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1 Introduction
In RAN#95e [1], the revised WID on IoT NTN enhancements has been endorsed for Release 18. The work item aims to specify further enhancements for E-UTRA (LTE-RAN) based NTN (non-terrestrial networks) according to the following assumptions:
-	GEO and NGSO (LEO and MEO).
-	Earth fixed Tracking area. Earth fixed & Earth moving cells for NGSO
-	FDD mode
-	UEs with GNSS capabilities
The WID considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objective related to improved GNSS operations as follows:
Study and specify, if needed, improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1]
· NOTE: The need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements.

This contribution aims to discuss aspects related to improved GNSS operations for IoT NTN.
2 Discussion on improved GNSS operations
For the Rel-17, only sporadic traffic is considered. In Rel-18, operations for the UE to update its GNSS position during a long connection is considered. According to Rel-18 WID, define further enhancements for NB-IoT NTN and eMTC NTN in order to optimize the GNSS operation with sparse use of GNSS and power efficiency for long-term connection (compared to Rel-17) is part of the work item. 
2.1 Report GNSS validity duration for long connection
There were agreements in Rel-17 IoT NTN on UE reporting GNSS validity duration [2-3].
	Agreement (RAN1 107-e):
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}
Send LS to RAN2 to take the following RAN1 agreements into consideration to specify the aspects related to GNSS position validity:
· 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short transmission, UE in RRC_CONNECTED should go back to idle mode and re-acquire a GNSS position fix if GNSS becomes outdated 
· 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}
· 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 (RAN2 116b-e):
UE need to have a valid GNSS fix before going to connected. RAN2 assumes that the UE may need to re-aquire the GNSS fix right before establishing the connection (regardless if previously valid or not), if needed to avoid interruption during the connection. 
When the GNSS fix becomes outdated in RRC_CONNECTED mode, the UE goes to IDLE mode.



[bookmark: _Hlk101253406]For Rel-18 long-term connection (compared to Rel-17), UE should report GNSS validity duration, then eNB can decide when to stop scheduling to avoid interruption during long-term connection and let UE re-acquire GNSS fix. Therefore, eNB can make better scheduling decision for long-term connection.
[bookmark: _Hlk101271438]Observation 1: eNB can make better scheduling decision with knowledge of GNSS validity duration reported by the UE for long-term connection. 
2.2 Improved scheduling operations
During Rel-17 IoT NTN study phase, RAN1 discussed options to optimize the GNSS operation in RRC_CONNECTED and UE power efficiency. 
· Option 1: UE re-acquire GNSS position fix during RLF procedure 
· Option 2: eNB configures a scheduling gap to re-acquire GNSS position fix 
· Option 3: Improved scheduling operations with existing Closed Loop time adjustment
· [bookmark: _Hlk101268954]Option 4: Closed-loop frequency adjustment 

In Rel-17, RAN1 made the following agreement: 
	Agreement (RAN1 106e):
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.



In Rel-18, instead of moving the UE to RRC_IDLE, the UE could be allowed to re-acquire GNSS position fix in RRC_CONNECTED for long-term connection. The eNB knows the GNSS validity duration since it is reported by the UE.

In Option 1, the UE can re-acquire GNSS position fix and DL synchronization during RLF procedure.

In Option 2, the eNB can configure a scheduling gap at the end of the GNSS validation duration without need for UE to initiate RLF procedure. The scheduling gap allows UE to acquire a new GNSS position fix with a typical measurement time in the order of 1 second. A UE with the GNSS restriction may not be able to maintain DL synchronization since the IoT module is switched off. As discussed in Rel-17 in RAN1, the UE behaviour during the new scheduling gap could be similar to UE behaviour during the legacy UL Compensation Gap in cellular, where the UE stops transmitting repetitions in a long UL transmission exceeding 256 ms to re-acquire DL synchronization. When the new scheduling gap starts, the UE may stop all IoT operations to re-acquire GNSS position fix and DL synchronization. When the new scheduling gap ends, IoT operations may start again.  

Option 1 and Option 2 would allow UE with GNSS restriction to avoid simultaneous GNSS and NTN NB-IoT/eMTC operation to re-acquire GNSS position fix. 


Option 3 “Improved scheduling operations with existing Closed Loop time adjustments” is aligned with previous RAN1 agreements.  In Rel-17, it has been agreed in RAN1#106-e
	Agreement (RAN1 106e): 
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



If eNB schedules UE with a long transmission with many repetitions, the UE may not have time to finish transmitting within GNSS validity duration. This scenario may be likely in case of long connection time where UEs experiencing relatively low link budget may need to transmit packets from time to time depending on the IoT application. The impact of GNSS position error to TA error is shown in the Appendix. It can be seen in Table 1 that the TA error due to UE velocity is in the order of several samples (i.e. << 1 us) after a few seconds.  RAN1 may further discuss whether the UE can finish transmitting the repetitions of a packet beyond GNSS validity duration. RAN1 may further discuss if UE can maintain UL time synchronization beyond GNSS validity duration in case of HARQ re-transmissions with Closed Loop time adjustment. 

