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Introduction
[bookmark: _Hlk510705081]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 in RAN1  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]. The discussions continued at RAN1#115, where some of the working assumptions from previous meeting were agreed [8]. Latest summary of the discussions from the RAN1#115 meeting on this specific topic is captured in [9]. Finally, the discussions continued at RAN1#116, where the latest summary of the discussions is captured in [12].
In this contribution we will discuss some of the aspects that we find to still be open within this topic.
Discussion
The various topics will be discussed in separate subsections in the following.
PRACH configurations
At RAN1#115, there was a discussion on this topic, and RAN1 agreed to confirm the working assumption from RAN1#114-bis::
Agreement
Confirm the working assumption from RAN1#114-bis on the PRACH configuration.

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 to the PRACH configuration Table would be needed

And at RAN1#116 there was a further discussion on the PRACH configuration, where the group reached the following conclusion:
Conclusion
RAN1 will decide at RAN1#116bis on whether to reuse Table 6.3.3.2-4 of TS 38.211 without modification for NR over NTN for FR2-NTN in Rel-18, or to reuse the table with modifications.

As this meeting will need to decide which of the two directions to chose, it is important to discuss the impacts of these.
Impacts of reusing Table 6.3.3.2-4 of TS 38.211 without modification:
If the existing table for FR2 and unpaired spectrum is reused without modification, the only specification impact will be that the table header will need to be updated to reflect that the table is also to be considered for operation in bands defined by FR2-NTN and while operating in paired spectrum. The reusing of the table without modification would cause less specification changes, and the test cases for FR2-NTN would be the same as for FR2 in unpaired spectrum.
Observation 1: Reusing Table 6.3.3.2-4 of TS 38.211 without modification would cause marginal specification impact and would not impact the amount of test cases.

Impacts of reusing Table 6.3.3.2-4 of TS 38.211 with modification:
As outlined during the email discussion during RAN1#116 by Ericsson, the alternative proposal would be to 
[bookmark: _Toc159249649]Proposal                   For PRACH configurations for FDD operation in FR2-NTN:
· [bookmark: _Toc159249650]Table 6.3.3.2-4 is re-used with only one modification:
· [bookmark: _Toc159249651]For PRACH configurations with non-zero starting symbol for which changing their starting symbol to zero does not make them identical to another configuration, change the starting symbol to zero.
[with a clarification that: “the intention is to fill up the slot with ROs, not just time-shift them.]

That is, a new table would need to be built where the columns for starting symbol and for the number of time-domain PRACH occasions within a PRACH slot would apparently need to be scaled up to allow for more RACH Occasions within a slot as suggested by the proponents. The impact of applying this approach is a bit unclear to us, as we see a number of potential side effects of implementing such a modification to the PRACH configuration table. These are:
a) Non-clear what the expected gain mechanism would be for this approach. It is clear that changing the starting symbol to “0” and expanding/extending the number of PRACH occasions in a slot would increase the number of available RACH occasions and hence increase the overall offered PRACH capacity. However, we do not see a direct need for introducing this added capacity, especially since this added PRACH capacity would come at the cost of reduced PUSCH capacity, since the symbols that are no longer available for PUSCH.
b) Some entries with updated numerology would resemble some of the existing configurations, thereby leading to a change for no reason. To give an example, Row 12 of the PRACH configuration table would become similar to Row 16 of the same table (with a slightly different mapping to physical resources). Hence, the gain of doing such remapping is questionable.
c) It is unclear how the remapping would happen for cases where the starting symbol is “off” – for instance Row 105 would potentially map to be very similar to Row 106, which would actually reduce the granularity for the gNB to assign PRACH capacity.

Observation 2: Modifications to the PRACH configuration table would bring PRACH capacity increase at the cost of PUSCH capacity
Observation 3: Modifications to the PRACH configuration table would reduce the PRACH configuration granularity due to some entries offering approximately the same PRACH capacity.
Observation 4: There is still some unclarity as to which modifications would be needed for an updated/modified PRACH configuration table.
Further, since such updated PRACH configuration table would introduce new RACH occasions, there would potentially need to be built new test cases which would increase the implementation complexity in general.
Based on the above observations we therefore observe and propose the following:
Observation 5: Current PRACH configuration table as outlined in Table 6.3.3.2-4 of TS 38.211 would be sufficient for supporting FR2-NTN.
Proposal 1: Current PRACH configuration table as defined in Table 6.3.3.2-4 of TS 38.211 is assumed to be applicable without modification for operation in frequency bands defined by FR2-NTN.

