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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.


An overview of 3GPP non-terrestrial networks can be found in [5] and an overview of state of the art in LEO satellite access can be found in [6]. In this document, we present our views on aspects related to time and frequency synchronization for both NB-IoT and eMTC NTN. 
This document is a revision of R1-2111420. The updates are in section 3 using dark blue text color.
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.
[bookmark: _Toc87524238]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.
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. To address this issue, several agreements on uplink transmission segment duration for long uplink transmission were made in RAN1#106bis-e. We present our view on the remaining issues.
Agreement:
Configuration of UL transmission segment is indicated on SIB at least for initial access
· FFS via UE-specific RRC signalling in RRC_CONNECTED.


We believe that the network should have the flexibility to configure the UL transmission segment duration via UE-specific RRC signalling. For instance, this will help the network tailor the segment duration based on UE’s elevation angle if needed.
[bookmark: _Toc87524239]The network should be able to configure UL transmission segment duration for PUSCH/NPUSCH via UE-specific RRC signalling.
UL transmission segment duration for NPRACH
FL recommendation – Section 4.4.3-1:
For NB-IoT, add uplink transmission segment duration of 4*(TCP+TSEQ) for format 0 and 1, and 6*(TCP+TSEQ) for format 2 of NPRACH


For NB-IoT PRACH format 2, it should be possible to configure a transmission segment duration of 1 repetition. This is because the minimum possible transmission segment duration for NB-IoT PRACH format 2 is 2.6.(TCP+TSEQ) = 2*19.2 ms = 38.4 ms as per the current agreement, resulting in a TA error of 3.84 s assuming a ~100 s/s TA drift which violates the transmit timing error requirement of 2.6  for NB-IoT.  
[bookmark: _Toc87524228]For NB-IoT NPRACH format 2, the TA error after 1 preamble repetition unit spanning 19.2 ms is 1.92 s assuming a 100 s/s TA drift. This TA error is 3.84 s for 2 preamble repetition units.
[bookmark: _Toc87524229]For NB-IoT NPRACH format 2, the network should be able to configure a transmission segment duration spanning 1 preamble repetition unit. For NPRACH format 0/1, it is not necessary to configure a transmission segment duration spanning 1 preamble repetition unit.
Therefore, we have the following proposal to update the previous agreement for NPRACH format 2.
[bookmark: _Hlk86659485][bookmark: _Toc87524240]For NB-IoT PRACH format 2, the network configures one of the K values for the uplink transmission segment duration of each PRACH preamble format using a k-bit field. We propose using a 3-bit field to indicate the following set of values for the uplink transmission segment duration: 
· [bookmark: _Toc87524241]Format 2:  3-bit field, K=5 candidate values 1.6.(TCP+TSEQ), 2.6.(TCP+TSEQ), 4.6.(TCP+TSEQ), 8.6.(TCP+TSEQ), 16.6.(TCP+TSEQ)  

Down-scoping of k-bit field for PUSCH/NPSUCH
FL Recommendation:– Section 4.4.2-1:
RAN1 can further discuss down-scoping of candidate values of UL transmission segment NPUSCH/PUSCH 
· No down-scoping
· Per satellite orbit
· FSS min X1 ms for LEO, Y1 ms for MEO, Z1 ms for GEO
· FFS max X2 ms for LEO, Y2 for MEO, Z2 ms for GEO 



We believe that further down scoping for the k-bit field for PUSCH/NPUSCH transmission segment duration may not be necessary. This is because the current set of values allows the network to tailor the transmission segment duration to different satellite scenarios.  
[bookmark: _Toc87524230]The agreed sets of values for transmission segment duration of PUSCH/NPUSCH are flexible enough to enable operation in both LEO and GEO scenarios.
We do not think it is necessary to define different transmission segment durations for different satellite scenarios. For instance, for GEO where uplink transmission segments are not necessary, the network may choose not to configure the parameters for segment duration.
[bookmark: _Toc87524231]For GEO scenario, the network may choose not to configure the transmission segment duration parameter for eMTC/NB-IoT.
[bookmark: _Toc87524242]Further down-scoping of the agreed values for the transmission segment duration is not needed. 

