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Introduction
At RAN1#114 there was a discussion on the NTN operation in frequency bands above 10 GHz. This discussion was triggered by an LS from RAN4 [1], and the discussions at RAN1#114 were captured in [2]. The discussions ended with the following observation:
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.


The discussion continued at RAN1#114-bis, where a number of conclusions and working assumptions were reached and captured in [7]. Latest summary of the discussions from the RAN1#114-bis meeting on this specific topic is captured in [8].
In this contribution we will discuss some of the aspects that we find to still be open within this topic.
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The various topics will be discussed in separate subsections in the following.
PRACH configurations
At RAN1#114-bis, there was a discussion on this topic, and RAN1 reached 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

As we outlined in our contribution at last meeting [6], we find that the most logical approach in terms of PRACH configuration index is to simply follow the approach of reusing Table 6.3.3.2-4 from TS 38.211 to allow for FR2-NTN operation in conjunction with the FDD bands that are available through the definitions of FR2-NTN. Since the target here would be to make as few and as simple adjustments as possible to facilitate NR over NTN operation in FR2-NTN, we would suggest that no modifications are introduced to enhance performance.
Proposal 1: Confirm the working assumption for PRACH configuration for FR2-NTN and make it applicable to FR2-NTN without modification.

Timing advance
When operating at higher frequency bands as implied by FR2-NTN, it is expected that a larger subcarrier spacing is applied, such as 60 kHz or 120 kHz SCS. With such higher subcarrier spacing configurations, the cyclic prefix will for the normal CP configuration become correspondingly shorter, thereby putting tighter requirements on the UE timing accuracy. These tighter requirements are originating from a number of issues:
· UE imperfections
· GNSS errors (estimation accuracy, UE movement)
· UE extrapolation of satellite position based on ephemeris information
· Systematic common TA errors

The UE’s final transmit timing accuracy will be a result of the combination of the potential error sources as listed above. According to our understanding, all of these would need to be considered when developing a solution that may be applicable for FR2-NTN.
Errors caused by GNSS modeling and errors
The first three error sources above are basically coming from either basic GNSS errors or from incorrect modelling of the information that is associated to the understanding of a network node’s geographical location. That is, either from UE’s own modelling of the satellite’s position during a fly-over, or from the reception/processing errors of the GNSS information at the UE side (either direct GNSS errors or the UE moving since last GNSS measurement was performed). The impact of all of these error sources would need to be taken into account in RAN4 through tighter transmit timing requirents for operation in the FR2-NTN bands.
Proposal 2: For operation of NR over NTN in FR2-NTN bands, RAN4 should consider introducing tighter requirements for transmit timing accuracy.
RAN4 is currently discussing how to make the requirements more tight for FR2-NTN, but still enabling a relaxed marging to be accounted to the imperfections on GNSS and ephemeris. However, there is a physical limit in how much the requirements might be relaxed while ensuring the UE transmission respects the Cyclic Prefix at the UL reception point. And our analysis show that this limit is inferior to the expected values for GNSS and ephemeris inaccuracies (around 40 meters for each). 
On the physical limit for allowed errors due to GNSS and ephemeris
In our analysis we’ll include an analysis for the maximum error in the transmit timing due to UE inaccurate pre-compensation, Tr, using the formula below, where we shall ensure that the gNB timing budget, Tg, is respected (i.e. the timing budget remaining after considering the UE inaccuracy shall be greater or equal to zero):
Tg =  Tcp –2* (Td + Tp + Tr + Ta + Tf + Tm+ Tue) + Tch ≥ 0
Where, each of the components above are given by:
· Tcp: It is a system parameter and corresponds to the duration of the cyclic prefix. For PUSCH the following values can be adopted:
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	PUSCH/PUCCH SCS
	Tcp

	60 kHz
	36 Ts

	120 kHz
	18 Ts



· Td: uncertainty of the UE estimation of the DL timing, which is estimated based on the BW of the PBCH 
Table 2. DL time uncertainty
	PBCH SCS
	PBCH Total BW
	Td

	120 kHz
	28.8 MHz
	0,53 Ts

	240 kHz
	57.6 MHz
	 0,27 Ts



· Tr: The TAC resolution error. This factor has to be introduced because, whenever the NW issues a TAC to fix/correct the UE timing (which may be triggered by the lack of UE accuracy), the steps of the TAC have a minimum granularity of . Because of this, in the worst case, the network will be constrained to bring the UE around  of the desired UL reference point. 

