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1 Background
A new study item on supporting NB-IoT and eMTC over Non-Terrestrial Networks (NTNs) is outlined in [1]. 
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.
In this contribution, we provide our initial views on necessary enhancements to NB-IoT/eMTC over NTN as it relates to time and frequency synchronization, including aspects related to random access procedures/signals.
2 Downlink Synchronization
2.1 Accuracy of downlink frequency synchronization

Terrestrial NB-IoT and eMTC UEs assume a 100 kHz channel raster. Assuming a standard oscillator accuracy of , on an S-band NTN network,  UEs may have a max. initial frequency error of up to (20 𝑝𝑝𝑚) × (2×10^9 ) + (7.5×10^3) =47.5 𝑘𝐻𝑧. In contrast, for terrestrial NB-IoT, assuming 900MHz carrier frequency, the max. initial frequency offset ≈ (20 𝑝𝑝𝑚) × (0.9×10^9) + (7.5×10^3) =25.5 𝑘𝐻𝑧. Further, in NTN, there may be additional frequency offsets (FOs) due to satellite movement. As a combined result, the UE may lock on to an incorrect Ncell frequency (by up to 100 kHz), as shown in Fig. 1 below.
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Figure 1: Illustration of UE estimating an incorrect frequency corresponding to a Ncell.
Observation 1: In S-band frequencies, the frequency error during initial downlink synchronization (initial cell access) can be up to 47.5 kHz + .
In order to mitigate the above possibility of a UE locking on to an incorrect (N)cell frequency, RAN1 may need to consider solutions that resolve this issue. Examples of solutions include increasing the raster size from 100 kHz, including a portion of the Absolute Radio Frequency Channel Number (ARFCN) in the (NB-)MIB, and the like.
Proposal 1: RAN1 to study enhancements to prevent an UE from locking on to an incorrect frequency corresponding to a (N)cell, such as increasing the raster size, or including a portion of the ARFCN in the (NB-)MIB.
2.2 Deployment modes and NPBCH RE mapping

As discussed in our contribution on applicable scenarios [2], we think NB-IoT over NTN should support a standalone as well as in-band/guard-band of NR mode, and specifically, not support an in-band with LTE mode. In this setting, due to NR not having the “always on” CRS and PDCCH control region, we can map the NPBCH to a larger set of REs, thereby improving coverage by , as shown in Fig. 2.
Proposal 2:  Support NB-IoT over NTN in standalone and in-band/guard-band with NR modes only.
Proposal 3: Include the first three symbols in a subframe as well as the REs corresponding to the 4 CRS ports for rate matching the NPBCH. 
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Figure 2: Current time-frequency structure of an NPBCH subframe.
3 Uplink synchronization
As described in our contribution on scenarios applicable to eMTC/NB-IoT over NTN [2], the initial time and frequency offsets for uplink synchronization are directly related to the accuracy of the satellite location that is available at the UE. Depending on the agreements reached on the accuracy that a UE can achieve—including agreements on the frequency of system information reads that are required to facilitate that accuracy—we will need to study whether enhancements are required for PRACH, to support larger time and frequency offsets.
Proposal 4: RAN1 to study potential enhancements to (N)PRACH design, depending on the agreements on satellite location accuracy at the UE (including the frequency of SIB reads required to facilitate that accuracy).
[bookmark: _GoBack]Essentially, there are two different approaches that may be taken towards ensuring that uplink synchronization is achieved for NB-IoT over NTN. The first is to have a (GNSS-capable) UE obtain a GNSS fix frequently, as well as monitor SIB for satellite ephemeris information before each occasion in which the UE wishes to communicate: in conjunction with propagation algorithms, such an approach may facilitate tight pre-compensation for UL time and frequency offsets, resulting in negligible performance loss in terms of inter-carrier interference (ICI) between frequency-adjacent NPRACH preambles (which have a 3.75 kHz subcarrier spacing). However, this approach (frequent GNSS-fixes and SIB reads) may be prohibitive from a power-consumption perspective for IoT UEs. Moreover, there may be situations where the accuracy of the GNSS fix may be unreliable.
