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In RAN1#106-e, the following were agreed for time and frequency synchronization enhancement for IoT in NTN [1].
	Agreement:
· Satellite ephemeris read on SIB are valid for the duration of sporadic short transmission in RRC_CONNECTED.
· Common TA parameters if indicated and read on SIB are valid for the duration of sporadic short transmission in RRC_CONNECTED.
· Note: The duration of the short transmission is not longer than the “validity timer for UL synchronization” referred to in the WID objective (but which still needs further discussion for specifying further details)
Agreement:
For sporadic short transmission, UE in RRC_CONNECTED should go back to idle mode and re-acquire a GNSS position fix if GNSS becomes outdated.
Agreement:
Duration of UL transmission segment for UE pre-compensation for PRACH transmission is a number of RACH repetition units configured by the network
· For NB-IoT, repetition unit is P symbol groups.
· For eMTC, repetition unit is one preamble including guard period. 
· FFS: Configuration details
Agreement:
Duration of UL transmission segment for UE pre-compensation for PUSCH transmission is a number of PUSCH repetition units configured by the network
· For NB-IoT, repetition unit is  
· For eMTC, repetition unit is   for sub-PRB allocation, where Tslot = 0.5 ms. For full-PRB allocation, repetition unit is one subframe.
· NOTE1:  are defined in TS 36.211 10.1.2.3 and 10.1.3.6 for NB-IoT
· NOTE2: M_^UL_slot is defined in TS 36.211, 5.2.3A for eMTC
· FFS: RAN1 to further discuss valid and invalid subframes
· FFS: Configuration details
Agreement:
The UL transmission segment duration is configured by the network
· FFS: Details of the configuration signalling.
Agreement:
The validity timer of UL synchronization is configured by the network
· FFS: Whether a single validity timer or separate validity timers are used for satellite ephemeris and common TA parameters
Agreement:
UE in RRC_IDLE reads the satellite ephemeris on SIB and the common TA parameters if indicated on SIB and (re-)start the validity timer(s) for UL synchronization before moving to RRC_CONNECTED.
· FFS: Details of the precise (re-)start time for the validity timer for UL synchronization to ensure a common understanding between gNB and UE.
· Other signaling details for validity timer are up to RAN2
Agreement:
· For NB-IoT NTN, the network configures one of K values for the UL transmission segment duration of each PRACH preamble format in a k-bit field, where the size of the k-bit field and the number of K candidate values depend on the preamble format.
· Format 0 and format 1: 3-bit field, K=6 candidate values 2.4.(TCP+TSEQ), 4.4.(TCP+TSEQ), 8.4.(TCP+TSEQ), 16.4.(TCP+TSEQ), 32.4.(TCP+TSEQ), 64.4.(TCP+TSEQ)
· Format 2:  2-bit field, K=4 candidate values 2.6.(TCP+TSEQ), 4.6.(TCP+TSEQ), 8.6.(TCP+TSEQ), 16.6.(TCP+TSEQ)  
· FFS: Down scoping of K candidate values, size of k-bit field
· FFS: Whether the same segment duration can be used for all preambles within a preamble format
Agreement:
· For NB-IoT/eMTC NTN, the network configures one of K candidate values for the UL transmission segment duration of NPUSCH/PUSCH in a k-bit field. 
· For NB-IoT, maximum 3-bit field with a maximum number of K=8 candidate values 2 ms, 4 ms, 8 ms, 16 ms, 32 ms, 64 ms, 128 ms, 256 ms  
· FFS: Down scoping of K candidate values, size of k-bit field
Agreement:
· The UL transmission segment duration is provided by UE-specific RRC signalling or by signalling in SIB.
· NOTE: the values of UL transmission segment duration for NB-IoT can be different to those for eMTC


