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1	Introduction
In the Rel-17 Study Item (SI) on IoT NTN [1], the feasibility of Non-terrestrial Networks (NTN) for NB-IoT and eMTC was evaluated. In RAN#92-e, a Rel-17 Work Item (WI) on IoT NTN was approved [2]. It was agreed to use the existing work on IoT NTN [3] and NR NTN [4] as a baseline. In the Rel-17 IoT NTN WI, the main RAN1 objectives related to time and frequency synchronization are as follows:  
Specify the following time and frequency synchronization enhancements that are not covered by NR_NTN_Solutions WI agreements, according to Section 8 in TR 36.763:
-	Long PUSCH and PRACH Transmission enhancements: segmented UE pre-compensations, new UL gaps and/or implementation solutions, time units and duration of segments.
-	Validity timer for UL synchronization: satellite ephemeris, and potentially other aspects.
-	DL synchronization enhancements: A single solution will be selected between: new channel raster, (part of) ARFCN-indication-in-MIB. 
-	GNSS Measurements: Validity of a GNSS position fix and details of acquiring a GNSS position fix, duration of validity, in RRC CONNECTED mode for sporadic short transmission.


In this document, we present our views on aspects related to time and frequency synchronization for both NB-IoT and eMTC NTN. 
2	UL timing and frequency synchronization
[bookmark: _Hlk54130677]As a baseline, the time and frequency synchronization for eMTC and NB-IoT should follow the same principles as outlined in the NR NTN WI. The UE must apply time and frequency pre-compensation to its UL transmissions during initial access. This pre-compensation may compensate for propagation delay and UL Doppler shifts on both the feeder link and the service link. The UE should be responsible for determining the propagation delay and Doppler shift of the service link while the network should be responsible for determining additional propagation delay and UL Doppler shift for which the UE should pre-compensate, i.e., the feeder link. The network should provide the UE with information about the amount of additional UL time and frequency pre-compensation.
[bookmark: _Toc79170708]As a baseline, the time and frequency synchronization for eMTC and NB-IoT should follow the same principles as outlined in the NR NTN WI.
For NR NTN, it has been agreed that the UE shall support GNSS positioning also in RRC_CONNECTED state. Whether this implies that simultaneous GNSS and NR operation is required, or if GNSS measurement gaps are required, is still open and proposed to be decided by RAN4. For IoT NTN, the objective of low-cost devices has higher priority than for NR. Therefore, it is necessary to discuss whether GNSS positioning in RRC_CONNECTED state is to be supported by IoT NTN UE.
[bookmark: _Toc79170709]RAN1 should discuss whether GNSS positioning in RRC_CONNECTED state is to be supported by IoT NTN UE.
3	Synchronization during long UL transmission
In IoT NTN, the UL transmission duration can be extremely long when many repetitions are needed. The large timing and frequency drifts in NTN may pose problems for UL synchronization during long UL transmissions. For instance, the UE may need to frequently adjust its timing to meet the transmit timing error requirement. The following agreements were made in RAN1#104-bis-e and RAN1#105-e:
Agreement:
UE pre-compensation done per N time units for long PUSCH is the baseline solution. 
· The pre-compensation does not vary within a block of N time units.
· FFS: the definition and value of N.

[bookmark: _Hlk76471453]Agreement:
UE pre-compensation done per N time units for long PRACH is the baseline solution. 
· The pre-compensation does not vary within a block of N time units.
· FFS: the definition and value of N.

