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Introduction
In RAN1 106e meeting, the following agreements were made on the time and frequency synchronization for IoT NTN [1]:
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, we present the discussion on the aspects related to time and frequency synchronizations. 
DL synchronization
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. 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.
[bookmark: _Ref71190388]Table 1 : Max Doppler shift/drift to be supported in NTN scenarios
	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. 
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.
Two options are identified to resolve this issue:
· Option 1: New Channel raster with a step size increased to be greater than 100 kHz 
· Option 2:(part of) ARFCN-indication-in-MIB
Option 1 is a straightforward solution to resolve this issue by increasing the channel raster with a step size to e.g, 200 kHz, RAN4 impact is involved. While for option 2, the UE may not be aware of the amount of frequency uncertainty prior to reading MIB and thus UE needs to acquire the MIB information under multiple hypotheses. This may introduce additional complexity for the UE. 
Proposal 1: New Channel raster with a step size increased to 200 kHz should be supported.

Validity timer for UL sync
Similar to NR NTN design, the eNB needs to provide assistant information such as satellite ephemeris and common TA related information if configured to enable the UEs to perform the UL pre-compensation. Meanwhile the validation timer for the assistant information is needed for the UEs to maintain the UL synchronization. It was agreed in last meeting [1] that the validity timer of UL synchronization is configured by the network, whether a single validity timer or separate validity timers are used for satellite ephemeris and common TA parameters is still FFS.
The reason to have validation timer for satellite ephemeris is mainly for the estimation of N_(TA,UE-specific) [2].  For N_(TA,UE-specific) update the UE needs to acquire satellite ephemeris and use its own propagator to predict its specific TA during a certain time period without the need of acquiring new ephemeris data. The newly acquired ephemeris data will be valid only during a period depending on propagator model used by the UE and the maximum tolerable error on the estimation of N_(TA,UE-specific). While for the N_(TA,common) update, the assistance information (Common TA, Common TA drift rate) acquired in the SIB will be valid only during a validity time period which depends on the maximum tolerable error on common TA estimation and the order of the Common TA approximation to be carried out by the UE. At the reception of new assistance information, the UE shall start/restart related timer. At expiry of this timer a new acquisition of Common TA estimation assistance information is required.
Given that the value of common TA is dependent on the satellite ephemeris, one single validation timer is enough for UL pre-compensation. However, this is also related to how the satellite ephemeris and common TA related information are configured, e.g, in the same or different SIBs.

Proposal 2: It is up to RAN2 to decide whether a single or separate validity timers are needed for satellite ephemeris and common TA parameters

Another issue is what is the UE behavior when validation timer expires. During the discussion in last meeting, the following options were identified [3]:
· Option 1: UE triggers RLF to move to RRC_IDLE, then re-access cell
In NB-IoT the UE normally way for T310 to expires when serving cell RSRP measurements fall below a threshold before triggering RLF. The UE then go to idle and starts cell search followed by initiation of random access procedure to access a cell again. In NTN, the legacy UE behaviour for triggering RLF could be used with the difference that UE may also trigger RLF if the validity timer expires and UE will read the SIB with ephemeris / common TA parameters before initiating random access procedure.
· Option 2: UE stays in RRC_CONNECTED, reads the SIB with ephemeris / common TA parameters before initiating random access procedure.
This would be new behaviour where UE would skip triggering RLF. UE may read the SIB with ephemeris / common TA parameters before initiating random access procedure. This allows UE and network to have same understanding of state of validity timer for UL synchronization.
· Option 3: UE stay in connected and read SIB to refresh ephemeris / common TA parameters.
UE skip triggering RLF and initiation of random access procedure. This seems very simple way. It is not clear though whether the UE and eNB have same understanding of validity timer state.
In our understanding, the eNB and UE may not have aligned understanding on the validation time of the validity timer, thus UE may not be provided by the updated information by the end of the validity timer. However, this doesn’t mean that UE have an issue on the connection.  Meanwhile, the purpose of defining the validation timer is to avoid the frequently reading the SIB information to update its pre-compensation. Thus, it is not efficient to force UE to perform random access at the expiry of the validity timer. 

Proposal 3: UE stay in connected and read SIB to refresh ephemeris / common TA parameters at the expiry of the validation timer.
Conclusions
In this contribution, we discuss time and frequency synchronization for NB-IoT/eMTC support for NTN, 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.

Proposal 1: New Channel raster with a step size increased to 200 kHz should be supported.
Proposal 2: It is up to RAN2 to decide whether a single or separate validity timers are needed for satellite ephemeris and common TA parameters
Proposal 3: UE stay in connected and read SIB to refresh ephemeris / common TA parameters at the expiry of the validation timer.
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