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In RAN#92, a WI on NB-IoT/eTMC support for NTN was approved. The objective related to RAN1 of this WI is as follows [1]:
Specify the following time and frequency synchronization enhancements, using NR_NTN_solutions WI agreements as baseline, according to Section 8 in TR 36.763: 
-	UE pre-compensation including ephemeris format (orbital / Position -Velocity)
-	UE pre-compensation for UL synchronization in RRC_IDLE and RRC_CONNECTED states based at least on its GNSS-acquired position and the serving satellite ephemeris 
-	Timing advance formula (granularity of the timing advance may be different)
-	Combination of Open (i.e. UE autonomous TA estimation, and common TA estimation) and Closed TA (i.e., received TA commands) control loops in RRC_CONNECTED state
Agreements on the above are up to the decision in NR_NTN_Solutions WI and will be used for IoT NTN with minimum changes, if any. 
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
Specify the following IoT NTN specific timing relationships enhancements according to Section 8 in TR 36.763:
-	Timing relationships for NB-IoT / eMTC: as listed in Section 6.6.3 in TR 36.763 
-	UL scheduling for FDD-HD: Use of UE-specific TA and/or K_offset to avoid UL-DL collisions in FDD-HD
-	Signalling aspects in UE-specific TA maintenance and reporting, techniques to reduce the signalling load and determination of the UE-specific TA.
In this contribution, we discuss UL time/frequency synchronization for long connections for IoT in NTN.


Discussion
Validity timers for long connections
The main characteristics of IoT devices include half duplex transmission mode, large number of repetitions for DL/UL transmission and system information acquisition only in RRC idle mode. In the context of IoT over NTN, some enhancements should be introduced to address the large timing and frequency drift introduced by the satellite motion. In our companion paper [2], the UL time/frequency synchronization enhancements for sporadic short transmission are discussed by introducing a single validity timer for UL synchronization.  In this section, potential enhancements are discussed for long connections. 
Validity for GNSS
It was agreed that for sporadic short transmission, the UE acquires GNSS position fix before accessing the network and does not need to re-acquire a GNSS position fix for the transmission of the packets.  However, for long connections, UE in RRC-connected depending on UE mobility may need a new GNSS position fix in order to accommodate the accumulated time and frequency errors to reduce the possible radio link failure. While, for stationary UE, there is no need to have another GNSS position fix for long connections. However, moving UEs especially with high speed may need another GNSS position fix for long connections. As the velocity of UE may differ in a wide range, the validity duration of GNSS will also quite different, e.g. several minutes to several hours. Therefore, assigning GNSS position fix based on a worst case will cause unnecessary complexity for some UEs. The most efficient way is introducing a UE-specific validity timer denoting the remaining validity duration for GNSS and the validity timer is recommended by the UE and configured by the eNB
A UE shall use the previous GNSS acquired position for UL time/frequency pre-compensation until the timer expires. If the UE does not enter RRC_IDLE mode by the time of expiration, a GNSS position fix should be rescheduled through the GNSS measurement window. Alternatively, RLF can be triggered by the UE. 
Observation 1: For long connections, the validity of a GNSS position fix is UE specific and is dependent on UE speed.
Proposal 1: The validity timer for GNSS (if needed) denoting the remaining validity duration for GNSS is recommended by the UE and configured by the eNB.
Validity for satellite ephemeris and common TA
For UL synchronization with long connections, the need of validity timer for satellite ephemeris was discussed in the last meeting. As discussed in [2], a single validity timer for common TA and ephemeris can be indicated by the NW, and radio link failure will be triggered when the timer is expired. The analysis also holds for long connections
Proposal 2: A single validity timer for UL synchronization can be configured for long connections.

Closed loop corrections for long connections 
To reduce the radio link failure caused by the outdated common TA or the satellite ephemeris, we discuss the potential enhancement for UL synchronization in long connections by using validity timer based close loop correction for ephemeris/common TA parameters. 
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Figure 1. Timer based close loop ephemeris indication.
The validity timer for common TA and ephemeris are restarted upon the reading of SIB. Before the timers expire, a corresponding close-loop correction is expected to be indicated by the NW as UE can’t read system information in the connected mode. If UE receives the close-loop correction information, the timer will be restarted. Otherwise, radio link failure will be triggered directly or after specific times of retransmissions. 
As the validity duration of ephemeris and common TA maybe different, e.g. the validity of ephemeris can be more than 30s and validity of common TA can be around 20s according to the analysis in our companion paper [xx], the closed loop information of common TA and ephemeris can be indicated separately according to their own validity. By this way, the validity of ephemeris may need to be reported by the UE according to its own propagation model as shown in Figure 1.
Proposal 3: A combined or separate timer for common TA and ephemeris can be applied for closed loop corrections of ephemeris/common TA parameters for long connection mode to reduce radio link failure.
Proposal 4: The validity of ephemeris may need to be reported by the UE according to its own propagation model for the closed loop ephemeris information.

NTN SIB for common TA and ephemeris
Different from terrestrial NW, some system information in NTN for UL time/frequency synchronization, such as common TA and ephemeris, may change frequently. When an IoT terminal stays in connected mode for a long time, these parameters will become out of date and radio link failure may happen. Beside the closed loop corrections, another scheme to reduce radio link failure for both short and long connection duration is introducing NTN related SIB for IoT NTN. IoT devices can read this NTN related SIB whilst in the connected mode. As IoT devices operate in half duplex mode,  periodical windows for reading the NTN related SIB are needed as shown in Figure 2. 
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Figure 2. NTN SIB reading during long connection 
Apart from introducing an NTN SIB, common TA and ephemeris can also be scheduled in a semi-persistent way. The scheduling period of common TA and ephemeris can be different because the UE may propagate ephemeris for a longer time duration compared to common TA. According to our companion paper in [3], ephemeris can be predicted for 30s with only 11m absolute position error. The UE may only need to acquire common TA during the connected mode. 
Proposal 5: For long connections, an NB-IoT UE in RRC_CONNECTED mode may reacquire common TA and satellite ephemeris carried in NTN SIB.

Conclusions
In this contribution, other considerations for UL time/frequency synchronization and power saving to support IoT in NTN are discussed. The following observations and proposals are presented:
Observation 1: For long connections, the validity of a GNSS position fix is UE specific and is dependent on UE speed.
Proposal 1: The validity timer for GNSS (if needed) denoting the remaining validity duration for GNSS is recommended by the UE and configured by the eNB.
Proposal 2: A single validity timer for UL synchronization can be configured for long connections.
Proposal 3: A combined or separate timer for common TA and ephemeris can be applied for closed loop corrections of ephemeris/common TA parameters for long connection mode to reduce radio link failure.
Proposal 4: The validity of ephemeris may need to be reported by the UE according to its own propagation model for the closed loop ephemeris information.

Proposal 5: For long connections, an NB-IoT UE in RRC_CONNECTED mode may reacquire common TA and satellite ephemeris carried in NTN SIB.
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