Agreement:
· A specification change is needed for UL transmission with repetitions R>1. 
· For segmented UE pre-compensation how the following is handled can be further discussed 
· Phase discontinuity at subframe boundary when applying new pre-compensation
· Coherence time limitation due to delay/frequency drift rate during segment
· Signal overlapping between different TA segments
· FFS: Need for more frequent new UL gaps during long transmission 
· FFS: Whether sampling frequency adjustment to avoid new UL gaps can be achieved by implementation
· FFS: Value of N for the number of time units and what is the time unit for the segmented UE pre-compensation




They key question is how frequently the UE needs to adjust its transmit timing and frequency. This can be answered based on the delay drift, the Doppler shift drift and the amount of timing and frequency errors that (N)PUSCH/(N)PRACH can tolerate. For example, the transmit timing error requirement is 2.6 μs for NB-IoT and 0.78 μs for eMTC [5]. With a quite optimistic delay drift of 20 μs/s, this timing error threshold will be reached within about 130 ms for NB-IoT and about 39 ms for eMTC. This shows the difficulty in meeting existing timing error requirements for long uplink transmission unless frequent uplink pre-compensation is performed.  
[bookmark: _Toc79170698]The value of N can be determined based on the maximum transmit timing error that needs to be tolerated for eMTC and NB-IoT.
[bookmark: _Toc79170710]RAN1 to use the agreed values of delay and Doppler shift drifts for the IoT NTN reference scenarios as a baseline for discussing the pre-compensation segment duration defined by N. 
[bookmark: _Toc79170711]RAN4 input is needed on the maximum transmit timing error requirements for IoT NTN. 
In RAN1#105-e, it was discussed that TA adjustments to compensate for the large timing drift may introduce phase discontinuities between adjacent subframes for both eMTC and NB-IoT. The magnitude of such a discontinuity depends on the drift, the transmission duration, and the subcarrier index. Large phase discontinuities between adjacent symbols may worsen the peak-to-average power ratio (PAPR) of the transmitted waveform. To make further progress, the first step is to determine the impact of timing drift on the PAPR of the waveform. Depending on the findings, we can devise appropriate solutions to address this issue if needed. 
[bookmark: _Toc79170699]Before addressing the issue of phase discontinuity due to large timing drift, the severity of its adverse impacts such as high PAPR first needs to be determined. 
Although the severity of this issue is not yet clear, there are different options to address this if needed. An obvious approach is to frequently adjust the UE’s transmit timing to keep the discontinuity within tolerable thresholds. Furthermore, an implementation-based approach has also been proposed. The potential impact of the implementation-based approach on UE complexity needs to be considered.
The need of introducing UL compensation gaps for long UL transmission has also been discussed. The existing specification allows for a 40 ms UL compensation gap (UCG) after 256 ms. This means that if the transmission duration exceeds 256 ms, the existing UCG of 40 ms can be leveraged to perform UL pre-compensation. An NTN UE, however, may need to apply new timing and frequency pre-compensation values much earlier than 256 ms. Depending on whether the adjusting the timing/frequency pre-compensation entails refreshing GNSS and/or ephemeris data, a gap may or may not be needed. Therefore, the need of inserting new compensation gaps should be justified (e.g., if GNSS position is needed during a long transmission)
[bookmark: _Toc79170700]The need and purpose of a new UL compensation gap should first be justified. For example, it is not clear if it is needed for re-acquiring satellite ephemeris, or getting a GNSS position fix, or calculating pre-compensation values, or adjusting transmit timing and frequency.
Another important aspect concerns the method used for calculating the timing/frequency pre-compensation values. Either the UE-specific TA calculation (GNSS and ephemeris based) or the timing/frequency drift rate can be used to calculate the UL timing/frequency pre-compensation values. Moreover, these calculations can be performed a priori, i.e., before the start of the UL transmission. This will help avoid long interruptions during an ongoing UL transmission. 
[bookmark: _Toc79170712]UE may pre-calculate the timing and frequency pre-compensation values for each anticipated pre-compensation occasion prior to the start of the UL transmission.
 
4	Validity timer for UL synchronization
In RAN1#105-e, the following agreement was made regarding validity timer for UL synchronization.
Agreement:
A validity timer for UL synchronization (e.g., for satellite ephemeris and potentially other aspects) configured by the network is recommended.
· Details e.g. when to set/reset the timer, timer duration and UE behaviour upon timer expiry can be discussed in the normative phase.





