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At RAN#92-e, a new Rel-17 work item was agreed on NB-IoT/eMTC support for NTN [1]:
The WID lists the following objectives for IoT NTN specific 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 contribution, we discuss the key issues of time and frequency synchronization for NB-IoT support over NTN.
[bookmark: _Ref129681832]Discussion
UL time and frequency synchronization enhancement
GNSS capability in the UE is taken as the working assumption of WI on NB-IoT/eTMC support for NTN [1]. With this assumption, UE can estimate and pre-compensate the timing and frequency offset of the service link based on its GNSS acquired position and serving satellite ephemeris with sufficient accuracy for UL transmission. From this perspective, some of the agreement and solutions developed in NR NTN can be applied for IoT over NTN. 
Long PUSCH and PRACH Transmission enhancements
Before discussing the enhancements for long PUSCH and PRACH transmissions, the primary features of NB-IoT are identified as follows：
· Both DL and UL may require a large number of repetitions to ensure the coverage. The number of repetitions for UL can be up to 128 and the corresponding transmission duration will be longer than 2 seconds. 
· A 40 ms UL gap is applied after 256 ms UL transmission duration to allow UEs to perform time and frequency synchronization 
· For preamble transmission, there will be an UL gap inserted after 64 times of preamble repetition for format 0 and 1 and the maximum times of repetition is 128. 
· Even with UL gap after each segment of 256 ms, an NB-IoT will not receive TAC for TA adjustment during each report.
· An NB-IoT UE will only monitor system information in RRC_IDLE mode, which means that any common timing/frequency offset broadcast in SIB1 cannot be received by UE during UL transmission with long duration. 
· An NB-IoT UE works in half duplex mode, which means that UL transmission and DL reception will not happen simultaneously. 
Table 1. Preamble formats of NB IoT
	Preamble format
	
P
	
	
	Duration of one repetion
	Maximum time-continuous transmission
	Time duration with maximum repetions

	0
	4
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	5.6ms
	358.4ms
	756.8ms

	1
	4
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	6.4ms
	409.6ms
	859.2ms

	2
	6
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	3
	19.2ms
	307.2ms
	2737.6ms



