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[bookmark: _Toc116995841]Introduction
The NTN WI, as presented in [1], includes the following objectives related to NTN deployment in above 10GHz bands. In previous meetings, it became clear that the timing pre-compensation might be an issue for the operation above 10 GHz, as the duration of the cyclic prefix becomes smaller.  This has triggered several discussions and has been object of discussion and agreements for many meetings. In special, it has also involved RAN1 to provide valid PRACH configurations for the operation in FR2-NTN. Now RAN1 has submitted a LS to RAN4 in order to ask for the transmit timing accuracy constraints in order to verify the feasibility of the RACH configurations available [2]. 

[bookmark: _Toc116995842]Discussion
Reply to R1-2312553
In their LS to RAN4 [2], RAN1 has asked about the transmit timing requirements adopted by RAN4, as they are developing the table with the list of PRACH configurations to be adopted in FR2-NTN. 
	RAN1 have had discussion on the topic over the past meetings and have reached a number of agreements, but some topics are still under consideration. The topics still under consideration are mainly related to the timing requirements associated to operation in bands defined by FR2-NTN. To help RAN1 progressing on the topic, it would be appreciated if RAN4 could provide the timing requirements for supporting NR over NTN in bands defined by FR2-NTN.




We believe that the most important aspect is providing the following list of agreements reached in [3]:
	Issue 1-6: Te_NTN for 60kHz and 120kHz
[bookmark: _Hlk151008787]Agreement:
· UL 60kHz SCS:
· 13 Ts for all cases with 120kHz/240kHz SSB
· UL 120kHz SCS:
· Case 1 and case 2: 7.5 Ts
· FFS for the applicable side condition on case 2
· Case 3: Higher than 7.5 Ts, FFS for the exact value 
Issue 1-8: UE Timing Advance adjustment accuracy
[bookmark: _Hlk151025519]Agreement:
· RAN4 to define the timing advance adjustment accuracy requirement for NR NTN band above 10 GHz. The values for 60kHz and 120kHz UL SCSs are the same as those defined in Table 7.3A.2.2-1.

Issue 1-9: UL timer accuracy requirements
Agreement:
· RAN4 to define the UL timer accuracy requirements for NR NTN band above 10 GHz. The values are the same as those defined in Table 7.2C.2-1.

Issue 1-10: Gradual timing adjustment requirements
Agreement:
· RAN4 to define the gradual timing adjustment requirements for NR NTN band above 10 GHz. The values are the same as those defined in Table 7.1.2.1-1.





The second aspect is that, in response to RAN1 we might provide some of the concerns already raised in RAN4, in special for case 3, where the maximum error allowed within the transmit timing accuracy practically consumes most of the CP or even more than that in the PUSCH symbols. This problem is thoroughly investigated and discussed in [4]. 
One important aspect is that PRACH CP is more relaxed than the PUSCH CP, and therefore with the relaxed transmit timing accuracy in case 3, the following might happen:
[bookmark: _Toc159272303]It is possible that, in case 3, the UE transmit timing accuracy is within the accuracy requirement, but not good enough to PUSCH although good for PRACH. 
In order to maintain the compatibility between the UE and the NW this situation needs to be circumvented, and this can be done by introducing a mechanism during the RACH procedure such that the UE can be communicated of this situation. 
PRACH and UE transmit timing accuracy.
[bookmark: _Hlk149755937]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, in this picture there are 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 TN

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. But in 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 NTN

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: _Toc149937051][bookmark: _Toc159272304]In terrestrial NW. 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 offset to the gNB UL time by at most ±Te.

[bookmark: _Toc149937052][bookmark: _Toc159272305]The RACH preamble is not fully used as intended in NTN to assist the NW to determine the UE timing advance. 