Table 3. TAC resolution error
	UL SCS
	Tr

	60 kHz
	2 Ts

	120 kHz
	1 Ts


NOTE: For PRACH, Tr = 0.

· Tch: For this analysis, the total delay spread of the channel will be evaluated based on the channel model provided in TR 38.811 for the Ka Band. In this reference, Table 6.7.2-1b brings the parameters used to estimate the delay spread in the Ka band, for the scenario with Dense Urban LOS. We repeat the parameters from the reference on Table 4, and provide the delay spread estimation by considering mlgDS + slgDS as the reference delay. We will use in this analyzis the value highlighted value (with green color), corresponding to the 30 degrees elevation angle. 
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	Elevation Angle
	10°
	20°
	30°
	40°
	50°
	60°
	70°
	80°
	90°

	mlgDS (mean of DS log)
	-7.43
	-7.62
	-7.76
	-8.02
	-8.13
	-8.30
	-8.34
	-8.39
	-8.45

	slgDS (std deviation of DS log)
	0.90
	0.78
	0.80
	0.72
	0.61
	0.47
	0.39
	0.26
	0.01

	Delay spread estimation
	9 Ts
	4.44 Ts
	3.36 Ts
	1.54 Ts
	0.93 Ts
	0.45 Ts
	0.34 Ts
	0.28 Ts
	0.11 Ts



· Tf : an accumulated timing drift over 160ms (minimum required interval between consecutive DL transmissions used for UL synchronization in TS 38.133) due to a frequency offset of 0.1ppm, results in 0.16 ns (0,5 Ts). 
· Ta: Transmit timing adjust accuracy, and according to the reference values adopted by TS 38.133 for SCS 60 and 120, we have respectively 2 Ts and 0.5 Ts. 
· Tm: Implementation margin at the satellite access node (SAN) (accounting for processing times at SAN, down conversion of the signal between the SAN and the gNB to be transmitted in the feeder link, etc). We will adopt for each case an arbitrary margin equal to 15% of the CP. 
· Tue: It is the extra UE implementation margin, equal to 1.25 Ts for 60 kHz and 1 Ts for (120 kHz), to be added on top of the other already considered UE incertainties in the formula (Td, Tf). This margin is already considered within the current value of the UE transmit timing accuracy requirement

Therefore, in our calculation we obtain the following results (all results are in Ts), for the Maximum Tp that could be allowed in the NW, in the absence of implementation margin at UE side:

Table 5 Calculation for the maximum value allowed for Tp according to the time budget:
	DL SCS
	UL SCS
	Tcp (UL)
	Td
	Tch
	Tr
	Ta
	Tf
	Tue
	Tm
	Max(Tp)

	120
	60
	36
	0,53
	3,36
	2
	2
	0,5
	1,5
	5,4
	8,78

	240
	60
	36
	0,27
	3,36
	2
	2
	0,5
	1,5
	5,4
	9,3

	120
	120
	18
	0,53
	3,36
	1
	0,5
	0,5
	1,5
	2,7
	1,18

	240
	120
	18
	0,27
	3,36
	1
	0,5
	0,5
	1,5
	2,7
	1,7



And this represents that, the UE would be capable to have up to the following allowed values for the uncertainties caused by X and Y, where X represents the GNSS position inaccuracy and Y represents the satellite position inaccuracy.