There are 3 preamble formats applicable to FDD as shown in Table 1 where P is the number of symbol groups in a preamble repetition. For preamble formats 0 and 1, a gap of 40ms (40‧30730Ts) will be inserted after transmissions of 64 repetitions () while for formats 2 a gap with the same length will be inserted after 16 times of repetitions (). The maximum number of repetitions for preamble is 128. According to Table 1, the maximum duration of time-continuous transmission is up to 409.6ms and the duration with maximum preamble repetition number is up to 2737.6ms. The timing drift caused by the movement of satellite during the whole preamble transmission is around 4174 Ts with 10° elevation. Such a large timing offset will degrade the detection of the preamble sequence and as a result cause the failure of random access. If TA is compensated during the UP gap, the maximum timing drift after the time-continuous transmission is around 625Ts with 10° elevation which still exceeds the timing error tolerance of 80Ts as defined by RAN4 [3]. Figure 1 illustrates the maximum allowed time-continuous transmission with different elevation angles for LEO-600km, based on the TA drift rate on service link. 
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Figure 1.  Maximum allowed time-continuous transmission with different elevation angles for LEO-600km
If the feeder link is also considered, the maximum allowed time-continuous transmission will be reduced by half for the worst case. Therefore, at least TA adjustment should be applied during the long preamble transmission to compensate the large timing drift. It should be noted that with different TA adjustment during preamble transmission the detection window at the eNB side need to be adjusted accordingly.
Observation 1: There will be a large timing drift in case of large number of repetitions for preamble transmission.
Proposal 1: UE autonomous TA adjustment should be applied during the long preamble transmission duration to compensate the large timing drift.
For UL data transmission, an UL gap duration will be inserted after each 256 ms of transmission, the timing offset is around 390 Ts with 10° elevation, which is larger than the timing error requirement for the UL transmission. To compensate the timing drift and reduce the timing error to within the maximum allowed timing error, shorter segmentation for UL transmission should be introduced. That is, extra UL gaps should be inserted during each 256ms transmission. It is also important to note that Figure 1 shows that the maximum allowed time-continuous transmission is related to the elevation. Therefore the length of segmentation and the UL gap duration for TA maintenance can be indicated in the system information according to the worst case of TA drift at the UE side, which is determined by common TA drift rate and the worst case of UE-specific TA drift rate of service link in a cell.
Observation 2: There will be a large timing drift in case of 256ms time-contiguous transmission for NPUSCH.
Proposal 2: More UL gaps should be inserted according to the maximum allowed time-continuous transmission for IoT over NTN.
Proposal 3: The maximum allowed time-continuous transmission is based on the common TA rate and the worst case of UE-specific TA rate in a cell.
For long repetitions, it was also mentioned in section 6.3.3 TR 36.373 that the phase discontinuity at the subframe boundary when applying new pre-compensation should be considered. Specifically, it was proposed that the maximum allowed time-continuous transmission will be impacted by the delay drift which leads to phase discontinuity. However, it should be noted that the phase discontinuity in UL transmission can be well addressed by a calculated phase compensation implemented at the UE side. Such phase discontinuity is predictable based on the UE GNSS acquired position, satellite ephemeris and common TA drift rate. Therefore the maximum allowed time-continuous transmission may not need to be restricted by this phase discontinuity.
Observation 3: The phase discontinuity is predictable and can be compensated at the UE side.   
Unlike terrestrial NB-IoT, the maximum allowed time-continuous transmission for NB-IoT over NTN depends on the TA drift rate which varies with different elevations and orbital heights. It is more efficient to signal the maximum allowed time-continuous transmission and UL gaps in the system information according to the relative speed and elevation between satellite and its serving cell or beam. The number of time-continuous repetitions for preamble and time-continuous duration for UL data transmission for NB-IoT over NTN can be indicated by system information.
Proposal 4: Indicate time-continuous repetition number for preamble and time-continuous duration for UL data transmission in the system information for NB-IoT over NTN.
In IoT NTN, the parameters for UL synchronization will be indicated in the system information including common TA and satellite ephemeris. However, an NB-IoT terminal will not receive system information in the RRC connected mode for power saving. For satellite ephemeris, UE can propagate satellite position for a long time as evaluated in [2]. For common TA, it will be updated frequently due to the movement of satellite and UE cannot predict it without other assistance information. When common TA is updated during the long repetition of UL transmission, an IoT device cannot update common TA accordingly. As a result, radio link failure may be triggered frequently. To solve this issue, TA drift rate is needed for IoT devices to calculate the timing drift during long UL transmission. Specifically, the TA drift rate applied by UE side is composed by common TA drift rate part (drift rate of ) and UE specific TA drift rate part (drift rate of ). The UE specific part can be derived by UE location and the propagated satellite position and the common TA drift rate part should be indicated by the network. Both of the drift rates have to be applied by the UE side to track the TA variation from service link part and feeder link part, respectively. The detailed TA calculation based on TA drift rate in given in [2].
Proposal 5: Support indicating common TA drift rate in addition to common TA for UL TA adjustment in case of UL transmission with long duration.
Apart from introducing UL gaps during long repetitions, implementing sampling frequency adjustment at UE side with no UL gaps was also discussed during the SI in order to avoid violating the transmit timing error Te. However, if no UL gaps are introduced, the frequency of sampling frequency adjustment will be high due to fast TA variation, which leads to extra complexity and power consumption at the UE side. Additionally, the TA variation range is large with the fast mobility of LEO satellite and change of beam elevations. Thus, implementation of sampling frequency adjustment at UE side may not be able to handle such large range of variation due to hardware limitations on UE oscillator. 
Observation 4: TA pre-compensation by sampling frequency adjustment at UE side will introduce extra complexity and power consumption at UE side.
Observation 5: The variation of sampling frequency adjustment for TA compensation may not be able to be handled by UE due to the hardware limitations.
Proposal 6: Sampling frequency adjustment at UE side with no UL gaps is not supported due to complexity and UE hardware limitations. 
Validity timer for UL synchronization
According to TR 36.763 section 6.3.5, it was concluded that for sporadic short transmission, a UE acquires GNSS position fix before accessing the network and does not need to re-acquire a GNSS position fix for the transmission of the packets. On the other hand, the following objective was included in the WID 
-	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
It is not clear whether there is a need to discuss anything related to GNSS Measurements in RAN1. 
Observation 6: RAN1 clarifies whether GNSS measurement has any specification impact for IoT-NTN UEs in RRC CONNECTED mode for sporadic short transmission.
The validity timer for UL synchronization was discussed during the SI phase. It should be noted that the overall UL synchronization accuracy depends on the synchronization error introduced at both feeder link and service link. 
· For the error introduced at the feeder link, it was mainly impacted by accuracy of the common TA and feeder link timing drift. A UE can calculate the feeder link delay based on the common TA and common timing drift rate. Assuming common timing drift rate is signaled, the shortest valid duration for feeder link RTD estimate is around 1.2s at Nadir point before the prediction error exceeds the maximum allowed timing error, e.g. Te as defined by RAN4. Therefore, the common TA may be outdated at the UE side with large repetitions. 
· For the error introduced at the service link, it was mainly impacted by the accuracy of satellite ephemeris and the propagator model used by the UE. Based on satellite ephemeris and the propagation model, the UE can calculate the UE-specific TA at the service link at a given time. It was agreed that the orbital propagator model to be used at UE is left to implementation. Therefore, different UEs may have different assumptions on how long UL synchronization can be assumed given an error tolerance. According to the evaluations in the NR NTN companion document [2], the satellite position and velocity can be propagated within 30s with sufficient accuracy. As a result, for sporadic short transmissions, the UE may acquire satellite ephemeris before accessing the network and does not need to re-acquire it for the transmission of the packets.
Proposal 7: For sporadic short transmission, the UE acquires satellite ephemeris before accessing the network and does not need to re-acquire it for the transmission of the packets.
Based on the above analysis, the validity time for UL synchronization in the feeder link is much shorter than the validity time for UL synchronization in the service link. Therefore, at least for sporadic short transmission, there is no need to introduce validity timer for satellite ephemeris but the eNB can signal a validity timer for common TA related parameters. A UE assumes that UL synchronization is lost once the timer expires and trigger radio link failure.
Proposal 8: A validity timer for common TA can be indicated by the NW and RLF will be triggered once the timer expires at the UE.
DL synchronization enhancement
The DL synchronization error during the initial access of IoT NTN caused by large differential Doppler shift and UE oscillator error was discussed in the last two meetings. And two candidate solutions are to be determined based on FL summary, namely the new channel raster with step size greater than 100 kHz, and including (part of) ARFCN-indication-in-MIB. From Table 2 in [5], the differential Doppler frequency can be up to +/-39.9 kHz with set-4 LEO-600. Besides, with 20 ppm oscillator error at UE, there could be extra frequency offsets as +/-40 KHz. In addition, extra frequency offset due to gNB’s oscillator error will exist. The total uncertainty on DL raster exceeds half of 100 kHz channel raster of terrestrial NB-IoT/eMTC, which would cause error in (N)Cell frequency selection. Introducing the new channel raster with larger step size (100 kHz) is a straight forward solution without extra signalling overhead compared to ARFCN indication. In addition, indication of (part of)ARFCN will increase the MIB payload size in NTN, which not only increases the signalling overhead but also causes potential compatibility issue for terminals operating in both terrestrial IoT network and the NTN IoT network.   
Proposal 9: Support introducing the new channel raster with step size greater than 100 kHz for DL synchronization in IoT NTN.
Since IoT devices are more sensitive to complexity and power consumption, introducing DL frequency compensation at eNB side is necessary for IoT NTN to ensure the performance of initial synchronization. As discussed in [2], the indication of frequency pre-compensation can be normalized to a predefined subcarrier spacing considering the tolerance of frequency offset for UL. 
Proposal 10: DL frequency pre-compensation is needed for reducing the complexity and power consumption of IoT devices.
Proposal 11: The indication of DL frequency pre-compensation is normalized to the subcarrier spacing.