[bookmark: _Ref129681832]In this contribution, we discuss the remaining details of time and frequency enhancements for NTN IoT.
Discussion 
UL time and frequency synchronization enhancement
GNSS Measurements for sporadic short transmission
GNSS capability in the UE is taken as the working assumption of WI on NB-IoT/eMTC support for NTN [2]. In RAN1#106-e, it was agreed that for sporadic short transmission, UE in RRC_CONNECTED should go back to idle mode and re-acquire a GNSS position fix if GNSS becomes outdated. However, it should be noted that even when GNSS position becomes outdated at the UE, the UL synchronization may still be maintained given that closed-loop TA adjustment can also compensate the error of UE self-calculated TA. Therefore, there seems no need to specify the UE behavior when GNSS becomes out-of-dated. 
Observation 1: There is no need to specify the UE behavior when GNSS becomes out-of-dated.
On the other hand, to assist with eNB scheduling, a UE can reports the validity time of GNSS position fix to the eNB. Provided with the validity duration of GNSS position fix from a UE, the eNB can perform a better scheduling and potentially reduce some resource waste by ensuring that GNSS position fix is valid for a given transmission. In addition, based on such assistant information, eNB would also be able to potentially configure a measurement gap for a new GNSS position fix at the UE when GNSS becomes outdated. 
Proposal 1: A UE can report the validity duration of GNSS position fix to assist with eNB scheduling.
Long PUSCH and PRACH Transmission enhancements
There are 3 preamble formats for 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 [4]. Figure 1 illustrates the maximum allowed time-continuous transmission and TA drift rate with different elevation angles for LEO-600km, based on the 2-way TA drift rate. 
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
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Figure 1.  Maximum allowed time-continuous transmission and TA drift rate for LEO-600km
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 2: There will be a large timing drift in case of large number of repetitions for preamble transmission.
Proposal 2: 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 714Ts 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. 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 3: There will be a large timing drift in case of 256ms time-contiguous transmission for NPUSCH.
Proposal 3: Introduce extra gaps for TA adjustment based on different elevation angles.
Proposal 4: More UL gaps should be inserted according to the maximum allowed time-continuous transmission for IoT over NTN.
Proposal 5: The maximum allowed time-continuous transmission is based on the common TA drift rate and the worst case of UE-specific TA drift 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 4: 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 6: 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 [3]. 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 [3].
Proposal 7: 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 5: TA pre-compensation by sampling frequency adjustment at UE side will introduce extra complexity and power consumption at UE side.
Observation 6: The variation of sampling frequency adjustment for TA compensation may not be able to be handled by UE due to the hardware limitations.
[bookmark: _GoBack]Proposal 8: Sampling frequency adjustment at UE side with no UL gaps is not supported due to complexity and UE hardware limitations.
UL transmission segmentation duration
A. NPUSCH transmission segmentation duration
The following agreements was made on the segment durations for long PUSCH transmission.
	Agreement:
Duration of UL transmission segment for UE pre-compensation for PUSCH transmission is a number of PUSCH repetition units configured by the network
· For NB-IoT, repetition unit is  
…

Agreement:
· For NB-IoT/eMTC NTN, the network configures one of K candidate values for the UL transmission segment duration of NPUSCH/PUSCH in a k-bit field.
· For NB-IoT, maximum 3-bit field with a maximum number of K=8 candidate values 2 ms, 4 ms, 8 ms, 16 ms, 32 ms, 64 ms, 128 ms, 256 ms  
· FFS: Down scoping of K candidate values, size of k-bit field


For long PUSCH transmission in NB-IoT, the eNB configures a set of K segment durations based on the numerology and indicate one of the K values to the UE based on the elevation angle. The UL segment duration for UE pre-compensation for PUSCH should not exceed the timing error requirements as depicted in Figure 1, and should also be compatible with the PUSCH repetition unit defined in TR 36.211. In other words, the UL segment duration X should be a number of N PUSCH repetition units which does not exceed the maximum allowed continuous transmission time Tseg_max based on the elevation angle and the timing error Te, as in:
                         