Table 6 Maximum values for X+Y,for a UE with no implementation margin:
	DL SCS
	UL SCS
	Max(Tp)
	X+Y (m)

	120
	60
	8,78
	42,9

	240
	60
	9,3
	45,4

	120
	120
	1,18
	5,8

	240
	120
	1,7
	8,3



Observation 1: The maximum possible value for positioning error (for both GNSS and ephemeris) allowed, considering implementation requirements, is less than 10 m for 120 kHz SCS.
The total error that can be allowed for UE transmit timing is inferior to the required value of 40m (80m when GNSS and ephemeris errors are combined) for both SCS. The problem is even bigger when a subcarrier spacing of 120 kHz is considered. However, due to phase noise considerations, the UL SCS of 120 kHz should be made viable for the operation in Ka-band.
In the next subsection we discuss potential solutions for this problem.  
Using the PRACH potential for TA compensation
In terrestrial networks, UEs are not supposed to perform pre-compensation of the UL channel. Therefore, when they first try to access the network via RACH, they are set to use Nta = 0. The network will receive and detect the preamble sequences transmitted by this UE within the cyclic prefix of the PRACH and transmit in the RAR A Timing Advance Command such that this UE can use the new TA and be time aligned with the other UEs for transmissions in the PUSCH/PUCCH. This is depicted in Figure 1, which illustrates two UEs (UE1 and UE2), whose respective propagation delays to the gNB is tue1 and tue2. Because the UEs are not supposed to apply TA (Nta=0) during the PRACH, the RACH preamble reception at gNB will observe that the signal transmitted by these two UEs are delayed from the “ideal” start of the RACH slot in UL, with a delay equal to twice their physical propagation delays. 
 [image: ]
[bookmark: _Ref149750806]Figure 1. PRACH timing advance considerations in terrestrial networks
That was one of the main functions of RACH in TN (besides providing the UE with an identity) and that’s why RACH preamble resources have longer CP than the rest of the resources. However, for Rel-17 NR over NTN, things were changed, and the UEs are now requested to perform pre-compensation of UL timing also for RACH. If the UE performs the operation ideally, then the UL reception of the RACH preamble will be in the exact point the UL slot starts at gNB (UEs are already time aligned with other UEs transmitting in PUSCH and PUCCH). This situation is depicted in Figure 2. 
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Figure 2. RACH timing advance considerations in non-terrestrial networks

This means that the longer PRACH preamble reception are not being used in NTN in a meaningful way. But they still have plenty of potential that can be used to address the problem of the transmit timing advance in NTN. 
[bookmark: _Toc146732880]Observation 2: In terrestrial network configurations, the RACH transmission may arrive at the gNB offset to the gNB UL time by up to twice the propagation delay relative to the cell radius. In NTN the expectation is that the RACH transmission arrives at the gNB being time aligned.
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Observation 3: The RACH preamble is not fully used as intended in NTN to assist the gNB in estimating the necessary timing advance to apply at the UE side. 

