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1 [bookmark: _Toc101615135]Introduction
[bookmark: _Hlk75780291]RAN4 sent an LS on the system parameters for NTN above 10 GHz [1]. This was discussed in RAN1#114. The discussion is summarized in a FL summary, see [2].
The following observation was made in RAN1#114:
	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.



[bookmark: _Toc101615136]2	Discussion
In the following, we discuss the aspects listed in the observation.
2.1	PRACH configurations
In our opinion, RAN1 needs to introduce a table in TS 38.211 for PRACH configurations for FR2 with paired spectrum.
[bookmark: _Toc146916232]For PRACH FDD configurations in FR2 towards the support of NTN beyond 10 GHz, one observation is that the legacy specification defines PRACH configurations for unpaired spectrum (TDD) in FR2 through Table 6.3.3.2-4 of TS 38.211, which can be used as design baseline or starting point for the discussions.
[bookmark: _Toc146916233]In line with the previous observation, and towards the support of PRACH FDD configurations in FR2 for NTN beyond 10 GHz, at least the following design considerations can be discussed:
- Whether to discard the entries in Table 6.3.3.2-4  having a “starting symbol” different than zero (which are used to create a gap for TDD purposes). This would allow reducing the number of entries from 256 entries to only 118 entries.
- Whether to preserve some of the entries in Table 6.3.3.2-4  having “starting symbol” different than zero, through replacing the non-zero values by a zero value on those entries.
[bookmark: _Toc146916238]For the PRACH configurations for FDD in FR2 towards the support of NTN beyond 10 GHz, use Table 6.3.3.2-4 of TS 38.211 (i.e., PRACH configurations for TDD in FR2) as design baseline.
- FFS1: Discuss whether to discard the entries in Table 6.3.3.2-4  having a “starting symbol” different than zero (which are used to create a gap for TDD purposes). This would allow reducing the number of entries from 256 entries to only 118 entries.
- FFS2: Discuss whether to preserve some of the entries in Table 6.3.3.2-4  having “starting symbol” different than zero, through replacing the non-zero values by a zero value on those entries. 

2.2	UE autonomous timing advance aspects
Discussion on timing accuracy requirements and the different components that contribute to the total timing error is already ongoing in RAN4. There is no need to start a parallel discussion unless RAN4 requests input from RAN1 on these matters.
However, it is well-known that the timing error budget for high SCS is challenging. Therefore, RAN1 should reconsider improvements that were already evaluated but not pursued in Rel-17, since these may be more relevant with a tighter timing error budget.
2.2.1	3rd order term of common TA
3rd order derivative of Common TA was evaluated in detail in Rel-17 e.g. in [3] and clear benefits were shown. Figure 1 shows the total autonomous TA estimation error (UE-specific TA + common TA) as a function of SIB19 reacquisition period. The black curve shows total error with up to 2nd order term of common TA, while the pink curve shows total error with up to 3rd order term. It can be seen that the timing accuracy can be significantly increased if a 3rd order term is introduced. In [3] it is also shown that with a 3rd order term, the common TA accuracy is on par (or better) than the UE-specific TA accuracy.
[image: Chart

Description automatically generated]
[bookmark: _Ref83858906]Figure 1: 99th percentile feeder+service link RTT approximation error.
[bookmark: _Toc146916234]The transmission timing accuracy can be significantly increased if a 3rd order term of common TA is introduced.
[bookmark: _Toc146916239]Introduce a 3rd order term of common TA for FR2-NTN.
2.2.2	Modified range for TAC in RAR
In Rel-17, it was discussed to modify the range of TAC in RAR to cover both negative and positive values. Since PRACH has longer CP than PUCCH/PUSCH, an initial timing error due to e.g. GNSS inaccuracy will have less impact if it can be corrected by a closed-loop TA command (TAC) before the UE transmits PUCCH or PUSCH. For this purpose, the TAC in Msg2 is useful. But the initial timing error can be both positive and negative, while the TAC in Msg2 only supports positive TA values. Therefore, it would be useful if the range of TAC in Msg2 is modified to include both positive and negative TA values. To avoid increasing the number of TAC bits, the range could simply be shifted to cover the maximum allowed negative timing offset.
[bookmark: _Toc146916235]The initial timing error can be both positive and negative, while the TAC in Msg2 only supports positive TA values.
[bookmark: _Toc146916240]Modify the range of TAC in Msg2 (without increasing the number of bits) to cover also negative TA values.
2.3	Timing issues
Regarding the need for larger application delays for MAC CE related to VSAT mechanical steering, more information is needed on the expected delay range.
[bookmark: _Toc146916236]More information is needed on the expected application delay range for VSAT mechanical steering.
2.4	Reference subcarrier spacing
The reference subcarrier spacing determines the granularity of offset parameters koffset and kmac. The granularity will impact how well the scheduling offset can be adapted to the current RTT for individual UE. For FR1, a reference SCS of 15 kHz is specified, which corresponds to a granularity of 1 ms.
For FR2-NTN, the following is stated in the RAN4 LS [1]:
	· [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.