In contrast, a second approach is to apportion for potential errors in pre-compensation—either due to UE power savings considerations (less GNSS fixes and less SIB reads), or due to GNSS inaccuracy—such that potentially larger initial time/frequency errors in the uplink can be corrected by the base station after it receives an NPRACH preamble from the UE. One such solution is to restrict NPRACH starting subcarriers (e.g., over a subset of all available starting subcarriers) that a UE can use for contention-based random access (CBRA). The simplest example is shown in Fig. 3 below, where “alternate starting subcarriers” can be selected by UEs for CBRA.
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Figure 3: Example of "restrictions" on starting NPRACH subcarriers for CBRA. Alternate starting subcarriers may be selected for NPRACH transmission by a UE.
We show in Fig. 4 that with this restriction, the robustness of uplink synchronization improves significantly. This is due to the increased resiliency to ICI among preambles that is afforded by this design. Even with relatively large initial uplink frequency errors (e.g., up to 1kHz), the base station can determine and correct for these errors effectively (as demonstrated by the CDFs of residual timing and frequency errors after base-station processing of the NPRACH preamble). In the CDFs in Fig. 4, we see that with the alternate subcarrier restriction scheme (the red curve), the probability of the residual timing errors (after base-station processing) being outside +/- CP/2 (of NPUSCH) is very close to that of “unloaded” transmission—i.e., when only one preamble is transmitted—even with an up to 1 kHz initial frequency synchronization error. In contrast, in the “fully loaded” setting—i.e., when all preambles are used for NPRACH transmission by (e.g., other) UEs (represented by the cyan curve), the probability of residual timing errors after base-station processing being greater than +/- CP/2 increases significantly.
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Figure 4: Cumulative distribution functions (CDFs) of residual timing error after base-station processing of NPRACH preambles transmitted by UE(s). In this setting, initial frequency errors can be up to +/- 1 kHz, and the power levels of different UEs are within +/- 10 dB of each other.
Considering the above discussion, we make the following observation.
Observation 2: Restricting alternate starting subcarriers for NPRACH transmissions allows to correct for potentially large initial uplink frequency synchronization errors (e.g., up to 1 kHz)
· Such a scheme may facilitate significant UE power savings by requiring less tight pre-compensation requirements in the form of relaxations in the frequency and accuracy of GNSS fixes and SIB reads (to acquire satellite ephemeris) required.
4 Conclusion
In this contribution we presented our initial views on enhancements to NB-IoT/eMTC over NTN as it relates to time and frequency synchronization. We summarize our proposals below.
Observation 1: In S-band frequencies, the frequency error during initial downlink synchronization (initial cell access) can be up to 47.5 kHz + .
Proposal 1: RAN1 to study enhancements to prevent an UE from locking on to an incorrect frequency corresponding to a (N)cell, such as increasing the raster size, or including a portion of the ARFCN in the (NB-)MIB.
Proposal 2:  Support NB-IoT over NTN in standalone and in-band/guard-band with NR modes only.
Proposal 3: Include the first three symbols in a subframe as well as the REs corresponding to the 4 CRS ports for rate matching the NPBCH. 
Proposal 4: RAN1 to study potential enhancements to (N)PRACH design, depending on the agreements on satellite location accuracy at the UE (including the frequency of SIB reads required to facilitate that accuracy).
Observation 2: Restricting alternate starting subcarriers for NPRACH transmissions allows to correct for potentially large initial uplink frequency synchronization errors (e.g., up to 1 kHz)
· Such a scheme may facilitate significant UE power savings by requiring less tight pre-compensation requirements in the form of relaxations in the frequency and accuracy of GNSS fixes and SIB reads (to acquire satellite ephemeris) required.
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