UL transmission segment duration for eMTC PUCCH
Similar to eMTC PUSCH/PRACH, the network should be able to configure a transmission segment duration for PUCCH such that a timing accuracy of at least 12*=0.39 µs (Table 7.26.2-1 in TS 36.133 [7]) is supported assuming the worst-case scenario where the TA drift is ~100 µs/s and the elevation angle is small. We do acknowledge that a longer transmission segment duration will suffice for a more favorable TA drift or elevation angle, etc.
We provide the transmission segment durations for eMTC PUCCH in Table 1. We note that the maximum transmission duration for PUCCH is 8 ms for CE mode A and 128 ms for CE mode B, which are both smaller than 256 ms. Therefore, unlike eMTC PUSCH, we do not need to support a transmission segment duration of up to 256 ms. The lower limit is selected to meet a timing error requirement of 0.39 µs. For the upper limit, it is sufficient to support the maximum possible segment duration. For example, for CE mode A with 8 repetitions configured for PUCCH, the maximum transmission segment can consist of 4 repetitions.  
[bookmark: _Toc83985937][bookmark: _Toc87524232]For eMTC PUCCH with CE mode A, it is sufficient to use a 1-bit field to indicate the configured value of transmission segment duration for long uplink transmission.
[bookmark: _Toc87524233]For eMTC PUCCH with CE mode B, it is sufficient to use a 3-bit field to indicate the configured value of transmission segment duration for long uplink transmission.

[bookmark: _Ref87347475]Table 1 Transmission segment duration for eMTC PUCCH.
	CE mode
	Basic rep. unit duration
	No. of repetitions
	Transmission segment duration 
(unit: no. of repetitions)

	A
	1 ms
	1, 2, 4, 8
	2, 4 

	B
	1 ms
	4, 8, 16, 32, 64, 128
	4, 8, 16, 32, 64



[bookmark: _Toc87524243]For eMTC PUCCH, the network configures one of the K values for the uplink transmission segment duration using a k-bit field, where the values are different depending on the CE mode: 
· [bookmark: _Toc87524244]CE mode A (unit: subframes): 1-bit field, K=2 candidate values: {2, 4} 
· [bookmark: _Toc87524245]CE mode B (unit: subframes): 3-bit field, K=5 candidate values: {4, 8, 16, 32, 64}

