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Introduction
In RAN#86 e-meeting, the SI of “New Study WID on NB-IoT/eTMC support for NTN” was approved and the SID was updated in [1]. This Study will evaluate and confirm solutions to address the minimum necessary specifications for NB-IoT and eMTC according to the following objectives. 
The first objective of this Study is to identify scenarios applicable to NB-IoT/eMTC [RAN1, RAN2], including:
-	Bands of interest in sub 6 GHz
-	Device type with PC3 or PC5 (LEO and GEO) 
-	Satellite constellation orbit LEO and GEO 
-	Transparent payload.
-	Link budget
NOTE 1: This first objective will be based on the scenarios documented in TR 38.821.
NOTE 2: UE mobility assumptions follow terrestrial NB-IoT/eMTC assumptions.
The second objective is, for the above identified scenarios, to study and recommend necessary changes to support NB-IoT and eMTC over satellite, reusing as much as possible the conclusions of the studies performed for NR NTN in TR38.821. This objective will address the following items: 
-	Aspects related to random access procedure/signals [RAN1, RAN2]
-	Mechanisms for time/frequency adjustment including Timing Advance, and UL frequency compensation indication [RAN1, RAN2]
-	Timing offset related to scheduling and HARQ-ACK feedback [RAN1, RAN2]
-    Aspects related to HARQ operation [RAN2, RAN1]
-	General aspects related to timers (e.g. SR, DRX, etc.) [RAN2]
-	RAN2 aspects related to idle mode and connected mode mobility [RAN2]
-	RLF-based for NB-IoT
-	Handover-based for eMTC
-	System information enhancements [RAN2]
-	Tracking area enhancements [RAN2]
NOTE 3: 	GNSS capability in the UE is taken as a working assumption in this study for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed.
Recommendations for NB-IoT and recommendations for eMTC will be documented in the conclusions.
In RAN1#104bis-e meeting, the following agreements were achieved for UL time and frequency synchronization for IoT NTN [2].
Agreement:
· Capture in TR 36.763, moderator’s summary of GNSS Position fix impact on UE power consumption based on Appendix A Section 5.1
· Capture in TR 36.763, individual companies battery life analysis in Appendix A
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
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:
For DL synchronization in the Rel-17 timeframe, the following should be considered
· New Channel raster with a step size increased to be greater than 100 kHz 
· (part of) ARFCN-indication-in-MIB
Agreement:
Capture the following in the TR:
The required power consumption to read SIB containing satellite ephemeris information for the short sporadic connections use case is not significant. 
· Note: For this conclusion, it is assumed that the UE need not read broadcast SIB for the purpose of obtaining satellite ephemeris information in CONNECTED mode.
DL synchronization
DL initial synchronization performance based NB-IoT/eMTC synchronization signals should be evaluated. For the LEO without pre-compensation of the frequency offset, additional complexity is needed at UE receiver to achieve DL initial synchronization based on NB-IoT/eMTC synchronization signals. Beam specific pre-compensation of common frequency shift, e.g., conducted with respect to the spot beam centre at network side, should be considered. 
Proposal 1: Pre-compensation on the Doppler shift for DL transmission should be supported.
The radial speed of NGSO satellite as seen by the UE on the service link can reach significant values. As a consequence, the Doppler shifts experienced on the service DL and UL link become critical in the NGSO scenarios [3] (cf. Table 1). DL and UL Doppler shift can be observed:
· DL RX signal at UE side is going to be affected by the un-compensated Doppler shift due to satellite mobility;
· UL RX signal at gNB side is going to be affected by the Doppler shift due to satellite mobility.
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	Scenarios
	GEO based non-terrestrial access network (Scenario A and B)
	LEO based non-terrestrial access network (Scenario C & D)

	Max Doppler shift (earth fixed user equipment)
	0.93 ppm
	24 ppm (600km)
21ppm (1200km) 

	Max Doppler shift variation (earth fixed user equipment)
	0.000 045 ppm/s 
	0.27 ppm/s (600km)