The UE uses ephemeris data broadcast by the network to track a satellite’s position. With knowledge of satellites’ and its own position, the UE can compute the time and frequency pre-compensation values for UL transmission. Due to orbital degradation, however, the ephemeris data becomes less reliable with time and needs to be reacquired. Its validity duration depends on many factors: the desired accuracy, i.e., the tolerable time and frequency synchronization errors; and various other factors such as satellite characteristics, orbital parameters, and atmospheric drag. 
We agree that a validity timer will be necessary to ensure that the UE has sufficiently accurate ephemeris such that the resulting timing and frequency errors are within acceptable limits.
[bookmark: _Toc79170701]RAN1/RAN4 need to discuss the maximum tolerable timing and frequency errors due to inaccurate satellite position information.
A relevant question is if such requirements are needed only for the case where the satellite position is used for calculating pre-compensation values for the serving satellite or also for the case where the satellite position is needed for other reasons such as measurements, cell (re)selection, evaluating satellite elevation angles, computing the time until the service link switch, etc. for serving or neighboring satellites. 
[bookmark: _Toc79170702]The accuracy requirements for satellite position information may vary depending on whether it is a serving or a neighbouring satellite. 
[bookmark: _Toc79170703]The duration of validity timer needs to be configured depending on the specific satellite constellations.
For LEO scenario, the number of satellites visible to the UE is substantially greater as compared to a GEO scenario. Another important question is how many timers should be defined when there are multiple satellites visible to the UE. One possibility is to maintain a separate timer for each satellite’s ephemeris data. Another option is to define one timer for the serving satellite and another for the neighbouring satellites.  
[bookmark: _Toc79170704]An ephemeris validity timer can be defined for each individual satellite or for a group of satellites.
The UE can run the validity timer upon acquiring the ephemeris data. The UE may acquire new ephemeris data when the validity timer has expired. We need further discussions for the case where a UE’s validity timer expires during RRC connected mode.	
[bookmark: _Toc79170705]Further discussions are needed for the case where ephemeris validity timer expires during an ongoing connection.
5	Downlink synchronization
The DL synchronization performance was investigated during the NR NTN SI with the conclusion that it will work without modifications for NR NTN. However, since there are differences in the synchronization signal design, RAN1 should investigate whether that conclusion also holds for NB-IoT and eMTC NTN.
[bookmark: _Toc79170713]RAN1 should investigate DL synchronization performance for NB-IoT and eMTC NTN.
In RAN1#104-bis-e, the following agreement was made to address ambiguity in downlink synchronization for IoT NTN.
Agreement:
For DL synchronization in the Rel-17 timeframe, the following should be considered. 
· New channel raster with the step size increased to be greater than 100 kHz.
· (part of) ARFCN-indication-in-MIB

The first solution provides a clean approach to address the ambiguity in downlink synchronization. However, RAN4 input is needed before reaching an agreement on increasing the channel raster size.
[bookmark: _Toc79170706]RAN4 input is needed before increasing the channel raster size.
With the second solution, there is an implicit assumption that the UE successfully acquires the MIB. However, the UE may not be aware of the amount of frequency uncertainty prior to reading MIB. As a result, it may need to test multiple hypotheses to acquire (N)PBCH and MIB. 
[bookmark: _Toc79170707]Multiple hypotheses testing may be needed if ARFCN-indication-in-MIB is used.
[bookmark: _Toc79170714]RAN1 to compare the pros and cons of increasing the channel raster step size and introducing ARFCN-indication-in-MIB.
6	GNSS measurements
In this WI, simultaneous operation of eMTC/NB-IoT module and the GNSS module is not considered. In RAN1#105-e, the following agreements were made regarding GNSS measurements for IoT NTN. The first agreement pertains to short connections while the second agreement is about long connection times.
Agreement:
For sporadic short transmission:
· The idle UE wakes up from idle DRX / PSM, access the network, perform uplink and/or downlink communications for a short duration of time and go back to idle. 
· Before accessing the network, the UE acquires GNSS position fix and does not need to re-acquire a GNSS position fix for the transmission of the packets.

