue in S-band considering the CP provided in S-band can have more robustness with respect to this double correction. However, for Ka-band with a shorter CP, this issue should be discussed.
The discussion of timing error requirement for Ka band NTN in RAN4 covers three cases, for Case-1, the legacy TA adjustment can be applied as the relative delay between satellite and UE location changes very slowly. For Case-2 and Case-3, maybe the TA error jump has a greater impact.
Topic 1: NR-NTN deployment in above 10 GHz bands
· Agreements
· The scope of the work needed to define the RRM requirements (i.e. beam steering related) necessary for NR-NTN UEs operating in the NTN example band (i.e. Ka band) based on associated assumptions of the UE architecture
RRM requirements shall cover at least the following scenarios
Case-1: Stationary UE for GSO
Case-2: Stationary UE for LEO
Case-3: Mobile UE for GSO


[bookmark: _Hlk146616007]To show the impact of TA error jump, we use Case-2 as an example for simulation. Assume that  stationary UE for LEO, GNSS position fix period = 10s, TAC period = 1s, UL Tx period =0.1s, ephemeris updating period = 180s, UE is stationary, satellite moves from south to north at altitude = 600km, the satellite is right above the UE at time t = 0. The ephemeris updating period is 3mins and the satellite position prediction error is 261m.
The TA error versus time t with different SCS (60kHz, u=2; 120kHz, u=3) is shown in the following figures.                                                            
[image: C:\Users\s00813212\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\E4532B1A.tmp] 
(a) SCS = 60kHz  
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(b) SCS = 120kHz
Figure 2 TA error performance 
It can be observed that the max TA error value is about 0.9us (27.6*Ts) in Case-2. The TA error jump comes from the ephemeris information updating. Similar in Case-3, the GNSS position fix will also bring the issue of TA error jump in the same way.
Based on the analysis above, we think the TA double correction should be considered in Case-2 and Case-3. To solve the issue, we think that accumulating the TAC from 0 is a simple solution.
Proposal 5: To solve the issue of TA error jump for NTN above 10GHz, we support to reset the accumulated closed loop TAC based on different scenarios as follows：
Case-1: Stationary UE for GSO: legacy TA adjustment can be applied
Case-2: Stationary UE for LEO: reset the accumulated closed loop TAC to 0 upon reacquisition of ephemeris
Case-3: Mobile UE for GSO: reset the accumulated closed loop TAC to 0 upon GSSS reacquisition.


Conclusions
According to the above discussions, we have the following proposals:
Proposal 1: As for the PRACH configuration for FDD NTN above 10GHz, no need to introduce extra enhancement in terms of SCS.
Proposal 2: We support to reuse Table 6.3.3.2-4 in TS 38.211 of “Random access configurations for FR2 and unpaired spectrum” directly to NTN in Ka band.
Proposal 3: RAN4 should provide more inputs about UE capability with respect to VSAT mechanical steering.
Proposal 4: Considering the scheduling accuracy, we support to change the reference subcarrier spacing to 60kHz SCS for FR2-NTN. 
Proposal 5: To solve the issue of TA error jump for NTN above 10GHz, we support to reset the accumulated closed loop TAC based on different scenarios as follows：
Case-1: Stationary UE for GSO: legacy TA adjustment can be applied
Case-2: Stationary UE for LEO: reset the accumulated closed loop TAC to 0 upon reacquisition of ephemeris
Case-3: Mobile UE for GSO: reset the accumulated closed loop TAC to 0 upon GSSS reacquisition.
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