To allow configuration of offset parameters that minimize the delay, it is proposed to select the granularity of koffset and kmac as the smallest slot length of the considered uplink SCSs, i.e., a reference subcarrier spacing of 120 kHz is proposed.
[bookmark: _Toc146916241]Use 120 kHz as reference subcarrier spacing for FR2-NTN, corresponding to a granularity of koffset and kmac of 1/8 ms.
Related to this, TA reporting with the same granularity is needed as basis for the gNB to configure the offset parameters.
[bookmark: _Toc146916242]Support TA reporting with 1/8 ms granularity for FR2-NTN.
The range of koffset needs to match the maximum RTT between UE and gateway while the range of kmac needs to match the maximum RTT between satellite and gateway, measured in seconds. Since GEO is in the scope of FR2-NTN work, this range can be assumed to be the same for FR2-NTN as for FR1, i.e., the maximum values of 1023 ms and 512 ms, respectively, should be kept.
[bookmark: _Toc146916243]The range of koffset and kmac for FR2-NTN should be the same as for FR1, i.e., 1023 ms and 512 ms, respectively.
2.5	Specification impact
In our view it is early to determine the specification impacts due to that the discussions on the support of NTN beyond 10 GHz have not been initiated yet in RAN1. One example of the foreseen specification impacts might be introducing a Table of PRACH configurations for FDD in FR2 towards the support of NTN beyond 10 GHz in TS 38.211 (e.g., using as design reference/baseline the legacy Table 6.3.3.2-4 in TS 38.211).
[bookmark: _Toc146916237]It is early to determine the specification impacts due that the discussions on the support of NTN beyond 10 GHz have not been initiated yet in RAN1. One example of the foreseen specification impacts might be having to introduce a Table of PRACH configurations for FDD in FR2 towards the support of NTN beyond 10 GHz (e.g., using as design reference/baseline the legacy Table 6.3.3.2-4 in TS 38.211).
[bookmark: _Toc101615138]3	Conclusion
In the previous sections we made the following observations: 
Observation 1	For PRACH FDD configurations in FR2 towards the support of NTN beyond 10 GHz, one observation is that the legacy specification defines PRACH configurations for unpaired spectrum (TDD) in FR2 through Table 6.3.3.2-4 of TS 38.211, which can be used as design baseline or starting point for the discussions.
Observation 2	In line with the previous observation, and towards the support of PRACH FDD configurations in FR2 for NTN beyond 10 GHz, at least the following design considerations can be discussed: - Whether to discard the entries in Table 6.3.3.2-4  having a “starting symbol” different than zero (which are used to create a gap for TDD purposes). This would allow reducing the number of entries from 256 entries to only 118 entries. - Whether to preserve some of the entries in Table 6.3.3.2-4  having “starting symbol” different than zero, through replacing the non-zero values by a zero value on those entries.
Observation 3	The transmission timing accuracy can be significantly increased if a 3rd order term of common TA is introduced.
Observation 4	The initial timing error can be both positive and negative, while the TAC in Msg2 only supports positive TA values.
Observation 5	More information is needed on the expected application delay range for VSAT mechanical steering.
Observation 6	It is early to determine the specification impacts due that the discussions on the support of NTN beyond 10 GHz have not been initiated yet in RAN1. One example of the foreseen specification impacts might be having to introduce a Table of PRACH configurations for FDD in FR2 towards the support of NTN beyond 10 GHz (e.g., using as design reference/baseline the legacy Table 6.3.3.2-4 in TS 38.211).
 Based on the discussion in the previous sections we propose the following:
Proposal 1	For the PRACH configurations for FDD in FR2 towards the support of NTN beyond 10 GHz, use Table 6.3.3.2-4 of TS 38.211 (i.e., PRACH configurations for TDD in FR2) as design baseline. - FFS1: Discuss whether to discard the entries in Table 6.3.3.2-4  having a “starting symbol” different than zero (which are used to create a gap for TDD purposes). This would allow reducing the number of entries from 256 entries to only 118 entries. - FFS2: Discuss whether to preserve some of the entries in Table 6.3.3.2-4  having “starting symbol” different than zero, through replacing the non-zero values by a zero value on those entries.
Proposal 2	Introduce a 3rd order term of common TA for FR2-NTN.
Proposal 3	Modify the range of TAC in Msg2 (without increasing the number of bits) to cover also negative TA values.
Proposal 4	Use 120 kHz as reference subcarrier spacing for FR2-NTN, corresponding to a granularity of koffset and kmac of 1/8 ms.
Proposal 5	Support TA reporting with 1/8 ms granularity for FR2-NTN.
Proposal 6	The range of koffset and kmac for FR2-NTN should be the same as for FR1, i.e., 1023 ms and 512 ms, respectively.
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