[bookmark: _Toc149937053][bookmark: _Toc159272306]If the UE has not reached the UL synchronization point after applying the UL pre-compensation at UE side, the errors between the time the gNB has received the UE signal and the UL synchronization point 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 longer values  for CP, and can be used to absorb the timing inaccuracy in NTN. 
The idea is that for the very first PRACH message. the network can select RACH formats with larger cyclic prefix. calculate and issue a timing advance command in RACH msg3; where the timing advance command is expected to compensate for the errors in the UE pre-compensation. and from that point on, enforce tighter requirements on the PUSCH channel.  
One argument can be made that if the timing advance cannot be fully received correctly in RACH, in certain scenarios, even though the UE has received a TA command by the NW, over time the timing inaccuracy will grow again, as it was caused by uncertainties associated to the GNSS position of the satellite ephemeris at the UE. This might be the case. for example, when elevation angles are very low.
[bookmark: _Toc149937054][bookmark: _Toc159272307]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. 
There is a clear solution for this scenario, though, if all UL timing error measured by the gNB is above a certain threshold, it represents that the UE inaccuracy in the transmit timing is also above that threshold. So it is reasonable that, if the TAC received in the RACH Msg2 is above a certain threshold the UE considers itself with a UE with inaccurate timing pre-compensation. 
[bookmark: _Toc149937055][bookmark: _Toc159272308]Ask RAN1 to introduce a mechanism to allow the NW to inform the UE, during PRACH in case 3, that the UE pre compensation is below a given quality threshold. 
[bookmark: _Toc159272309]Whether UEs in this situation shall not be capable of transmitting, until they fix their time pre-compensation or whether their validity timer become smaller. 
Another potential issue, raised by companies was that closed-loop time control could not be capable to keep track of the developing timing error. In special, in situations where the time series of the GNSS position acquired by the UE develops in 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. 
This problem is similar to the fact that currently, there is no minimum requirements on GNSS update. Therefore, a UE in case 3 (mobile) might take a long period of time between updated positions, where the timing advance will likely be adjusted by TAC issued by the NW. However, when the UE applies a sudden fix of its GNSS position, the updated autonomous component of the transmit timing might be larger than the half of the CP or the previous UE transmit timing accuracy. This would cause the UE to be received outside of the CP:
This problem can be solved, by one of the following proposals:
[bookmark: _Toc149937056][bookmark: _Toc159272310]RAN4 to create minimum requirements for GNSS update rate for case 3.
[bookmark: _Toc159272311]If the UE updates its GNSS position, and difference between the TA calculated using UE new and old positions is above the UL Transmit Timing inaccuracy, UE shall perform a new RACH. 


[bookmark: _Toc159272312]RAN4 to approve the LS reply provided in Annex A of the present document. 


On NTN capabilities to FR2-NTN. 
In issue 2-13 (UE capabilities) presented in WF [3], there is an ongoing discussion whether certain NTN capabilities shall be extended to the FR2-NTN operation in NTN or not. The list of capabilities include:
· parallelMeasurementGap-r17
· parallelSMTC-r17
· maxNumber-LEO-SatellitesPerCarrier-r17
· maxNumber-NGSO-SatellitesWithinOneSMTC-r17
· parallelMeasurementWithoutRestriction-r17

[bookmark: _Toc159272313]The list of capabilities discussed in issue 2-13 of R4-2321362 are listed as “FR1 only” in TS 38.306. If RAN4 decides to not expand their applicability to FR2-NTN, no communication is needed to be sent to RAN2. 

Such capabilities are all related to measurement activities of a NTN UE across multiple satellites, especially for NGSO scenarios. Recent RAN4 development has indicated that such scenarios are out of scope of Rel-18 for FR2-NTN, therefore there is no need to revisit these capabilities for FR2-NTN operation at the present time. 
[bookmark: _Toc149937061][bookmark: _Toc159272314]Do not expand the following measurement related capabilities from Rel-17  for the operation above 10 GHz:
a. [bookmark: _Toc149937062][bookmark: _Toc159272315]parallelMeasurementGap-r17
b. [bookmark: _Toc149937063][bookmark: _Toc159272316]parallelSMTC-r17
c. [bookmark: _Toc149937064][bookmark: _Toc159272317]maxNumber-LEO-SatellitesPerCarrier-r17
d. [bookmark: _Toc149937065][bookmark: _Toc159272318]maxNumber-NGSO-SatellitesWithinOneSMTC-r17
e. [bookmark: _Toc149937066][bookmark: _Toc159272319]parallelMeasurementWithoutRestriction-r17
 
It is important to clarify, specifically for the capability  “parallelMeasurementGap-r17” that even though it is not directly mentioned in the capability definition that it is used for measurements across multiple satellites, it exists such that different SMTC configurations (SMTC list) can be configured in one frequency layer, i.e., for enabling measurements with SMTCs with different offsets in the same frequency layer. This type of operation will only be needed if multiple satellites are measured across the same frequency layer. 