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. According to our understanding, RAN4 already decided on introducing tighter timing requirements which would be in the order of 13 Ts for UL SCS of 60 kHz, and 7.5 Ts for most cases with UL SCS of 120 kHz, which fits well with our earlier proposals on this matter.
Observation 6: RAN4 already agreed [13] on tighter timing requirements for operation of NR over NTN in FR2-NTN bands, so no further actions would be needed by RAN1 on this matter.
Proposal 2: No need to discuss further aspects related to tighter timing requirements for operation of NR over NTN in FR2-NTN bands.
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 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 the 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

Observation 7: 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, which can be used to absorb the timing inaccuracy in NTN during the initial access phase.
But there is the potential issues related to closed-loop time control. It may not be capable of keeping track of the developing transmit timing error. 
There are two ways where the transmit timing error develops for the UE, associated to the GNSS inaccuracy:
a) Regular updates on GNSS: 
Each UE has its own GNSS implementation, and currently there are no requirements in how often or at which times a UE shall update its GNSS position. A moving UE would need to update its GNSS position constantly (or interpolate it constantly) to maintain good GNSS compensation. As evidenced by Table 1, withing a very short time duration, the UE might drift away from the ideal timing advance by several Ts. That would cause the network to send several Timing Advance Commands (TAC) for the interval between GNSS updates. 
If a UE updates its TA immediately after a GNSS update, then the UE will suddenly correct for a large timing offset (for example 8,5 Ts for a UE travelling at 60 km/h and updaing GNSS every half-second). But because the network has been maintaining Timing Advance through TACs, most of these 8,5 Ts would have already been corrected by TACs. 
Because the UE is updating the UE autonomous part of the TA, in our example by 8,5 Ts, this will cause a large jump on UE Timing Advance that cannot be handled by the network. 

[bookmark: _Ref163207867]Table 1. Max Tx timing difference (in Ts)	for different UE speeds and GNSS refresh rate
	UE Speed (km/h)
	GNSS Update Interval (s)
	Max. UE "displacement" between updates (m)
	Max. Tx timing Difference (Ts)

	30
	1
	8,33
	1,71

	30
	5
	41,67
	8,53

	60
	0,5
	8,33
	1,71

	60
	1
	16,67
	3,41

	60
	5
	83,33
	17,07

	120
	0,5
	16,67
	3,41

	120
	1
	33,33
	6,83

	120
	5
	166,67
	34,13




b)  Fixing GNSS imprecisions: 
Between two different, consecutive, updates of GNSS the position of the UE might change significantly not because the UE has been moving, but because the position was initially imprecise and a more precise position has been acquired by the UE in the GNSS fix. That would also cause the UE to move its position suddenly by up to 40 m immediately. 
Although the case a) might be mitigated by UE estimating its own velocity, case b) cannot be prevented by the UE, as the UE doesn’t know whether its current position is precise or not, and the updates in UE position are uncorrelated.  
In these situations where the time series of the GNSS position acquired by the UE develops with potential “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 3: 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. 
It should be noted that the intent of the above proposal is not to cause the UE to perform several RA procedures, but to incentivize UEs to maintain a reasonable refresh rate of their GNSS to prevent this situation. 
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 3, 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 4: For reducing the systematic error at UE side, multiple readings of SIB19 should be seen as the preferred solution.
Proposal 5: UEs should be supporting backwards propagation of Ephemeris information to reduce the impact of Common TA modelling errors.
Proposal 6: RAN1 should not introduce new IE to improve the Common TA modelling.
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[bookmark: _Ref86929953]Figure 3. 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.


Conclusion
In this contribution we have presented our observations and proposals. These are as follows:
Observation 1: Reusing Table 6.3.3.2-4 of TS 38.211 without modification would cause marginal specification impact and would not impact the amount of test cases.
Observation 2: Modifications to the PRACH configuration table would bring PRACH capacity increase at the cost of PUSCH capacity
Observation 3: Modifications to the PRACH configuration table would reduce the PRACH configuration granularity due to some entries offering approximately the same PRACH capacity.
Observation 4: There is still some unclarity as to which modifications would be needed for an updated/modified PRACH configuration table.
Observation 5: Current PRACH configuration table as outlined in Table 6.3.3.2-4 of TS 38.211 would be sufficient for supporting FR2-NTN.
Observation 6: RAN4 already agreed [13] on tighter timing requirements for operation of NR over NTN in FR2-NTN bands, so no further actions would be needed by RAN1 on this matter.
Observation 7: 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.

Proposal 1: Current PRACH configuration table as defined in Table 6.3.3.2-4 of TS 38.211 is assumed to be applicable without modification for operation in frequency bands defined by FR2-NTN.
Proposal 2: No need to discuss further aspects related to tighter timing requirements for operation of NR over NTN in FR2-NTN bands.
Proposal 3: 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 4: For reducing the systematic error at UE side, multiple readings of SIB19 should be seen as the preferred solution.
Proposal 5: UEs should be supporting backwards propagation of Ephemeris information to reduce the impact of Common TA modelling errors.
Proposal 6: RAN1 should not introduce new IE to improve the Common TA modelling.
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