Meanwhile, in case of IoT over NTN service in S-band (e.g., at 2 GHz) with UE oscillator error as 20 ppm (NB-IoT UE) and the residual Doppler as 16 ppm, the maximum FO could be up to (20 + 16)*2 = 72 kHz, which is much larger than half of the current channel raster, i.e., 100 kHz. 
Then, when multiple cells from different satellites cover the same area, the UE cannot identify the correct DL frequency for target satellite. Therefore, a larger sync raster e.g., 200 kHz, should be defined for LEO.
Observation 1: 100 kHz channel raster may not be large enough to avoid ambiguity in DL synchronization of IoT over NTN when multiple cells from different satellites could cover same UE.
Proposal 2: Larger channel raster should be supported in IoT NTN for the scenarios with co-covered cells from different LEO satellites.
Random access
In IoT NTN, UE with GNSS capability is assumed [1]. Through detecting UE position and satellite position, UE can acquire the UL frequency/timing offset of service link. Based on the results summarized in [3], it can be predicted that with assumption on pre-compensation of timing and frequency offset at UE side for UL transmission, existing NB-IoT/eMTC PRACH formats and preamble sequences can be reused. The necessity of additional enhancements, e.g., repetitions and/or larger CP, to ensure UL coverage can be further discussed.
However, in case pre-compensation of timing and frequency offset is not performed at UE side for UL transmission, enhanced PRACH formats and/or preamble sequences should be studied.
Observation 2: Existing NB-IoT/eMTC PRACH formats and preamble sequences can be reused with the assumption UE having GNSS capability.
Maintenance for UL timing advance and frequency synchronization
NPUSCH transmission can be with up to 128 repetitions, where a TBS can be transmitted over up to 10 RUs. With sub-carrier spacing of 15 kHz, the transmission time can be up to 1 second; with single tone transmission with sub-carrier spacing 3.75 kHz, the transmission time can be up to 4 second. Assuming a transmission time of 1 second, the delay drift can be 26 us. This would result in loss of OFDM orthogonality with significantly impact on NPUSCH and PRACH detection performance. In order to track the delay drift, it is necessary that the UE adjusts uplink timing in every transmission interval. In the last RAN1 meeting the following agreements were achieved.
UE pre-compensation done per N time units for long PUSCH/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
The validity period of TA depends on the rate of change of RTD compensated by the UE. The RTD compensated by the UE composites RTD of the service link and RTD from the reference point to the satellite. The type of satellite and the location of the reference point determine the rate of change of the RTD compensated by the UE. So the network configure the value of N expressing validity period of TA is reasonable choice.
Proposal 3：The value of N expressing validity period of TA should be configured by network.
There are two options for UE pre-compensation during long UL transmission on NPUSCH and PRACH:
· Option 1: Use UE-specific TA calculation based on GNSS-acquired UE position and serving satellite ephemeris.
· Option 2: Use UE-specific TA calculation based on the timing drift rate. 
Since simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed [1], option 2 is the only choice when GNSS measurement is switched off during NTN NB-IoT/eMTC operation. Option 1 also can be used during the valid period of UE-specific TA based on GNSS-acquired UE position and serving satellite ephemeris.
Proposal 3: UE-specific TA calculation based on the timing drift rate for UE pre-compensation during long UL transmission should be supported.
In IoT NTN, UE with GNSS capability is assumed [1]. Through detecting DL reference signals, UE position and satellite position, UE can acquire the UL frequency/timing offset of service link. Therefore, both the estimation and pre-compensation of UE-specific UL frequency/timing offset of service link can be conducted at the UE side.  In general, we should reuse the output of NTN WI on timing and frequency cocmpensation mechanism. One exception point is how to reduce the computation complexity of IoT UE to reduce the power cosumption. 
Proposal 4: IoT NTN should reuse the UL time and frequency synchronization mechanism for NR NTN in short UL transmission while taking into account the UE power consumption.
The radial speed of NGSO satellite as seen by the UE on the service link can reach significant values. As a consequence, the Doppler shifts experienced on the service DL and UL link become critical in the NGSO scenarios [3] (cf. Table ). DL and UL Doppler shift can be observed:
· DL RX signal at UE side is going to be affected by the un-compensated Doppler shift due to satellite mobility.
· UL RX signal at gNB side is going to be affected by the Doppler shift due to satellite mobility.
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	Scenarios
	GEO based non-terrestrial access network (Scenario A and B)
	LEO based non-terrestrial access network (Scenario C & D)

	Max Doppler shift (earth fixed user equipment)
	0.93 ppm
	24 ppm (600km)
21ppm(1200km) 

	Max Doppler shift variation (earth fixed user equipment)
	0.000 045 ppm/s 
	0.27 ppm/s (600km)
0.13 ppm/s (1200km)


Assuming a transmission time of 1 second, max Doppler shift variation can be 0.54Hz in S band. Doppler shift variation is little even in the long UL transmission. 
Observation 3: Segmented UE pre-compensation of satellite Doppler shift is not needed. 
Conclusions
In this contribution, we discuss time and frequency synchronization for NB-IoT/eMTC over satellite, the following observations and proposals have been made:
Observation 1: 100 kHz channel raster may not be large enough to avoid ambiguity in DL synchronization of IoT over NTN when multiple cells from different satellites could cover same UE.
Observation 2: Existing NB-IoT/eMTC PRACH formats and preamble sequences can be reused with the assumption UE having GNSS capability.
Observation 3: Segmented UE pre-compensation of satellite Doppler shift is not needed. 
Proposal 1: Pre-compensation on the Doppler shift for DL transmission should be supported.
Proposal 2: Larger channel raster should be supported in IoT NTN for the scenarios with co-covered cells from different LEO satellites.
Proposal 3: UE-specific TA calculation based on the timing drift rate for UE pre-compensation during long UL transmission should be supported.
Proposal 4: IoT NTN should reuse the UL time and frequency synchronization mechanism for NR NTN in short UL transmission while taking into account the UE power consumption.
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