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Introduction
In RAN#90, to address the minimum specifications for NB-IoT, the following objectives have been confirmed in RP-202689 for the detailed scope of the Rel-17 SI.
	RP-202689
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.


As a recommendation from the rapporteur in RP-202689, the following discussions were encouraged.
· Aspects related to random access procedure/signals [RAN1, RAN2]
· Mechanisms for time/frequency adjustment including Timing Advance, and UL frequency compensation indication [RAN1, RAN2]
In this contribution, we will provide some initial discussion on 
· Initial access
· time and frequency adjustment

Discussion
Initial access
UL synchronization includes UL timing and UL frequency enhancement to accommodate NTN needs, e.g., large cell size and high Doppler. Also, legacy solutions in existing satellite systems, e.g., partial frequency pre-compensation for DL and timing post-compensation at the satellite network side, are considered. 
DL synchronization
Problem statement
Different from NR design, NB-IoT is designed mainly for the stationary scenario. It might be questionable if the existing synchronization signals, i.e., NPSS and NSSS, and narrowband reference signal (NRS) can still be reused, regarding the max Doppler shift is 0.93 ppm for GEO NW and 24 ppm for LEO NW.
Pre/post Doppler frequency compensation is a legacy solution where NW temps to neutralize Doppler impact on a center of a given serving cell, such that any UE on the center point of the given serving cell would experience zero DL Doppler shift. If the pre/post compensation mechanism is assumed at the NW side, the max Doppler shift can be:
· 0 ppm, ignored for GEO
· 1.05 ppm, for LEO-600KM with beam diameter = 50 km (S-band) 
· 1.88 ppm, for LEO-600KM with beam diameter = 90 km (S-band)
· 15.82 ppm, for LEO-600KM with max beam diameter = 1000 km (S-band)
The frequency error to ±0.1 ppm is ±200 Hz with the carrier frequency of 2 GHz. For an NB-IoT UE searching for NB-IoT carriers on a 100 kHz channel raster, the max tolerant error for cell search could be up to 25 ppm. In other words, no channel raster enhancement would be needed if the pre/post Doppler frequency compensation is in place. An NTN NB-IoT UE may always find NPSS and NSSS within a given channel raster of 100 kHz.
However, to guarantee the robustness of cell ID detection, the initial frequency offset can only be up to 5 ppm, based on getting one-shot detection probability at -6 dB received baseband SNR condition with less than 1% false alarm rate. Hence, to support the max beam diameter with the 15ppm frequency shift, some enhancement might be needed.
Possible solutions
To reduce the Doppler impact, a simple way is introducing a larger subcarrier spacing could be beneficial. However, it may make a significant spec change. Better alternatives shall be FFS.
[bookmark: _Toc61854727]To guarantee the robustness of initial cell search with low complexity, e.g., one-shot detection, enhancement on time and frequency synchronization shall be considered.

Random access
Problem statement
The NPRACH formats and preamble sequences provide the max CP length of 24576T_s=0.8ms when preamble format 2 is configured for frame structure type 1. However, this cannot cover the required RTT in NTN.
Possible solutions
If pre-compensation of UL timing and UL frequency offset is handled at the UE side, then it might solve the problem. However, it is still unclear whether all the existing NPRACH formats and preamble sequences can be reused to accommodate the NTN requirements.
[bookmark: _Toc61854728]Evaluate the existing NPRACH formats and determines whether all of them can be reused in NTN.

Time and frequency adjustment
Maintenance for UL timing advance 
Problem statement
For the timing advance (TA) in the initial access and the subsequent TA maintenance, the following solutions are identified with an illustration of the definition of the terminology given in Figure 1. 
[image: ]
[bookmark: _Ref59624226]Figure 1: illustration of TA components in NTN NB-IoT
The Full TA refers to RTT between eNB to UE as  consisting of common TA and UE specific TA:
· Full TA = common TA + UE specific TA, referring to the RTT between eNB and UE
· Common TA = , referring to the RTT between eNB to a reference point (RP) 
· UE specific TA = , referring to the difference between common TA and full TA 
Here  is the distance between eNB to a satellite (SAT),  is the distance between satellite to RP, and  denotes the speed of light in space. Note that the RP can be on the ground for handhelds, in the air for flights, at the SAT, at the eNB, at a point on the service link, or at a point on the feeder link for hiding the location of the serving eNB.
[bookmark: _Toc61854726]A reference point for calculating UL transmission timing can be set on the ground, in the air, at the satellite, at the eNB, or a certain point on the service link or a feeder link.
For idle mode UEs, TA is got autonomously at UE with UE known location and satellite ephemeris. The required TA value for UL transmission including PRACH can be calculated by the UE, either with UE-specific TA or full TA.
· For the full TA compensation at the UE side, both the alignment on the UL timing among UEs and DL and UL frame timing at the network side can be achieved. However, in the case of a satellite with a transparent payload, RTT of feeder link might be provided explicitly the RTT value, e.g., SIB1, or impolitely provided the eNB location via system information.
· For the UE specific differential TA, additional indication on a single reference point should be signaled to UEs per beam/cell for achieving the UL timing alignment among UEs within the coverage of the same beam/cell.
For connected mode UEs, timing advanced adjustment might be based on network indication. For satisfying the larger coverage of NTN, an extension of the value range for TA indication in RAR, in 6-bit timing advance command MAC CE or the Timing advance adjustment field in DCI format N0 might be needed. Also, an indication of the timing drift rate, from the network to UE, might be supported to enable the TA adjustment at the UE side.
However, considering the reference point might have a different interpretation, implementation detail on the required features is unclear, especially regarding coexistence with NB-IoT.
Possible solutions
To address minimum specifications to NB-IoT for NTN, a simple way is to determine the reference point at the eNB.
[bookmark: _Toc61854729]A reference point for UL transmission timing shall be set at the eNB, if needed.

Maintenance for UL frequency synchronization
Problem statement
For the UL frequency compensation, at least for the LEO, the following solutions are identified with consideration of the beam specific post-compensation of common frequency offset at the network side:
· Option-1: Both the estimation and pre-compensation of UE-specific frequency offset are conducted at the UE side. The acquisition of this value can be done by utilizing DL reference signals, UE location, and satellite ephemeris.
· Option-2: The required frequency offset for UL frequency compensation at least in LEO systems is indicated by the network to UE. Indication of compensated frequency offset values by the network is also supported in case that compensation of the frequency offset is conducted by the network in the uplink and/or the downlink, respectively. 
However, the detailed signaling design for the above enhancements is unclear. Especially, for satellite ephemeris, since NB-IoT UEs may not monitor system information, any update of satellite ephemeris needs to be signaled via other means.
Possible solutions
Other signaling designs expect system information shall be considered. 
[bookmark: _Toc61854730]To maintenance UL frequency, any update of NW assistance information may need a signaling mean other than using system information.

Conclusion
In this contribution, we have the following observations
Observation 1	A reference point for calculating UL transmission timing can be set on the ground, in the air, at the satellite, at the eNB, or a certain point on the service link or a feeder link.

Based on observations, the following proposals are made
Proposal 1	To guarantee the robustness of initial cell search with low complexity, e.g., one-shot detection, enhancement on time and frequency synchronization shall be considered.
Proposal 2	Evaluate the existing NPRACH formats and determines whether all of them can be reused in NTN.
Proposal 3	A reference point for UL transmission timing shall be set at the eNB, if needed.
Proposal 4	To maintenance UL frequency, any update of NW assistance information may need a signaling mean other than using system information.
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