Observation 4: When a UE transmits the random access preamble, after applying the UL pre-compensation at UE side, the errors between the time the gNB has received the UE signal and the expected UL synchronization time can all be attributed to UE inaccuracies.
So, whereas, PUCCH and PUSCH transmit timing accuracy are much stricter due to the short CP, PRACH provide much larger values for CP, whichcan be used to absorb the timing inaccuracy in NTN during the initial access phase.
For the very first PRACH message (the random access preamble) the network can select and configure for PRACH formats with larger values for the cyclic prefix, receive the random access preamble, calculate and issue a timing advance command in the MAC RAR (Msg2 or MsgB), where the timing advance command is expected to compensate for the (static/systematic) timing errors in the UE pre-compensation. From this point on, the network may enforce tighter requirements on the PUCCH and the PUSCH transmissions.  
If the assumption of the timing errors related to the UE pre-compensation being static/systematic does not hold, the network may potentially need to update the compensation needed. However, such changes would be compensated through normal closed loop operation under the condition that the UE is having an active connection running with both UL and DL transmissions. One of the potential sources for the UE pre-compensation not being static/systematic is the satellite movement which will have the primary impact at low elevation angles..
Observation 5: For low elevation angles, the UE timing inaccuracy might grow over time because of inaccurate GNSS/ephemeris in spite of the received TAC during RACH. 
For scenarios as described above, there may be a solution if all UL timing error measured by the gNB is above a certain threshold, it correspondingly represents that the UE inaccuracy in the transmit timing is also above that threshold. Therefore it is reasonable that, if the TAC received in the RACH Msg2 or MsgB is above a certain threshold the UE considers itself as having insufficient timing pre-compensation. 
Proposal 3: Define a threshold level for maximum timing advance during random access procedure. If the TAC in Msg2 or MsgB is above the maximum level, UEs in this situation shall not be capable of transmitting, until they fix their time pre-compensation (e.g. GNSS update and new PRACH transmission). 
Another potential issue is that closed-loop time control may not be capable of keeping track of the developing transmit timing error. In special in situations where the time series of the GNSS position acquired by the UE develops in an uncorrelated manner, i.e., there are “sudden jumps” in the UE position that may lead to significant errors when the UE applies the UL timing pre-compensation. This would not allow the “gradual adjustments” in the timing advance performed autonomously by the UE to settle the TA within reasonable accuracy. To prevent such behavior, we propose the following:
Proposal 4: If the UE updates its GNSS position, and difference between the TA calculated using the new UE position and the previous UE position is above the UL Transmit Timing inaccuracy, UE shall perform a new random access procedure to reacquire the correct transmit timing. 

Errors caused by common TA modelling errors
As illustrated in some of our previous contributions, for instance [3], the common TA indication from the gNB to the UE to describe the feeder link delay will have a systematic modelling error as time elapses from the Epoch time (under the assumption that the Epoch time is used ot provide common TA related parameters that will lead to zero modelling error at the Epoch time. This modelling error is shown in Figure 1, where it is seen that the amount of modelling error is changing as a function of “time since Epoch” as well as “elevation angle”. A number of methods may be considered to reduce the impacts of the systematic modelling error as a function of time elapsed since the Epoch time. These are; (a) Additional polynomial components of the descriptor for the common TA, (b) UE obtaining the additional polynomial components by reading multiple versions of the ephemeris information, (c) reducing the validity time of the ephemeris information, and (d) forcing UEs to use specific versions of the ephemeris information such that all UE will have coordinated application time of the ephemris information. These alternatives will shortly be described below.
(a) The addition of higher order polynomial parameters was discussed extensively during the normative phase of Rel-17 NR over NTN, and the conclusions from this was that adding a 3rd (or 4th) order polynomial coefficient would not be needed. Given that introcuding additional components to the SIB19 at this stage of specification would cause potential issues with backwards and forwards compatibility, this would not be seen as an attractive solution.
(b) It has been shown in earlier contributions [5] that it is possible to obtain information corresponding to the 3rd order coefficient of the polynomial describing the Common TA through the UE reading more than one version of the SIB 19. This approach will utilize the change of parameters for the Common TA to allow for creating a set of equations to establish the parameter value for the 3rd order derivative of the Common TA. Such a solution would not require additional standardization effort and would be higly preferred over the (a) approach above, as it could be seen as a simply UE implementation.
(c) Reducing the validity time of the ephemeris information could also be seen as a valid solution to the problem at hand. As the amout of relative systematic error increases due to the higher subcarrier spacing the UE will naturally need to update its GNSS related information (better modelling of satellite position, better understanding of UE position), and hence it would also be natural for the UE to have more frequent updates of the understanding of the broadcasted information from the satellite (and we should keep in mind that it is possible to expand the validity scope of the SIB19 content in case the UE is able to do ”backwards propagation” – again, it is a matter of UE implementation, which would not impact standardization efforts.
(d) The last option would be to enforce all UE to apply the same Common TA information, which would cause all UEs to experience the same Common TA modelling error, which would potentially make the error less predominant at the gNB side, as all UEs would be experiencing the same ”common time drift” from the expected value. However, such forced update times would potentially be seen as too restrictive for UE implementation, as all UE would be expected to read and apply the exact same broadcast information in a coordinated manner.