eMTC Frequency hopping
In eMTC, frequency hopping is always activated for PUCCH and can also be configured by the network for PUSCH/PRACH. If the frequency hopping time interval is smaller than the configured transmission segment duration, the UE can adjust the uplink transmit timing and frequency while retuning to a different narrowband.
[bookmark: _Toc87524234]To facilitate frequency hopping, eMTC allows a frequency retuning gap of up to 2 SC-FDMA uplink symbols between adjacent narrowbands.
[bookmark: _Toc87524246]For eMTC PUCCH/PUSCH with frequency hopping enabled, the UE can adjust the uplink transmit timing when hopping to a new narrowband if the frequency hopping interval is less than or equal to the configured transmission segment duration.
If the UE can leverage frequency hopping occasion to perform uplink pre-compensation, there is no need to introduce a pre-compensation gap between transmission segments in this case.
[bookmark: _Toc87524247]For eMTC PUCCH/PUSCH with frequency hopping enabled, no new gaps need to be introduced when the frequency hopping interval is less than or equal to the configured transmission segment duration.
UL compensation gap
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 after 256 ms for (N)PUSCH/PRACH. This means that if the transmission duration exceeds 256 ms, the existing gap of 40 ms can be leveraged to perform UL pre-compensation. According to the RAN1 agreements, however, an NTN UE may need to apply new timing pre-compensation values over a transmission segment duration which is much shorter than 256 ms. This will lead to an overlap between successive transmission segments, resulting in a phase discontinuity. There seems to be a consensus that phase discontinuity does not significantly impact the PAPR. Moreover, it is not essential to introduce a gap for addressing the phase discontinuity’s impact on uplink demodulation performance.  
[bookmark: _Toc87524235]A new UL compensation gap is not needed to address the phase discontinuity’s impact on the uplink demodulation performance.
If UL gaps are introduced, it will complicate scheduling, especially if the need for gaps depends on UE capability. Further, the gaps will be difficult to utilize for UL transmissions from other UEs since they are short (e.g. 1 ms) and scattered.
[bookmark: _Toc87524236]Introducing a new UL compensation gap will complicate scheduling.
Therefore, we put forth the following proposal.
[bookmark: _Toc87524248]A new UL compensation gap for long UL transmission need not be introduced unless it is essential.
If UL gaps are needed, an approach that may reduce the impact on the scheduler is that the gaps are created by the UE by blanking UL subframes at regular intervals (configured by the network), thereby reducing the number of repetitions instead of spreading them out in time. Then, the scheduler can allocate the same UL resources regardless of whether the UE needs gaps or not.
[bookmark: _Toc87524249]RAN1 to consider creating UL gaps by blanking UL subframes at regular intervals (configured by the network) without increasing the total transmission time.
Without an UL compensation gap, one way to implement segmented pre-compensation is by sample dropping/puncturing. In this case, RAN1 should specify the relevant details. Moreover, it will be pertinent to check the impact of sample dropping/puncturing on performance (RAN4).
[bookmark: _Toc87524250]If segmented pre-compensation is implemented by sample dropping or puncturing, the details should be specified.
4	Validity timer for uplink synchronization
In this section, we provide our views on the remaining issues related to validity timer for uplink synchronization. 
Validity duration for ephemeris/common TA
In RAN1#106bis-e, it was agreed to have a single validity duration for both ephemeris and common TA if they are signalled using the same SIB.
Agreement:
A single validity duration for both serving satellite ephemeris and common TA related parameters is defined at least if serving satellite ephemeris and common TA parameters are signalled in the same SIB message.





However, if they are transmitted in different SIBs, we prefer a flexible design with separate validity timers for ephemeris and common TA.   
[bookmark: _Toc87524251]Separate validity timers are preferred if ephemeris and common TA are transmitted in different SIBs.
Epoch time
For NR NTN, it was agreed in RAN1#106-e that the serving satellite ephemeris epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame. In RAN1#106bis-e, it was agreed that an IoT NTN UE will use the epoch time as a reference for starting the ephemeris validity timer as well.  
Agreement:
The validity timer for UL synchronization is started/restarted with configured timer validity duration at the epoch time of the assistance information (i.e. serving satellite ephemeris data).
· FFS: Precise definition of epoch time taking into account SIB repetitions






The definition of epoch time for serving satellite ephemeris and common TA is being discussed in the NR NTN WI. The solution for NR NTN, when agreed, can be adopted for IoT NTN as well.
[bookmark: _Toc87524252]Adopt the same definition of epoch time for IoT NTN as for NR NTN.

5	Downlink synchronization
In RAN1#104bis-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. Since this is the last RAN1 meeting, RAN1 may agree on increasing the channel raster size as RAN4 work will not begin until 03/2022.
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: _Toc87524253]RAN1 to compare the pros and cons of increasing the channel raster step size and introducing ARFCN-indication-in-MIB.
6	GNSS and sporadic short transmissions
In this WI, simultaneous operation of eMTC/NB-IoT module and the GNSS module is not considered. In RAN1#106-e, the following agreement was made regarding GNSS measurements for IoT NTN. 
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.