[bookmark: _Hlk101269698]Option 4 “Closed-loop frequency adjustment” also takes into account the frequency error due to the UE velocity. The impact of GNSS position error to Frequency error is shown in the Appendix. It can be seen in Table 2 that the frequency error due to UE velocity can be in the order of several Hz after 60 seconds even for high velocity UEs. 

Based on the above analysis, we have preference for Option 1 as baseline for Rel-18 IoT NTN. This seems to have lower impact on specifications. RAN1 can further discuss whether there could be some impact on demodulation performance with Option 3 if UE is allowed to finish transmission of repetitions and HARQ re-transmissions beyond GNSS validity duration. RAN1 can further discuss the use cases and need for Option 4.

In case Option 1 or Option 2 are supported, RAN1 can further discussed whether there is a need for Option 3 or Option 4. Option 1 and Option 2 would allow long connection but may require the UE with GNSS restrictions to re-acquire DL synchronization since it has to use the GNSS module for a new position fix. In addition, there is no reduction in power consumption if the GNSS module is used.   

Proposal 1: RAN1 to study pros and cons of Options to optimize the GNSS operation in RRC_CONNECTED and UE power efficiency: 
· Option 1: “UE re-acquire GNSS position fix during RLF procedure” 
· Option 2: “eNB configures a scheduling gap to re-acquire GNSS position fix” 
· Option 3: “Improved scheduling operations with existing Closed Loop time adjustment”
· Option 4: “Closed-loop frequency adjustment” 

Proposal 2: Option 1 “UE re-acquire GNSS position fix during RLF procedure” is baseline for improved GNSS operations.

4 Conclusion
In this contribution, the following proposals were made
Observation 1: eNB can make better scheduling decision with knowledge of GNSS validity duration reported by the UE for long-term connection. 
Proposal 1: RAN1 to study pros and cons of Options to optimize the GNSS operation in RRC_CONNECTED and UE power efficiency: 
· Option 1: “UE re-acquire GNSS position fix during RLF procedure” 
· Option 2: eNB configures a scheduling gap to re-acquire GNSS position fix 
· Option 3: “Improved scheduling operations with existing Closed Loop time adjustment”
· Option 4: “Closed-loop frequency adjustment” 

Proposal 2: Option 1 “UE re-acquire GNSS position fix during RLF procedure” is baseline for improved GNSS operations.

APPENDIX

TA tracking error due to UE mobility:
The delay error due to UE mobility is illustrated in Figure 1.
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Figure 1: Determination of satellite delay error due to UE mobility

The satellite delay error due to UE mobility can be determined as
	








Table 1 show the TA error due to the position error of a UE that is moving without GNSS measurements for up to 60 seconds.
	Validity of UE location
	10 s
	 30 s
	60 s

	UE Velocity
	UEpos,error 
	TAerror 
	UEpos,error 
	TAerror 
	UEpos,error
	TAerror

	3 km/h
	4.2 m
	0.02 us
	25 m
	0.14 us
	50 m
	0.29 us

	30 km/h
	83.3 m
	0.48 us
	250 m
	1.4 us
	500 m
	2.9 us

	60 km/s
	166.7 m
	0.95 us
	500 m
	2.9 us
	1000 m
	5.8 us

	120 km/h
	333.3 m
	1.92 us
	1000 m
	5.8 us
	2000 m
	11.6 us


Table 1: TA tracking error due to UE mobility for elevation angle 30 degrees

Doppler shift tracking error due to UE mobility:
The Doppler shift error due to UE mobility is illustrated in Figure 2. The maximum Doppler shift error due to UE mobility over service link can be determined at Nadir point by re-calculating the beam center elevation angle θ due to the UE position error and comparing the Doppler shift with and without the UE position error.  Table 2 show the Frequency error due to the position error of a UE that is moving without GNSS measurements for up to 60 seconds.
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Figure 2: Determination of satellite Doppler shift error due to UE mobility

	Validity      of UE location
	                                                                    
30 s
	 
60 s

	UE Velocity
	UEpos,error 
	θ
	Fderror 
	UEpos,error
	θ
	Fderror 

	3 km/h
	25 m
	89.999 deg
	0.01 Hz
	50 m
	89.999 Hz
	0.61 Hz

	30 km/h
	250 m
	89.998 deg
	1.45 Hz
	500 m
	89.993 deg
	6.1 Hz

	60 km/s
	500 m
	89.993 deg
	6.1 Hz
	1000 m
	89.9 deg
	24.9 Hz

	120 km/h
	1000 m
	89.9 deg
	24.9 Hz
	2000 m
	89.87 deg
	97 Hz


Table 2: Doppler shift tracking error due to UE mobility at Nadir
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