Note that the PUSCH repetition unit relates to the numerology defined in Table 10.1.2.3 in TR 36.211. For FDD, PUSCH transmission in NB-IoT NTN can be summarized in the following scenarios:
· Case 1 - NPUSCH format 1, SCS 3.75kHz, 1 Tone,  = 16 and  = 7;
· Case 2 - NPUSCH format 1, SCS 15kHz, 1 Tone,  = 16 and  = 7;
· Case 3 - NPUSCH format 1, SCS 15kHz, 3 Tone,  = 8 and  = 7;
· Case 4 - NPUSCH format 1, SCS 15kHz, 6 Tone,  = 4 and  = 7;
· Case 5 - NPUSCH format 1, SCS 15kHz, 12 Tone,  = 2 and  = 7;
· Case 6 - NPUSCH format 2, SCS 3.75kHz, 1 Tone,  = 4 and  = 7;
· Case 7 - NPUSCH format 2, SCS 15kHz, 1 Tone,  = 4 and  = 7;
For the above 7 cases, the maximum number of PUSCH repetition units in a segmentation is bounded by Te for different elevation angles as shown in Figure 2. 
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Figure 2.  Number of PUSCH repetition units in a UL segment for LEO-600.
For each numerology, the eNB can determine the UL segment duration X for UL pre-compensation during long UL transmissions. Besides, considering that the time-duration of NPUSCH repetition unit, i.e. , only consists of a few values {2ms, 4ms, 8ms, 16ms, 32ms} for frame structure type 1, the values of X for all numerology cases can be determined for different elevation angles. In the following, we provide the values of UL segment duration X for the LEO-600km in Table 2.
Table 2. UL segment duration for long UL transmission for NPUSCH for NB-IoT NTN
	Elevation angle
	10o
	20 o
	30 o
	40 o
	50 o
	60 o
	70 o
	80 o
	83 o~90o

	Max-continuous transmission time based on Te (ms)
	28.7
	30.08
	32.63
	36.89
	43.97
	56.52
	82.63
	162.8
	256

	Case 1
	X (ms)
	Mrep
	
	
	32
	32
	32
	32
	64
	160
	256

	
	
	Mrep
	~
	~
	~
	~
	~
	~
	~
	~
	~

	
	
	Mrep
	~
	~
	~
	~
	~
	~
	~
	~
	~

	Case 2
	X (ms)
	Mrep
	24
	24
	32
	32
	40
	56
	80
	160
	256

	
	
	Mrep
	~
	~
	~
	~
	~
	~
	~
	~
	~

	
	
	Mrep
	~
	~
	~
	~
	~
	~
	~
	~
	~

	Case 3
	X (ms)
	Mrep
	16
	16
	32
	32
	32
	48
	80
	160
	256

	
	
	Mrep
	24
	24
	32
	32
	40
	56
	80
	160
	256

	
	
	Mrep
	28
	28
	32
	36
	40
	56
	80
	160
	256

	Case 4
	X (ms)
	Mrep
	24
	24
	32
	32
	40
	56
	80
	160
	256

	
	
	Mrep
	28
	28
	32
	36
	40
	56
	80
	160
	256

	
	
	Mrep
	28
	30
	32
	36
	42
	56
	82
	162
	256

	Case 5
	X (ms)
	Mrep
	28
	28
	32
	36
	40
	56
	80
	160
	256

	
	
	Mrep
	28
	30
	32
	36
	42
	56
	82
	162
	256

	
	
	Mrep
	28
	30
	32
	36
	43
	56
	82
	162
	256

	Case 6
	X (ms)
	Mrep
	24
	24
	32
	32
	40
	56
	80
	160
	256

	
	
	Mrep
	~
	~
	~
	~
	~
	~
	~
	~
	~

	
	
	Mrep
	~
	~
	~
	~
	~
	~
	~
	~
	~

	Case 7
	X (ms)
	Mrep
	28
	30
	32
	36
	42
	56
	82
	162
	256

	
	
	Mrep
	~
	~
	~
	~
	~
	~
	~
	~
	~

	
	