Proposal 5: For reducing the systematic error at UE side, multiple readings of SIB19 should be seen as the preferred solution.
Proposal 6: UEs should be supporting backwards propagation of Ephemeris information to reduce the impact of Common TA modelling errors.
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[bookmark: _Ref86929953]Figure 1. Common TA prediction error using 2nd order (a) and 3rd order (b) approximation when the LEO elevation angle is 20⁰, 40⁰, 60⁰, and 80⁰ at time , i.e., at the epoch time.


Reference subcarrier spacing
At RAN1#114-bis, there was a discussion on this topic, and RAN1 reached the following working assumption:
Working assumption
For operation in FR2-NTN, use a reference SCS of 15 kHz for the indication of K_offset and K_MAC.

As we outlined in our contribution at last meeting [6], we find that since the K_offset and K_MAC are parameters that describes some physical properties of the channel (associated to the propagation delays for both the scheduling delay and location of the reference point), the most logical approach would be to maintain the same resolution as is currently defined for Rel-17 NR over NTN. Hence, we propose to confirm the working assumption.
Proposal 7: Confirm the working assumption on the reference SCS for indication of K_offset and K_MAC.
Correspondingly, the was a discussion on the granularity of the TA reporting which led to the following working assumption:
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.

This working assumption is partly related to the scheduling operation for specific UEs (by allowing the network to provide K2 values that for UL scheduling that would allow for optimized transmit timing), and partly related to the maintenance of K_offset configuration for the entire cell (by observing the reported values of TA reporting from the devices scheduled within the cell coverage region).
For optimizing the UE scheduling, there would indeed be a (marginal) gain from increasing the granularity of the TA reporting, but such gain would come at the cost of increased UL signaling overhead (each UE would need to provide the TA report with higher granularity), while at the same time potentially risking providing more detailed information on the UE’s position (allowing more accurate location estimates). The potential gain in terms of UL scheduling latency would be less than 5% on average (since the current granularity would be 1 ms and for most cases the RTT would be 10 ms or above).
Proposal 8: Confirm the working assumption of the granularity of the TA reporting being the same as the corresponding reference SCS applied for K_offset.

Negative absolute TA commands
As part of the discussion for the LS treatment in RAN1#114 [2] one company mentioned the option of a gNB being able to indicate negative TA values when providing the TAC as part of the RAR. This aspect was extensively discussed already in Rel-17 work, and it was agreed to not support this way of operating the system. Basically, it is to be assumed that a UE would have sufficiently good understanding of the satellite position and its own position that there would not be a need for such indication of negative values for the TAC. Any such inaccuracy should be addressed through UE requirements in RAN4.
Proposal 9: No enhancements for TAC are needed for operating NR over NTN for FR2-NTN bands.

Cell search
At RAN1#114-bis, there was a discussion on this topic, and RAN1 reached 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

As we outlined in our contribution at last meeting [6], we listed the considered cases for cell search, which are repeated below.
· Case A: 15 kHz SCS, with use cases defined for cases without shared spectrum channel access (implicitly FR1), there are two cases; below 3 GHz and above 3 GHz, and the SSB definitions are described accordingly with a maximum of 8 SSBs configured.
· Case B: 30 kHz SCS, there are two cases; below 3 GHz and above 3 GHz (but limited to FR1), and the SSB definitions are described accordingly with a maximum of 8 SSBs configured.
· Case C: 30 kHz SCS, with use cases defined for cases covering both with and without shared spectrum operation, and for the case of without shared spectrum channel access, the cases of paired spectrum and unpaired spectrum are covered (still within FR1), the SSB definitions are described accordingly with a maximum of 8-10 SSBs for the different cases.
· Case D: 120 kHz SCS, with operation for carrier frequencies withing FR2 (and implicitly for paired spectrum) with a maximum of 64 SSBs.
· Case E: 240 kHz SCS, with operation for carrier frequencies withing FR2-1 (and implicitly for paired spectrum) with a maximum of 64 SSBs.
· Case F: 480 kHz SCS, with operation for carrier frequencies withing FR2 -2(and implicitly for paired spectrum) with a maximum of 64 SSBs.