Conclusion
In this contribution, we discuss the time/frequency adjustment, RACH enhancement and power consumption introduced by GNSS and NTN related SIB reading in IoT NTN. The following observations and proposals are presented.
Observation 1: There will be a large timing drift in case of large number of repetitions for preamble transmission.
Observation 2: There will be a large timing drift in case of 256ms time-contiguous transmission for NPUSCH.
Observation 3: The phase discontinuity is predictable and can be compensated at the UE side.   
Observation 4: TA pre-compensation by sampling frequency adjustment at UE side will introduce extra complexity and power consumption at UE side.
Observation 5: The variation of sampling frequency adjustment for TA compensation may not be able to be handled by UE due to the hardware limitations.
Observation 6: RAN1 clarifies whether GNSS measurement has any specification impact for IoT-NTN UEs in RRC CONNECTED mode for sporadic short transmission.

Proposal 1: UE autonomous TA adjustment should be applied during the long preamble transmission duration to compensate the large timing drift.
Proposal 2: More UL gaps should be inserted according to the maximum allowed time-continuous transmission for IoT over NTN.
Proposal 3: The maximum allowed time-continuous transmission is based on the common TA rate and the worst case of UE-specific TA rate in a cell.
Proposal 4: Indicate time-continuous repetition number for preamble and time-continuous duration for UL data transmission in the system information for NB-IoT over NTN.
Proposal 5: Support indicating common TA drift rate in addition to common TA for UL TA adjustment in case of UL transmission with long duration.
Proposal 6: Sampling frequency adjustment at UE side with no UL gaps is not supported due to complexity and UE hardware limitations. 
Proposal 7: For sporadic short transmission, the UE acquires satellite ephemeris before accessing the network and does not need to re-acquire it for the transmission of the packets.
Proposal 8: A validity timer for common TA can be indicated by the NW and RLF will be triggered once the timer expires at the UE.
Proposal 9: Support introducing the new channel raster with step size greater than 100 kHz for DL synchronization in IoT NTN.
Proposal 10: DL frequency pre-compensation is needed for reducing the complexity and power consumption of IoT devices.
[bookmark: _GoBack]Proposal 11: The indication of DL frequency pre-compensation is normalized to the subcarrier spacing.
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