	Mrep
	~
	~
	~
	~
	~
	~
	~
	~
	~



In Table 2, the UL segment durations X for NPUSCH during long transmissions are evaluated for different elevation angles covering all numerology cases, where the elevation angle are chosen equally from 10o to 90o. Specifically, the TA rate at elevation angle  83.67o results in a maximum allowed time-continuous transmission of 256ms. Therefore the last column in Table 2 has an applicable elevation range of 83o~90o.  Besides, for each case, Table 2 provides X for different repetition times, i.e., . For case 1, 2, 6 and 7, the segmentation duration are identical for all possible . 
Since the NPUSCH segmentation duration X is dependent on the delay drift rate which is essentially coupled with the elevation angle. One possible way is to pre-define a table and the eNB can indicate one set of NPUSCH segmentation durations for each numerology and number of NPUSCH repetitions. As an example, one can indicate the column index in Table 2 based on the elevation angle. Another solution is to pre-define as set of K candidate values and the eNB indicates one of the K candidate values via k bit field. This alternative is simpler than the first scheme since it assumes that the segmentation duration is same for all combinations of numerology and number of NPUSCH repetitions for a give elevation angle. On the number of K it can be observed that the values of 2ms, 4ms and 8ms are applicable according to the analysis in Table 2. 
Proposal 9: Network configures one of 5 candidate values for the UL transmission segmentation duration of NPUSCH in a 3-bit field, where the 8 candidate values are 
· {16 ms, 32 ms, 64 ms, 128 ms, 256 ms}
B. NPRACH transmission segmentation duration
RAN1 has made the agreement on the NPRACH repetition units as:
	Agreement:
Duration of UL transmission segment for UE pre-compensation for PRACH transmission is a number of RACH repetition units configured by the network
· For NB-IoT, repetition unit is P symbol groups.
· For eMTC, repetition unit is one preamble including guard period. 
· FFS: Configuration details


The value of P and the PRACH repetition unit time-duration for preamble format 0, 1 and 2 is given in Table 1, respectively. For the details on the maximum allowed number of NPRACH repetition units for time-continuous transmission, we propose the similar idea as in deriving the segmentation for NPUSCH for NB-IoT, which is based on the timer error Te and the TA drift rate at different elevation angles.  Based on the discussion,  an example for LEO-600 scenario of the allowed NPRACH repetition units N, i.e. in P symbol groups, at different elevation angles are illustrated in Figure 3, where it is observed that the N values are quite similar among lower elevation angles, e.g. <50 degrees. Besides, Table 3 summarized the different values of N corresponding to each elevation angle bounded by the Te requirements, which shows that a 4-bit indication in the system information is enough for the pre-compensation of all preamble formats. 
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Figure 3.  Maximum allowed time-continuous transmission and TA drift rate for LEO-600km
Table 3. Number of NPRACH repetition units at different elevation angles.
	Elevation
	10o
	20o
	30o
	40o
	50o
	60o
	70o
	80o
	90o

	Format 0
	5
	5
	5
	6
	7
	10
	14
	29
	64

	Format 1
	4
	4
	5
	5
	6
	8
	12
	25
	64

	Format 2
	1
	1
	1
	1
	2
	2
	4
	8
	16


Proposal 10: Network configures one of K values for the UL transmission segment duration of each PRACH preamble format in a k-bit field in the system information where the size of k and K values are:
· Format 0 and format 1: 3-bit field, K=6 candidate values 2*4*(TCP+TSEQ), 4*4*(TCP+TSEQ), 8*4*(TCP+TSEQ), 16*4*(TCP+TSEQ), 32*4*(TCP+TSEQ), 64*4*(TCP+TSEQ)
· Format 2: 3-bit field, K=5 candidate values 2*6*(TCP+TSEQ), 2*6*(TCP+TSEQ), 4*6*(TCP+TSEQ), 8*6*(TCP+TSEQ), 16*6*(TCP+TSEQ)  
Validity timer for UL synchronization
In RAN1#106-e, it was agreed that the validity timer of UL synchronization is configured by the network and it was FFS whether a single validity timer or separate validity timers are used for satellite ephemeris and common TA parameters. 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 [3], 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.
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. If the validity duration of the ephemeris and the common TA were to be indicated at the same time by eNB through the system information, a single validity timer should be used for both parameters. Upon reads the SIB, the UE should immediately (re)start the indicated validity timer(s) for UL synchronization. And the UE in RRC_CONNECTED may triggers RLF if the validity timer(s) for UL synchronization expires. 
Proposal 11: A single validity timer is used for satellite ephemeris and common TA parameters if they are put in the same SIB.
Proposal 12: The validity timer of UL synchronization (re)starts upon reading the corresponding SIB and UE in RRC_CONNECTED may trigger RLF if validity timer for UL synchronization expires. 