[bookmark: _Toc116995848]
Conclusion
In this paper, we discuss several aspects of UE mobility in NTN and the following observations and proposals were made:


The following Observations and Proposals were made:
Observation 1: It is possible that, in case 3, the UE transmit timing accuracy is within the accuracy requirement, but not good enough to PUSCH although good for PRACH.
Observation 2: In terrestrial NW. 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 offset to the gNB UL time y at most ±Te.
Observation 3: The RACH preamble is not fully used as intended in NTN to assist the NW to determine the UE timing advance.
Observation 4: If the UE has not reached the UL synchronization point after applying the UL pre-compensation at UE side, the errors between the time the gNB has received the UE signal and the UL synchronization point 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: Ask RAN1 to introduce a mechanism to allow the NW to inform the UE, during PRACH in case 3, that the UE pre compensation is below a given quality threshold.
Proposal 2: Whether UEs in this situation shall not be capable of transmitting, until they fix their time pre-compensation or whether their validity timer become smaller.
Proposal 3: RAN4 to create minimum requirements for GNSS update rate for case 3.
Proposal 4: If the UE updates its GNSS position, and difference between the TA calculated using UE new and old positions is above the UL Transmit Timing inaccuracy, UE shall perform a new RACH.
Proposal 5: RAN4 to approve the LS reply provided in Annex A of the present document.
Observation 6: The list of capabilities discussed in issue 2-13 of R4-2321362 are listed as “FR1 only” in TS 38.306. If RAN4 decides to not expand their applicability to FR2-NTN, no communication is needed to be sent to RAN2.
Proposal 6: Do not expand the following measurement related capabilities from Rel-17  for the operation above 10 GHz:
a.	parallelMeasurementGap-r17
b.	parallelSMTC-r17
c.	maxNumber-LEO-SatellitesPerCarrier-r17
d.	maxNumber-NGSO-SatellitesWithinOneSMTC-r17
e.	parallelMeasurementWithoutRestriction-r17
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1. Overall Description:
RAN4 appreciates the response and thanks RAN1 for sharing the agreements reached regarding the NTN operation in FR2-NTN. 
Regarding the request made by RAN1, RAN4 provides an updated list of agreements reached in previous meetings, regarding the transmit timing requirements (found on R4-2321362):
	Issue 1-6: Te_NTN for 60kHz and 120kHz
Agreement:
· UL 60kHz SCS:
· 13 Ts for all cases with 120kHz/240kHz SSB
· UL 120kHz SCS:
· Case 1 and case 2: 7.5 Ts
· FFS for the applicable side condition on case 2
· Case 3: Higher than 7.5 Ts, FFS for the exact value 
Issue 1-8: UE Timing Advance adjustment accuracy
Agreement:
· RAN4 to define the timing advance adjustment accuracy requirement for NR NTN band above 10 GHz. The values for 60kHz and 120kHz UL SCSs are the same as those defined in Table 7.3A.2.2-1.

Issue 1-9: UL timer accuracy requirements
Agreement:
· RAN4 to define the UL timer accuracy requirements for NR NTN band above 10 GHz. The values are the same as those defined in Table 7.2C.2-1.

Issue 1-10: Gradual timing adjustment requirements
Agreement:
· RAN4 to define the gradual timing adjustment requirements for NR NTN band above 10 GHz. The values are the same as those defined in Table 7.1.2.1-1.




RAN4 also clarifies that on the agreements above:
· Case 1: Stationary UE +  GSO satellite
· Case 2: Stationary UE + NGSO satellite
· Case 3: Mobile UE + GSO satellite
· Case 4: Mobile UE + NGSO satellite (out of scope of this WI). 

As the agreements above indicate, the requirements for case 3 are not fully set yet. The main challenge for case 3 is that for considering the inherent inaccuracy in updating GNSS position for a mobile UE,  the total transmit timing accuracy might supersede the timing budget allowed by the CP for PUSCH and PUCCH. However, analysis show that this is not a problem for PRACH. Therefore, in extreme cases, the UE transmit timing might be accurate enough for PRACH but not for PUSCH/PUCCH. RAN4 therefore asks RAN1 politely whether it is possible to introduce a mechanism to allow the NW to inform the UE, during PRACH in case 3, that the quality of the UE pre-compensation needs to be improved. 

2. Actions:
To RAN1 group:
ACTION1: 	RAN4 respectfully asks RAN1 to take into consideration the updated agreements achieved in RAN4 and provided above and to introduce a mechanism  to allow the NW to inform the UE, during PRACH in case 3, that the quality of the UE pre-compensation needs to be improved
3. Date of Next TSG-RAN WG4 Meeting:
RAN4#110-bis	from 15-04-2024	to 19-04-2024		Changsha, Hunan Province, CN
RAN4#111	from 20-05-2024	to 24-05-2024		Fukuoka City, Fukuoka, JP
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