Details of the duration of the short transmission, acquisition of the GNSS position and validity of the GNSS position can be discussed in normative phase.

Agreement:
With a GNSS position fix that can be assumed to be valid for some period of time X, the following apply for UE in RRC_CONNECTED: 
· TA error due to UE velocity satisfies the requirements defined in RAN4 
· Doppler shift error due to UE velocity satisfies the requirement defined in RAN4 

FFS: Validity of a GNSS position fix and details of acquiring a GNSS position fix, value of X, in RRC CONNECTED mode.
FFS: Potential impact on the existing closed loop TA maintenance mechanism.
NOTE: The detailed requirement will be defined in RAN4 during normative work.

An idle mode UE may perform a GNSS position fix before initiating UL transmission if it does not already have a sufficiently accurate GNSS position. Depending on the nature of GNSS acquisition, this may take anywhere from about a second to several seconds.  
As for the validity duration of a position fix, we need to know the overall design targets for timing and frequency errors. We note that the overall error requirement will account for the inaccuracies in satellite position as well. We can work out the details of validity duration for GNSS and satellite ephemeris data once RAN4 defines these error requirements. 
[bookmark: _Toc79170715]Send an LS to RAN4 on time and frequency error requirements for IoT NTN before discussing the details of validity duration for GNSS position.
Conclusion
In the previous sections we made the following observations: 
Observation 1	The value of N can be determined based on the maximum transmit timing error that needs to be tolerated for eMTC and NB-IoT.
Observation 2	Before addressing the issue of phase discontinuity due to large timing drift, the severity of its adverse impacts such as high PAPR first needs to be determined.
Observation 3	The need and purpose of a new UL compensation gap should first be justified. For example, it is not clear if it is needed for re-acquiring satellite ephemeris, or getting a GNSS position fix, or calculating pre-compensation values, or adjusting transmit timing and frequency.
Observation 4	RAN1/RAN4 need to discuss the maximum tolerable timing and frequency errors due to inaccurate satellite position information.
Observation 5	The accuracy requirements for satellite position information may vary depending on whether it is a serving or a neighbouring satellite.
Observation 6	The duration of validity timer needs to be configured depending on the specific satellite constellations.
Observation 7	An ephemeris validity timer can be defined for each individual satellite or for a group of satellites.
Observation 8	Further discussions are needed for the case where ephemeris validity timer expires during an ongoing connection.
Observation 9	RAN4 input is needed before increasing the channel raster size.
Observation 10	Multiple hypotheses testing may be needed if ARFCN-indication-in-MIB is used.

Based on the discussion in the previous sections we propose the following:
Proposal 1	As a baseline, the time and frequency synchronization for eMTC and NB-IoT should follow the same principles as outlined in the NR NTN WI.
Proposal 2	RAN1 should discuss whether GNSS positioning in RRC_CONNECTED state is to be supported by IoT NTN UE.
Proposal 3	RAN1 to use the agreed values of delay and Doppler shift drifts for the IoT NTN reference scenarios as a baseline for discussing the pre-compensation segment duration defined by N.
Proposal 4	RAN4 input is needed on the maximum transmit timing error requirements for IoT NTN.
Proposal 5	UE may pre-calculate the timing and frequency pre-compensation values for each anticipated pre-compensation occasion prior to the start of the UL transmission.
Proposal 6	RAN1 should investigate DL synchronization performance for NB-IoT and eMTC NTN.
Proposal 7	RAN1 to compare the pros and cons of increasing the channel raster step size and introducing ARFCN-indication-in-MIB.
Proposal 8	Send an LS to RAN4 on time and frequency error requirements for IoT NTN before discussing the details of validity duration for GNSS position.
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