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 13: 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 [3], the indication of frequency pre-compensation can be normalized to a predefined subcarrier spacing considering the tolerance of frequency offset for UL. 
Proposal 14: DL frequency pre-compensation is needed for reducing the complexity and power consumption of IoT devices.
Proposal 15: 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 is no need to specify the UE behavior when GNSS becomes out-of-dated.
Observation 2: There will be a large timing drift in case of large number of repetitions for preamble transmission.
Observation 3: There will be a large timing drift in case of 256ms time-contiguous transmission for NPUSCH.
Observation 4: The phase discontinuity is predictable and can be compensated at the UE side.
Observation 5: TA pre-compensation by sampling frequency adjustment at UE side will introduce extra complexity and power consumption at UE side.
Observation 6: The variation of sampling frequency adjustment for TA compensation may not be able to be handled by UE due to the hardware limitations.

Proposal 1: A UE can report the validity duration of GNSS position fix to assist with eNB scheduling.
Proposal 2: UE autonomous TA adjustment should be applied during the long preamble transmission duration to compensate the large timing drift.
Proposal 3: Introduce extra gaps for TA adjustment based on different elevation angles.
Proposal 4: More UL gaps should be inserted according to the maximum allowed time-continuous transmission for IoT over NTN.
Proposal 5: The maximum allowed time-continuous transmission is based on the common TA drift rate and the worst case of UE-specific TA drift rate in a cell.
Proposal 6: 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 7: Support indicating common TA drift rate in addition to common TA for UL TA adjustment in case of UL transmission with long duration.
Proposal 8: Sampling frequency adjustment at UE side with no UL gaps is not supported due to complexity and UE hardware limitations.
Proposal 9: Network configures one of 5 candidate values for the UL transmission segmentation duration of NPUSCH in a 3-bit field, where the 8 candidate values are 
· {16 ms, 32 ms, 64 ms, 128 ms, 256 ms}
Proposal 10: Network configures one of K values for the UL transmission segment duration of each PRACH preamble format in a k-bit field in the system information where the size of k and K values are:
· Format 0 and format 1: 3-bit field, K=6 candidate values 2*4*(TCP+TSEQ), 4*4*(TCP+TSEQ), 8*4*(TCP+TSEQ), 16*4*(TCP+TSEQ), 32*4*(TCP+TSEQ), 64*4*(TCP+TSEQ)
· Format 2: 3-bit field, K=5 candidate values 2*6*(TCP+TSEQ), 2*6*(TCP+TSEQ), 4*6*(TCP+TSEQ), 8*6*(TCP+TSEQ), 16*6*(TCP+TSEQ)  
Proposal 11: A single validity timer is used for satellite ephemeris and common TA parameters if they are put in the same SIB.
Proposal 12: The validity timer of UL synchronization (re)starts upon reading the corresponding SIB and UE in RRC_CONNECTED may trigger RLF if validity timer for UL synchronization expires. 
Proposal 13: Support introducing the new channel raster with step size greater than 100 kHz for DL synchronization in IoT NTN.
Proposal 14: DL frequency pre-compensation is needed for reducing the complexity and power consumption of IoT devices.
Proposal 15: The indication of DL frequency pre-compensation is normalized to the subcarrier spacing.
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