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In the RAN#92 plenary meeting, a work item for Rel.17 NBIoT/eMTC support for NTN was approved. One of the objectives is to specify the following enhancements to NBIoT/eMTC on NTN:
· 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

The following agreements on time and frequency synchronization for IoT NTN were achieved:

Agreement:
The following agreements from NR NTN are re-used for IoT NTN as working assumption.
a) The Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated by the GW and satellite-payload without any specification impacts in Release 17.
b) The orbital propagator model to be used at UE side can be left to implementation
c) Timing Advance formula can be transposed to IoT-NTN with Ts used instead of Tc 
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Where:
·   is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
· FFS: details of NTA update/accumulation.
·   is UE self-estimated TA to pre-compensate for the service link delay.
·  is network-controlled common TA, and may include any timing offset considered necessary by the network.
·  with value of 0 is supported. 
· FFS:  details of signaling including granularity.   
·  is a fixed offset used to calculate the timing advance. 

Note-1: Definition of  is different from that in RAN1#103-e agreement in NR NTN WI. 
Note-2: UE might not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.
Note-3:  is the common timing offset X as agreed in RAN1 #103-e in NR NTN WI.

d) Support the delivery of ephemeris information using both ephemeris formats, i.e., state vectors and orbital elements
· Set 1: Satellite position and velocity state vectors (position/velocity)
· Position X,Y,Z in ECEF (m)  
· Velocity VX,VY,VZ in ECEF (m/s)
· Set 2: Parameters in orbital parameter ephemeris format
· Semi-major axis α [m] 
· Eccentricity e 
· Argument of periapsis ω [rad] 
· Longitude of ascending node Ω [rad] 
· Inclination i [rad] 
· Mean anomaly M [rad] at epoch time to
· FFS: Whether pre-provisioned ephemeris based on orbital elements can be used as reference. Thereby, only delta corrections can be broadcast in order to reduce the overhead
e) For TA update in RRC_CONNECTED state, combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops shall be supported for IoT-NTN

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:
For NB-IoT, if a mapping to Nslots slots or a repetition of the mapping in an UL transmission segment for UE pre-compensation for NPUSCH transmission contains a resource element which overlaps with any configured NPRACH resource, the NPUSCH transmission in overlapped Nslots slots is postponed until the next Nslots slots not overlapping with any configured NPRACH resource.
· NOTE: Nslots is defined in TS 36.211, 10.1.3.6

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 eMTC, the network configures one of K values for the UL transmission segment duration of PRACH in a k-bit field.
· FFS: K candidate values, size of k-bit field

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

Agreement:
The following agreement from NR NTN are re-used for IoT NTN as working assumption
· In Rel-17 IoT-NTN, at least support UE which can compute timing advance and frequency adjustment for serving link based on its GNSS position and serving satellite ephemeris signalled by the network and apply corresponding timing advance and frequency adjustment in RRC_IDLE and RRC_CONNECTED modes
· Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame.
· FFS: Whether this starting time is given by predefined rule or it is indicated by the Network

In this contribution, detailed considerations of potential NBIoT/eMTC enhancement for NTN, especially time and frequency synchronization enhancement are presented.

Discussion
Segmented transmission
In NB-IoT/eMTC, repetition transmission is adopted to enhance the coverage. For IoT on NTN, cube-satellite with the size and power limitations needs legacy repetition transmission to enhance the downlink and uplink link performance. It is agreed that UE pre-compensation done per N time units for long PUSCH is the baseline solution. 
· Solution A:  configure uplink transmission gap with length of Y after X uplink transmission. X and Y is determined by the time/frequency drift value as shown in Figure 1. The value of X and Y are determined by the satellite moving speed and altitudes.
· Solution B: Drop/Puncture last Y time duration or first Y time duration NPUSCH transmission every X ms time interval for TA adjustment as shown in Figure 2. The puncture period is used for UE TA adjustment based on initial TA and TA drift value.
[image: ]
Figure 1:  Configure uplink transmission gap for UE pre-compensation



Figure 2:  Drop/Puncture uplink transmission for UE pre-compensation
Proposal 1: UE pre-compensation done per N time units with inserting transmission gap or puncturing uplink transmission should be considered in UL transmission in IoT on NTN.

Validity timer for UL synchronization:
As discussed in NR NTN, two individual timers can be introduced to determine the validity of uplink synchronization, the validity timer of uplink synchronization includes
· Timer for satellite ephemeris
· Timer for common TA and/or common drift rate
The two individual timers are needed with two different lengths, as satellite ephemeris information is stable for a relative long period and common TA and/or common drift rate is frequently changed especially for LEO, MEO cases. The satellite ephemeris information and common TA parameters can be signalled in the different SIB. For the validity timer for uplink synchronization configuration (e.g., the length of timer, start/restart of timer), the BCCH modification period and boundary should be considered as the timer should be configured for all UE.
Proposal 2: Two individual timers are introduced to determine the validity of uplink synchronization.

DL synchronization enhancements:
In study item phase, it was discussed that the frequency error in initial access stage may exceed 50 kHz due to crystal error in device, satellite-based Doppler shift in S band. Two solutions were proposed by companies. 
· Solution A: New Channel raster with a step size increased to be greater than 100 kHz 
· Solution B: (part of) ARFCN-indication-in-MIB
Consider the standard effort and potential available bit in MIB indicating the ARFCN, we prefer solution A to investigate the possible increasing channel raster step size by RAN4, e.g., channel raster with step size of 300kHz.
Proposal 3: For DL synchronization enhancement, new channel raster with a step size greater than 100 kHz (e.g., 300kHz) is introduced.
For NR NTN discussion, If DL frequency compensation for the service link Doppler is applied, indication of the amount of frequency compensation is necessary since UE needs to know this residual Doppler to be able to generate UL frequency carrier for its uplink transmission. Whether to support of DL frequency compensation for the service link Doppler depends on the DL initial synchronization performance for all scenarios (e.g., GEO, MEO, LEO). 
The issues are widely discussed in NR NTN, IoT NTN DL common frequency pre-compensation and corresponding indication can follow NR NTN solution, and wait until DL common frequency pre-compensation discussions have concluded in NR NTN WI if any.
Proposal 4:  IoT NTN DL common frequency pre-compensation and corresponding indication can follow NR NTN solution, and wait until DL common frequency pre-compensation discussions have concluded in NR NTN WI if any.

Conclusions
In this contribution, considerations of timing relationship enhancement for IoT NTN are provided. The following proposals are given.
Proposal 1: UE pre-compensation done per N time units with inserting transmission gap or puncturing uplink transmission should be considered in UL transmission in IoT on NTN.
Proposal 2: Two individual timers are introduced to determine the validity of uplink synchronization.
Proposal 3: For DL synchronization enhancement, new channel raster with a step size greater than 100 kHz (e.g., 300kHz) is introduced.
Proposal 4:  IoT NTN DL common frequency pre-compensation and corresponding indication can follow NR NTN solution, and wait until DL common frequency pre-compensation discussions have concluded in NR NTN WI if any.
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DL TA drifts ~5us from the beginning to the end of the X=256ms uplink transmission
duration, which is comparable to the CP length. Note: assuming drift rate=20us/s
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