A UE is not required to perform a GNSS position fix in RRC_CONNECTED state for a sporadic short connection. The remaining challenge is to characterize a short transmission in the context of IoT NTN. To this end, we may consider the validity durations of the GNSS position fix, the common TA (if indicated), and the satellite ephemeris.
[bookmark: _Toc87524237]The short connection can be defined by considering the validity durations of GNSS position fix, common TA (if indicated) and satellite ephemeris.
For connections which do not qualify as short sporadic, further discussions on acquiring GNSS position fix, serving satellite ephemeris and Common TA parameters in RRC_CONNECTED state are needed. For UE behaviour upon GNSS position invalidity in RRC_CONNECTED state, we can adopt a similar approach as done for validity timer for UL synchronization in RAN1#106bis-e. As GNSS measurements in idle/connected state is an important case which requires detailed discussions to make meaningful progress, we have no objection if any remaining discussions are deferred until the start of Release 18.
Conclusion
In the previous sections we made the following observations: 
Observation 1	For NB-IoT NPRACH format 2, the TA error after 1 preamble repetition unit spanning 19.2 ms is 1.92 s assuming a 100 s/s TA drift. This TA error is 3.84 s for 2 preamble repetition units.
Observation 2	For NB-IoT NPRACH format 2, the network should be able to configure a transmission segment duration spanning 1 preamble repetition unit. For NPRACH format 0/1, it is not necessary to configure a transmission segment duration spanning 1 preamble repetition unit.
Observation 3	The agreed sets of values for transmission segment duration of PUSCH/NPUSCH are flexible enough to enable operation in both LEO and GEO scenarios.
Observation 4	For GEO scenario, the network may choose not to configure the transmission segment duration parameter for eMTC/NB-IoT.
Observation 5	For eMTC PUCCH with CE mode A, it is sufficient to use a 1-bit field to indicate the configured value of transmission segment duration for long uplink transmission.
Observation 6	For eMTC PUCCH with CE mode B, it is sufficient to use a 3-bit field to indicate the configured value of transmission segment duration for long uplink transmission.
Observation 7	To facilitate frequency hopping, eMTC allows a frequency retuning gap of up to 2 SC-FDMA uplink symbols between adjacent narrowbands.
Observation 8	A new UL compensation gap is not needed to address the phase discontinuity’s impact on the uplink demodulation performance.
Observation 9	Introducing a new UL compensation gap will complicate scheduling.
Observation 10	The short connection can be defined by considering the validity durations of GNSS position fix, common TA (if indicated) and satellite ephemeris.

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	The network should be able to configure UL transmission segment duration for PUSCH/NPUSCH via UE-specific RRC signalling.
Proposal 3	For NB-IoT PRACH format 2, the network configures one of the K values for the uplink transmission segment duration of each PRACH preamble format using a k-bit field. We propose using a 3-bit field to indicate the following set of values for the uplink transmission segment duration:
-	Format 2:  3-bit field, K=5 candidate values 1.6.(TCP+TSEQ), 2.6.(TCP+TSEQ), 4.6.(TCP+TSEQ), 8.6.(TCP+TSEQ), 16.6.(TCP+TSEQ)
Proposal 4	Further down-scoping of the agreed values for the transmission segment duration is not needed.
Proposal 5	For eMTC PUCCH, the network configures one of the K values for the uplink transmission segment duration using a k-bit field, where the values are different depending on the CE mode:
-	CE mode A (unit: subframes): 1-bit field, K=2 candidate values: {2, 4}
-	CE mode B (unit: subframes): 3-bit field, K=5 candidate values: {4, 8, 16, 32, 64}
Proposal 6	For eMTC PUCCH/PUSCH with frequency hopping enabled, the UE can adjust the uplink transmit timing when hopping to a new narrowband if the frequency hopping interval is less than or equal to the configured transmission segment duration.
Proposal 7	For eMTC PUCCH/PUSCH with frequency hopping enabled, no new gaps need to be introduced when the frequency hopping interval is less than or equal to the configured transmission segment duration.
Proposal 8	A new UL compensation gap for long UL transmission need not be introduced unless it is essential.
Proposal 9	RAN1 to consider creating UL gaps by blanking UL subframes at regular intervals (configured by the network) without increasing the total transmission time.
Proposal 10	If segmented pre-compensation is implemented by sample dropping or puncturing, the details should be specified.
Proposal 11	Separate validity timers are preferred if ephemeris and common TA are transmitted in different SIBs.
Proposal 12	Adopt the same definition of epoch time for IoT NTN as for NR NTN.
Proposal 13	RAN1 to compare the pros and cons of increasing the channel raster step size and introducing ARFCN-indication-in-MIB.
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