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In RAN#94, a new WI on NB-IoT/eTMC support for NTN was approved. The objective related to RAN1 of this WI is addressing remaining issues from Rel-17 as follows [1]:
IoT-NTN Performance Enhancements in Rel-18 to address remaining issues from Rel-17

This work considers existing IoT-NTN as baseline as well as Rel-17 WI outcome and the further IoT-NTN performance enhancements objectives are listed below:

· Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]
· Study and specify, if needed, improved GNSS operations for a new position fix for UE pre-compensation during long connection times and reduced power consumption [RAN1]

In this contribution, related enhancements for long-term connections of IoT NTN are discussed.

Enhanced GNSS operation for long-term 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 Rel-17, the UL time/frequency synchronization enhancements were targeted for sporadic short transmissions. For sporadic short transmissions, a 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. In other words, validity timer for UL synchronization including GNSS information will not expire before the end of the sporadic short transmissions. UE should go back to idle mode and re-acquire a GNSS position fix if GNSS becomes outdated. 
Unlike sporadic short transmission, for long-term connections it is possible that validity timer for UL synchronization including GNSS expires during connections. Depending on UE mobility, UE in RRC-connected state will 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-term connections. However, moving UEs especially with high speed may need frequent GNSS position fix during long-term connections, which will introduce large power consumption due to the relative long start time of GNSS (range from one to several seconds for hot start) compared to other DL receptions. As the velocity of UE may differ in a wide range, the impact of GNSS operation to IoT devices’ battery lives will be also quite different. For worst cases, the battery life of an IoT device will reduce from more than ten years to less than one year. Therefore, it is beneficial for eNB to figure out a new GNSS position fix by taking UL synchronization and power consumption into consideration. 
Observation 1: For long-term connections, the validity time of a GNSS position fix is UE specific and is dependent on UE speed.
Observation 2: For long-term connections, frequent GNSS position fix for UL time/frequency synchronization will have large impact to the battery life of an IoT device.
Proposal 1: To reduce the possible radio link failure, GNSS position fix should be supported during long connection taking UL synchronization and power consumption into consideration
For initial access, GNSS position fix before preamble transmission to calculate the large UE specific TA can’t be saved, otherwise enhancements to preamble and TAC carried by Msg2 are needed, which will have large impact to the current specification. For a proper operation for a new GNSS position fix during RRC-connected, UE-specific validity duration of GNSS based on its movement is beneficial and should be reported to the eNB, which has already been support by Rel-17 as follows [2]:
· The UE autonomously determines its GNSS validity duration X and reports information associated with this valid duration to the network via RRC signalling.
· X = {10s, 20s, 30s, 40s, 50s, 60s, 5 min, 10 min, 15 min, 20 min, 25 min, 30 min, 60 min, 90 min, 120 min, infinity}
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Figure 1. GNSS position fix with new GNSS validity
The GNSS validity duration reported by UE is mainly evaluated by its speed. However, the TA error caused by UE’s movement can also be compensated by closed loop TAC and the actual validity duration of GNSS position fix can be longer than the one reported by UE. With more frequent TAC adjustment, less GNSS position fix is needed. 
For example, a UE with speed of 5m/s, the maximum time error caused merely by GNSS is around 64.5Tc and the validity duration is less than 4s if current timing error of ±256 Tc is used and no prediction of speed is applied at the UE side. If timing error is corrected by TAC every 3s, the timing error caused by GNSS can be fully corrected when other timing error are not considered. Then, there is no need to do GNSS position fix during the connection theoretically. More practically, if 5Tc of error is accumulated after each 3s of TAC adjustment when other timing error are considered (e.g. error from ephemeris and common TA), the validity of GNSS is 153s.
According to the above analysis, the eNB can assign a proper UE-specific timer for GNSS position fix during RRC connection by taking the power consumption into consideration as shown in Figure 1. To ensure the UL synchronization requirement, both closed loop TAC or PDCCH ordered PRACH can be utilized.
Proposal 2: New GNSS validity for GNSS position fix (if needed) can be configured by the eNB during the long-term connection, which could be longer than the GNSS validity duration information reported by UE.
Another issue to be discussed is how to compensate UL timing when the new GNSS validity duration for GNSS position fix is shorter than the validity duration length of ephemeris information and common TA. The value range of the GNSS validity duration is {5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 120, 180, 240, Infinity} seconds, therefore, it is possible that the validity duration of GNSS can be longer than the validity of ephemeris information and common TA. Therefore, corresponding consideration to guarantee the correct utilization of GNSS position fix to figure out the correct TA compensation needs to be discussed, including the update of ephemeris information and common TA. Otherwise, the enhanced GNSS operation cannot work.
Different from terrestrial network, some system information for UL time/frequency synchronization, such as common TA and ephemeris, may change much more frequently than GNSS information due to the high speed of satellite. When an IoT terminal stays in connected mode for a long time, these parameters will become out of date even GNSS information is still within its validity duration. As analysed above, common TA and ephemeris for UL time/frequency synchronization should be updated during the long connection, otherwise the enhance GNSS operation cannot work if only update of GNSS is supported in the long connection. 
Proposal 3: The update of assistance information for UL time/frequency synchronization upon expiration of validity timer should be supported for long connection. 
In Rel-17, NTN SIB containing the information for UL synchronization was introduced. To reduce the RLF caused by outdate of assistance information for UL synchronization during long connection, IoT devices can be allowed to read this NTN SIB whilst in the connected mode. As IoT devices operate in half duplex mode, windows for reading the NTN related SIB, in which no uplink transmission and downlink reception is scheduled, (as shown in Figure 2) according to the validity timer introduced in Rel-17 for UL synchronization are needed.
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Figure 2. NTN SIB reading during long-term connection 
Proposal 4: For long-term connections, windows for NTN SIB reading can be assigned for the maintenance of UL time/frequency synchronization.

Conclusions
In this contribution, enhancements for long-term connections including improved GNSS operations and NTN SIB reading for IoT NTN are discussed. The following observations and proposals are presented:
Observation 1: For long-term connections, the validity time of a GNSS position fix is UE specific and is dependent on UE speed.
Observation 2: For long-term connections, frequent GNSS position fix for UL time/frequency synchronization will have large impact to the battery life of an IoT device.
Proposal 1: To reduce the possible radio link failure, GNSS position fix should be supported during long connection taking UL synchronization and power consumption into consideration
Proposal 2: New GNSS validity for GNSS position fix (if needed) can be configured by the eNB during the long-term connection, which could be longer than the GNSS validity duration information reported by UE.
Proposal 3: The update of assistance information for UL time/frequency synchronization upon expiration of validity timer should be supported for long connection. 
Proposal 4: For long-term connections, windows for NTN SIB reading can be assigned for the maintenance of UL time/frequency synchronization.
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