As can be seen from the above there is currently no use case for cell search defined for 60 kHz SCS, and there is no SSB pattern defined for operation in FR2-NTN. Hence – for allowing NR over NTN operation for such a scenario we propose to confirm the working assumption while also considering Case E to be included for FR2-NTN.
Proposal 10: Confirm the working assumption for cell search procedure while allowing for Case E to be included as well.
Extended CP operation
At RAN1#114-bis, there was a discussion on this topic, and various companies expressed their views as outlined in [8], where some companies indicated that support for extended CP would be needed for operation of NR over NTN in frequency bands defined by FR2-NTN, while other companies indicated that extending the scope of the feature of extended CP would not be seen feasible.
Based on the discussion at last meeting, our view remains unchanged, and we do not find any compelling arguments to extend the scope in this domain, especially not considering the additional standardization work needed to facilitate extended CP.
Proposal 11: Do not introduce additional support for extended CP beyond what is currently available in the standards for Rel-18.


Conclusion
In this contribution we have discussed the NR over NTN operation for FR2-NTN (and operation in frequency bands above 10 GHz in general) and have the following observations and proposals:
Observation 1: The maximum possible value for positioning error (for both GNSS and ephemeris) allowed, considering implementation requirements, is less than 10 m for 120 kHz SCS.
Observation 2: In terrestrial network configurations, the RACH transmission may arrive at the gNB offset to the gNB UL time by up to twice the propagation delay relative to the cell radius. In NTN the expectation is that the RACH transmission arrives at the gNB being time aligned.
Observation 3: The RACH preamble is not fully used as intended in NTN to assist the gNB in estimating the necessary timing advance to apply at the UE side. 
Observation 4: When a UE transmits the random access preamble, after applying the UL pre-compensation at UE side, the errors between the time the gNB has received the UE signal and the expected UL synchronization time can all be attributed to UE inaccuracies.
Observation 5: For low elevation angles, the UE timing inaccuracy might grow over time because of inaccurate GNSS/ephemeris in spite of the received TAC during RACH. 

Proposal 1: Confirm the working assumption for PRACH configuration for FR2-NTN and make it applicable to FR2-NTN without modification.
Proposal 2: For operation of NR over NTN in FR2-NTN bands, RAN4 should consider introducing tighter requirements for transmit timing accuracy.
Proposal 3: Define a threshold level for maximum timing advance during random access procedure. If the TAC in Msg2 or MsgB is above the maximum level, UEs in this situation shall not be capable of transmitting, until they fix their time pre-compensation (e.g. GNSS update and new PRACH transmission). 
Proposal 4: If the UE updates its GNSS position, and difference between the TA calculated using the new UE position and the previous UE position is above the UL Transmit Timing inaccuracy, UE shall perform a new random access procedure to reacquire the correct transmit timing. 
Proposal 5: For reducing the systematic error at UE side, multiple readings of SIB19 should be seen as the preferred solution.
Proposal 6: UEs should be supporting backwards propagation of Ephemeris information to reduce the impact of Common TA modelling errors.
Proposal 7: Confirm the working assumption on the reference SCS for indication of K_offset and K_MAC.
Proposal 8: Confirm the working assumption of the granularity of the TA reporting being the same as the corresponding reference SCS applied for K_offset.
Proposal 9: No enhancements for TAC are needed for operating NR over NTN for FR2-NTN bands.
Proposal 10: Confirm the working assumption for cell search procedure while allowing for Case E to be included as well.
Proposal 11: Do not introduce additional support for extended CP beyond what is currently available in the standards for Rel-18.
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